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Electrochromic Device Based on Adsorbable Viologens
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Abstract An electrochromic device (ECD) can change color absorption when subjected to an appropriate voltage. Such a
device includes three components: a working electrode, a counter electrode, and an electrolyte. Viologens (Vio) are com-
monly used kinds of compounds cathodic electrochromic materials, and triphenylamines (TPA) are anodic electrochromic
materials. Here, we designed and synthesized a novel donor-acceptor type electrochromic viologen, 1-(N-phenyl-N-p-
tolylbenzenamine)-1'-(2-phosphnoethyl)-4,4"-bipyridinium dichloride (VT), which contained a triphenylamine (TPA) group
that tunes the electron cloud structure of viologen, so as to tune the electrochromic color, and a phosphonic acid group that
will be anchored onto the surface of TiO, nano-particles, so as to improve color changing speed. And an electrochromic elec-
trode was prepared by chemisorption using the synthesized VT as the primary electrochromic material, and a Prussian blue
electrode was prepared using electrochemical deposition method as the secondary one. IR spectral and X-Ray Photoelectron
Spectrometer showed that the VT molecules were well bonded with Titanium dioxide nanoparticles film. And then those
electrodes were assembled into one device using PC/LiClOy as electrolyte. The performances of solid electrochromic device
based on adsorbable viologen were also characterized. As expected, the device exhibited vivid changing color, light yellow in
the bleached state and indigo blue in the dark state, fast color changing time (less than 1 s) and good stability (up to 10000
cycles), which was contributed by the adsorption structures. By using the CIE 1931 %Y xy colorimetric system (Commission
Internationale de I’Eclairage), color coordinates of the ECD were also measured. The good electrochromic performance sug-
gested this device could be widely used to manufacture smart glasses, auto-mobile windows, and anti-dazzle mirrors.
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Figure 2 UV-visible spectra and photos of VT electrode (solid line: the
bleached state; dash line: the dark state)

7 VT MEHEIE ) ECD 25 &l 3 s, Sl T
Ve b, FRIRORT X A DA = I ¥ e 2 S A 4 k. Hep
TAEEAEH VT WP gk BRI, XAl
FIFH BACF TR 5 045 1 PB I, H fg v B e
AR 2 8], EARRFFEH R 0.1 mol/L 1) v S R B/ ik
PR TR s B2 ¥ (LiC1O,/PC).

Glass

ITO

Ti%zNT PC/LICIO4
. ,
o S R e
FTO

Glass

I

B3 VT/PB HUEUL 4 34 T 75 R
Figure 3 Schematic cross-section of ECD based on VT/PB

R ER AL TP ARSI, VR T 00 I B A
TAFHMRE R T, VT 707 i OB & RS AL
N IE— OB T 8 2, M AR 2 4 A D iR IR
A&y MO, OO TR RISE SRR T, RS
JE B SE, IR MZE AR A e AR IR S (IR T,
e T HRR T A LT A3 %, B A ey SRR AR 15 7 70 )

http://sioc-journal.cn 457



W F F R

MR

B 1) AR AR S il BEi, SN TE (IR A,
I H AN, B B 2 in s J5 5 7548 Be i vt
. B S LA A bt — A e n) s B P R 4
wah, TAEHMRARIE T, T E AR IE—N ST
HHEREN VT 20 T8 A RGE W 1 1E A0 BH &7,
YR PB KRR UMY, IR IR KR 20 RS,
BB, FEAS B AL T RS, Wt R &, SEELER AR
HL A e I R

A5G R FH IR AR A R Gl K O S R Ol 1
pm, FATA T B LR RS AT T 40
%, SR B4R, W H el BUE H, Tio, KRk
Fift 2y 20~30 nm /oAy, A BET LG W B4 it
gE R R AT 78.82 m¥/g (LUK A, W LAR Lk
MR LAY, BRI S ARG R I b )3
FEAER, W2 —AKa )G, TERGRA J1 A0 b
VERUSPL Al Vio 2y P e S et b, Bl FRelS
WG FHIER-TIO, X—H&fE T2 Vio /7L, T
AAbId JRUL .

- >
. AccV¥SpotMagn ~Det®WD Exp
500KV 40 200000xTLD 62 1

usTC: #

B4 9ok S A BB i L SR I A
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Figure 6 UV-visible spectra of ECD (solid line: the bleached state; dash
line: the dark state)
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