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Figure S1 (a) Transfer process and Digital images of ultrathin Ti;C, T, films with different thicknesses
transferred onto (b) PET and (c) Glass substate.
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Figure S2 Morphology characterization of monolayer Ti;C,T, films. (a-e) Left: SEM image of

transferred monolayer Ti;C,T, films with different coverage on PET substrate: Right: Analyzed
image using Imagel software showing the coverage of substrate by the Ti;C,T, nanosheets. All scale
bars = 10 um, and black areas represent uncovered areas in all bottom images.

Nanosheet coverage (c) was defined as the fractional area occupied by Ti;C, Ty, MXene

nanosheets, including overlapping regions, relative to the total substrate area. The coverage ¢ was

then calculated from the ratio of white pixels (Ti;C,Ty nanosheets) to total pixels in binarized SEM

images.
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Figure S3 (a) AFM height profiles and (b) profilometer height profiles of transferred 1~5 L Ti;C,T,
films. (c) Thickness and (d)average roughness for various layer stacking numbers of Ti;C, T, films
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Figure S4 (a-b) Surface topography of monolayer Ti;C,T, films were measured by AFM in different

regions.
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Figure S5 (a) XPS survey spectrum. (b) Cls, (c) Ols, (d) Fls, and (e) CI2p XPS spectra of the

Ti3C2Tx film.
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Figure S6 (a) Microwave tansmission T, (b) Microwave reflection R, (c) SEx values and (d) SE,4
values of monolayer Ti;C,T, films with different coverage in X-band.
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Figure S7 (a-b) The relative permittivity and (c) fitted sheet DC conductivity (o) parameters of
monolayer Ti;C,T, film with different coverage.



Table S1 Comparison of optoelectronic properties in submicron-thick Ti;C,T, MXene films

. Optical Electrical
) Thickness | Roughness o L
Ti;C, T, film conductivity conductivity FoM | Refs.
(nm) (nm)
(S cm™) (S cm™)
Slot-Die
) 300 10.3 675 13000 18.5 1
Coating
Slot-Die
) 350 12.6 675 7425 11 1
Coating
Inkjet Printing 187 18 320 41.6 0.13 2
Spray coating 40 12 - 13000 - 3
Spray coating 70 10 574 402 0.7 4
Gravure
o 70 15 680 4000 59 3
printing
Dip-Coating 30 2.5 425 6375 15 6
Spin coating 81 8.7 890 6500 7.3 7
Interfacial self- This
24 12 1310 13000 10
assembly work
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Figure S8 (a-b) Influence of roughness on electronic and optical conductivity in submicron-thick
Ti3C,T, MXene films.



Table S2 Comparison of optoelectronic properties in sub-10 nm-thick Ti;C,T, MXene films

Flakes i Optical Electrical
) ) Thickness | Roughness L L
Ti;,C,T, film size conductivity | conductivity | FoM | Refs.
(nm) (nm)
(nm) (S em) (S em™)
Interface self-
10 3 1.8 - 285 8
assembly
Interfacial self-
5 2.3 3 1248 2898 2.3 ?
assembly
) . 11.0
Spin coating 3.2 4 2 520 5736 ; 10
Spin coating - 2.5 2.6 890 4000 4.5 7
Spray coating - 4 2 - 10000 3
Spray coating 0.5 574 250 0.43 4
Blade coating 12.2 2.5 1 750 9780 11.7 1
Slot-die
. 6 2.2 0.93 675 8906 13.2 !
coating
Liquid-Liquid
interface self- 5 1.8 1.7 1254 555 0.44 12
assembly
Liquid-Liquid
interface self- 5 2 1 435 3081 7.8 13
assembly
Dip-Coating 1.4 7.2 2.5 314 1348 4.29 6
Gravure printing - 1.9 5 680 1760 2.59 3
Interfacial self- This
11 2.3 5.7 1310 2717 2.07
assembly work
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Figure S9 (a-c) Influence of roughness on electronic conductivity, optical conductivity and FoM in
sub-10 nm-thick Ti;C,T, MXene films.
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Figure S10 The S-parameters of the PET substrate in X-band.
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Figure S11 (a) SE, values and (b) SE values of continuous Ti;C,T, films with different thicknesses
in X-band.

Table S3 Comparison of absolute shielding effectiveness of various shielding materials

) Thickness SEt | SE. | SEx SSE/t Absorption
Film Samples Refs.
(em) | @B) | (@B) | @B) | @Bem’g) |  (A)

rGO/ Fe;04 0.03 24 15 8 1.0 x 103 0.155 14

Graphene /CNTs 0.16 36 31 4 2.3 x 103 0.398 15

Graphene /CNWs 0.16 38 27 11 4.0 x 10* 0.079 16

Graphene 8.4x10"* 20 7 13 1.3 x 10* 0.040 17

Graphene 0.005 60 - - 1.8 x 10* - 18

Graphene 0.001 52 34 18 7.8 x 10° 0.016 19

Ag nanofiber 0.0001 20 1.4 18.6 1.0 x 10° 0.004 20

Silver 2x107° 51 12 39 2.4 x10° 0.0001 21

AGNWs 64x107°% | 204 14 6.5 3.0 x 10° 0.215 ’

