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Construction, mechanism and strain sensing application of low-molecular-
weight supramolecular-polymer double-network eutectogels

YANG Junkang, WANG Longfei, SONG Ziyu, ZHANG Tao, WU Wenna "
(School of Chemistry and Chemical Engineering, Yantai University, Yantai 264005, Shandong, China)

Abstract; Eutectogels as a novel material that can replace traditional temperature-sensitive hydrogels and expensive ionic liquid gels,
have attracted significant attention in the construction of flexible electronic devices. Currently, eutectogels prepared by polymer
crosslinking or low-molecular-weight gelators suffer from the limited stretchability and low conductivity. Herein, we successfully
constructed a supramolecular-polymer double-network ( SP-DN) eutectogel by introducing a low-molecular-weight supramolecular
network (sodium taurodeoxycholate, NaTDC) into the covalent polymer network (2-hydroxyethyl acrylate, HEA). Due to the
unique energy dissipation mechanism of the supramolecular-polymer double network, the tensile performance of the eutectogel was
significantly enhanced. Under the optimal preparation conditions, the double-network eutectogel exhibited a fracture elongation of up
to 650% and a fracture tensile strength of 0.37 MPa. Benefiting from the advantages of the supramolecular gelator and DES ( deep
eutectic solvent) , the eutectogel exhibited excellent conductivity over a wide temperature range (60—100 C), and showed high
sensing sensitivity ( gauge factor, GF=0.01) and stability within different strain ranges. They are expected to be further applied in
wearable strain sensors. This design strategy provides a reference for the development of other novel flexible conductive materials.
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Fig.1 Schematic diagram of the preparation process of SP-DN eutectogel



5510 4] WA, 5 AR TR T — SR B W SUR 2 AR RE I A A et AL R g A% S 175

1 M5 7=

1.1 SEIEF

SFANAEKL (ChCl, 43 H74l) JRZE (ZAral) Al SAUIRER 40 (NaTDC, 4650 95% ) $40a H LI A= )
BHEARAT, NIEFRFE Ll (HEA 418 =99% ) W A 116242 sa AR RHE A BRA ], 2-F8 3 -2 - LR
TN ( 2-hydroxy-2-methylphenylacetone , i & =99% ) W H LRI T A AL BHE B A FRA F . Je/K B (57
Bral ) W F E 254 Ak 2= 00 A BR A A
12 #HEEK
1.2.1 4|4 DES

W S 2 RS BB ( ChCl) FA B 1R JR 25 (Urea) # BEEE JR LR 1 :21R A, 7E 85 C T S #Adii +F
40 min , 15 3 JC (2,375 B AR
1.2.2 f&5FERHTF LM E

LA B A2 IE R §4 ( NaTDC ) 1 WA 41 I Bk 57, 98 AN 6] NaTDC #¢ )% 78 DES ( ChCl-Urea ) H 941
BEAT R A3 WA E NaTDC ¥ 2 >4 100,200,300 400,500 mmol/L, 75 F, K- b s FR & ) 4 o e J3F o
NaTDC (%51, 73 A BEAT DES FE SO bl m kg 2 s i bR A =R M s, g kns
SEXRZEAE St I B, 025 F B — 22 B ) 4% 1) T L
1.2.3 &5 T RS T-REM ML H# 1

TR Al 25 14 B 245 S0 i R 4, 7E FLRR TR B P i AR A SR TN A R ¥ 4 Tig (HEA) FDE 51 & 7
2- -2 - RN IR G Y SRR HE S T 220NN B 451 KRS 5 min, A2 A1 5 7T LLI]
BT <21 ) = St cal i W e IR 2P E s [P o T 2 |
1.3 WK 53R
1.3.1 MR EIE

LA R A05E (SEM, JSM-7900F ) Fili% 5 B ¥ i 73458 ( TEM, JEM-1400 ) XJ#%E () IE k1 T 3R AIE
AT A (FT-IR ) Y6iE i V70 FTIR S {SGHEA I FE & & 7 KBr By A T8 2 b, X [ 4R
i, 5 KBr ByR S8 5 Jo A 7l o 6 T IRRCRE i, B URRTE KBr v BRI &, X SR Ai i ot
(XRD) it X FFEATH( BD66000356-01, Rigaku) il i FE 2 5° ~40°, HHi# % 5°/min, DSC
2830 T AR PG TR ( DSC250, TA Instruments ) £33, FEES AR F THE/ FEIRE 4 10 °C/min,
1.3.2 A% FaH

