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S1 THz Conductivity of MXene Films Measured by THz TDS System

The terahertz EMI shielding property (in 0.2-1.6 THz) was obtained using a fiber-
coupled terahertz time-domain spectroscopy (THz-TDS) system in transmission mode.
Broadband terahertz spectroscopy up to 10 THz was performed using two-color laser
induced air plasma terahertz generation system combined with air biased coherent
detection method. The sample size is 10 x10 mm?. Through THz-TDS, we can directly
obtain the electric field amplitudes (intensities) of the transmitted signal as a function
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of time for the samples with substrate (Esan(?)), and substrate (Esus(?)). Furthermore,
utilizing Fourier transform, we can obtain the amplitudes as a function of frequency (w)
for the samples with substrate (E sum(w)), and substrate (E sus(w)). Therefore, the
transmissivity (7)) of the samples was determined by:

SE; = —10 logT = —20log Zam). (S

Esup (w)

According Tinkham film equation, the complex conductivity spectrum (6(w)) of
the MXene film can be extracted by:

Esqam(w) _ ng+1
Esup (w) Nng+1+Z,dd (w)

(82)

Where, ns = 1.41 is the index of substrate (PDMS in the article), Zo= 377 Q is the
free space impedance, d is the film thickness.

According to Fresnel's formula, using the transmission and reflection coefficients,
the transmission and reflection coefficients can be obtained as: [S1]

2
2 /nong

- Nng+ng+Zy6(w) (SS)
_ |ro—ns—Zo5(w)|?
R= no+ng+Zyo(w) (84)
where no=1 is the air refractive index.
Therefore, the absorption can be obtained as:
A=1-T-R (S5)

S2 Fitting of THz Conductivity with the Drude-Smith Model

The transport behavior of free carriers can be well described by the Drude-Smith (DS)
model:

o(w) = -2 (1+ ‘ ) (S6)

1-iwt 1-iwt

Ne?t . . .. N
where g, = % is the direct current (DC) conductivity; N, t, m™, and c are the

charge carrier density, carrier scattering time, charge effective mass, and scattering
parameter, respectively. The parameters of 7, N, and ¢ were obtained by fitting the
measured conductivity in Fig. 3e with the DS model. The fitted parameters are listed in
Table S2.
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Table S2 Fitting parameters using the Drude-Smith model

T (fs) c N (m?) 0y (mS)
Flat 6.6 -0.75 6.0x10% 8.9
Wrinkle-I 8.0 -0.75 9.4x10%7 16.9

S3 The Impedance Calculation

The sheet resistance-dependent relationship between the transmittance (7), reflection

(R), and absorption (4) of a thin film are given as follows.

2

__ 49
T (1429)2 (87
1
= Gr2e7 (58)
__ 49
T (1429)2 (59)
9 = Ra/Z, (510)

where Ry is the sheet resistance of the film, Zj is the impedance of free space, which

is equal to 377 Q.

S4 Supplementary Figures
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Fig. S1 a AFM image, b SEM image, and ¢ TEM image of TizC,Tx nanosheets
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Fig. S2 a Raman spectrum, b XRD pattern, ¢ XPS spectra of O 1s, d SEM image, e
optical image, and f AFM image of the transparent flat film. Insert of f is the thickness
profile of the flat film
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Fig. S3 a Relationship of thickness versus spin coating time in TizCoTx MXene films.
b-f AFM images of the Ti3C,Tx films with different thicknesses
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Fig. S4 a UV-vis transmittance spectra of flat TizCoTx films with different thicknesses.
b Square resistances and light transmittances of the flat films
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Fig. S5 a UV-vis transmittance spectra of wrinkle-I films with different thicknesses. b
Square resistances and light transmittances of the wrinkle-I films
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Fig. S6 Schematic illustration of the THz-TDS system for the transmission
measurements. The THz time-domain spectroscopy (THz-TDS) system is mainly
composed of the femtosecond laser, emitter, detector, and time delay device. The
femtosecond laser is divided into two channels through the beam splitter: one channel
is directly incident through the optical path to the emitter to achieve terahertz radiation;
The other channel passes through the time delay device and then incident into the
detector to achieve terahertz detection. Terahertz imaging also uses the same TDS-THz
system, which place an automatic displacement stage between the transmit and receive
ports. The test sample (shielding film) is first fixed on the displacement stage, and the
position of the sample can be changed by controlling the movement of the stage. After
collecting shielding effects at each point of the sample, the terahertz imaging of

shielding film was plotted. Each pixel of terahertz imaging in this manuscript is 2x2

mm2 .
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Fig. S7 Terahertz wave transmittances (0.1-10 THz) of the wrinkle-I films with
thicknesses of a 8 nm, b 15 nm, ¢ 30 nm, and d 50 nm. The terahertz wave (0.1-10 THz)
transmittance of the wrinkled film also reduced with its thickness. When the thickness
of the wrinkle-I film is more than 30 nm, its terahertz wave transmittance can be less

than 10%, and the corresponding EMI SE is greater than 10 dB
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Fig. S8 a Time-domain spectra, and b Frequency-domain spectra of the wrinkle-I film
with different thicknesses. Compared with the pristine signal of PDMS, the transmitted
THz signal of wrinkle-I film decreases rapidly with the increase of Ti3C,Tx thickness.
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Fig. S9 a THz transmittances of the flat film with different thicknesses. b Ratio of THz
transmittance, reflection, and absorption of the flat film with different thicknesses
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Fig. S10 Transmission amplitude spectra (up) of the flat film, obtained by Fourier
transforming the transients (down)
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Fig. S11 Theoretical and experimental comparison of THz absorption between flat film
and wrinkle-I film

