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INTRODUCTION

In general, The redox potential (E° of the
electroactive species is determined from cyclic
voltammetry by taking the average values of thefor-
ward and backward peak potentialsi.e (Efp+ Ebp)/2 :
But inthe case of EC mechanismwhen chemicd sepis
fast the backward peak disappear and inthissituation
the redox potential (E°) of the couple can not deter-
minefrom theaverage pesk potentias. So, inthiscase,
wewill usethe potentid wherethe current isthe haf of
the peak current (E p,2) to evaluatethevalue of E-E,
, for the determination of the value of E°. Also,
convol utivevoltammetry can beused for theextraction
of E°vianew methodinthecaseof E C, fromthe
backward scan. It was found that the redox potential
givesinformation ontheability of aredox coupleto be
oxidized or reduced”. Although theredox potentid is
generally recognized to bean important hurdlefor ex-
tendingtheshdf-lifeof foods, itismainly usedinmicro-
biologica area, for instance, to follow the evolution of
fermentation processes or to estimate whether aerpbic
or anaerobic micro-organismswill grow inagivenfood-
stuffl23, Asiswell known, any compound ableto pro-
mote an el ectron transfer to aradical, can be consid-
ered an antioxidant. In general terms, the antioxidant
activity may be displayed through thetransfer of elec-
tronfromareducing substancetotheoxidizing radica
specis(Reaction 1 and 2).

Fe?* + OH Fe + OH- @)

OH (0]
/©/+ 20H Xj +20H )
HO (o)

In other words, redox potential measurementsare
suitableto evaluate the ability of reducing compounds
to promote electron transfer. Also, aredox potential
va uegivesinformation about therea oxidation/reduc-
tion ability of amoleculeand itsprevalent form (oxi-
dized or reduced) in the system. Thus, the measure-
ment of theredox potential isaninterestingway of es-
timating the antioxidant capacity of theproduct. Onthe
basisof thesediscussion, theredox potential may bean
interestingindicator of theantioxidant efficiency of food
products and may allow abetter estimate of the anti-
oxidant efficiency of food productsand theinfluence of
possi ble oxidative damage by processing' 4.

Thiswork illustratethemethod of extraction of the
redox potentia (E°) of EC. mechanism viapeak po-
tential (E ) and half-pesk potentia (E,,,) of theforwerd
scan. Inthe convol utivevoltammetry we used the back-
ward sweep for determination of theredox potential.
Thesemethodsweredemonstrated, discussed and veri-
fiedusngdigitd smulation.

EXPERIMENTAL

The sdlected compound for thiscommunicationis
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N,N\-propylene-bis-(salicylideneiminato)Mn(l11)
complex[ Mn(l11)LH20] Cl04.2H20) which proceed
electrochemically asE C, SCHEM E®. The complex
waschosentotest thevadidity of our derived methods.
The complex was prepared according to the method
describedintheliteraturd®?. Anacohalic solution (40%
v/v) of the complex in phosphate buffer as supporting
electrolytewasinvestigated. Thereagentsweregener-
ally of laboratory grade. Triply distilled mercury was
employed. Cyclic and convol utivevoltammetry experi-
ments were carried out at sweep rates ranging from
0.05-5V/sat 23 + 2°C using aPrinceton Applied Re-
search (PAR) potentiostat Model 264A (from EG and
G). Thedectrode used were ahanging mercury drop
electrode (HMDE) with an area of 2.61x102 cm? as
working el ectrodeand Ag/AgCl and Pt-wireasrefer-
ence and counter el ectrodes, respectively. Smulation
of thedatawasperformed usngthe EG and G condesm
package. Air was removed from the cell solution by
passing nitrogen through the sol ution for twenty min-
utes; themeasurementswere performedinan N, atmo-
sphere.

RESULTSAND DISCUSSION

Inthe present communication theredox potentia
(EY) of E qC .. scheme was extracted from cyclic
voltammetry by measurementsof peak potential (Ep)
and half peak potentia (Ep,z) of theforward sweep of
cyclic voltammogram. Thisprocedureisvery smple
and anew routefor theE C, where E_refer to the
quasireversibleelectrontransfer and C, refertothe
fast chemical step. Thederivationisindicated asfol-
lowing:

If we supposethe magnitude of half-peak widthis
(E,E,)=A,mV,(1)

Thedifference between peak potentia and redox
potentia (E°) is

(E,-E)=B,mv )
and

(AIB)=C, ©)
then

(A/B)=(E,-E,) (E,-E)=C (4)
Thisledto

(E,E,)IC=(E,-EY) (5)
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TABLE 1 Valuesof peak potential E, and half peak width (Ep—

