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Fig. 1 Preparation schematic of PU-DGel
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Fig. 2 Synthetic route of double-bond-terminated polyurethane
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Tab. 1 Preparation formulation of PU-DGel samples

Sample DES(g) AA(g) 2959(g) MBA(g) PANI(g) PU(g)
PU-DGelo 4 4 0.04 0.004 0.01 0
PU-DGels 4 4 0.04 0.004 0.01 0.02
PU-DGelio 4 4 0.04 0.004 0.01 0.04
PU-DGel;s 4 4 0.04 0.004 0.01 0.06

PU-Dgels.opant 4 4 0.04 0.004 0 0.02

note: 2959 represents 2-hydroxy-4’'-(2-hydroxyethoxy)-2-methylpropiophenone
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Fig. 3 Infrared spectrum of double-bond terminated polyurethane
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Fig. 4 Morphological and structural characterization of PANI: (a, b) SEM images; (c) XRD pattern
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Fig. 5 Structural characterization of PU-DGels with different PU contents and under PANI condition: (a) XRD

patterns; (b) DSC curves
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2452 MI'm>; i PU & —DWINE 10% M 15% B, REFEEL%S: EA, HEERMKR
SRR, SFBUBRIRREERE TS, WIME IR 16.80 Al 8.45MJ-m>. [Hik, PU-DGel MIHIE
B PU & 3860 2L THE BRI S, R AT E 2SR AE 45 /3 9 5 T AR T 6 ) 2 )
SEILELR T4

It4h, 5 PU-DGels.opant AHEL, PU-DGels L AH 55 | A% IRASE 5 A9 14 35 B 242 i, 18 PANI
5 NF BT Bkt M 4 . HRIAE T, PANI Eif 3L 7T 5 PAA F1 PU JE K % B & 4
FHEAER, R — g GORSS MW B TR — e 3G e . ZRa iR ps . Wk, HeE
FAVERI TR, A SCGEE PU-DGelS 150 5 L o 22 1 RE AL B BRI S0 42 .

Tab.2 Mechanical properties of PU-DGel

Tensile Elongation of Young's
Toughness

Sample strength break modulus
U MJ-m?)

o (MPa) &(%) E (MPa)
PU-DGelo 1.07+0.07 3143+24.7 0.80+0.09 14.54+2.61
PU-DGels 3.08+0.26 1560+17.4 9.8+0.84 24.5243.04
PU-DGelio 6.18+0.57 513+6.8 52.54+6.22 16.80+1.85
PU-DGel;s 7.44+0.69 263+3.4 156.9+10.5 8.45+0.96
PU-Dgels-opant 1.01+0.06 1880+19.3 2.07+0.32 8.44+0.71

note: o denotes tensile strength; ¢ denotes elongation at break; £ denotes Young’s modulus; U denotes toughness
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Fig. 6 Stress-strain curves of PU-DGel
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g e A B B 2RI N ;. PU-DGels 5 PU-DGels.opant HIBK GF #2300, 232 L H 4w 1 B A5
J&ME; T PU-DGelis 1 PU-DGelo K GF MHXEAR. SARKE, &FEaE R aRAR X 5 A
W R AT, ULRABEE BRI N, B S SR BOR A T I B RIR S EA, S
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Fig. 7 Electrical and strain-sensing performance of PU-DGel strain sensors: (a) conductivities of eutectogels with

different PU contents measured at different temperatures and with or without PANI; (b) response and recovery time

of the strain sensor; relative resistance changes and corresponding gauge factors of (¢) PU-DGely, (d) PU-DGels, (e)

PU-DGely, (f) PU-DGelis, and (g) PU-DGels.opani over different strain ranges; (h) long-term cyclic sensing stability

of different PU-DGel samples at 50% strain; (i) relative resistance response of the PU-DGels sensor over 3000 tensile

loading—unloading cycles at 50% strain
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Tab. 3 Comparison of gauge factor and cycling performance between this work and reported gel-based strain

sensors
Literature/work GF Cycling performance
Multifunctional Conductive Hydrogel for Sensing Underwater Applications
. 1.44 50%x1000 cycles
and Wearable Electroencephalogram Recording
Enhanced polyvinyl alcohol ionic conductive hydrogel with feather keratin
. ) ] 1.36 60%x50 cycles
extracted via deep eutectic solvent for wearable strain sensor
Eutectogel-based strain and temperature sensor with widely tunable
mechanical properties regulated by copolymerization-induced phase 1.9 50%x1000 cycles
separation and electrostatic interaction
One-step Fabrication of Physical Eutectogel with Recyclability: Crystalline
. . . 2.8 100%x200 cycles
Domain Regulation Induced by Microgels
A highly resilient conductive eutectogel with multi-environmental adaptability
. 2.9 100%x3000 cycles
for strain sensor
Hydrophobic deep eutectic solvent-based eutectogels for underwater sensing 0.98 30%x20 cycles
High tensile properties, wide temperature tolerance, and DLP-printable
. . 2.31 50%x500 cycles
eutectogels for microarrays wearable strain sensors
Facile fabrication of a stretchable, stable, and self-adhesive poly(ionic liquid)
. 2 50%x500 cycles
as a flexible sensor
This work 9.65 50%x3000 cycles

note: GF denotes gauge factor
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Fig. 8 Real-time monitoring of human health by the DGel-based sensors: (a) swallow; (b) frowning; (c) finger bent

at different angles; (d) making a fist
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Synthesis of Polyaniline- and Polyurethane-Reinforced Deep Eutectic Gels
and Their Strain-Sensing Performance

Shuai Liu, Wei Zhao, Xiao Wen, Haibo Wang, Shuang Wang, Zongliang Du

(College of Biomass Science and Engineering, Sichuan University, Chengdu 610040, China)

ABSTRACT: Deep eutectic solvents (DESs), as greener alternatives to ionic liquids (ILs), have attracted
considerable interest for the fabrication of eutectic gels (DGels) as flexible sensing materials. However,
achieving high mechanical strength without sacrificing high sensitivity remains a major challenge for
DGels. Here, an interpenetrating poly(acrylic acid) (PAA)-based DGel was constructed by combining the
mechanical/electrical reinforcement of polyaniline (PANI) nanorods with covalent mechanical
strengthening enabled by polyurethane (PU). The resulting DGels deliver a tunable tensile strength of
1.07~7.44 MPa and a fracture elongation of 263%~3143%, together with high strain sensitivity within the
strain range of 180%~700% (gauge factor, GF = 8.71), a fast response time of 102 ms and recovery time
of 275 ms, and stable cycling performance. These results provide a practical strategy for engineering
high-performance flexible strain-sensing materials based on DGels.

Keywords: eutectic gel; strain sensor; polyaniline; polyurethane reinforcement



