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Fig. S1 FITR spectra of multilayer MXene, intercalated MXene and annealed MXene
samples.

To affirm the interaction between n-butylamine and MXenes, Fourier transform
infrared spectroscopy (FTIR) detection was performed. And then, during rapid
annealing, to optimize the time of annealing and check the possible structure
evolution, various times of 2, 10, 60 min were adopted. It is observed that when the
annealing duration is maintained at 2 min, residual n-butylamine molecules remained
within the MXene interlayers. However, for annealing times extended to 10 and 60
minutes, no detectable N-H vibrational signal is observed in the spectroscopic analysis,
while the characteristic -OH peak shifts back to 1630 cm™, indicating the complete
elimination of n-butylamine.
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Fig. S2 The TG curve of intercalated MXenes.

The boiling point of C4;H11N is about 78 °C. Obvious weight loss under 450 °C could
be found and are ascribed to the evaporation and pyrolysis of intercalated C4H1;N and
surface functional groups of MXenes. To guarantee the remove of C4Hi;N, the
annealing temperature was set at 500 °C.
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Fig. S3 EDS element analysis of multilayer MXenes (left) and annealed MXenes (right).

The existance and decrease of F, O and Cl elements confirm, to a certain degree,
the partial remove and residual of surface functional groups after rapid annealing,
although the EDS analysis is non-quantitative.
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Fig. S4 The contact angle tests of the powders of multilayer MXenes, intercalated
MXenes and annealed MXenes for 10 min.

The contact angle tests of the powders of multilayer MXene, intercalated MXene
and annealed MXene for 10 min were conducted. It can be observed that multilayer
MXenes show hydrophility due to their surface functional groups. After intercalation,
the contact angle between the MXenes and the water droplets increased from 45.3°
to 53.5°, indicating a slight decrease for the hydrophilicity. This can be attributed to
the hydrophilic end -NH, of n-butylamine forming hydrogen bonds with the functional



groups of MXenes as showed in FTIR spectroscopy, while the hydrophobic end -C4Hqg
covers the surface of MXenes.! After rapid annealing for 10 min, the intercalated n-
butylamine is sublimated and pyrolyzed due to thermal shock, and partial functional
groups are removed. The annealed MXenes still show hydrophilicity, although the
contact angle gets increased. This could be derived from the residual functional groups
because of the short treatment process of rapid annealing and open-up framework of
annealed MXenes due to the microexplosion effect (Fig. 2f). The hydrophilic annealed
MXenes are advantageous for further exfoliation and preparation of M-MXenes.

Fig. S5 The optical image showing the Tyndall effect of dispersed M-MXene
nanosheets.

Fig. S6 TEM images of obtained D-MXene nanosheets.
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Fig. S7 XPS spectrum of N element in annealed MXenes.



Table. S1 Detailed XPS peak fitting results of Ti and O spectra.
Rapid annealed sample:

Unannealed sample:

Region BE (eV) Fraction (%) Assigned to
454.5/460.3 235 Ti-C
455.2/460.8 246 Ti (1)
Ti 2P3/2 (2p1/2) 456.3/462 32.4 Ti (I10)
458.3/464 11.9 Ti-O
459/465.1 7.6 Ti-F
Region BE (eV) Fraction (%) Assigned to
530.4 32.01 TiO,
531.2 21.35 C-Ti-Oy
O1s 533.0 41.26 C-Ti-(OH)y
534.8 5.38 H,0
Region BE (eV) Fraction (%) Assigned to
454.5/460.3 27.2 Ti-C
455.2/460.8 24.2 Ti (1)
Ti 2P3/2 (2p1/2) 456.3/462 33.2 Ti (III)
458.1/464 6.5 Ti-O
458.7/465.1 8.9 Ti-F
Region BE (eV) Fraction (%) Assigned to
530.3 13.64 TiO,
531.2 8.32 C-Ti-O,
Ols 533.1 63.99 C-Ti-(OH),
534.8 14.05 H,0
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Fig. S8 The SEM images of filtered M-MXene film and D-MXene film. a) Surface and b)
Cross section morphologies of M-MXene film. c) Surface and d) Cross section
morphologies of D-MXene film.
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Fig. S9 a) Comparison of CV curves of M-MXene and D-MXene electrodes at 50 mV s
1. b) The CV curves of D-MXene electrode at different scan rates; c) The specific

capacitance of D-MXenes at different scan rates.

Table S2 Comparison of the specific capacitance and rate performance.

Num- Materials Synthesis route Electrolyte Potential Capacitan- Rate Ref
ber ce Capability
1 3D porous Ti3C,Ty freeze-casting 3 M H,S0,4 -0.5~70.3V 358.8 Fg? 58.6% [2]
films assembly (20 mV s?) (10Vs?)
2 MXene hydrogel metal ions induced 3 M H,SO, -1.1~-0.15V 272 Fg? 83.1% [3]
gelation (2mvVs?) (1Vvs?)
3 3D TisCoTy/ in situ ice template 3 M H,SO,4 -0.7~0.3 V 375Fg?! 67% [4]
CNTs film strategy (5mVs?) (1000 mV s1)
4 Ti3C,T,-RGO film microscopic 3 M H,S0,4 -0.6~0.3V 505 F gt 69.9% [5]
explosion of GO (2mvs?) (100 mV s1)
5 3D Ti3C,Ty aerogels thermal treatment 3 M H,S0,4 -0.6~0.2 V 438 F gt 79.7% [6]
at a mild (10 mV s?) (2000 mV s1)
temperature
6 Compact freeze-drying and 3 M H,S0,4 -0.5~0.3V 345F gt 50% [71
nanoporous MXene mechanically (2mVs?) (500 mV s1)
film pressing
7 MXene-rGO self-propagation 3 M H,S0,4 -0.6~0.2 V 329.2Fg? 78.8% [8]
(20 mV s?) (1000 mV s1)
8 3D macroporous mild gelation 3 M H,S0,4 -0.6~0.25V 349 Fg? 57.9% [9]
TisCyTy (2mVst) (2Vvs?
9 MXene/rGO 3D dual utilization 3 M H,S0, -0.55~0.2V 386 Fg! 62.5% [10]
porous aerogel strategy of (2mVs?) (100 mV s1)
lignosulfonate
10 Macroporous Ti3C,Ty PMMA spheres 3 M H,S0,4 -1.1~-0.1v 450 F gt 46.7% [11]
film sacrificial template (10 mV s?) (10Vs?)
11 Porous Ti3C2T, film H,SO, oxidation 3 M H,S0,4 -1.2~-0.2V 324Fg? 64% [12]
(5mV s?) (10Vs?)
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Fig. S10 The CV curves of M-MXene electrodes at different scan rates with different
loading masses.
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Fig. S11 The GCD curves of M-MXene and D-MXene electrodes at a current density of
50A g
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Fig. S12 The capacitive-controlled contribution for M-MXenes a) and D-MXenes b) at
scan rate 5 mV s,
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Fig. S13 Comparison of the D-MXenes, annealed MXenes with no intercalation and M-
MXenes with a mass loading of ~2.20 mg cm at different scan rates; a) Their specific
capacitance at different scan rates; b) CV curves of D-MXenes; c) CV curves of
annealed MXenes with no intercalation.
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