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Supplementary Figure 1. (A) SEM image of MXene after 3 hours of oxidation. (B)

SEM image of MXene after 15 hours of oxidation.

Supplementary Figure 2. Determination of MXene oxidation time for achieving the

highest height retention rate of aerogel. (A) Oxidation at 70°C for 5 hours. (B)

Oxidation at 70°C for 9 hours. (C) Oxidation at 70°C for 11 hours.

Supplementary Figure 3. Determine the CNF-to-GPTMS ratio to achieve the highest

height retention rate for the aerogel. (A) CNF : GPTMS = 1:1. (B) CNF : GPTMS =

2:1. (C) CNF : GPTMS = 4:1.



Supplementary Figure 4. Determine the TiO2@MXene-to-CNF ratio to achieve the

highest height retention rate for the aerogel. (A) TiO2@MXene : CNF = 1:1.5. (B)

TiO2@MXene : CNF = 1:2. (C) TiO2@MXene : CNF = 1:3.

Supplementary Figure 5. Repeatability data for compressive strength and height

retention with (A) different ratios of T@M to C, (B) different ratios of CNF to

GPTMS, and (C) different oxidation time for MXene. The error bars represent the

standard deviation of the data obtained from three independent replicates (n=3).



Supplementary Figure 6. (A) SEM image of pure CNF aerogel. (B) SEM image of

MXene/CNF aerogel. (C) SEM image of G-M/C aerogel. (D) SEM image of

G-T@M/C aerogel.

Supplementary Table 1. Summary of the pore sizes and densities of different

samples

Sample Pore size (μm) Density (mg/cm3)

Pure CNF 21.27μm 16.32

MXene/CNF 27.36μm 12.52

G-M/C 28.24μm 11.76

G-T@M/C 29.00μm 11.11



Supplementary Figure 7. Schematic diagrams of pure CNF (A) before compression

and (B) after compression.

Supplementary Figure 8. Aged test data collected at 75% humidity and 70℃ for a

12-hour period. (A) Stress-strain curve of 90% compression after at 75% humidity

and 70℃ for a 12-hour period. (B) Partial enlargement of (A). (C) Stress-strain curve

for 90% compression after at 70°C and 75% humidity for a 12-hour period, after 100

cycles.



Supplementary Figure 9. (A) The SEM images of the G-T@M/C aerogel in the

original state. (B) is a partial enlarged view of (A).

Supplementary Figure 10. (A) The SEM images of G-T@M/C aerogel at 90%

compression strain. (B) is a partial enlarged view of (A).

Supplementary Figure 11. The SEM image of G-T@M/C aerogel after 1000 cycles

at 90% compressive strain.



Supplementary Figure 12. Relative current variation curve of G-T@M/C at 75%

humidity within a strain range of 0% to 80%.

Supplementary Figure 13. G-T@M/C aerogel distinguishes between different

objects and different masses of the same object. (A) Resistance changes when hair,

flower, and hammer were placed on G-T@M/C aerogel. (B) Resistance changes when

magnesium sheets of different masses were placed on G-T@M/C aerogel.



Supplementary Figure 14. (A) Resistance response of the sensor when exposed to

different concentrations of sulfur dioxide. (B) Resistance response of the sensor when

exposed to different concentrations of nitrogen dioxide.

Supplementary Figure 15. Noise Analysis of the 1 ppb Ammonia Response

Supplementary Figure 16. Resistance response when 10 ppm ammonia gas is

introduced into environments with different humidity levels.



Supplementary Table 2. Summary of Related Article Data
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Supplementary Figure 17. Comparison of the performance of the G-T@M/C

composite aerogel against previously reported bimodal sensors.

Supplementary Video 1. The cushioning test of an egg dropped from a height of 100

cm when G-T@M/C aerogel was used as a cushioning material.

Supplementary Video 2. G-T@M/C aerogel causes the light to illuminate when

detecting ammonia gas leaks.
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