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S1. Chemicals.

Titanium [Ti, Macklin, CAS#: 7440-32-6], Aluminum [Al, Aladdin, CAS#: 7429-90-5], Graphite
[C, Aladdin, CAS#: 7782-42-5], 1-ethyl-3-methylimidazolium hexafluorophosphate (EmimPF6)
[C¢H 1N,PF¢, Lanzhou Greenchem ILs, CAS#: 155371-19-0], 1-ethyl-3-methylimidazolium
hydrosulfate (EmimHSO4) [C¢H2N,O4S , Lanzhou Greenchem ILs, CAS#: 412009-61-1],
Hydrofluoric acid [HF, Aladdin, CAS#: 7664-39-3]. Hydrochloric acid [HCI, Sinopharm, CAS#:

7647-01-0]. Nafion [5%, DuPont] were used without further purification.

S2. Characterization Methods

X-ray diffraction (XRD) measures were conducted with X-ray diffraction (Bruker D8 Advance)
using Cu K, radiation (1.54056 A) with 0.02 increment and 0.1s per step. UV-Visible (UV-vis)
spectrum was performed on a UV-vis spectrophotometer (TU-1810). X-ray photoelectron
spectroscopy (XPS) analysis was completed on an ESCALAB 250Xi spectrometer with Al Ka X-
ray source (10 mA, 15 kV). The morphologies of Ti;C,Tx flakes were analyzed by transmission
electron microscope (TEM) (JEM 2100), in which the samples were prepared by dropping dilute
aqueous colloidal solution of Ti;C,Tx on normal carbon-support membrane. The average size of
Ti;C, Ty flakes were calculated from TEM images of 100 flakes. The scanning electron microscope
(SEM) and Energy dispersive X-ray spectroscopy (EDS) analysis were performed on a field
emission scanning electron microscopy (FEI Quanta FEG 250). After the dilute Ti;C,Ty colloidal
solution was cast on mica sheet, the thickness of Ti;C,Ty flakes was carried out on an atomic force
microscopy (AFM, MultiMode 8) in a contact and tapping modes. The Nanoscope Analysis
software was used to analyze AFM data. The Raman spectra was obtained from Raman

experimental system (LabRAM HR Evolution) with the laser source at 532 nm.
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Figure S1. Tyndall effect of the dilute aqueous IL-Ti;C, Ty colloidal solution.
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Figure S2. Ultraviolet-visible absorption spectra of IL-Ti;C,Ty and HF-Ti3C,T, colloidal aqueous

solutions, respectively.
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Figure S4. TEM images of IL-Ti;C, T flakes at larger magnification. No obvious surface defects

are discovered.
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Figure S6. a-c TEM images at larger magnification (a), SAED patterns (b), HRTEM images (c¢) for
HF-Ti;C, T, flakes.
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FigureS7. a-b Energy-dispersive spectra of HF-Ti;C, Ty flakes (a), and IL-Ti;C, T flakes (b).
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Figure S8. The optimized geometries of a [Emim]* (a, b) and 4 H3;0" (¢, d) cations confined
between two monolayers of Ti3;C,F; (a, ¢) and Ti;C,0; (b, d), respectively. The d spacing is set at
12.6 A, and the blue, brown, magenta, grey, red and dark grey balls donate Ti, C, H, N, O and F

atoms, respectively.
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Figure S9. Charge density difference 11'6116’8,0" TS F2° , and H;0*-Ti3C,0, (b). The d

spacing is set at 12.6 A, and the yellow And ‘_._ ci i rf es respectively denote the electron

accumulation and depletion. The blue, brown, magenta, red and dark grey balls respectively denote

Ti, C, H, O and F atoms.
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Figure S10. a-d High-resolution XPS spectra of N 1s (a), Cl 2p (b), O 1s (¢), Ti 2p (d) in Ti;C, Ty
flakes.
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Figure S11. PDOS of O atoms (blue) in Ti3C,0,, O atoms (pink) and [Emim]* (green) in [Emim]*-

Ti3C,0,. The Fermi levels are set to zero.
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Figure S12. CVs of 0.05-IL-Ti;C,T,/GCE in the 3M H,S04-0.8M [Emim]HSO, electrolyte

collected at scan rates from 10 to 5000mV s-!.
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Figure S13. Capacitances of 1.7-IL-Ti;C,T,/GCE measured at the scan rate of 2 mV s! in 3M