12x10°° | 13.5 10 3.5 1.1x10° 0.402

Al Foil 0.0008 66 - - 3.1 x 10* - 2

Al 2x107° 24 - - 4.4 x10° - H

Cu Foil 0.001 70 - - | 78x10° - 2

Cu mesh 0.00025 404 | 284 12 1.8 x 10* 0.063 25

Copper 0.31 90 - - 32 - 26

CuNi 0.15 25 2.5 | 225 690 0.0025 27

Ni mesh 0.0006 40 - - 1.8x 10° - 28

AgNi meshi 0.0004 43 - - 2.9 x 10° - 2

AgNWs/Ni mesh 0.0003 41.5 - - 3.7 x 10° - 30

Ti;CNT, 0.1 423 | 323 10 3.8x 10* 0.10 31

10



0.001 43.5 - - 4.0 x 10° -
Ti,CNT, 0.002 479 - - 2.2 x 10° - "
0.003 53.3 - - 1.6 x 10° -
0.004 61.4 - - 1.4 x 10° -
23x1077 1.03 1 0.03 1.9 x 10° 0.20
69x1077 | 6.42 5 1.42 3.9 x 10° 0.49
1.15x10°% | 931 | 6.8 2.5 3.4 % 10° 0.45
Ti;C,T, 1.61x10°% | 11.89 8 4 3.1x10° 0.33 9
2.07x10°°% |13.84| 9.5 4.5 2.8 x 10° 0.31
345x10°% | 1478 | 10 4.8 1.8 x 10° 0.30
414x10°% | 17.13 ] 11 6 1.7 x 10° 0.23
Ti,C,T. 1.4x10°7 1.4 1.2 0.2 4.2 x10° 0.23 “
0.0014 70 - - 2.1 x 10* -
0.0001 48.4 - - 1x10° - 34
0.00011 26 17 9 9.9 x 10* 0.12 39
0.00025 574 | 374 20 7.8 x 10* 0.01 36
Ti5C, T, 0.00028 60.8 - - 7.2 x 10* - 37
0.00031 61.3 | 41.3 22 6.2 x 10* 0.006 38
9.4x107° 50 46 14 1.2 x 10° 0.040 39
0.0007 584 | 435 15 3.5x10* 0.032 40
4x1077 7 6.5 1.6 7.3 x 10° 0.49
TG, 15x 1077 10 7 3 2.8 x 10° 0.40 \
25x1077 19 125 | 6.5 3.2 x 10° 0.21
40x 1077 22 8 14 2.3 x10° 0.034
23 %1077 1.60 | 1.49 | 0.11 2.9 x 10° 0.28
48x10°7 | 3.97 | 3.28 | 0.69 3.5 x 10° 0.45
6.6x10°7 | 584 | 4.58 | 1.26 3.7 x 10° 0.48
108x10°7 | 8.66 | 6.39 | 2.27 3.4 x 10° 0.46
ThG,T, 13.7x10°7 | 11.27 | 8.03 3.24 3.4 x 10° 0.40 This
139x10°7 | 13.12| 9.13 | 3.99 3.9 x 10° 0.35 work
195x10°7 | 15.83 | 10.65 | 5.18 3.4 x 10° 0.28
21.4x10°7 | 15.63 | 10.49 | 5.14 3.1 x 10° 0.28
215x10°7 | 16.84 | 11.18 | 5.66 3.3 x10° 0.25
239 %1077 19 | 12.85 | 6.15 3.3 x 10° 0.23

11
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Figure S12 (a) Microwave reflection R, (b) Microwave tansmission T of continuous Ti;C,T, films
with different thicknesses in X-band.
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Figure S14 Bending test of a MXene film on a flexible PET substrate
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Figure S15 Stability test of electrical properties for MXene films under different storage conditions.
(a) MXene films stored under vacuum conditions for 2 months; (b) MXene films placed in indoor
natural environment.
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Figure S16 Elemental composition analysis. (a) Elemental composition of as-prepared MXene films;
(b) High-resolution Ti 2p XPS spectra and (c) elemental composition of MXene films after being
placed in indoor natural environment for 2 weeks.
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Table S4 XPS peak fitting results for Tiz;C,T, MXene films

Samples Ti2p BE (eV) FWHM(eV) At. % | Refs.

(OH or 0)-Ti-C 454.6(460.44) 1.3 41.13
(OH or O)-Ti2*-C | 455.65(461.45) 1.44 33.13

As-prepared (OH or O)-Ti**-C 456.9(462.45) 1.54 18.91 2
TiO, 458.4(463.95) 1.11 4.01
TiO,.F, 459.2(465.25) 1.15 2.82
(OH or 0)-Ti-C 454.6(460.1) 1.44 35.43
(OH or O)-Ti2-C | 455.65(461.15) 1.54 33.68

After 2 weeks | (OH or O)-Ti3*-C 456.9(462.4) 1.63 2025 | 2
TiO, 458.35(463.85) 1.06 8.03
TiO,.F, 459.1(464.84) 0.87 2.62

14
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