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Abstract: In recent years, the increasing interest in health and fitness has led to enhanced research into wearable devices
capable of monitoring various human body motions. Strain sensors, which are integrated into wearable devices, provide
the capability to monitor bodily movements in real time by detecting the strain applied to the material due to changes
in motion, heart rate, and blood pressure. This study investigates a polymer hydrogel composed of biocompatible poly(y-
glutamic acid) and an ionic liquid, developed as a strain sensor. The hydrogel exhibits notable flexibility, maintaining its
functionality even when subjected to bending or stretching. Furthermore, it contains a substantial amount of water, facil-
itates ionic movement, and can emulate the softness and flexibility of human skin, thus demonstrating its potential for

seamless integration into daily life.

Keywords: poly(y-glutamic acid), ionic liquid, hydrogel, strain sensor, real-time motion monitoring.
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Figure 1. Schematic illustration of ionic conductive hydrogel for patients’ rehabilitation.
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O 2M=Y sl M M. )-PGA-GMAE attenuated
total reflectance infrared spectroscopy(ATR-IR, ALPHA-P,
Bruker, USA)<} proton nuclear magnetic resonance(‘'H NMR,
400 MHz, ADVANCE 111, Bruker, USA)Z A}&-3lo] E43}
Atk H NMR S ERS 58l 732 Hsts g]lsiiiar
4 va= XE(DS, %)= ALk ] flsl ARkt DS=
7-PGA FAE2] o proton peaks(d=4.16 ppm)°ll tH3+ GMAZ2]
vinyl group proton peaks(d=75.7-6.2 ppm)2| integration ratio=
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Table 1. Compositions of the Hydrogel or Ionic Conductive
Hydrogel

»-PGA (%) LAP (mM)  DPBS:L (w/w%)
IG, 5 5 10:0
1G, 5 5 8:2
IG, 5 5 6:4
1Gs 5 5 4:6
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oj2H LA st AAZF RUBE 542 digital
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£ At ST o] A IS e HolZE
o] g-ste] HAMZEA] f1Xol] F-2aF] o™ multimeterl] A 3-<-
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FEAIETE A= one-way analysis of variance(ANOVA)<
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Figure 2. Synthesis of y-PGA-GMA: (a) schematic of y-PGA-GMA

synthesis; (b) 'H NMR spectrum; (c) ATR-IR spectrum of y-PGA-
GMA.

ZaH, A|484 A6, 20243

A0 - uelE

2HEYHS 28351 p-PGA ek slehtx B8 79
313tk y-PGAE 3400 cm'ol4 O-H % N-HS| 4430l
oJst T A7} FEENOH, 1400 cm'F 1700 cm™ AFe]of|A]
ofutol= I, o) &]gF M=rt #FE QT )-PGAE= GMAR
A wgt 1716 2 1642 cm'olA zH2 C=0 A&R%
2 C=C A5750 o5k 9=7F AF=UTE T B3, 9-PGA
F3lde] BMIM:Cle] =19l w2t BMIM:CI®] =7} v}
EPdTh. BMIM:CES 1566, 1464, 1164 cm o4 54291 3
A2 JepiE, 2+ 1566 cm? oA oln|tiEF ]9
C-C, C-N AlZ2150) 71918+ 9] =9} 1464 em™'olA] CN-CH,
AEZ1El o]gh 32 7F HEEAN0™ 1164 em X = olw
UEF 229 WA C-H sl ofgt u=7 A= Q) o=
71Ee] ArAet X5, p-PGA 719t bl ILO]
ez FqHEReS FRlslh

O|2MEY Fspdol FHY HIL dojzfE tule|~E
Azghol| o] TS An Al Fatst Al o o]dS
Zheth ditg o g2 A|gg MA= TEd] 2Esle] Hlo

X

. 365 nm
(5 mWr’cm:‘]

2 min

—_

(b)

g

8

5

=

E

w

[ =

o

—
OI ¥ T ¥ T ¥ T L T v
400 450 500 550 600 650

Wavelength (nm)
(c) B e

Figure 3. (a) light-mediated gelation mechanism y-PGA-GMA
hydrogel; (b) transmittance of IGx and IL in the visible-light region;
(c) photographs of 1Gx above the letters.
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ion conductivity of IGy; (b) gauge factor result of 1G, hydrogel.
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Figure 6. Practical application of IG, for motion detection during
rehabilitation: (a) finger bending with different speed (60, 120 and
180 bpm); (b) achilles tendon bending; (c) elbow bending.
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