H,SO, containing different [Emim]HSO, contents.
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Figure S14. CVs of 1.7-HF-Ti;C,T,/GCE recorded at the scan rate of 2 mV s'! in 3M H,S04-0.8M

[Emim]HSO,. Initial CV (black), CV after the electrode was immersed in the electrolyte for 24 h
(green), and CV after 100 cycles (yellow).
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Figure S15. CVs of 1.7-HF-Ti;C,T,/GCE recorded at the scan rate of 2 mV s*! in 3M H,SO, and

3M H;S04-0.8M [Emim]HSOy, respectively.
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Figure S16. Peak current versus scan rate in the logarithm-logarithm graph for 1.7-1L-Ti;C,T,/GCE

in the mixed electrolyte.
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Figure S17. Dependence of i/v'? on v respectively at the defferent potentials in the CVs of IL-

Ti;C,Ty in the mixed electrolyte. Sweep rates were varied from 2 to 20 mV s°!.
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Figure S18. CVs of the IL-Ti3C, Ty electrodes in the mixed electrolyte collected at 2, 5, 10, 15, and

20 mV sl. The CV profiles are separated into the contributions of diffusion- controlled capacitance

(shaded regions) and surface controlled capacitance (unshaded region).
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Figure S19. CVs of 1.7-IL-Ti;C,T,/GCE in mixed electrolyte at the scan rates from 2 to 500 mV s,
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Figure S20. CVs of 1.7-HF-Ti;C,T,/GCE in mixed electrolyte at the scan rates from 2 to 500 mV s
1
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Table S1. Element contents (at.%) in HF-Ti;C,T, flakes and [Emim]-Ti;C, Ty flakes.

Sample Ti C O F N Cl
HF-Ti;C, Ty flakes 32.79 | 29.12 | 28.39 | 9.67 | 0.03 | 0.00
[Emim]-Ti;C, Ty flakes | 40.61 | 29.10 | 15.28 | 9.32 1.05 | 4.64
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Table S2. Electronegativity of element in the terminal groups.

F

O

H

Cl

3.98

3.44

2.20

3.16
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Table S3. Summary of the reported capacitive performances of Ti;C,Tx MXene.

Scan rate
Mass C,” or Cycling number
Electrode loading Electrolyte £ | . yeung ) Ref.
(mg-cm2) (F-g')y | Discharge /C, retention
& density
3M H,SO,- )
10,000 This
1.7-1L-Ti3C, Ty . .Sl ’
T-IL-TisC L7 0.8M IL 335 2mVS /100% work
13um Ti3C, Ty 10,000
_ M .Q-1 )
hydrogel film 53 3M H,SO, 370 2mV-S 190% 1
400-KOH-Ti5C, 0.5 IM H,SO4 500 ImV-S! 10,000 2
/99%
) 10,000
T13C2TX films N/A IM H2$O4 245 2mV-S! 1100% 3
) 10,000
52um Ti3C, Ty film 8.48 IM H,SOy4 314 2mV-S! 139.1% 4
(MXene/TAEA™), N/A PVA*/H,SO4 | 165 2mV S°! /19%03(3;) 5
. 0
Ti;C,Tx hydrogel . ol 1,000
film 4 EMI-TFSI 70 20mV-S 130% 6
Binder-free Ti;C, Ty 10,000
1.1 IMH 4 2 -1 ’
films 2504 | 499 mV'S /100% ’
N-doped 2000
delaminated 1.8 6M KOH 266.5 5mV-S! 186.4% 8
titanium carbides e
Nitrogen-doped d- 10,000
} 1.7 gl ’
TiG, 6M KOH 190 1A-g 188.9 9
7,000
MDC-OMC* 5 6M KOH 249 1A-g! ’
& /98% 10

Note: C,, TAEA, PVA, EMI-TFS, PTFE, RGO, and MDC-OMC respectively denote gravimetric

capacitances,

tris(2-aminoethyl)amine,

poly(vinylalcohol),

1-Ethyl-3-methylimidazolium

bis(trifluoromethylsulfonyl)imide, polytetrafluoroethylene, reduced graphene oxide, MXene-
derived carbon (Ti3C,Ty)-ordered mesoporous carbons.
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