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Supplementary Methods
1.1 Preparation of MXene

MXene was prepared according to the previous literatures'- 2. In brief, a total of
0.5 g of Ti3A1C, MAX powders were gradually added (in the course of 5 min) into the
etching solution containing LiF and HCl (9 M HCI, 0.8 g LiF) under stirring. The
etching reaction was allowed to proceed at 35 °C for 24 h. Then, the reaction mixture
was washed with deionized water via centrifugation (10 min per cycle at 10000 rpm)
for 6-8 times until the pH of the supernatant was close to 6. During this washing
process, the sediment was observed to be swollen due to water intercalation. The dark
green sediments were collected and redispersed into an additional 50 mL of deionized
water, followed by delamination under sonication (100 W) for 10 min. The obtained
Ti;C,Tx dispersion was further centrifuged at 3500 rpm for 20 min to remove the
unexfoliated MAX, and the top 80% supernatant was decanted for further use. The

concentration of the final MXene dispersion was measured to be 8—10 mg mL-!.

1.2 Gas sensing test

The gas sensing performance of the fiber was measured in a gas sensing testing
system. Silver wires were glued to each end of the fiber with silver paste and
connected with the electrodes of the analyzer. The fiber sensor was placed in a quartz
chamber with a gas inlet and outlet. A constant voltage of 1V was applied onto the
fiber, and the current variation was recorded with an electrochemical analyzer (CHI
660E). The sensing chamber was first purged with N, (99.99%) to evacuate the air.
After a stable baseline current was obtained, target gas (acetone, ethanol, methanol,
NHs;, SO,, O,, CO,, or H,O balanced in N;) and purging gas were introduced into the
chamber alternatively. The concentration of the gas was controlled through altering
the flow rates of the target gas and balanced gas with mass flow controllers. The total

flow rate was fixed at 500 sccm. The temperature was controlled to be 25 + 2 °C.



2. Supplementary Figures

Fig. S1 (a) SEM image showing the porous fiber core and (b-d) the corresponding
elemental mapping of Ti, C and O, indicating uniform distribution of the

MXene@spheres.

Fig. S2 SEM images of bulk MAX (a) and corresponding MXene sheets (b). The

average lateral dimension of the sheets was 1.2 pm.
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Fig. S3 Chemical structure characterization of MXene. (a) XRD patterns of Ti;C,Ty
MXene and corresponding MAX. The (002) peak shifted towards lower angles and
the (104) peak attributed to the MAX phase disappeared, suggesting the successful
etching of Al layers and the formation of MXene phase. (b-d) XPS full spectrum (b),

high-resolution Cls (¢) and Ti 2p (d) spectra showing the chemical structure and

bonding configuration of MXene.
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Fig. S4 SEM images of the porous MXene@sphere fibers with different MXene
loading: (a, b) 4%, (¢, d) 5%, (e, f) 6%, (g, h) 7%.
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Fig. S5 SEM images of the solid MXene@sphere fibers with different MXene loading:
(a, b) 4%, (¢, d) 5%, (e, f) 6%, (g, h) 7%.
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Fig. S6 Diameters of the MXene@sphere fibers produced using IPA or AA at various
MXene loadings.
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Fig. S7 Conductivity of the wet-spun fibers with various MXene content.



(a) 10000 (b) 6000

~———4 wt.% MXene/PU fiber-IPA —— Porous fiber-5wt.%
—— 5 wt.% MXene/PU fiber-IPA 50001 — swt.% MXene/PU fiber-IPA
75001 — 6 wt.% MXene/PU fiber-IPA
—— 7 wt.% MXene/PU fiber-IPA 40001
= =
m 1 ] 300
2 5000 § 30001 70
= < 2000
2500 0 = S
1000' Strain (%)
01 0
0 20 40 60 80 100 120 0 20 40 60 80
Strain (%) Strain (%)

Fig. S8 (a) Strain sensing responses of the MXene/PU fibers without PS spheres. (b)
Comparison of strain sensing behaviors between porous fiber with PS spheres and

MXene/PU fiber without PS spheres at 5 wt.% MXene loading.
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Fig. S9 Strain sensing performance of the porous MXene@sphere fiber. (a, b) Cyclic
strain sensing responses of the porous fiber at tensile strain of 0.05-9% (a), and 13-50%

(b).



Fig. S10 Morphology of the multilevel structured fiber under different tensile strains.
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Fig. S11 (a) Comparison of the stress-strain curves of the multilevel structured fiber
and the porous fiber core. (b) Cyclic stress-strain curves of the multilevel structured
fiber with first loading (black) and second loading (blue) after 30 min rest. At a

stretching rate of 100% min!.



