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Fig. S1 (a) Using laser engraving to fabricate the TizC2Tx electrode pattern on PET/PI
film. (b) Schematic illustration of preparation of the ionic membrane on abrasive

paper
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Fig. S2 (a-b) Scanning electron microscope (SEM) of TizAIC2 MAX

) Map Sum Spectrum

Fig. S3 SEM-energy dispersive spectroscopy (EDS) of MAX phase. (a) Element
mapping distribution of MAX. (b) Corresponding element content of MAX
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Fig. S4 X-ray diffractometer (XRD) of Ti3C2Tx and TizAlC2
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Fig. S6 SEM image of the n-WF dipped into MXene solution for (a) 0, (b) 1, (¢)2,
(d)3, (e) 4 times, respectively. (f) The corresponding resistance with the dip-coating
times of n-WF
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Fig. S7 Tensile test of the n-WF and n-WF/MXene
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Fig. S8 The translucent and mechanically flexible PVA-KOH membrane
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Fig. S9 Capacitance variation of the iontronic sensor without spacer
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Fig. S10 Capacitance variation of the iontronic sensor under an applied pressure of
20 Pa
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Fig. S11 Electrochemical tests of the symmetrical supercapacitor. (a) CV curves of
the symmetrical configuration of MXene electrode materials tested in two-electrode
mode at 0 kPa. (b) Normalized integrated areas of the CV curves of the device under
various pressure

Firstly, the thickness cannot be too thin, or the electrode would easily touch the ionic
film during the device assembly process. In our study, we found that the 500 um is
optimal which can effectively prevent the touching while keep the high sensitivity.
Actually the thickness of the spacer’s performance on the sensor has already be
carefully analyzed by Pan et al. [S1] And in their work, the thinner spacer would lead
to a high sensitivity and low detection limit, especially at low sensing range. However,
the sensing range would be limited. Similarly, our sensor also showed an inferior low
detection limit and sensitivity at low sensing range when a 1000 um sized spacer was
used. Therefore, the spacer in our work is 500 pm.
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Fig. S12 Capacitance variation of the sensor with various spacer thickness under
various applied pressure from (a) 0 to 1400 kPa and (b) 0 to 20 kPa

The soft materials would lead to a relatively easy deformation which can greatly
increase the sensitivity and low detection limit at low sensing range. The spacer
materials used in our work is Ecoflex silicone, which is very soft and widely used in
flexible electronics. As shown below, the sensor showed a superior low detection limit
and sensitivity at low sensing range (below 10 kPa) compared to the PDMS. However,
the PDMS-based sensor showed a higher sensitivity compared to that of Ecoflex
silicone around the 50-100 kPa range, which because that this range belongs to the
threshold of PDMS while the Ecoflex silicone already reached its threshold. Considered
the sensitivity in low sensing range, low detection limit and whole sensing range, we
choose the Ecoflex silicone as the optimal materials spacer.
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Fig. S13 Capacitance variation of the sensor using different materials as the spacer
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Fig. S14 (a) Capacitance variation of the sensor with ionic film with or without
microstructure under pressure. (b) Capacitance variation of the sensor with flat film

Obviously, the sensor with the ionic film treated for 30 min showed better performance
compared to the 45 min- and 60 min-sample, which is due to the fast ions transportation
and enhanced areal capacitance.
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Fig. S15 (a) Capacitance variation of the sensor with various ionic film treated by
different time and (b) corresponding enlarged view

The lifespan of the sensor was also investigated when increasing the drying time. Here
we choose the ionic film treated for 45 min as a sample to test its long-term durability.
As shown below, the sample still exhibited 82% capacitance retention after 10000 cycles
under a pressure of 500 kPa. However, the 30 min-sample retain almost no any decay
(Figure 3 in main text). Such behavior is mainly ascribed to that the ionic film become
fragile with less water content.
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Fig. S16 (a) Long-term cycling test and corresponding (b) initial (c) last cycles of the
ionic sensor
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Fig. S17 (a) The digital optical image of the sensor used in monitoring of the walking

status. (b) Corresponding data curve of the capacitance change as a function of the
time
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Fig. S18 Low pressure application of the sensor on (a) pulse rate and (b) eyes blink

The sensor was put into a sealing bottle filled with a saturated NaCl solution which the
humidity is 75% RH. As shown below, the initial value rapidly increased when the
humidity increased from 25% RH to 75% RH. This increase is still in the acceptable
regime when considered its ultrahigh sensitivity used in pressure sensor. Further, the
sensor remains a stable value variation in the humidity of 75% RH for a long-term of
over 16000 s.
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Fig. S19 The capacitance variation of the sensor under 75% RH for a long time
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Fig. S20 Flexible sensor arrays could recognize (a) the geometric projection shape of

Table S1 Comparisons of our work with the reported flexible pressure sensors

Device Highest Working Response/Rela
No. Type . . LOD L. Refs.
materials sensitivity range xation time
) Gold electrode 4
1 Iontronic 3300 kPa 360 kPa 0.08 Pa 9 ms/18 ms [S2]
/PVA-H,S04
2 Iontronic ITO/Ionic Liquid ~ 0.43 nF kPa™! ~100 kPa 33 Pa NG [S3]
. Silver /lonic gel .
3 Tontronic il 308 nF kPa 4 KPa NG 272 ms/234 ms [S4]
ilm
4 Iontronic Ag NWs/PVDF 1.194 kPa’! 120 KPa 0.4 Pa 40 ms/NG [S5]
5 Iontronic ITO/ Nafion film 5 nF kPa™! 30 kPa NG NG [S1]
. AgNWs/ lonic .
6 Iontronic - 131.2 kPa 32.35 kPa 1.12 Pa 43 ms/71 ms [S6]
ilm
. Graphene/ Ionic .
7 Tontronic Lo 31.1 kPa” 15 kPa NG 100 ms/100 ms [S7]
Liquid
8 Piezoresistive Te-PEDOT:PSS 10000 kPa™! 160 kPa NG 1 ms [S8]
9 Piezoresistive rGO/PDMS 1051 kPa™! 400 kPa 10 Pa 150 ms/40 ms [S9]
MXene/PVA- Our
10 Iontronic 46730 kPa! 1.4 MPa 20 Pa 98 ms/70 ms
KOH work

Note: Low limit of detection (LOD), Polyvinyl alcohol (PVA), Polydimethylsiloxane
(PDMS), Ag nanowires (Ag NW)
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