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1 Experimental section
1.1 Materials characterization

Powder X-ray diffraction (XRD) (Rigaku Smartlab 9 kW Japan) was performed at
45 kV and 200 mA with Cu Ka radiation (A = 1.5406 A). The morphology was
observed on the Hitachi S-4800 scanning electron microscope and FEI Tecnai G2 F20
transmission electron microscope (TEM) at 200 kV. X-ray photoelectron
spectroscopy (XPS) was carried out on the K-Alpha+ (Thermo Scientific) with a 50 eV
pass energy and 1.0 eV energy step. The elemental analysis was conducted on the
energy-dispersive X-ray spectrometer (HAADF-STEM-EDS).
1.2 Electrochemical measurements

The electrochemical properties of VN, Ti3C, Ty, and Ti3C,Ty/VN were determined in
3 M KOH on the CHI660E electrochemical workstation using the traditional three-
electrode configuration at 25 °C with platinum and Hg/HgO as the counter and
reference electrodes, respectively. The working electrode was prepared by mixing the
active materials, conductive carbon black, and polytetrafluoroethylene (PTFE)
emulsion with a mass ratio of 8:1:1.  An appropriate amount of anhydrous ethanol was
added to the mixture and stirred. The slurry was coated on a 1x1 c¢cm? nickel foam
substrate and dried for 12 hours. Cyclic voltammetry (CV) and galvanostatic charging-
discharging (GCD) were performed at various scanning rates to gauge the rate

capability of the active electrode. Electrochemical impedance spectroscopy (EIS) was



conducted in a frequency region of 100 kHz to 0.01 Hz at an open circuit potential of

10 mV. The specific capacitance (C, F g'') was calculated as follows:
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where I (A) is the applied current, At(s) is the discharging time, AV (V) is the disch
arging potential range, and m (g) is the total mass of active materials, respectively.

The theoretical pseudocapacitance was calculated as follows:
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where n (mol) is the number of electrons transferred in the redox reaction, M (g.
mol!) is the molar mass of the materials, and F (C. mol!) is Faraday’s constant and V
(V) is the operating voltage window, respectively.

The asymmetric supercapacitor device was assembled by Ti;C,T,/VN as the positive
electrode and AC as the negative electrode. In order to obtain the best electrochemical
characteristics of Co30,// Ti3C, T /VN, the charge balance between the two electrodes
follows the relationship of q+ = q-, where q is the charge stored by the electrode
calculated by the following equation:

q=C,xXAEXm (3)

where Cm (F g!) is the specific capacitance, AE (V) is the potential range of the
charging/discharging process, and m (g) is the mass loading of the active materials.
According to equation (3), the ideal mass ratio of the active materials on the positive
(Ti3C,T4/VN) to that on the negative electrode (Co3;0,) (m*/m") can be calculated by

the following:
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The energy density (E) and power density (P) can be calculated by the following

equations:

1 2

©)

and At (6)

where E (Wh kg!) is the energy density, m (F g') is the specific capacitance, AV
(V) is the operating potential window, P (kW kg™!) is the power density, and At(s) is the

discharging time.
To study the charge storage mechanisms, the following equation is adopted to define
the capacitive capacitance in the total capacitance:

I(V) = lV + k2 %
The first term on the right side of the equation corresponds to the capacitance-
controlled effect and the other involves diffusion-controlled insertion. i(V) and v are
the current at potential V and scanning rate, slope, and intercept by plotting i(V)/v!/?

against v!2,
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Figure S1. (a) XRD pattern of Ti;C,Tx, SEM images of (a;, a,); (b) XRD pattern of

MAX, SEM images of (b, by); (c) the Ti;C, Ty nanosheet.
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Figure S2. (a) CV and (b) GCD curves of the VN electrolyte at various scan rates (2—
50 mV s7!) and various current densities (1-15 A g™!). (¢)GCD curves of Ti;C,T,/VN

for different current densities. (d) CV and (e) GCD curves of the Ti;C,Ty

electrolyte. (f) Capacitive contribution at a scan rate of 50 mV s,

TizC,T./VN 382.1 1 5000/93.5% This Work
VN/NG 370 1.2 10000/98.66% Ref [1]
CNS@VN 300.4 1 5000/70.8% Ref [2]
VN/NCS 148 1 5000/78% Ref [3]
VN/PEDOT 226.2 1 5000/91.5% Ref [4]
VN/NPC 198.3 1 16000/107.6% Ref [5]

Table S1. Comparison of the electrochemical properties of different electrodes based

on VN.




Figure S3. TEM and HR-TEM images of (a-c) Ti;C, Ty (d-f) VN, (g-i) Ti3C,Tx/VN after

cycling.



Figure S4. SEM images of the Co;04 electrode.
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Figure S6. (a) CV curves of Ti;C,Ty/VN and Co;0y; (b, ¢) CV curves and GCD plots
of Cos;04 (d) Specific capacities of Co;0y; (e) CV curves acquired at a scanning rate of
30 mV s in different voltage windows; (f) GCD curves acquired at 3 A g! in different

voltage windows.
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Table S2. Comparison of the electrochemical properties of different electrodes based

on VN.

CO3O4//Ti3C2TX 3000/9 .
ot (0-1.6) 69.1 800 L oo This Work
>
Co (OH),//VN = (0-1.6) 22 160 g(())(go Ref [6]
0
NCA//VN/PED 10000/
oT (0-1.6) 48.36 1600 o o Ref [4]
MnO2@CC//V (0.5- 12000/
N-NWs@CC L6) 57.9 2615 oo Ref[7]
Cos0//CNS@ (0-1.6) 18.8 800 / Ref [8]
VN
PCNS@VNNP 2500/9
NiO (0-1.6) 47.2 800 S Ref [9]
VNQD/PC//Ni
0-1.6 312 780 / Ref[10
(OH), (0-1.6) [10]
HPCF@VNNP
/Ni (OHD), (0-1.6) 39.3 400 / Ref [11]
Vzo%(;/NN/N (0-1.6) 19.8 800 / Ref[12]
0.04-VN/NCS-
2/NICosS,s (0-1.6) 21 800 / Ref [13]

Fe,0;@VN/CC  0-14V  0.5mWh 1228 mW 15000/80% Ref[14]

//RuQ,/CC cm2 cm?
ZNCO/NF//VN 0-1.6V 0.185 224 mW 8000/87% Ref [15]
/CC mWh cm2 cm?
VN/NPC// 0-1V 21.97 0.5 mW 18000/90.9 Ref [5]
VN/NPC SSC uWh cm cm2 %
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