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Abstract: In this work, flexible electrochromic devices (ECDs) were fabricated by integrat-
ing viologen with a liquid crystal monomer (RM82) into an electrochromic ion gel, aiming
to enhance both electrochemical properties and mechanical durability. The ion gel was
drop-cast onto an ITO-PET substrate, producing a uniform film with an average thickness of
about 47 um. Devices incorporating RM82 demonstrated superior performance compared
to those without, showing higher ionic conductivity, good stretchability, and large optical
contrast at —1.3 V. Moreover, the RM82-based ECDs sustained stable electrochromic switch-
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E-mail: jongpark@pusan.ackr ited reduced optical contrast and poorer long-term stability. These findings highlight that
introducing a liquid crystal monomer into the viologen-based ion gel significantly
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(©)2025 The Korean Fiber Society Keywords: viologen, flexible electrochromic device, liquid crystal monomer, ion gel

LA 2 & WAFoR Sl I 71AH FANS SR o

A7} IeH(s-10].

7] (electrochromism)2- Q5 ¢} Q17}of| whg 7} & Ao A= oFRl7] (amino group)E = HIE=A &
G14S] ML WG0R ol MBS WALOR, & A9 ol HA wRlalo] 41718 ol (ion g
TE E, gAaEY o], AAF Fo] & TRt 2okl & & ARSI, o] & 7|HEe R ¢RI [dshHA = SRt A
=31 QT 1]. A 7)¥HA A} (electrochromic devices, ECDs) 713kt EAL 2Ad A7|HMN AzE A xS 9F
£ UL Sk RAT R WIS ol AZ F URAS WA e 712 o2 /1% ECDat vjmel
ol ZrstThs WO Qls) TS| GFET vk & AW, A WAl EQE AxHs AL 50 pmE S
3], 171 A7 &2 Foll A= 4,4-bipyridine =242 7] o= &kl *r':— T zpolof 3t e A
vho @ thopat Weky] X|go] 7bsa Bl &R A (viologen)  3HITH E3, -13 Vel x1 A A= Fold A7 &
FEA7E de S-EETH2-6]. T Yehlo] 71A1 fAda A71ske e Kol A

A2 glolels 7]v)9h SeME taZdol 5 gl AE AT Bk
Qe 38 Bobh AslEA, A4 Wl A8 ¢ mhebd ¥ ol Alelet o @l 74 ECD o

o A71A 22k (flexible ECDs)oll Tt ¥4lo] swobx]a 2 oFal AFshe 22 AAE 7HssHA| gtk HollA 9
ATH7]. 22t 719§l ECD= 100 um o]/4e] =74 o7} glon], A AUE QEo @ o] o] AZg

304



305 | 27

[
o2
&
re
)
-1>
rlo
1
ofN
opy

Textile Science and Engineering, 2025, 62, 304-310

o] &l Aeet A&F A7HA 2] At 7=
AlA gt [11-13].
24 8
2.1. A|l2F 2 AR

ol &7 A} oy GeplE ER oled % A7
A aA) AEo] ALSE Fa Aloke thgT} Pk 44
bipyridyl, 2-bromoethylamine hydrobromide, ammonium
hexafluorophosphate  (NH,PF;), 1-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide ([EMIM][TESI]), lithium
bis(trifluoromethanesulfonyl)imide (Li-TFSI), sodium hydroxide
(NaOH), ferrocene (Fc)= A|ZI#|otolof A QIS 3t

o T A71ske] ekl RS WA WAE
A 9] L3l A 913l ammonium hexafluorophosphateS:
Ir_}ak %7}3}—1 H} 3}01 S YRS dﬂx]? 1:} A A

