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Abstract

The electrochemical oxidation of propyl gallate (PG) in various surfactant solutions (AOT, Triton X-100 and
CTAB) and microemulsions stabilised by the anionic surfactant SDS was investigated using cyclic voltammetry.
This method has been widely applied to determine the role of microenvironment on antioxidative properties of
natural and synthetic substances used to protect food and other products against oxidation. In general, the addition
of surface-active agents to the system makes the oxidation of propyl gallate more difficult. The peak potential is
shifted to more positive values due to the interaction of the electroactive substance with the surfactant structures at
the electrode and with micelles in the bulk solution. In microemulsions the oxidation process is even more difficult
than in the surfactant containing solutions. The oxidation potential increases significantly when the O/W micro-
emulsion converts to W/O microemulsion through the bicontinuous phase.

1. Introduction

Scientists have come to appreciate the importance of
oxygen in essential metabolic pathways for many forms
of life. Although oxidation reactions are natural, it is
critical to the food industry to inhibit these reactions
through the use of antioxidants. The ultimate mission of
the food product developer is to slow or stop the
chemical oxidation reaction long enough for food to be
eaten by the consumer before oxidation has rendered it
inedible. Oxidation can transform food flavour into
stale, fishy or cardboard, dull the colour to that of faded
paint and change the nutritional value of lipids into
toxic ketones and aldehydes.
In recent years the technological and economic

requirements of the pharmaceutical and food industries
have intensified the use of antioxidants. They are usually
classified into two groups – natural antioxidants, such as
vitamin C, vitamin E, b-carotene, and synthetic ones
including propyl gallate (PG). The antioxidants are
added to food and other commercial products to
improve their stability and especially to prevent rancid-
ness in the lipid or fat containing products [1].
The antioxidant activity of different species is closely

related to their redox properties and, consequently,
knowledge of their redox behaviour is a very important
basis to obtain better explanations of their properties.

The electron-donating ability of antioxidants can be
quantitatively assessed on the basis of their electro-
chemical characteristics. Among different electrochem-
ical methods, cyclic voltammetry has been widely used
to investigate the redox behaviour of different antiox-
idants in various media [2–7]. From these investigations
it follows that the antioxidant activity is strongly
dependent on the reaction environment. The surfactant
solutions and microemulsions are chosen as electro-
chemical reaction media because they are the simplest
chemical models of biological membranes and represent
a major group of colloidal systems relevant to foods,
cosmetics and pharmaceuticals.
Propyl gallate is a hydrophilic synthetic antioxidant

widely used to stabilize commercial products. The
objective of this work is to investigate its oxidative
properties in surfactant solutions and microemulsions
using cyclic voltammetry. Comparing the results with
the earlier results by Gunckel et al. [2], who investigated
the behaviour of PG in aqueous solutions, the influence
of the microenvironment composition and structure on
the electrode processes will be discussed.
Micellar effects may be of many kinds, including

electrostatic and surface interactions, hydrophobic
forces and antioxidant partition between the micelle
and the water phase. Our studies are concerned with the
influence of the surfactant on the oxidation potential
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and current, charge transfer coefficient and diffusion
coefficient.
Surfactant behaviour in solution, i.e., aggregation, as

well as adsorption and organization on the electrode
surface, influences the redox reaction of electroactive
species, changing their redox potential Epa and the
corresponding peak current Ipa [2–7]. The significant
shift of the oxidation potential and the change in the
peak current may be associated with surfactant adsorp-
tion on the electrode surface. Adsorption may alter the
over-voltage of the electrode process and influences the
rate of electron transfer. In addition, the formation of
micellar aggregates above the CMC may influence the
mass transport of electroactive species to the electrode.
In order to choose the most suitable supporting

