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The influences of thiol monolayers having terminal amino groups on the electron
transfer rate for indigotetrasulfonate have been examined by cyclic voltammetry and ac
impedance spectroscopy. The electron transfer rate for indigotetrasulfonate decrease
with increasing pH at a bare Au electrode. The adsorption of indigotetrasulfonate ion
onto 4-aminothiophenol monolayer, at low pH values, resulted primarily from an
electrostatic attraction between the protonated terminal amino groups and the anions. An
increase in solution pH, however, 4-aminothiophenol, cystamine, and 4-
mercaptopyridine monolayer-modified electrode showed a increase in electrochemical
reversibility with deprotonation of the terminal amino groups. Whereas 11-amino-1-
undecanethiol, which is long-chain thiol having terminal amino groups impedes the
electrode reaction of [Co(phen),]**, this monolayer raised the apparent rate constant for
indigotetrasulfonate to twice that observed at a bare Au in pH 6. Furthermore, in the
presence of ethylenediamine or triethylenetetramine at pH 8, indigotetrasulfonate was
obtained the reversible wave using at a bare Au. We propose a chemical interaction
between the amine groups of the thiol monolayer and the carbonyl groups of
indigotetrasulfonate. We postulate that protons transfer from the reduced indigo ion to
the unprotonated terminal amino groups of thiols.

Key Words: 4-aminothiophenol, 11-amino-1-undecanethiol, Indigotetrasulfonate, Self-
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Scheme 1 The redox reaction of ITS.

Fig.1

Fig. 2 Cyclic voltammograms of 0.5 mM ITSin 0.2 M KCI solutions at bare gold(- -) ,
ATP (—), and bL-homocysteine monolayer-modified ( -- - ) electrodes. The solution
pH was (a) pH 2 and (b) pH 6. Electrode area, 0.02 cm?; potential scan rate, 100 mV's™.

Fig. 3 Peak potential separation of 0.5 mM ITS as a function of pH: A, ATP
monolayer; o , cystamine monolayer; e , 4-mercaptopyridine monolayer; , DL-
homocysteine monolayer; O , bare gold electrode. Scan rate was 300 mV s,

Fig. 4 Cathodic peak current densities of ITS plotted against concentration of ITS:
bareAuat pH 2; A,bareAuatpH 6; e ,ATPatpH 2; o ,ATP at pH 6. Scan rate was
100 mV s™.

Fig. 5 Peak to peak potentia separation of 0.1 mM indigodi- (e ), tri- (A), and
tetrasulfonate (o ) ion at ATP monolayer electrode as a function of solution pH. Scan
rate was 100mv's™.

Fig. 6 Cyclic voltammograms of 1 mM [Co(phen),]*" at 11-amino-1-undecanethiol
monolayer modified Au electrodesin 0.2 M KCI solution, pH 6 for scan rate 100 mV s™.
(a) Bare Au and (b) 11-amino-1-undecanethiol monolayer electrode.

Fig. 7 Cyclic voltammograms of 0.1 mM ITS at various monolayer modified Au
electrodes in 0.2 M KCI solution, pH 6 for scan rate 100 mV s'. () bare Au, (b) 11-
amino-1-undecanethiol, (c) ATP, and (d) octanethiol monolayer electrode.

Fig. 8 Impedance spectra of abare Au (o ) and an 11-amino-1-undecanethiol monolayer
(e ) electrodesin 0.19 M KCI and 10 mM phosphate buffer, pH 8. Electrode potential
=-0.193V. Numerical valuesin the figure exhibit frequenciesin Hz.

Fig. 9 Plots of In (r C,, ) versus In (C,, / C.) for at various monolayer modified Au
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electrodesin 0.1 mM ITS+ 0.2 M KCl solution, pH 6. (o ), Bare Au; (e ), 11-amino-1-
undecanethiol; (), ATP modified electrode.

Fig. 10 Cyclic voltammograms of 0.1 mM ITS in 0.2 M KCI solution, pH 8 (a),
containing 1 mM triethylenetetramine (b), and ethylenediamine(c) at bare Au electrode
for scan rate 100 mV s™,

Fig. 11 Cyclic voltammograms of 0.1 mM ITSin 0.2 M KCI solution, pH 8 containing 1

mM ethylenediamine at bare Au electrode for scan rate 100 mV s*. The immersion time
of the same solution were (@) O hr, (b) 2hr, and (c) 20hr.

13



Indigotetrasulfonate ion (ITS)

Scheme 1
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