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Fig.l Schematic illustration of the synthesis of polyvinyl alcohol/polypyrrole (PVA/PPy) organogel and its
application in epidermal sensors
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Fig.2  (A) Fourier transform infrared (FTIR) spectra of tannic acid (TA), phytic acid (PA), PVA, and PVA/PPy
organogels. Curve 1-7 represent TA, PA, PVA, PVA¢/PPy, PVA;/PPy, PVAy/PPy and PVAy/PPy, respectively;
(B) Thermogravimetric analysis (TGA) curves of PVA¢/PPy, PVA;/PPy, PVAg/PPy and PVA¢/PPy organogels
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K3 il T BB I B PVA/PPy A HLEER I HOREEH . (A)PVAY/PPy AHLEENK; (B)PVA,/PPy
AHUEELS; (C)PVAyPPy AHLEERS; (D)PVASPPy AHLEER
Fig.3 Microstructure of PVA/PPy organogels observed by scanning electron microscopy: (A) PVA¢/PPy organogel;

(B) PVA,/PPy organogel; (C) PVAg/PPy organogel; (D) PVAy/PPy organogel
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Fig.4 Photographs of PVA/PPy organogels: (A-D) Integrity test of PVA¢/PPy, PVA;/PPy, PVAg/PPy and PVAy/PPy
organogels; (E—H) PVAg/PPy organogels shaped into a triangle, rectangle, star, and circle, respectively
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KI5 PVAyPPy AHLEERAE AR ZRMF T RYRUEVEIIA: (A~D)%HA 2 hidsk—IR PVAy/PPy A HLEERL Y
PRRRVEAL s (B) FASRFRNE FHCE 24 h IS RIRBUVELL; () A ARFRAF T ICE 48 h 5 BOFRAEfL

Fig.5 Stability test of PVAg/PPy organogel under natural conditions: (A-D) Volume changes of PVAg/PPy
organogel recorded every 2 h; (E) Volume change after 24 h under natural conditions; (F) Volume change after

48 h under natural conditions
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Fig.6  Performance test of PVAg/PPy organogel as a strain sensor: (A) Finger bending and straightening; (B) Fist

clenching and relaxing; (C) Muscle contraction and relaxation; (D) Elbow bending and straightening



57 L A - T IR L AR SRS T H A DB ) 5 10 S A AR 3y i v g 1oz 951

2.5 SHEANNRKNEERSEEREENR
K PV Ag/PPy A HLEEIR A 1T 2 SR AL A2 It , IR Ao L 5 A A AN TR IZ BBz, LA B M
M= B, PVAYPPy AHLEEIL EAETH6 L, A S T4 25 - Bl A 8 i A A
FEICIERE . SR, T it ift R o 4 W . AN BB R B EAE T . TR
WEZ SR UL A E AN R E SRR SN A MR REAR B0, e BRIk Se B o7 1) iz 3 [ AR RERS 5 | AR E I LA 5 A8
6, UE R LA AR HAT R I RS AR E T (18] 6) o [EARTE R, PV Ay/PPy A HLERIE I AL 2 e Xt
TA M RBAEER S EREAE 7 AR E 1 . FIPERE T RN X0 TP R A R S O T i
— IR UEFCYERE R BRI i 181 75 T, Bl s 0 2 bk Ak s 6 R AL A 5 AR A (181 7A) o B RIS
o WO A M I Ak M 0 W S A O A R R e O A SRR L A T A B A SR AR
(B 7B)o B T I AMRSET FMILIN 12 Sh AR E BRI B, PV Ag/PPy A AL REAS K I 2 AU N
AEPRAES AR AT S ANGRE B o AEHE— I | R I A S [T A PR A, W A2 3 A kP
T CUREET L AREFRST DI “NENUT ISR HLAS G . A5RFT, e 1V A B AT W A iy el

A B =
1.06 } T
s € 754 I - I
[R———
1.04 t 6ol
< 102t S a5t
1.00 } 3.0}
0.98 | L5}
0 8 16 24 32 0 15 30 45 60
t/s t/s
C 14 D 1.4
13} 13}
llHill llNi haoll
to 12 ¢ QO 1.2}
~ N
.1} 1.1}
1.0} 1.0}
0 3 6 9 12 0 3 6 9 12
t/s t/s
E F
Lal 1.8
13 "Ni hao ma" 16} "NENU"
= 1z} S 14}
1.1} 124
1.0 i il L 1 'l 1 140 [ L 1 L L 1
0 5 10 15 20 0 15 30 45 60
t/s t/s

K7 PVAy/PPy A HLEERAE A AL R A /NS R (A) ks (B)FF s (C~F) i3l , 70
B W, CUREET, “UREFS” ORI “NENU”
Fig.7 PVAg/PPy organogel as a strain sensor for detecting tiny movements: (A) Pulse; (B) Swallowing; (C-F)

Vocal cord vibrations corresponding to the words “Hi” , “Ni hao” , “Ni hao ma” and “NENU”
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Fig.8 Long-term stability test of PVAg/PPy organogel: (A—C) Electrical signal changes during finger bending
and straightening (90°) after 0, 24 and 48 h; (D) Signal response during 120 cycles of elbow bending and
straightening (150°) for PVAg/PPy organogel
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Synthesis of Polyvinyl Alcohol/Polypyrrole Conductive Organogel
and Its Application in Human Activity Monitoring

MA Xing-Yue, ZHANG Yuan-Yuan, SUN Fu-Xin, ZHANG Ling-Yu, MA Chong—Bo*

(Key Laboratory of Nanobiosensing and Nanobioanalysis at Universities of Jilin Province, National & Local
United Engineering Laboratory for Power Baiteries, Key Laboratory of Polyoxometalate and Reticular Material
Chemistry of Ministry of Education, Analysis and Testing Center, Department of Chemistry,
Northeast Normal University, Changchun 130024, China)

Abstract To address the shortcomings of traditional hydrogels in terms of mechanical performance and
environmental stability, a new conductive organogel based on polyvinyl alcohol (PVA) and polypyrrole (PPy) was
prepared in this study. By introducing dimethyl sulfoxide (DMSO) as a solvent, the mechanical strength and
durability of the gel were significantly improved. Various characterization techniques, including infrared
spectroscopy, thermogravimetric analysis, and scanning electron microscopy were used to characterize this
conductive organogel. The experimental results showed that the prepared organogel exhibited optimal performance
at PVA concentration level of 8% (m/m), with an average pore size of 5.2 wm and a conductivity of 0.65 S/cm. As a
wearable strain sensor, the PVA/PPy organogel demonstrated excellent sensitivity and responsiveness, capable of
precisely detecting joint and muscle movements as well as subtle physiological signals such as pulse and vocal cord
vibrations. Notably, the gel maintained stable sensing performance even after 48 h at room temperature, showing
outstanding environmental adaptability and long-term use potential. This innovative material design provided
robust technical support for smart healthcare, health monitoring, and human-machine interaction, showing broad
application prospects.
Keywords Conductive organogel; Polyvinyl alcohol; Polypyrrole; Wearable strain sensor; Environmental stability
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