electrolyte for voltammetric determination of propyl
gallate, Ni et al. [8] tested various dilute 0.1 M acids.
The following peak potentials vs. the Ag/AgCl
reference electrode were found: hydrochloric acid
Epa=598 mV, sulfuric acid Epa=602 mV, acetic acid
Epa=541 mV, chloroacetic Epa=578 mV, tartaric
acid Epa=568 mV, oxalic acid Epa=598 mV and per-
chloric acid Epa=560 mV.
Agüı́ and co-workers [9] oxidized PG at a cylindrical

carbon fibre microelectrode (CFNEs) modified with
poly(3-methylthiophene) (P3MT) coatings in a phos-
phate buffer solution at pH 2.0. They observed a well-
defined oxidation peak at +0.45 V vs. the Ag/AgCl/
KCl reference electrode.
Diego et al. [10] stated that the hydrophobicity of

analytes is an important characteristic to be taken into
account for the correct choice of electrode material.
Furthermore, the hydrophobic character of the electrode
surface seems to be more important than the working
medium used. For example for PG at a graphite-poly(tet-
rafluoroethylene) composite electrode Epa=+0.45 V, at
a carbon paste electrode Epa=+0.58 V vs. Ag/AgCl/3M
KCl in 4:96 MeOH/ H2O.
Gunckel et al. [2] while studying the electron-

donating ability of gallates, found that PG was
easily oxidized in acid and neutral solutions. They
also proposed the overall oxidation pathway of alkyl
gallate derivatives, which is based on the well
described route for the anodic oxidation of phenols,
hydroquinone and derivatives [11, 12]. Electrochemi-
cal oxidation occurs via two electron-transfer steps,
however for all gallate derivatives cyclic voltammetry
on stationary electrodes showed only a single oxida-
tion peak. Good resolution for the second peak was
obtained only when the rotating disk electrode was
used (differential pulse and hydrodynamic voltamme-
try). The oxidation process appears to be irreversible,
diffusion controlled and pH-dependent. The same was
stated by Diaz et al. [13] who studied the voltam-
metric behaviour of PG and other synthetic antiox-
idants at a glassy carbon electrode (static and
rotating) using LS, sampled DC, DP and cyclic
voltammetry in an acetonitrile-water medium at
different pH values.

2. Experimental

2.1. Materials

The surfactants used were
– anionic surfactant – SDS (sodium dodecylsulfate),

CMC in water 8.0�10)3 M [14],
– anionic surfactant – AOT (bis(2-ethylhexyl) sulfo-

succinate sodium salt), CMC in water 5.0�10)3 M
[15],

– nonionic surfactant – Triton X-100 (t-octyl phenoxy
polyethoxyethanol), CMC in water 3.0�10)4 M [16],

– cationic surfactant: CTAB – hexadecyltrimethylam-
monium bromide, CMC in water 9.2�10)4 M [14].
All surfactants as well as propyl gallate and 1-pentanol
were produced by Fluka Chemie Ag and RdH
Laborchemicalien GmbH & Co. KG. In the experi-
ments double distilled water was used.

2.2. Methods

Linear sweep voltammetry (CV) studies of a propyl
gallate oxidation process were performed with a glassy
carbon (GCE) working electrode, d=1 mm. A satu-
rated calomel electrode (SCE) was used as reference,
while the auxiliary electrode was a platinum wire-
netting. The samples were measured and kept at
22±1�C. They were stored in glass vessels without
stirring in daylight. In all the experiments the PG
concentration was 1�10)3M. The measurements were
carried out in the potential ranges where the back-
ground currents of the supporting solutions were
negligibly small ()200, +800 mV).
In the first experiment the measurements were carried

out using surfactant solutions in phosphate buffer (pH 2
and 6.88). For each surfactant concentrations below and
above CMC were investigated.
In the second experiment the electrochemical oxida-

tion of PG was studied in the system whose composition
corresponds to one line of SDS concentration (6% wt.)
in the microemulsion region of the phase diagram. This
line passes through the aqueous micellar solution, which
forms the basis for the O/W microemulsion (SDS 6%,
pentanol 5%, water 89%), a bicontinuous part (SDS
6%, pentanol 22%, water 72%), the inverse micellar
solution, the basis for W/O microemulsion (SDS 6%,
pentanol 39%, water 55%) [6, 17].
The microemulsion was prepared by titration of

