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Figure S1. The Tyndall effect of MXene nanosheets colloidal aqueous solution.

After ultrasonic intercalating and centrifuging, a homogeneous dark-green
colloidal solution is obtained, exhibiting an apparent Tyndall effect (Figure S1).
Moreover, the subsequent aqueous solution self-assembly process is facilitated because

of the hydrophilia terminated groups on the MXene.



Figure S2. SEM images of (a) Ti;AlC, MAX phase and (b) Ti;C, Ty MXene

nanosheets.

The SEM images (Figure S2) show that the morphology of MXene nanosheets is
significantly different from MAX particles, which transforms from bulk to layered
structure. And because of the sample preparation method, the MXene nanosheets
aggregate and the actual size of MXene nanosheets is ca. 0.3 um? according to TEM

image.
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Figure S3. XRD patterns of MAX phase and MXene.

In the X-ray diffraction (XRD) pattern (Figure S3), both the disappearance of the
characteristic peak at 39° (indexing to the (104) lattice plane of Ti3AlC, MAX) and
the left shift of the peak of (002) from 9.7° to 6.7° (ascribing to a broader interlayer

spacing) demonstrate a successful preparation of Ti;C,T, MXene.[!]
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Figure S4. Raman spectrum of TizAlC, MAX phase and Ti;C, Ty MXene.

According to the Raman fingerprint pattern of Ti;C, Ty, as shown in Figure S4
(Supporting Information), the peaks at 199 cm™' and 713 cm™! are assigned to out-of-
plane vibration modes (A,), while the peaks between 250 cm ™! and 500 cm™! are
assigned to in-plane vibration modes (E,), which has a good agreement with the

results reported in the previous work. 2]



—12Zn0

Intensity (a.u.)

10 20 30 40 50 60 70 80
2 Theta (Degree)

Figure S5. XRD pattern of ZnO spheres.
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Figure S6. SEM image of (a) ZnO spheres and (b) particle size distribution of ZnO

spheres.
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Figure S7. (a) TEM images of ZnO/MXene core-shell composite and HRTEM of part

in (a) marked by red block.
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Figure S8. STEM-EDS images of (a) ZnO/MXene core-shell composite and (b)
hollow MXene after etching ZnO spheres.
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Figure S9. XRD patterns of ZnO-MXene composite film and sensing film after
etching ZnO spheres.
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Figure S10. (a) XPS results of sensing film before etching ZnO spheres and after that
process, and fine spectrum of (b) Ti 2p, (c) O 1s, and (d) Zn 2p.

The ZnO spheres are the sacrificial templates to build the microstructures for
improving the sensors’ performance. The XRD pattern of ZnO nanoparticles is shown

in Figure S5 in accordance with ZnO standard spectrum (JCPDS NO.36-1451). As



shown in Figure S6a, the size of ZnO spheres is ca. 600 nm (Figure S6b), which is
larger than those of MXene nanosheets. Because of the attraction between the negative
charge on the surface of MXene and the positive charge on the ZnO, under the action
of electrostatic self-assembly, the core-shell ZnO/MXene composite forms when
stirring T1;C,Tx MXene nanosheets with ZnO spheres. Due to the different size between
ZnO spheres and MXene nanosheets, the smaller MXene nanosheets tended to wrap on
the surface of ZnO spheres, and the thickness of the single layer is 1.486 nm (Figure
S7), which is similar to reported in the literature.l3] Furthermore, the experiment data
of EDS, XRD, and XPS (Figure S8~S10) not only prove the self-assemble process of
MXene and ZnO, but also confirm that after immersing in 3M HCI, the MXene isn’t
oxidized, and there is no residual ZnO spheres. To be specific, the STEM-EDS images
(Figure S8) show that the amount of Zn element evidently decrease after etching ZnO
spheres while the element of MXene still exist. The XRD pattern can further verity this
point in which the diffraction peaks of ZnO disappear and the MXene’s diffraction
peaks still exist without any oxidation (Figure S9). In high-resolution spectra of Ti 2p,
the peaks at 455.2 eV and 461.2 eV corresponding to binding energy of Ti-C are C-Ti-
T, bond of MXene and the peaks at 459.2 eV and 465.3 eV are Ti-O bond of TiO,.[4
In addition, the high-resolution spectra of O 1s at 529.9 eV and Zn 2p at 1022.33 eV
(2p23) and 1045.49 eV (2pi») also match well with previously works.! 161 The
disappearing Zn 2p peaks prove the completely etching of ZnO spheres meanwhile the