° ojat F A% Axstch vl SR Sol e TS 5
A SHIEE AHET, Aol $UE BE02A 0|2
EREE 22 Fabetgict ol HBr AAS 93
2 M NaOH 5§ & F0]3111, A28 A28 go mikeh
o} wuto] ShRE T, SRyt AR HE YRS
oJWB}IL, 2}7he- o ek e a2 of g X}el| A2 5}e] 2 NaOH
£ AATIAK(Scheme 1). T4 ¥ 'H-NMR 245 53]
TZZ 315kt (0.7 g, & 20%). 'H-NMR (600 MHz,
DMSO): 6=9.25-9.24 (d, 4H, Ar-H), 8.73-8.72 (d, 4H, Ar-H),
4.61-4.63 (t, 4H, -CH,), 3.09-3.11 (t, 4H, -CH,), 1.73 (s, 4H,

Kl

0

-NH,). ®*C-NMR (D,0, 125 MHz): §=156.8, 149.3, 124.9 (Ar-
C), 61.0 (N-CH2), 30.8, 25.4 (C-CH2-CH2). Mass 283.14
[M-PF,]".

4 3740 ALEE §7181<) o2& (ethano)} ool
Feistol WSl HA) gol AMgSIach T IBe A
2% ITO/PET(10.5 Q/sq)= S}lA|u]Ztof| A, spacer® A}
£ Sulyn® LB bAoA Fofeleich. o
TEFAI Q] 1,4-bis[4-(6-acryloyloxyhexyloxy)benzoyloxy]-2-
methylbenzene (RM82)&= o] AH}o] QoA LQ13}% T}

2.3. RM82 2%
EN A
RM82 A7 TFAIE Eaet A7 o2 242
Figure 10| 7rFs] YepiQiTt. o] 22 Hxo] 77|18
E AREBHR] ka1, I EA} ul EZ] A2 polyurethane acrylate
of o] 24 A [EMIM][TESIIE 7]+ 2422 5o A=
shoick. o4 wrekAle] AskE Slal BASA| TPOS W7l
S, ek oL Azat 5 80°ColA] 1A13F ubalo]

CIREHIS ESH 7HAL 0]27 HiZ

=~

p

2.2. O}217|(Amino group) 152 Z= HI2=2 €4
of7l] g MR A T TYL Scheme 10 11es]
CrehiRlch. B4 A theat 2k 500 ml e &
2k 0]| 4,4-Bipyridyl (1 g, 6.4 mmol)Z} 2-Bromoethylamine
hydrobromide (4.5 g, 22.4 mmol)& 1:3.59] &HH|2 ¥ 11, DI

water®]| -§-s|A| X1t} 0] 100 °Cof|l 4| 72417t &< BEGA[Z] ol 2 ekt (Figure 1(a)). 71 A7|WA 42} A
T, 08 BRES Ao)N FRal WA olF o Zoli= TTO-PET AL AMgaiRch 201E ole g &
_ _ Br /\/NHZ HBr HBr
N N HBr H,N — —
\ 7 NS/ 2-Bromoethylamine _\—y\ / \ /NL\_
4,4"-Bipyridine Hydrobromide NH,
DI water, 100 C, 72 hrs Br Br
HBr HBr
HzN_\_ —
+
NH4PFg, DI water, RT Ny 277\ N
_\—NH2
PFg PFg

Deprotonation
2M NaOH, RT

N

-o-\ /)
PFs

Y

\ N
_\—NH2

PFe

Scheme 1. Synthetic procedures of the amine group incorporated viologen.
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Figure 1. (a) Schematic diagram of the flexible electrochromic device and chemical structures of the ion gel composition and (b) fabrication of
the flexible electrochromic devices.
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Figure 2. "H-NMR spectra of the amine viologen.
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Figure 3. (a) FT-IR spectra of the electrochromic devices with RM82 and (b) optical film image comparison using 50 um and 100 um spacers and

cross-sectional SEM images of the ion gel film.
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Figure 5. (a) Cyclic voltammetry of the flexible electrochromic devices with RM82 and (b) without RM82. (c) Spectroelectrochemical properties of

the flexible electrochromic devices with RM82 and (d) without RM82.
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Figure 6. (a) Kinetic stability of the flexible electrochromic devices with RM82 and (b) without RM82. (c) Bending stability of the flexible

electrochromic devices with RM82.
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