pentanol and sodium dodecyl sulfate mixtures of various
weight ratios with water. This was vigorously mixed to
obtain a clear and high stable microemulsion. Initially
the supporting solution was bubbled with purified
nitrogen for 20 min to remove oxygen [6, 7]. Then, the
appropriate amount of solid PG was introduced to the
solution. The measurements were carried out in the same
potential range as in the first experiment.
The differential capacity of the electric double layer

was measured using the ac impedance technique at a
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frequency of 800 Hz with an AUTOLAB (Eco Chemie
Bl Holland) controlled by a computer. The reproduc-
ibility of the average capacity measurements was ±1%.

3. Results and discussion

In order to determine how the surfactant changes the
propyl gallate oxidation process we carried out mea-
surements of oxidation potentials and peak currents in
the buffered aqueous solutions containing various
amounts of surfactant at pH 6.88 and 2. At both pH
values propyl gallate gave irreversible voltammograms
with a single oxidation peak (Figure 1).
To elucidate whether the electrode process is diffusion

or electron transfer controlled, we measured peak poten-
tials and peak currents at various values of the potential
scan rate (from 10 to 100 mV s)1). The dependence of the
peak current (Ipa) on the square root of the scan rate (v

1/2)
should be a straight line passing through the origin [18].
As an example, in Figures 2 and 3 such dependencies for
various surfactant solutionswith the concentration above
the CMC and pH=2 and 6.88 are presented.
For both pH values the dependencies Ipa vs. v1/2 are

approximately straight lines going through the origin.
Moreover, the peak potentials are shifted positively for
higher scan rates (see Figure 4) though the changes are
not so significant. According to Adams [18], for the
irreversible two-electron oxidation reaction, the shift in
Epa at low values of v (as in our case) should be ca.
15 mV for each tenfold increase in the scan rate. Thus,
Figs. 2–4 confirm that the PG oxidation in the surfac-
tant solutions is a typical diffusion-controlled process.
The results, which will be addressed in the forthcoming

discussion, were taken at v=100 mV s)1. At this scan
rate single well-shaped anodic peaks were observed in
the all investigated systems.
From the voltammograms the apparent diffusion

coefficient D/cm2s)1 can be calculated using the follow-
ing equation [6, 7, 19, 20]

D ¼ Ipa

3� 105n bnb
� �1=2

Av1=2c0

 !2

ð1Þ

Fig. 1. Cyclic voltammograms of 5�10)3 M PG in the pure buffer

and buffered surfactant solutions at the scan rate 0.1 V s)1. Surfac-

tant concentration was above the CMC.

Fig. 2. The dependence of Ipa vs. v1/2 for PG oxidised in the acidic

surfactant solutions, pH=2. The surfactant concentration was above

the CMC.

Fig. 3. The dependence of Ipa vs. v1/2 for PG oxidised in the neutral

surfactant solutions, pH=6.88. The surfactant concentration was

above the CMC.
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where Ipa is the anodic peak current/A; n is the number
of electrons involved in the oxidation; A is the area of
the electrode/cm2; v is the CV scan rate/V s)1; c0 is the
concentration of the electroactive species in bulk solu-
tion/mol cm)3 bnb is the charge transfer coefficient
which is given by the formula,

bnb ¼
0:048

Epa � Epa=2
ð2Þ

Epa is the oxidation peak potential and Epa/2 is the
potential at which the current equals one half of the
peak current (in V).
The apparent diffusion coefficients of PG calculated

from Equation (1) and the charge transfer coefficients
given by Equation (2) in pure buffer solutions and in
solutions containing different amounts of various surf-
actants are presented in Table 1. The word ‘apparent’ is
included in recognition of the fact that the diffusion may
be distorted due to the restricted molecular motion
caused by interaction of PG molecules with micelles in
solution and surfactant molecules adsorbed at the
electrode surface. Thus, the diffusion coefficient, D,
calculated from the CV data can be treated as an
average of the actual values in the bulk solution, in
micelles and in the surfactant film adsorbed on the