unchanged spectra of Ti 2p and O 1s show that the oxidation of MXene is negligible.
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Figure S11. SEM images of (a) cross-section of vertical-standing pores and (b) top
view of pure MXene film. 2D and 3D AFM images of (c¢) dual-microstructures

MXene sensing film and (d) pristine MXene film and their roughness information.

After dissolving the ZnO sacrificial template, the MXene nanosheets form many
vertical-standing pores and wrinkles (Figure S11a) and the surface of pure MXene
sensing layer without ZnO sacrificial template is smooth (Figure S11b). The roughness

information shown by AFM images can further prove this point.
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Figure S12. (a) Sensitivity of pristine MXene pressure sensor, (b) sensitivity of two

electrodes sensor, and (c¢) equivalent circuit of dual-microstructures MXene sensor.

Figure S13. Cross-section SEM images of sensing film in (a) initial state, and (b)

under a pressure.



Figure S14. The schematic diagram and photograph of the test system.
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Figure S15. Response and recovery time of sensor with different pressure applied

speed.
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Figure S16. (a) XPS results of sensing film storing for 1 day and 30 days, and fine
spectrums of (b) Ti 2p, (¢) O 1s. (d) The performance stability test of sensor storing
for 1, 3,5, 7,10, 15, and 30 days (insert is square resistance of sensing film storing
different days tested by Four print probe).

Figure S17. The photograph of gesture recognition device.
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Figure S18. The current signals of five single gestures, (a) thumb bending, (b) index
finger bending, (c) middle finger bending, (d) ring finger bending and (e) little finger

bending.
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Figure S19. The current signals of ten complex gestures, (a) gesture One (thumb,
middle finger, ring finger, and little finger bending), (b) gesture Two (thumb, ring
finger, and little finger bending), (c) gesture Three (thumb and little finger bending),
(d) gesture Four (index finger, middle finger, and ring finger bending), (e) gesture
Seven (ring finger, and little finger bending), (f) gesture Eight (middle finger, ring
finger, and little finger bending), (g) gesture Good (index finger, middle finger, ring
finger, and little finger bending), (h) gesture OK (thumb and index finger bending), (i)
gesture Rock (middle finger, and ring finger bending), (j) gesture Fist (thumb, index

finger, middle finger, ring finger, and little finger bending).
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Figure S20. The monitoring of (a) extensor muscle while raising hand and (b) moving

arm on table, and the different intensity of signals reflects the different degree of

movement.
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Figure S21. The recording of (a) wrist pulse and (b) one pulse signal.



- 5.0 -
(a) —_Before Exercise| (b) T —— After Exercise
55¢ - Stop
S 5 4.0
- Stop Breath . Brcatli
E 5.0 <E:3.5 :
3'5'4.5 :'!.:.'3'0
g 2%
34-0 - g 2.0
3.5} 1.5
1.0
aor 0.5}
0 5 10 15 20 25 30 35 0 10 20 30 40
Time (s) Time (s}
—— Before Exercise R i
(c) (d)z el After Exercise
4.5
z <
E £
® 4‘-:-2.0 -
g4.0 - g
S >
Q (8]
15}k
3.5
17.8 18.0 18.2 18.4 18.6

342 343 344 345 346

Time (s) Time (s)

Figure S22. (a, b) The real time warning for suffocation. (c, d) One pulse signal in (a,

b).