E ) of theMn(l11)-complex and smulated cyclicvoltammogram
P

at varioussweep ratesat pH 7.4

Sweep ‘Ep Bp-Epe MV oo v
rate exp sim exp sim
01 1061058 63631 1.031.0211.025
02 1081081 65652 - 1.022--
05 1101102 69691 - 1.020 -
10 1121121 74741 - 1.019 -
20 1141142 78782 - 1.024 -

aValues of E° determined from the intercept of the experimental
data, "Values of E° determined from cyclic voltammogram and 11
convolution of the experimental data, “Values of E° determined

from the intercept of the simulated values of E, vs (Ep—Ep/Z).
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Figure 1: Cyclicvoltammogram of M n(I11)-complexin

phosphatebuffer solution at 0.2V/sand pH 7.4
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Figure2: E, vs(Ep-Ep,z) plot of Mn(l11)-complex

or
(E-E,)IC+E°=E, 6)
i.eE =E*+(E -E,,)IC @)

So, from the intercept of the E vs (Ep- E p,2) plot,
theredox potentia (E?) of theelectrochemical system
will bedetermine.
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Figure3: Smulated cyclic voltammogram of Mn(l11)-com-
plexat0.2V/s
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Figure4: E vs(Ep—E ») plot of smulated cyclic voltammo

gramof Mn(I11) -complex

-“nt—rr7¥1—"7T—TT7—T
11 -1.0 1.3 08 -7 2.6 05 0.4 2.3

EVvsSCE

Figure5: Cyclicvoltammogram of Mn(l11)-complex with
|1 convolution

Theexperimental cyclic voltammogram of these-
lected complex in phosphated buffer solutionat HMDE,
pH 7.4 and sveeprate0.2V/sisshowninfigure1.The
vauesof E, and E-E.a varioussweepratesarelisted
INTABLE 1. Figure 2 showsan example of the E vs
E-E,,plotfor E C, system. Theobtained valueof E°

determined from theintercept of the previousplot
iscitedinTABLE 1.

Thevalidation of our method was confirmed by
generating atheoretical cyclic voltammogram of the
selected complex at sweep rate 0.2 V/susing the ex-
tracted redox potential (E°). Figures3and 4 givean
exampleof thesmulated cyclic voltammogramand E,
VsE-E, plot of theoretical datarespectively. TABLE
1 showsthat the va ueof redox potential usedin gener-
ating thesmulated voltammogram agreewel | with that
extracted fromtheintercept of plotinfigure2.

Convolutive voltammetry combined with cyclic
voltammetery was used asas mple new method for the
extraction of E° of E.C,, system.

For theelectrodereaction :

A+ne B (8)

which proceed asmoderatefast (Qquasireversible) dec-
tron transfer, the current response can bedescribed via
Butler-Volmer equation asfollowing®:

i =nFSK°{[A] ,,expa, N"Fn/RT-[B] . expi -a,.nFn/PT (9)
Where k° is the standard forward heterogeneous rate con-
stant, n is the overpotential and the other terms have their

usual definition.

Subgtitutionfor[A] 09 and[B] ] - by their respec-
tive Vnt convoluted current allows usto expressthe
potentia dependent rate constant for theforward reac-
tiones

Ink,(E) =InVD,-In{l, -1 (1+exp (o.nF/RT)n}i (10)
where[A] ,, = [Al - 1./ NFSVD (11)
[B] o, =1,/ NFSVD (12)

l,..isthelimiting convoluted current andis defined
age13l
I, =nFACYD (13)

|, isthe convoluted current and defined ag >

t

0
wheret isthe total elapsed time. At zero current point of the
reverse sweep of the voltammogam, at a potential E(_) the
convoluted current isgiven by | _. At this zero current point
the convolution relationship reduce to the following form:

1 =1 [ i) du (14)
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anFn
lim - 11914 ex =0
lim l{ p RT }

Wheren = E-E°, thisled to

(15)

(16)

Figure5 showsthecyclic voltammogram of thein-
vestigated complex with its convol uted current which
illugtratetheextractionof E°atE_, |, of thereverse
sweep of cyclic and convol utivevoltammogramsusing
Eqg. 16. Vaue of E° extracted from convolutive
voltammetry arelistedin TABLE 1 which comparewdl
withtheva ueextracted from cydicvoltammetry method
and generated cyclic voltammograms.

Inthiswork, asindicated we successesin the de-
termination of theredox potentia (E°) of the Equ Sys
tem when the backward peak isabsent dueto thelarge
valueof homogeneous chemicd rate constant (k ) via
cyclicvoltammetry and convolutivevoltammetry. The
extracted E° wasverified and confirmed viasmulation
technique.
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