electrode surface and its value may provide some
information concerning the effect of surfactant on PG
transport to the electrode.
The peak potentials and peak currents of propyl

gallate voltammetric oxidation in various surfactant
solutions are shown in Figures 5a, b and 6a, b respec-
tively. In the buffer solution, pH=2, the oxidation
potential Epa measured vs. SCE at 100 mV s)1 scan rate
was 485 mV whereas it was only 185 mV in the buffer
solution having pH=6.88. Such a difference indicates
that the oxidation of PG is strongly pH dependent. The
value of the peak current in acidic conditions is more
than twice that in neutral pH ( Ipa ¼ 6:8lA at pH=2
and Ipa ¼ 3:2lA at pH=6.88). It is noteworthy that the
values of the peak current are correlated with the
apparent diffusion coefficients i.e., D at pH=2 is about
three times as high as that at pH=6.88. This means that
the transport of PG to the GC electrode in acidic
solution is much faster than in neutral conditions.
As seen in Table 1, the value of bnb generally depends

on the total number of electrons exchanged in the
oxidation process, the rate determining step of the
oxidation reaction and on the stoichiometric reaction
number (this number indicates how many times the rate
determining step should take place in order to accomplish

Table 1. The values of the charge transfer coefficient bnb and the apparent diffusion coefficient D for propyl gallate in 0.001 M surfactant

solutions (c>CMC)

SOLUTION pH = 6.88 pH = 2

bnb D� 106 cm2 s)1 bnb D� 106 cm2 s)1

Phosphate buffer 0.7 6.7 1.2 17.1

AOT 0.6 6.5 1.1 4.5

Triton X-100 0.7 6.9 1.2 6.4

CTAB 1.1 1.4 1.3 13.3

Fig. 4. The dependence of the PG oxidation peak potential vs. the logarithm of the scan rate in various surfactant solutions at pH=2. The

surfactant concentration was above the CMC.
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the oxidation reaction). The value of the effective charge
transfer coefficient should be about 0.5 for a simple
electrode reaction [18–20]. Values higher than 0.5 indi-
cate that the mechanism is more complicated.
Table 1 shows that the charge transfer coefficients

calculated from Equation (2) are pH dependent. At
pH=6.88 bnb equals 0.7 and at pH=2 bnb exceeds 1.2.
From this it can be concluded that the rate determining
steps are different. In neutral conditions the second
electron transfer determines the rate. In acidic condi-
tions the first electron transfer is controlling. These
results are consistent with those of Gunckel et al. [2]
who obtained similar values of charge transfer coeffi-
cients for a series of alkyl gallates in acidic solution.
The addition of different surfactants to the system

alters the PG oxidation potential and peak current.
These changes are dependent on the surfactant type, its

concentration and the pH. In acidic conditions (Fig-
ure 5) nonionic Triton X-100 and anionic AOT exhibit
similar behaviour. They increase the peak potential Epa

and decrease the peak current up to the CMC. Above
the CMC both quantities remain approximately con-
stant for Triton X-100. In the case of AOT, the abrupt
increase in Epa for the smallest surfactant concentration
is observed. Then Epa decreases with increasing surfac-
tant concentration, but remains higher than in the pure
buffer solution. The peak current decreases monotoni-
cally with AOT concentration. Probably, the adsorption
of this surfactant on the electrode surface is faster than
the transport of PG to the electrode and hence the
oxidation of PG occurs at a more positive potential (the
shift is +0.06 V for AOT and +0.03 V for Triton
X-100). The presence of surfactant molecules in the
vicinity of the electrode hinders the access of antioxidant

Fig. 5. (a) Variation of propyl gallate oxidation peak potential Epa

at the glassy carbon electrode in phosphate buffer (pH 2) with the

surfactant concentration at the CV scan rate 0.1 V s)1. (b) Variation

of propyl gallate oxidation peak current Ipa at the glassy carbon

electrode in phosphate buffer (pH 2) with the surfactant concentra-

tion at the CV scan rate 0.1 V s)1.

