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Mechanistic study of the electron transfer of L-ascorbic acid at an oil/

water interface by a digital simulation of cyclic voltammograms
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L-ascorbic acid (AsA), a water-soluble antioxidant, is known to exhibit a synergistic inhibition
of oxidation by reacting with a lipophilic antioxidant, such as vitamin E, at biomembrane sur-
faces. In this study, we electrochemically investigated the oxidation of AsA by chloranil (Q) at a
nitrobenzene (NB)/water (W) interface, which is considered to be the simplest model of a bio-
membrane, by using a four-electrode electrolytic cell. The cyclic voltammograms obtained by
changing the pH of the W phase and the concentrations of AsA and Q were analyzed using a dig-
ital simulation technique. Regression analyses based on various reaction mechanisms have sup-
ported the previously proposed mechanism in which the oxidation of AsA occurs not at the

NB/W interface, but homogeneously in the W phase.

However, it has been clarified that the

two electron oxidation of AsA occurs in two one-electron steps.
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reaction mechanism.
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Fig. 1 Previously proposed model for the oxidation
of L-ascorbic acid (AsA) by chloranil (Q) at the
nitrobenzene (NB) /water (W) interface

In this “1 step” ET-IT (electron transfer-ion transfer)
mechanism, the two electron oxidation of AsA occurs
in one step homogeneously in the W phase, followed
by the IT of the resultant semiquinone radical anion
(Q") from W to NB. DHA= dehydro-L-ascorbic
acid, DKG = 2,3-diketogulonic acid.
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Fig. 2 Electrochemical cell used for the cyclic voltammetric measurements
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Fig. 3 Cyclic voltammograms of the oxidation of AsA
(0.5 mM) at the NB/W interface, which were obtained
(A) for different pH values: (a) pH 7.0; (b) pH 7.5;
(c) pH 8.0 and (B) for different concentrations of Q in
NB: (a) 15 mM; (b) 5mM; (c¢) 1 mM

For (A), the concentration of Q was 15 mM. For (B),
the pH was 7.5.  Scan rate: 0.1 V/s.
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Fig. 4 Proposed model for the oxidation of AsA by Q
at the NB/W interface

In this “2 step” ET-IT mechanism, the two electron oxi-
dation of AsA in the W phase occurs in two one-elec-
tron steps. MDA = monodehydro-L-ascorbic acid.
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Fig. 5 Digital simulation analysis of the cyclic voltam-

mograms shown in Figs. 3(A) and 3(B)

Solid circles show the regression data based on the 1
step ET-IT mechanism (Fig. 1).
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Fig. 6 Digital simulation analysis of the cyclic voltam-
mograms (A) for different pH values, (B) for different
concentrations of Q in NB, (C) for different scan rates,
and (D) for different concentrations of AsA (pH 7.0)

For (A) and (B), the measurement conditions are as in
Figs. 3(A) and 3(B). For (C), the scan rate was: (a)
0.2; (b) 0.1; (¢) 0.05; (d) 0.02 V/s, and the other con-
ditions are as in curve (b) in Fig. 3(A). For (D), the
concentration of AsA was: (a) 1.0; (b) 0.5; (¢) 0.3;
(d) 0.1 mM, and the other conditions were as in curve
(a) in Fig. 3(A). Solid circles show the regression
data based on the 2 step ET-IT mechanism (Fig. 4).
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LRI OEEER (k-y, k) FILBOKE M (~10°
o 72hy, THIUE—HRIZT VA NVEEDSE WK



670 BUNSEKI
0.5
04r
s 03
=
S o2t 0 10 20 30 40 30
0.1Fl DHA + DKG
« QH>
O 1
0 50 100 150 200
d/uM

Fig. 7 A snapshot of concentration profiles of the
reaction species in W phase at Ay¢p = — 0.1V during a
forward voltage scan (at 0.1 V/s), which was calculated
from the digital simulation based on the 2 step ET-IT
mechanism

The initial conditions: [AsA]w = 0.5 mM; [Q]o = 15
mM; pH 7.5. The x axis labeled by d represents the
distance from the NB/W interface.
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Concentration

t/s

Fig. 8 Concentration changes for Q, Q' , and MDA
at d = 1 um during a cyclic voltammetric scan (0.1 V —
—0.3V—0.1Vat0.1V/s), which was calculated from
the digital simulation based on the 2 step ET-IT mech-
anism

The initial conditions: [Q]o = (A) 15 mM and (B) 1.0
mM; [AsA]w = 0.5 mM; pH 7.5
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Table 1 Fitting parameters obtained from regression
analyses based on the 1 step and 2 step ET-
IT mechanisms (at pH 7.0)

1 step ET-IT mechanism

k/Ms ' 5% 10°
K 1x10°°
Ao /V 0.096
2 step ET-IT mechanism
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ho/Ms™! 2x10°
K 5x10"
M/ V 0.047
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KREWEPERLA L LTSN E 7T ATV VB (AsA) 1F, ERBEEHICBWTESY IV ED L) RIRE
PEBURRALA) & BOG S 5 2 &I & o THIFEMBRRALIEM 2 7R3 2 L6 T 5. ABIZETIE, AR K
HHMAETNELTERAONLZ P UXRVEY KRMIZBITL707 200 (Q) 12X 5 AsA OFRILEIS
Z, WEMXT A7)y 7RV Y A M) —EE2HWTIEL, 7YV Ialb—ya yEx e TRn
PAE DN 21T 5 72, KD pH R AsA RO Q DIREZZR THEL7ZHRNV Y ET T LIZONT, O
DE7e o 72 FOSHERE % AR E 3 % IR IHT 247 5 72458, AsA OFLRUSASRIE Tld % <, Kbtk 2L
W) DO RICERED SN, L Ladd, 20 AsA O 2 BTEBILIUSIE, 1 B3 2 BB CH#ETY

B 2 EDHFTNTIRI N