(a) ;o[  Synchronous monitoring | (b) —— Synchronous monitoring
(head hypel‘extension) (extension state)
9t W
- : mﬂ 9.0}
= glu 1y ' =
< m Ii 1 b=
7F
B5|
6h
0 160 320 32 48 64 80 96
Time (s) Time (s)
8.0 — 7.25
(c) Synchronous monitoring
((initial state}
7.5F
_C!
q
7.0}
6.5
192 200 208 216 224 232 240 20528 205.44 20560 20576 205.92
Time (s) Time (s)
(€} g o | — Movement signal (f)  g.4[— Respiratory signal
508
£
=80
c
£
575
(3]
7.0
6.5 i . . A 740 " i i i
160 320 480 640 0 160 320 480 640
Time (s) Time (s)
i e Ts.4 [ Respiratory signal
(9) 9 (h) Esaf piratory sig
L =80}
—-8.2 §7.8 .
g 57.6 -

L 7.4 L 1 'l 1 L
D L 32 48 64 80 96
e
e o S Time (s
57'8- (i) Eaz t— Pulse signal =
o &

76F £8.0 NW\\/\\/"\
e
2als . ) . crep ' . . .
’ 0 160 320 480 640 e 202.4 203.2 204.0 204.8 205.6
Time (s) Time (s)

Figure S23. (a) The result of synchronous monitoring. (b) The local enlarged drawing
of static raise head state. (c) The local enlarged drawing of static initial state. (d) One
pulse signal in (a). (e, f, g) The movement signals, respiratory signals, and pulse
signals after extracting with FFT filter. (h, 1) The enlarged drawing of respiratory

signals and pulse signals.
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Figure S24. (a) The result of synchronous monitoring. (b) The local enlarged drawing
of static bow head state. (c) The local enlarged drawing of static initial state. (d) One
pulse signal in (a). (e, f, g) The movement signals, respiratory signals, and pulse
signals after extracting with FFT filter. (h, 1) The enlarged drawing of respiratory
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Figure S25. (a) The result of synchronous monitoring. (b) The local enlarged drawing
of static turn left head state. (c) The local enlarged drawing of static initial state. (d)
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signals and pulse signals.



9.5 8.0 —— .
E)) Synchronous monitoring  |(b) — Synchronous monitoring |
9.0 n) ‘ (head right rotation)
=85} Ny =2
< <75t . A
E E Ik il o o
=80 = | i1 i‘T‘ .!'L‘ﬂma u\(;{{!w fﬂfm i
[= c "0 (R b b {| I M L
875 g | vy | I }L"’r w o
= srofy 'y ) & L
070 o J,' !
6.5 "
6.0 " M " 6.5 1 L s :
T 160 320 480 256 272 288 304
Time (s) Time (s)
{ 8.80
(c) Synchronous monitoring d)
8.5F (initial state) 8.75
g ‘éa.m :
€ €
5 ga.as
=} =]
O 08.60
8o}
8.55
104 112 120 128 136 144 346.24 346.40 346.56 346.72 346.88
Time (s) Time (s)
(e) 88 [ Movement signal — ), [ Respiratory signal
SF A Vi
saf e N D r '=
<8.2| E" f [ E 'l [ Ee.o -
Esof (1 [ [ ] £
= \ | [ || 7.8}
c7.8fF | { | t
26l “f\ || I 1 @
‘574 \ if l l! ‘ I A JJ §7.6 B
or | | W |
72} a/ | / W W ©
70} \ 74r
6'8 L ' L L 1 L ' L L 7 2 M g " M N L M M
0 80 160 240 320 400 480 560 640 ! 0 80 160 240 320 400 480 560 640
Time (s) Time (s)
(9) e purse signal (h) EB.O [— Respiratory signal
8.4 '.E
~g2f @78
< =
Esof a3 L L L . .
= 104 112 120 128 136
57.& - .
SA8E <80 Pulse siTeraT =
0741 E 9
€78}
72} E
70} £
1 1 L L 1 1 1 1 075 1 1
0 80 160 240 320 400 480 560 640 344.0 3456 347.2
Time (s) Time (s)

Figure S26. (a) The result of synchronous monitoring. (b) The local enlarged drawing
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