Fig. 6. (a) Variation of propyl gallate oxidation peak potential Epa

at the glassy carbon electrode in phosphate buffer (pH 6.88) with the

surfactant concentration at the CV scan rate 0.1 V s)1. (b) Variation

of propyl gallate oxidation peak current Ipa at the glassy carbon

electrode in phosphate buffer (pH 6.88) with the surfactant concen-

tration at the CV scan rate 0.1 V s)1.
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molecules (the apparent diffusion coefficient and the
peak current decrease in comparison with the pure
buffer).
Burgess et al. [21] investigated the structure of the

layer formed by anionic surfactant SDS on a gold
surface using electrochemical and neutron reflection
methods. They found that the negatively charged
surfactant did not adsorb at the electrode surface until
it was very negatively charged. When the electrode
potential increased the adsorption increased. By the
neutron reflection method they found that at small or
moderate absolute charge densities, the adsorbed SDS
molecules aggregate into hemicylindrical stripe-like
micelles. At large positive charge densities, the hemimi-
cellar aggregates were found to melt to form a
condensed film having a thickness of 20.5 Å, only 30%
larger than that of the hemimicellar state. The properties
of this condensed state are best explained by a model of
an interdigitated film in which half of the sulfate groups
are turned toward the metal and half toward the
solution. Thus, it is highly probable that in the range
of positive potentials investigated here the nonionic and
anionic surfactants form hydrophilic films at the glassy
carbon electrode with half of the polar head groups
directed to the electrode surface and half into the bulk
phase [21–23]. The negatively charged layer of AOT
decreases the effective positive potential near the elec-
trode and, thus, the oxidation of PG takes place at a
more positive electrode potential than in the absence of
anionic surfactant. Moreover, the adsorption of surfac-
tants diminishes the area of the electrode available for
the PG molecules and the growing thickness of the
adsorption layer moves the plane of electron transfer
away from the electrode surface. The diffusion of
electrochemically active substance through the compact
adsorbed layer of surfactant is much slower and this
leads to the increase in the oxidation potential and the
decrease in peak current.
At pH 6.88 and surfactant concentrations lower than

the CMC the effect of Triton andAOTonEpa is similar to
that at pH=2. The peak potential initially increases and
then decreases with increasing surfactant concentration.
For Triton X-100 Epa tends to a constant value above the
CMC. Both surfactants, however, have no pronounced
effect on the peak current. The explanation of this fact is
not straightforward.We canonly speculate that at neutral
pH and higher surfactant concentrations the structure of
the adsorbed layer is such that it does not affect the
transport of PGmolecules to the electrode (see Figure 1).
The cationic surfactant CTAB affects the electro-

chemical behaviour of propyl gallate in a somewhat
different way. At pH=2 it does not influence signifi-
cantly the anodic peak potential, Epa, and the peak
current, Ipa (Figs. 1 and 5a, b). The charge transfer
coefficient and the diffusion coefficient are almost the
same as in the pure buffer solution (see Table 1). From
this it can be deduced that cationic surfactant does not
adsorb on the GC electrode at highly positive potentials.
Above the CMC, the interaction of propyl gallate with

the cationic micelles in the bulk solution causes a
decrease in peak current.
At pH 6.88 the situation is different. The addition of

