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1 Hydrogen-bonding interactions between PA and MXene sheet from IR Results
Figure S2a displayed the IR spectra of M/A films and pure MXene. Compared with the
pure PA film (M/A-0), significant changes could be observed for M/A films at 1251cm-
I (Figure S2b) and 1655cm™! (Figure S2c), which are attributed to C-N and C=0
stretching of NHCO from PA. It is believed that high-density hydrogen bonding
interactions were generated between H atoms from NHCO and O/F atoms from MXene
surface, thus inducing such changes in these NHCO-related peaks.

2 Thickness effects on the THz shielding performance of M/A films

The results in Figure S7a indicates that transmission signals get obviously weakened
with a higher thickness (40pm), while their reflection signals maintain stable (Figure
S7b). Besides, their calculated THz shielding efficiency results (Figure S7¢/d) are rather
different, and a 40pum film shows an average SE value of 51.2dB, much higher than the
38.7dB of 20um film. The SEg and SE4 results explains that their SEg values are rather
similar, with a low value of nearly 5dB, while their SE, values are improved with the

film thickness. Therefore, we can draw a safe conclusion that a high thickness of films



would enhance the absorption ratio for THz waves, and generates a better shielding
efficiency in THz band.

3 Detail permittivity and permeability of composite film composite films

Figure S8 presents the permittivity and permeability of composite film in X band. It is
seen that the original M/A-0 film displayed low €' and &" value (Figure S8a/b), which
are both lower than 10 in X band. This is resulted from the weak dielectric loss
properties which comes from the dipolar polarization of those polar groups (NHCO,
benzimidazole etc.). With the incorporation of MXene sheets, the permittivity of
composite films is increasing, with several orders of magnitude growth. The large
improvements of €' and & values are attributed to the high conductivity of MXene
sheets. As reported by many literatures! 2, Ti;C,X, demonstrates the metallic nature of
their conductivities, with high free carrier density (up to 8 =3 x 10%! cm™3) and mobility
(up to 0.7 0.2 cm?/V s), and this endows the composite films with improved &’ and €”
values. While for the permeability, the corresponding values of them (u' and u” in
Figure S8c/d) don’t change much with the incorporation of MXene sheets, and this is

derived from the weak magnetic properties of both PA and MXene.
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Figure S1 (a-c) TEM images and crystal diffraction of MXene sheet, (d) XRD of

MXene, XPS Ti2p(e), Ols(e) and N1s (g) spectra of MXene sheet,
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Figure S2 (a) IR spectra of MXene and M/A films, and corresponding
enlargement at 1225-1275cm ! (b) and 1640-1680cm-! (c)
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Figure S3 SEM and EDS mapping results of M/A-20



Figure S4 home-made devices for in-situ Raman test with different strains
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Figure S5 In-situ Raman test of composites films with different strains in 1550-

1675cm! (a for PA in M/A-20) and 500-750cm-! (b for MXene in M/A-20)
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Figure S6 Electrical conductivity data of M/A films
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Figure S7 (a) Transmission and (b) Reflection signals of M/A-20 film with
different thickness, (c) THz wave shielding effects in 0.2-1.6THz, (d) their
average SE values per unit thickness, corresponding (e)SE, and (f) SER results

for film with different thickness
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Figure S8 Real part (a) and imaginary part (b) of complex permittivity for M/A

films; real part (c) and imaginary part (d) of complex permeability
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Figure S9 (a) Skin depth data of M/A films; (b) AC conductivity of M/A films
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Figure S10 Summary of mechanical changes of M/A-20 with different PH

solution treatments
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Figure S11 Summary of mechanical changes of M/A-20 with different NaCl

solution treatments



-
L~

Modulus (GPa)

w
=]
=

]
o
(=]

Strength (MPa)

Bending angle (°)

¢+ $ &
i i P v
8-
" 820, 120 140 180 180

2]

Elongation (%)

-]

(-]

.

£
A

r
i

P t ¢

i ¢
TN
020 120 140 160 180

Bending angle (°)

Toughness(MJ/m?

Figure S12 Summary of mechanical changes of M/A-20 subjected to 1000 times

of bending with different bending angle
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Figure S13 Summary of mechanical changes of M/A-20 with different

temperature treatments
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Figure S14 Summary of mechanical changes of M/A-20 treated in 500 °C

environment with different times
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Figure S15 THz transmission of M/A-20 subjected to various harsh environment




Table S1: Comparison of highest joule-heating output temperatures of various
MXene-based composites films

Highest output temperature

Film Type o Refs
°©)
MXene/montmorillonite film 141 3
PI Fiber/MXene film 105 4
MXene-Decorated Polyester Textiles 79 5
MXene-xanthan nanocomposite
136.5 6
films
PAN@PPy/MXene film 170.6 7
MXene/Aramid Fiber film 146.1 8
CNTs@MXene/cellulose film 154 9
phase change capsules /MXene/PVA 115 10
film
MXene/PA film 225 This work
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