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As menadione is a quinone involved in
biological and physiological system, its redox béba
(eq 1) at monolayer modified gold electrodes was
investigated by cyclic voltammetry (CV) and scargnin
electrochemical microscopy (SECM) for a better
understanding of its behavior in biological envimants.
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The monolayer was prepared by chemical
adsorption of octadecanethiol,gSH) on a gold electrode
surface. Cyclic voltammogram simulation, using &CE
mechanism, has shown that the monolayer was net fre
from pinholes and that the electron transfer for
ferrocyanide, a hydrophilic compound, corresponds t
oxidation at defect sites. However, the menadigiic
voltammogram at the modified electrode could not be
simulated by the same model, i.e. by using aFQE
mechanism (fig. 1). This difference was attributed
permeation of the menadione into the hydrophobic
monolayer.

A simple one-electron transfer coupled to
possible partitioning of the reactants between pivases
can be described by the equations depicted inigiesf 2.
We have then applied this simple model, consistiing
using a CEE,C’ mechanism, to explain menadione
reduction at the gSH/Au electrode and to extract the rate
constant of the kinetically limiting permeationsidig.

1). As the menadione redox behavior is quite corjple
this approach is simple and rough, but it is usteful
obtain a qualitative analysis of the menadione cédn at
the GgSH/Au electrode. Thus, this technique allowed us
to elucidate the mechanism of the menadione redox
process at a gold electrode modified by a monoldter
suggests loss of reduced species formed upon feduxt
the menadione in the monolayer with increasing Piis
loss could be related to better affinity of thigsies for
the aqueous phase (i.e. its rapid extraction ottief
monolayer) or to its chemical decomposition in the
monolayer.

A better estimate of the transport properties was
obtained by SECM. Under the SECM conditions udesl, t
redox process at the modified electrodes shoulihbied
by mass transport through the monolayer rather liyan
the electron transfer. The apparent limiting hedereeous
rate constant obtained by simulation of the apgroac
curves (fig. 3) should then correspond to the liatéing
mass transport. Despite the crudeness of the CV
simulation, the trends observed by both technigues
alike (fig. 4). The permeability is quite constantil pH 7
and decreases for pH values higher than 7. Thikl duu
attributed, as discussed earlier, to a smaller pahifity
of a quinonoid species or of a proton into the niayer.
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Figure 1 :Cyclic voltammograms (a) and (b) of menadione (0)\2)
in phosphate buffer (pH = 2.9 ; = 0.2 Mvat 0.1 V ' respectively at
Au electrode (0.07 cfrand GgSH/Au electrode.) : curve simulated
with a EE; mechanism;{) curve simulating the pore effect, E=C
mechanismQ@): curve simulating permeability with a ¢&C'

mechanism.
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Figure 2 :Schematic representation of the partitioning ottaat A
and B between phase 1 and 2.
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Figure 3 :Current-distance curves for a C tip (r fm) approaching a
C1sSH/Au substrate in phosphate buffer solution (0)Xbhtaining 0.2
mM menadione at pH = (a) 2.9 ; (b) 4.3 ; (c) 7);&d (e) 9.3. The tip
scan rate was {im s. The solid lines correspond to the experimental
curves and the dashed lines to SECM theory.

0.1

0.01 4

k (cm s‘l)

0.001 A

0.0001
pH

Figure 4 :variation of the permeability with pH estimated dygclic
voltammetry (f) and @)) and by SECM &) and Q)) for a phosphate
buffer solution containing menadione (0.2 miv)) @nd &)) or menadiol
0.27 mM (©) and @))