FE 25 C B HEAR R 40 (C35/1°Ti LO7116) [T AR 4 5L 55 (75 E HAAKE RS6000 it 28 43 ) X 5 s 1) i
AREEAT AT B I LA 1.0 Hz B9SRIEAT | LA e R 31 DX 3, SR 5 FE 38 5 1 XS i A 7
iR BRI F VAR E N5 WS
1.3.3  add E 45 5%,

I FFRLHL(UTM4103X) XFEERE 9 1 2 BEHEAT I3, 1 75 380 194 B8 s iy 0K Y 4 3103 A W 428 T A6
FLRNRIA AR L | R-58 BEA h 1 W i FH e L 81 ZE AP AL L, DA 5 em/min AR AT R, R 46 PEGe
DA RE b R AR ( B 10 mm, =5 8 mm) |, [ FR 46 028 90% , L 3 em/min A9 HCRSEF T, 12 5%
L AR 2 2o A R I ) - AR Rk
1.3.4 & 50X

W R 3 mm PYRE U EI B E AN 9 mm (Y[R | SR I -8 A i 61 5 76 [RE 3 B P, P e
TEMS ARG B H i 2z 18], R Ak 2% T4 ( CHI660E, | R A ge A B/ 7)) A7 s Ak A BH T Ik, 44
FIEFIN 0.1 Hz~1 MHz, JRIEHN 0.6 V., 7E— RFNEE T I E 5 A9 I8 T i e B A e 7e IR B
PR%F 30 min, 83 DL N AR E B R R

L
Uzﬁ .
o LA BERE )R (AR SCE M 0.3 cm) R AR LR, 7R BHAT Nyquist fiZ 5 x R (Q) ;S h



176 R R % M (B % R % 60 &

BEIRE S AN FB B AT A (em®)
1.3.5 mRAARE &R0 X
R AR BB I 5 (IR SR R 1A 943 5 5 9 PR S S0 A o 422 o 0 28 A e o OB R ik e A
X L BEL A4 2 A0 AL BT AT (SRR FH AT I 58, TFARE LA A3 022 R % (GF)
(R-R,) AR/R,
B R xe B £

Horh e AR FRE FORIMINNAE . R, F R S35 R BEEAE RN AZ R AN 2S5 AR R, AR/ R, S AEXTHBH.,

GF

’

2 EHREHWW

2.1 DES-NaTDC #84>F M 2% i il & B 5 H9 R AE

A 3 — o ] B B ) — B B A 1 L 43 T R 45 RN B R4 1 R A T — R A UM 4%
( SP-DN) IRHAREERL . 17 SRS F LB HIE B8 4 F I 2%, 2B i AU IR IR 44 ( NaTDC ) J& — 2R 4
TR PR TR 2 2 TR T R ) 0 E AR 0 TR IR BE (LMWG ) |, BE LA I A B K 588 B 28 A 40 1 ik
FIERFE () SR oK BT, PR A SO 38 A W AH 2 MR At () AR BB RN R 36 T 1 DESS A M 51, >k WF 58 NaTDC
7£ DES " HAZEAT R, MRS BIAROLRE B (& 2 (a) ) AT LA 3, 24 NaTDC ¥ & K F 200 mmol/L i,
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Fig.2 Macroscopic images and rheological characterization of the DES-NaTDC gel: (a) photograph of the sample; (b) frequency
scanning curves; (c—d) stress scanning curves; (e) yield stress values
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7~ A 3 RIS BRI 7 B BIAE 9.4° 16.9° F1 19.0°, H Bl NaTDC ¥ JE it 34 I, 777 S5 s i )3 328 Wy
B AR AR hA% e T 3 AN X R I EIFE d 435124 0.9 .0.54 F1 0.47 nm, HiH 0.9 nm B[R EEAR T
— A AR IR £ B 25 - S5 RE (0.60 nm) B4 ,0.54 nm (9 EIBE d AHXE T 1/3 /N W48 I iR £k B 38 - 1 K B
(1.5 nm) "' AT RE AR B0 A BN I AU IE R 6 B 8 7 A 12 05 SO TR0 IE I NaTDC s s i 15 )2
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€13 DES-NaTDC 945 ket OB S RAE . (a) DES NaTDC A DL KA [l BE i RF 5 19 FT-IR f4k; (b) DES-
NaTDC #EZ 1 XRD HiZE A1 () nTREMAY 7 FHESIAAL; (d) DES-NaTDC #EE 78 TR 28 1 (e) DSC 14k (f) AR
B9 TEM A SEM JESE (i: DES-NaTDC,y,; ii: DES-NaTDC,,; iii Al iv: DES-NaTDCy, ) .

