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Fig. S1 Schematic illustrating (a) the evaporation process of the TiO2 colloidal dispersion, and 

(b) the capillary force distribution of the dispersion at the cracking front.

With the volatilization of the dispersants, the coated TiO2 colloidal dispersion gradually 

cracks to generate crack patterns under the action of capillary force. The surface evaporation 

of the colloidal dispersion induces a force gradient at dispersion-air interface (the capillary 

force less than the air pressure) during its gradual shrinkage. The dispersion is then torn apart 

by the capillary force to reduce the pressure, and the interactions between the dispersion and 

the PET substrate prevent its shrinkage. Therefore, the dispersion cracks and flows to the low-

pressure zone, and the flowing distance sets the crack width.

Fig. S2 (a) XRD patterns of TiO2 powder, and dried TiO2 colloid. SEM images of (b) TiO2 

powder, and (c, d) crack template.



S3

Fig. S3 XRD patterns of Ti3AlC2 MAX powder, and MXene membrane.

Fig. S4 SEM images of (a) Ti3AlC2 MAX phase, and (b) multilayered Ti3C2Tx MXene. (c) 

TEM image of MXene sheets. (d) AFM image of MXene sheet.
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Fig. S5 Optical graphs of crack patterns at different colloidal dispersion dosages.

Fig. S6 EDS mapping images of (a) Ti, (b) Ag, (c) O, and (d) C elements of the MXene 

grid/AgNW film.
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Fig. S7 Fill factors of crack templates formed at the colloidal dispersion dosage of 40 uL cm-2.

Fig. S8 (a) Optical transmittances of M6520An films in the visible light range. (b) Sheet 

resistances and transmittances of M6520An films. (c) Plots of EMI SE of M6520An films, and (d) 

the distributions of SER, SEA, and SETotal.
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Fig. S9 The transparent heating panel is partially deformed as indicated in the circled area when 

the voltage is higher than 5 V.

Fig. S10 Working principle of the four-wire resistive touch panel. (a) Schematic diagram of 

the touch panel circuit. The equivalent circuit diagrams when calculating (b) Y and (c) X  

coordinates.

The four-wire resistive touch panel is divided into two layers. The upper layer is a 

hierarchical and conductive film (MmAn film), while the lower layer is a conductive ITO film. 

On the basis of the Law of Resistance:

                                   (S1)
𝑅= 𝜌•

𝐿
𝑆

As the resistivity ( ) and the cross-sectional area (S) of a uniform conductive film are constant, 𝜌
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its resistance value (R) only depends on its length (L). Fig. S10a shows the equivalent circuit 

of the four-wire resistive touch panel (where RX1, RX2, RY1, RY2, and RW represent the 

resistance from the touch point to X-, X+, Y-, Y+, and the contact resistance between the upper 

and lower layers when touching, respectively). Since R only depends on the position of the 

touch point in the film, when the voltage VY-in is applied in the Y-axis direction (Fig. S10b), the 

ordinate of the touch point can be calculated by eq. S2:

                      (S2)
𝑌𝑝𝑜𝑖𝑛𝑡=

𝑉𝑋 ‒ 𝑜𝑢𝑡
𝑉𝑌 ‒ 𝑖𝑛

•𝐻𝑌 ‒ 𝑝𝑎𝑛𝑒𝑙

Where  represents the ordinate of the touch point, VX-out is the voltage of the touch point 𝑌𝑝𝑜𝑖𝑛𝑡

measured by the chip at X+, and  stands for the height of the touch screen panel in the 𝐻𝑌 ‒ 𝑝𝑎𝑛𝑒𝑙

Y-direction. Similarly, when the voltage VX-in is applied in the X-axis direction, the abscissa of 

the touch point can be calculated with eq. S3:

                   （S3）
𝑋𝑝𝑜𝑖𝑛𝑡=

𝑉𝑌 ‒ 𝑜𝑢𝑡
𝑉𝑋 ‒ 𝑖𝑛

•𝐻𝑋 ‒ 𝑝𝑎𝑛𝑒𝑙

Where  is the abscissa of the touch point, VY-out represents the voltage of the touch point 𝑋𝑝𝑜𝑖𝑛𝑡

measured by the chip at Y+, and  is the height of the touch screen panel in the X 𝐻𝑋 ‒ 𝑝𝑎𝑛𝑒𝑙

direction (Fig. S10c). The measured voltage is usually converted by the chip into a digital 

signal, which can be used as a coordinate to determine the actual position of the contact after 

simple processing.
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Table S1. Comparison the transparent and conductive properties of MXene grid, and MXene 

grid/AgNW films with MXene, AgNWs, and other materials.

Materials Matrix Transmittance
(%)

Resistance
 (Ω sq−1)

EMI SE
(dB) Refs.

Ti3C2Tx-VFM Si
74
69 
56

~3500
~2800
~1600

/ [1]

Ti3C2Tx-IFFT Quartz 73 13000 / [2]

Ti3C2Tx-DCa Si
~56
~41
~29

~600
~300
~100

/ [3]

Ti3C2Tx-SCo Glass 67 288 / [4]

Ti3C2Tx-SCa PET

12 
28 
44 
54

6 
11 
25 
42

/ [5]

As-deposited
Ti3C2Tx

Glass

~92
~77
~63
~54
~43

1500
300

~168
/

~100

~1.1 (10 GHz)
~4.2 (10 GHz)
~6.0 (10 GHz)
~8.1 (10 GHz)
~9.6 (10 GHz)

[6]

Heat-treated
Ti3C2Tx

Glass

~92
~77
~63
~54
~43

/

~1.3 (10 GHz)
~5.6 (10 GHz)
~8.1 (10 GHz)
~10.8 (10 GHz)
~12.5 (10 GHz)

[6]

LbL MXene-
MWCNT Glass ~33 463 ~2.8 [7]

LbL MXene-
SWCNT Glass ~41 503 ~3.3 [7]

Reduced GO / 60 
60

~10000 
~330 / [8]

Graphene / 80 10492 / [9]
AgNWs Leaf ~86 45 / [10]

Acrylate/AgNW PMMA ~82 15.8 ~22.5 [11]

GNS/AgNW Glass
~78 
~67 
~43

16 
9 
6

~26 
~30 
~38

[12]

MXene Grid PET 86
80

6004.5
621.2

0.4
2.2

This 
Work
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74
68
64
61

266.0
133.8
61.9
31.4

6.3
8.9
15.6
21.7

MXene 
grid/AgNW PET

83
81
72

50.9
17.9
6.7

19.1
24.6
32.5

This 
Work

Note: Ti3C2Tx-VFM stands for MXene film obtained by vacuum filtration method; Ti3C2Tx-

IFFT stands for MXene film obtained by the interfacial film formation technique; Ti3C2Tx-

DCa/SCo/SCa stands for MXene film obtained by drop-casting/spin-coating/spin-casting 

method.
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