Fig. S12 Conductivity of the multilevel structured fiber with various second guide

strain.
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Fig. S13 (a) Strian sensing responses of the multilevel structured fiber under static
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Fig. S14 Sensitivity over different strain ranges extracted from the sensing plot. (a)

Multilevel structured fiber with 180% second guide strain. (b) Porous fiber core.
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Fig. S15 Strain sensing performance of the multilevel structured fiber under
sinusoidal vibrations. (a) Sensing responses under various vibrating amplitudes with a
frequency 3 Hz. (b) Sensing responses under vibrating amplitude of 5 um. (¢) Sensing

response under various vibrating frequency with an amplitude of 20 pm.
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Fig. S16 Sensing stability of the multilevel structured fiber over 1500 cycles of

stretching and releasing.
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Fig. S17 Conductivity stability of the fibers stored in ambient environment over 15

days.

Fig. S18 Morphology of the multilevel structured fiber after stretching/releasing for

hundreds of cycles.
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Fig. S19 Sensing response of the multilevel structure fiber with the output resistance

signal well overlapping with the input strain signal.
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Fig. S20 Comparison of compliance and conductivity of the multilevel structured

fiber with composite fibers reported in the literatures.3-1
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Fig. S21 Stress-strain curves of the multilevel structured fiber under different
11



temperatures.
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Fig. S22 Strain sensing behavior of the multilevel structured fiber at temperatures

lower than 0 °C (a), and higher than 30 °C (b).
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Fig. S23 Humidity sensing response of the integrated fiber sensor.
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Fig. S24 Gas sensing performance analysis. (a) Response intensity versus acetone

concentration plot and the corresponding Langmuir fitting curve. (b) Response and

recovery time of the sensing response. (¢) Response and recovery times of the sensor

under different acetone concentrations.

Table S1. Comparison of the sensing performance of the multilevel structured fiber

with those reported in previous literatures.

Sensing Response/ Sensitive
. Stretchable LOD
Materials Method . Response range recover targets Ref
or flexible (ppm) . .
(ppm) time (min)
Multilevel 1.77% Acetone, .
Wet- Stretchable This
structured L. (10 ppm) 0.1 0.1-50 2.3/3.13 Ethanol,
spinning (~1000%) work
fiber NO,
. Acetone,
Ti;C, T, L 1.18%
Filtration — 0.05-0.1 0.05-1000 — Ethanol, 11
MXene (100 ppm) .
Ammonia
0.05- Acetone,
MZXene/PU Wet- Stretchable 1.2%
L. 0.05 Staturated 3.5/3.5 Ethanol, 12
fiber-5% spinning (>400%) (10 ppm)
vapor Methanol
. Acetone,
Ti;C, Ty .. . 1.72%
Depositing Flexible 100 100-800 0.98/1.18 Ethanol, 13
MXene (100 ppm)
Methanol
Ethanol,
Ti;C,T,-F Spray- i 3.5% Acetone,
K Flexible 5 5-120 2/2.33 14
MXene coating (30 ppm) 2-
propanol
Filtered& Acetone,
3@SWCNT . . 3.9%
Dried under Flexible 20 20-500 0.61/1.41 Ethanol, 15
on paper (20 ppm)
vacuum Methanol
La(TBPP) Solution & . 57%
Flexible 0.2 0.2-800 1.25/1.48 Acetone 16
(TBNc) Vapor (100 ppm)
annealing
SWNTs- . 50-
LPCVD Flexible <0.5% 9 8/— Acetone 17
poly(TPP) 230000
(50 ppm)
SnO,-RGO Hydrotherm i 2.19%
. Flexible 10 10-2000 1.78/1.58 Acetone 18
composite al method (10 ppm)
film
MXene/rGO/ Freeze- . 52% Acetone,
. Flexible 10 10-500 0.1/0.125 . 19
CuO aerogel drying (100 ppm) Trimethyl
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amine,

Triethyla
mine
‘ Acetone,
solution i 0.034%
MXene-PI . Flexible 25 25-200 5/5 Ethanol, 20
deposition (25 ppm)
Methanol
Ti;C, Ty/y- . . 100%
Spraying Flexible 2 2-50 0.72/0.05 NO, 21
PGA (10 ppm)
Nb,CT,/SA Electrospi 53V 18.7% 0-91.5% .
? . e ‘rospln Flexible ’ ’ 0.45/0.34 Humidity 22
composite ning (91.5%RH) RH RH
films
Alkalized Drop- 19.9%
. Flexable 5 5-50 1.27/0.33 NO, 23
V,CTy casting (20 ppm)
MXene
. . 74.68 %
PANI/Nb,CTy Spraying Flexible 0.02 0.02-50 3.6/5 NH; 24
(10 ppm)
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