Fig.3 Structural, thermal stability and morphological characterization of DES-NaTDC gel: (a) FT-IR spectra of DES, NaTDC
powders and gel samples; (b) XRD curves of DES-NaTDC gel and (c¢) possible molecular arrangement models;
(d) temperature-dependent rheological curves of DES-NaTDC gels and (e) DSC curves; (f) TEM and SEM morphologies
of different gels (i; DES-NaTDC,,,; ii; DES-NaTDC,,; iii and iv: DES-NaTDCj,, )

FAR AT DES-NaTDC #5125 AR E M, Be ARSI (1 3(d) ) iT LA Hi BERCRE
A PERR: G ARG PRI G Y BEIELE 1) T s 228 W AR, 30 T OB JC 1A 0 ) D00 4% 45 g Bl 18 7 oo e A T i
R o 30K SR PR gt JBE TP v 5000 245 N S ) S BRE DRI SR T el B 4 A B 5 Ll DSC ik (181 3 (e ) ) 1 1 5E
JE ARG AR BE S 51 °C, B sol-gel #5728 51 °C 858 528 AH—30, f&J5FIH TEM Hil SEM Ak
AR PRFE DES-NaTDC i 731 BEE B O ES 14, 45 18] 3 (F) B 7R, B 0 00 B0 A2 BE Bl 3 NaTDC JiE
BRI B R B NG, M TEM BR 5 0] LU 3], NaTDC #ARET (#6224 200 mmol/L) | BEFE P &6 2 3K i
g BB R S/ INEF A 5 24 BE 14K 31 300 mmol/L B, £F 2k it — 25 A8 K A JRE X R H0 A AR S5 4, 2
WL HE— 23K 500 mmol/L iif, SEM 1 S /iR BRI P 38 £ 4 A ML HLAH EL 28 SE AL 10 S5 1) — 2 R 45
o XA B AR XRD AE5RAN—2L,
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7£ 138 DES-NaTDC #8531 M4H15] A HEA BuA it 58 MR ST R & W AN 4 E Mk & 1 8
T-REYWIMBARIAAREENE , 1 0k N TR NaTDC #%f#7E DES | Bi)5 5 B4 5A (HEA) FDEH|
RN TE 365 nm SN T RS Gl 65 R AR R A B ARG R BUE 27 %) SP-DN HEIL

R T WG RU ZE AR AR B I O SHOWL 25 4 1 2 %o ) 4 PR B JEC A T AT SEML TR, S5 AN TE 4 (a) BT
USRI N WA ()R G W) TC e T 4540, HL BURE 24, RN G B TR DU 45 (IR B e 1) g
“APERE, T NaTDC MR R AWK HEA BN LA OE5 1 & R A BRI 25520 SP-DN B A LAKR
PRI PT35S R A AU RE . FRATTE S lE e SR G A E]2 3 min NaTDC ¥ £ 400 mmol/L,
WK HEA RNt 435074 0.1,0.3.0.5.,0.7.,0.9 mL, Z55 401 4(b) v Fis , 207 DB AR vk s, A
IR AT LLAS %0 0.7 mL A0 0.9 mL FRA0E FOBERSHAE ,0.1 mL 1 0.3 mL SRS FER 22 ,0.5 mL SRR AEAT
R A BRI T YA R A W, R BT P (B 4(b) 1 —iv) UL E HEA & &1
B, RGP 5 B AN R, BRI SP-DIN B S 1) LR 2R 1 T (SR BB A S 5 B TR R R
PRI RESE I Z R AW & E0EIR T 4 T W45 5 R AW N 25 2 8] 1 V- 56 2R T SO A 1 B
TR, T RIRATRE E HEA iR 0.5 mL, JT 8 5 22505

