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Fig. S1 a) Schematic illustration of etching MAX and stripping multilayer MXene. b)
XRD patterns of TizAIC,, accordion-like multilayer MXene and MXene nanosheets. SEM
images of TisAlC, bulks c) and multilayer MXene d). e) TEM image of MXene

nanosheets.

Compared to TisAIC, bulks, the peak intensity of multilayer MXene at 39° shows a
significant decrease, suggesting the successful removal of the majority of Al layers
through etching. Furthermore, the shift in the (002) peak towards a smaller angle
indicates an expansion in interlayer spacing. Notably, the peak of MXene nanosheets
at 39° completely disappears, confirming the successful removal of partially etched
Ti3AIC, bulks after ultrasonic peeling and centrifugal collection. Consequently, a pure

solution of MXene nanosheets is obtained (Fig. S1b).
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Fig. S2 AFM image a) and the corresponding thickness analysis b) of MXene

nanosheets.
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Fig. S3 Photographs of preparation process of MXene/PAA organohydrogel.
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Fig. S4 SEM image of MXene/PAA hydrogel.
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Fig. S5 Photographs of MXene/PAA hydrogel a) before and b) after solvent

replacement.
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Fig. S6 XRD patterns of MXene nanosheets and MXene/PAA organohydrogel.

Compared with MXene nanosheets, XRD pattern of organohydrogel lacks obvious
features or sharp diffraction peaks, indicating a lack of long-range order. This can be
attributed to the complete encapsulation of MXene nanosheets during AA

polymerization, resulting in their high dispersion in the organic hydrogel system.
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Fig. S7 XPS patterns of MXene nanosheets and MXene/PAA organohydrogel.

In comparison with pure MXene nanosheets, the peak intensity of MXene-specific
elements (e.g., Tiand F) in MXene/PAA organohydrogel shows a noticeable reduction,
suggesting a complete coverage and encapsulation of the MXene nanosheets by the
organic polymer. The polymer molecules form a dense and continuous coating around
the nanosheets, creating a physical barrier that inhibits the photoelectron escape

process and attenuates the signal during XPS analysis.!
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Fig. S8 Stress-strain curves of MXene/PAA organohydrogel, MXene/PAA hydrogel and

PAA hydrogel.
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Fig. S9 Photographs of MXene/PAA hydrogel after placing for different times at 20 °C

and 45% humidity.
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Fig. S10 Photographs of MXene/PAA organohydrogel after placing for different times

at 20 °C and 45% humidity.
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Fig. S11 ATR-FTIR spectra of MXene/PAA organohydrogel before and after placing for

105 h at 20 °C and 45% humidity.

ATR-FTIR spectra were analyzed to obtain a comprehensive understanding of the
water retention capacity of MXene/PAA organohydrogel. The position of the
characteristic peaks remains consistent without any noticeable shifts, indicating that
the organohydrogel effectively maintains its water content for a duration of 105

hours.
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Fig. S12 TGA spectra of MXene/PAA organohydrogel before and after placing for 105

h at 20 °C and 45% humidity.
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Table S1. Comparisons of the conductivity of pristine MXene, MXene/PAA hydrogel

and MXene/PAA organohydrogel.

Samples Conductivity
MXene 7241 S-cm™
MXene/PAA hydrogel 31 mS:m?
MXene/PAA organohydrogel 6.3 uS'm?
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Table S2. Comparison of comprehensive performance of different MXene-based

hydrogels or organohydrogels.

Emax

Fracture

gels stress Self-healing Adhesiveness Anti-freezing Moisturizing GF Ref.
(%)
(MPa)
This
MXene/PAA/Gly 1346 0.207 Yes Yes Yes Yes 10.96
work
MXene/PAA 1081 0.101 Yes Yes N/A N/A 4.94 2
MXene/PVA/Borate 1200 0.0054 Yes N/A N/A N/A 0.4 3
MXene/PVA-CA 1100 0.0097 Yes Yes N/A N/A 2.3 4
MXene/PAA/PAM/TA 560.82 0.251 Yes N/A N/A N/A 10.536 5
MXene/PAM/SA 2000 0.061 N/A N/A N/A N/A 1.4 6
MXene/Gluten/EG 600 0.092 Yes Yes Yes Yes 6.1 7
MXene/PAM/
897 0.0293 N/A Yes Yes Yes 10.69 8

PEDOT:PSS/EG

Note: ‘N/A’ indicates ‘not available’ in the references.
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Table S3. Comparison of comprehensive performance of different organohydrogels.

€max Fracture stress
Organohydrogels GF Ref.
(%) (MPa)
MXene/PAA/Gly 1346 0.207 10.96 This work
PG-Borate/PAM/PPy/Gly 500 0.051 4.8 °
PVA/CNT-OH/EG 408 0.206 1.52 10
PAMPs-co-PAAM/PVA/EG 648 0.075 1.77 1
ANF/PVA/KCI/DMSO 450 23 1.99 2
PAM/SA/TOCNs/CaCl,/DMSO 681 1.04 2.1 3
PAA/PCA/Zn%*/BDO 650 0.25 1.486 14
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