Fig. S12 SEM images of the wrinkle-I film and wrinkle-P film, which fabricated by
PDMS substrate with different pre-stretching strains (€pre). @ wrinkle-I film (gpre= 0%),
b wrinkle-P film (gpre=20%), ¢ wrinkle-P film (gpre= 40%), and d wrinkle-P film (gpre=
60%). The wrinkle-P films with different pre-stretching strains have both isotropic and
periodic wrinkles. In addition, the heights and densities of periodic wrinkles also
increased with their thickness.
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Fig. S13 THz transmittances of the film under different tensile strain. a wrinkle-P film
(epre= 20%), and b wrinkle-P film (gpre= 60%). It demonstrated that all wrinkle-P films
are provided with excellent stretching stability
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Fig. S14 SEM images of wrinkle-I film (gpre= 0%) under different tensile strains a 0%,
b 20%, and ¢ 40%. SEM images of wrinkle-P film (gyre= 40%) under different tensile

strains d 0%, e 20%, and f 40%
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Fig. S15 a THz transmittances of wrinkle-I film, and b wrinkle-P film under various
strains (5%, 10%, 30%) at the different cycles (0, 10®,50%,100™) in 1.0 THz. ¢ THz
transmittances of wrinkle-I film during the 100-cycle stretching test with 30% strain. d
THz transmittances of wrinkle-P film after the 100-cycle stretching test with various
strains in the frequency of 0.2-1.6 THz. The wrinkle-P film was fabricated by PDMS

substrate with pre-stretching strain of 40%
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Fig. S16 The EMI SE values of a wrinkle-1 film, and b wrinkle-P film under different
stretching strains (0-40%). ¢ The AEMI SE / EMI SEy values of wrinkle-1 film, and d

wrinkle-P film under various strains (5%, 10%, 30%) at the different cycles (0", 10",

50", 100" at 1.0 THz
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The wrinkle-P film was fabricated by PDMS substrate with pre-stretching strain
of 40%. In ¢ and d, EMI SEy is the electromagnetic shielding effectiveness of the
sample before stretching test. EMI SE, is the electromagnetic shielding effectiveness

of the sample after n cycles of stretching under a specific strain. AEMI SE = EMI SE

— EMI SE..

Fig. S17 THz transmittances of wrinkle-I film during the 100-cycle bending test with
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Table S1 Thickness, EMI shielding performance, thickness averaged specific EMI SE

and frequency range of various shielding materials

Sample Thickness (um) EMI  SE/t (dB Frequency Refs.
(dB)  pm™) range (Hz)
MGF 3000 61 0.020 02-1.6T [S2]
Ti3CoTx -PAA-ACC 130 45 0.346 02-20T [S3]
rGO 370 65 0.175 0.1-1.0T [S4]
MSF 10000 45 0.004 0.3-1.6 T [S2]
Cu foil 0.04 44 1100 0.1-1.0T [S5]
10 70 7 8.2-124G  [S6]
Al foil 8 68 8.5 8.2-124G  [S6]
Ti3CNTx 40 116.2 2.9 82-124G  [S7]
Ti3C,Tx 40 93 2.7 82-124G  [S7]
Ni/PVDF 500 354 0.7 18-26.5 G [S8]
Silver Nanowire 0.1 8 80 0-25T [S9]
graphene/PMMA 6 15 2.5 0.2-2.0T [S10]
MXene/rGO film 148 54.2 0.366 02-20T [S11]
CNT 0.01 8 80 0.2-2.5T [S12]
PAL-Ti;C,Tx 38.3 50.5 1.318 02-1.6T [13]
Zn**-Ti;CoTx 85 51 0.6 02-20T [S14]
Carbon 125 65 0.52 0.22-0.5T [S15]
Cu-Ag-ITO 50 26 0.52 8.2-40.0G  [S16]
Ag NC thin film 1.3 60 48 8.2-124G  [S17]
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MXene-based fiber 213 834  0.39 8.2-124G  [S18]
MXene-Based fiber 370 48 0.13 8.2-124G  [S19]
PVA hydrogel 3000 62.5  0.02 8.2-124G  [S20]
CNT-based 2000 113 0.06 8.2-124G  [S21]
Ti3C,T/CNF aerogels 2000 79 0.04 8.2-124G  [S22]
Ti3CoTx-based 75 85 1.13 8.2-124G  [S23]
Biocarbon nano paper 600 46 0.08 04-20T [S24]
CNT-MXene film 3000 482  0.06 0.1-22T [S25]
Transparent Ti3C,Tx 0.008 5.6 700 0.2-10.0T This
work
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