B 5 FRATHR ST NaTDC 1V 6 58 e P F 4 MR RE (52 i, N IE] 4 (¢) BTz, Bl NaTDC ¥ B 34 i,
SP-DNEEJIE Y K 5207 F7 88 K, W7 A K R A, ELAR D  HEA -NaTDC,, 58 B2 1) Wi S 137 4o 157 A48 AR 30 51 A
650% £ 0.28 MPa, [#fi# NaTDC &+ (38, HEA, | -NaTDC,,, 58 (HEA  ;-NaTDC,,, %5 1 A A 171 JC I3k )
(R 2L e 1 AR AR 28 107 % , W 2400 73 K & 0.37 MPa, Z5{lHE, Bl 4(d) B4 2 b aT LB i, 75 90%
4N A8 T HEA  s-NaTDC o, Fl HEA ) -NaTDC 5, BEHZ 14 H 456 13 715377128 53 MPa Fil 13 MPa,, X SEEE Y
W 247 1 AR B L 5 T HEA SR AW B e ( B 11 TG 264 TP A R 4 038 ), FLORT 240 7 DA R PR 4 13 1 34
15 T DES-NaTDC i 73 F-#E i (A4 bR it A8 A5 MU IR 18 239.3 Pa) . LRSI R M 70T BEAK
P26 () 5 | AT SO T B S AU 3 R TR, 33002 PR Dl 43 IR 28V 5 — 2 W B B I 2%, R 28
2N I AR A R R e R LAFE R I, AN IS, i TR o AR A Y AT e | PRt
T SP-DN BEfHL 5 iy v fiffitfig, ULAh, SP-DN BERE & A Kt Fe 5k 2 5L IREL STy Re kAL 1A, [ gty
AT 5SS AN AR S SRR B & AR VR, IR 4 (d) B, a4 4 5 U1 2 B OE 4y HEA, -
NaTDC,, B 5 X 3¢ 38 5L IS A T ARG B, FORG BRI SR B R 0.9 MPa, BEBEAT H ARG R4
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[l 4 SP-DN BB S K J124 R FEAE . (a) SP-DN fiY SEM #AiF; (b) HEA, -NaTDC,,, XMW 45 ik ki 5 15 114 22 W F7 270
T —1v) URARYCHE K HEA 5 i 1 SRR b 81 ( v ) 5 () SP-DN B Y BLAH AT (d) 4 ili; (e) HEA, -
NaTDCy, HE I 7B E HE 5 2 1T 74 b B0 1€

Fig.4 Morphological and mechanical property characterization of SP-DN gel: (a) SEM characterization of SP-DN eutectogels; (b)

macroscopic mechanical tests of HEA ;-NaTDC,,, dual-network eutectogel ( i -iV) and macroscopic images of eutectogels
with increasing concentration of HEA ( vV ); (c) tensile and (d) compressive tests of SP-DN gel; (e) adhesion test of
HEA, ;-NaTDC,,, eutectogel on the glass substrate surface
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b T 4% SP-DN HEMEAE ] 2 BAL IBA5 7 H N, T, B S L i S R b AT, 81 5 (a) AN )ik JBE XL
IXR) 264 R J5C 11 F, 2R B I 2 ) AR AR e o fR PRI AT LA H A [ e JE 08 e 11 P, 23 O 2 ) P s TS DI 36 K, 3%
P T S IR EE AV . DES WK BERE LA S ) YIRS DES H Y S A IR B 2 - 0 i e AR EE RS, A
T R 72 FEHE T 5 RIS JRLRE (%) T va 8 2 (A5 12 1 110 S R o 3R 34 R, AT {0 58 g S S50 O, s v L
A I FH T ) AT S B i

itk — e SP-DN I B Ji 7 ] 2 A% 8 Oy T 4 I o Lk A7 07 AR A% S8R, an P&l 5 (b) —
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Fig.5 Electrical conductivity and strain sensing tests of SP-DN gel: (a) conductivity test of SP-DN eutectogels at different
temperatures; (b) the relative resistance of HEA ;-NaTDC,,, eutectogel within the strain range of 0.5% —10%; (c) the
relative resistance within the strain range of 10%-90%; (d-e) the Gauge Factor corresponding to the strain range
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