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Immobilization and Characterization of Highly-Oriented and Dense Redox-Active Organic
Monolayer on a Flat ITO Electrode Surface
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The surface of a flat indium tin oxide (ITO) electrode was first modified with
p-aminophenyl trimethoxysilane (APhS) to form a base film, to which a carboxylated
viologen derivative was covalently attached via an amide bond. The ITO electrode exhibited
a quasi-reversible 1-electron transfer reaction of the viologen radical cation/dication (V**/
V2*) redox couple. The longitudinal axis of V** tilts by ca. 32 ° from the electrode surface
normal. The degree of V** dimerization of was greater for larger amounts of immobilization
(. I’ was successfully controlled by the immobilization conditions of the silane compounds.
The viologen monolayer was quite sensitive to the softness of anions in the solution phase.
The properties of the viologen films on an ITO prepared from 3-aminopropyl triethoxysilane
and on a Au electrode prepared from viologen-thiol were compared with those of the APhS-
based viologen monolayer.
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Table 1 Voltammetric and spectroelectrochemical features of APhS-based viologen layers on an ITO
electrode surfaces

APhAS concentration in toluene and dipping time
50 mMand1h 5 mM and 5 min 0.5 mM and 5 min

200 mVis / Pl
Ano mVis 100 m/s

100 mV/s
50 mVis

A =101 cm?

20 mVis

CVs
at
lower scan rates

A=098cm’

1 20 pA
0.7 -0.6 i -‘0,; E-::M‘;Dj“ K—:.zl \;O.I 0.0 0.7 0.6 4214;; A:]r-?”l::jﬂ }Il; 0 -0.7 -l].ﬁE v—:SE : :.:ﬂ “—::Z:( i —;]7\.! -0.1 []
E”vs. Ag/AgCl sat-KCI  -0.450 V -0.376 V -0.450 V
I/ mol cm2 4.4 x 1010 5.0 x 10-1° 1.3 x 1010
Dimer content 66% 84% 71%

Table 1 T, XEBENM EY (ZEMIFTEE X O~ L 22rh HEM2 S, BEEL S
Nzt osr Y ErIe— 2 mEEME» SRz, Uty v o g b IR
FEDOBETHBMTE S Z LA Table 1 25 bholze T2, IPREWVITE, ROMENAH
HbHZEDNRDbroT,

-V /V2E 5D EY 1Z X Y positive 1275, 2Ty V2 IZ Fig. 1IRL-EFasy v ol
A, VI3 1BFRCL-EITOFXF VST NVATF v E2EDT,

- BTRZBREOMHENIMEL 2 b (CVDIRWHPHTOBMIRS EEIKE LY —2
BUDYT I hHLORERTH S, BlZIE BHiIGN 5 mM & 5 min ORTiE, EFRBE)
RO IREC Rk 3B L ZF7s1 THB,)

- BIXFYooCFur samEItENE EO Vedimer DFEEEIE D E L b, (Table
1 o Verdimer OFFE#RIE, EY 2 HuLbEM E L CHE LB AT EBBILA X7
)V (PMTAS) B! 2 53R D72 TH 5 o)

TAVNS W E T A3 —0 Verdimer DIEFERDL 2 % 13T A BT L2 v old,
FA—AbD/)— F F— 2 HUOERTHEOLNDL LHICEF a7 V23— 2 R L
TWBD, BEFEAB AL UL L TETVHEINTH LA, T DD, Fa— 75
RSBl A HERTh b,

B Co Ver O Bo REERIS T AHEM 2, EHEOGEKICHT 242242
22055 AFHHANE S 5 “HHE O VG E AS L7z PMTAS HlED S BfED 720 £ D
Kk, Tablel D EDRIZBWT L., BXZ 32° OFGHIIM L LW AFHfA#EPH T3 L7,
vrar rofE/tEIEKS T, IRPETOTIVFEIVENRFT -V TV ATHALRLTIVF

- 165 —



() HARBRS AR 2B %4, 40 (2022)

JV$H il 2% up-right orientation % B> THEEICE M L TW5 LHEETE b,

HoafEdo, eraly 44 MOEET 7 =4 YN TE, oY A P AE4al
KB ITBERETEONFERERIEICH L 261X, V2 EKBRP7=F DV 7 bR A
WHAE L 724/ 2B U T, B4 a3 724 v ABRAMTEL 2 LD AuEli LTk
W7V FVREEE SO sy HOEAGE (VI-SAM) Tldbho T b 45, Z Dk
D E" 3RO THREINS,

o D el ) B K K - A
nF o 1+K, [A] nF nF

a a

E"=E,

Z Ty E I ZHEHERRILRICENL, na (SIS D L IS E T I Kox & Krea 12, Vo &
V2 ZNENADT =F ¥ A DG ER. [A]
EAKRBEEFOT =F VIRETH 5,

Fig. 212, 7 =% Y IKAFE L7 CV 2R
o EBICHAT LT =4 DY 7 MR AN
KEWITE IBE LKA negative 7 F L7z
B WEZEDSDITKRELRZERIILD - T,
COZENPL, COBMIIKPOT =F Uk
YHELTHE) A ERDAr o7 Kmdd
A F VD Au B O VI-SAM TIE 7 = 7%
RGEEDNE A PITEFN T E D, R DV
ki (Fig. D27 =4 VIRERZ RSS20 gg gy
WTH5Thah Thbb, KXy IIVED AghaClsstare
HNTFEIN, VT4 Y7 TT=2F %X Fig. 2 CVs for an APhS based viologen film

MTEXABREZIEKTAILEZRL TS, prepared with a condition of 50 mM
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e o)~ L 1 electrode. The potential scan rate was
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