CTAB causes the decrease in peak potential and peak
current (the smallest surfactant concentration is an
exception). This means that in neutral conditions and at
negative or moderately positive electrode potentials the
adsorption of CTAB is significant. The adsorbed mol-
ecules block the electrode surface and thus hinder the
access of PG molecules to the electrode. Due to this and
the interactions of PG with bulk micelles the value of
apparent diffusion coefficient is much lower than in pure
buffer pH=6.88. The value of charge transfer coefficient
also differs from that in pure phosphate buffer indicat-
ing that the adsorption of cationic surfactant alters the
mechanism of charge transfer. On the basis of the above
results it can be concluded that the influence of the
cationic surfactant CTAB on the voltammetric response
of PG is more pronounced in neutral conditions.
To study the effect of CTAB in more detail we

measured the differential capacity of the glassy carbon
electrode immersed in the buffered CTAB solutions
(pH=6.88) as a function of electrode potential. The
results are shown in Figure 7. For the surfactant
concentration 1�10)5 M, the differential capacity curve
(measured just after putting the electrode in the surfac-
tant solution) lies below the curve characteristic of
buffer solution. This means that in the whole range of
electrode potentials surfactant adsorption takes place.
For concentrations higher than CMC and negative

electrode potentials the capacity curve lies below that of
the pure buffer. This can be explained by the strong
adsorption of CTAB on the electrode. When the
electrode potential increases the differential capacity
increases and at moderately positive potentials it
becomes higher than in pure buffer. This can be ascribed
to partial desorption of adsorbed surfactant molecules
and reorganisation of the adsorbed phase. At negative
potentials the expected structures of the adsorbed
surfactant are micelles, cylinders or a continuous bilayer
with a part of the polar heads being in contact with the
electrode surface. When the potential becomes positive
the positively charged headgroups are repelled from the
surface and reorganisation of the adsorbed phase
leading to hemimicelles, hemicylinders or single layer
of surfactant molecules with polar heads directed to the
bulk solution takes place. These results suggest that the
differential capacity depends not only on the adsorbed
amount but also on the structure of the adsorbed layer.
Recently, the differential capacity of a gold electrode
immersed in the SDS solution was investigated by
Lipkowski et al. [21]. Sharp peaks were observed for
potentials where the adsorption/desorption of SDS took
place as well as in the region where the reorganization of
the adsorbed layer was assumed to occur. In our case we
do not observe sharp peaks but a long increment in the
differential capacity over the region of moderately
positive potentials. This is characteristic of the gradual
changes in the adsorbed layer structure.
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The next step of our study was to investigate the
voltammetric oxidation of PG in different microemul-
sion systems. For this purpose we took cyclic voltam-
mograms of PG in the SDS/pentanol/water
microemulsions of different compositions. The voltam-
mograms are presented in Figure 8 and the peak
potentials and peak currents as a function of micro-
emulsion composition are plotted in Figure 9. The
calculated apparent diffusion coefficients and charge
transfer coefficients are given in Table 2.
Figure 9 shows that the microemulsion environment

strongly affects the oxidation potential of PG, especially
at low water content, i.e. in the W/O microemulsion. In
this system the decrease in peak potential with increas-
ing water content is very strong. At higher water
contents, where the bicontinuous phase and O/W
microemulsion exist, the decrease becomes somewhat
slower.

In contrast to the peak potential the peak current does
not change much with composition, indicating that the
effective rate of PG transport to the electrode is similar in
all the systems. In the O/W microemulsion the apparent
diffusion coefficient has a value close to that in the SDS/
water micellar solution and it decreases slightly when the
type of microemulsion changes from O/W to W/O.
In the region of positive electrode potential the SDS

molecules adsorb on the electrode surface forming a
compact layer. In the SDS/pentanol/water microemul-
sions this layer is additionally stabilized by pentanol
molecules. The incorporation of pentanol molecules
into the adsorbed surfactant layer reduces repulsion
between the charged polar heads and makes the
surface layer more compact. Due to this the penetra-
tion of PG molecules to the electrode is hindered.
Electron transfer from the PG molecule to the surface,
is also hindered.
The PG molecules are of hydrophilic character, i.e.

they show higher affinity for water than for the oil phase.
In consequence, in theW/Omicroemulsion all the propyl
gallate is trapped in the aqueous interior of the reversed
micelles. This is the reason why the electrochemical
oxidation of PG in the W/O microemulsion is more
difficult than in other microemulsion systems.
It was mentioned earlier that the PG oxidation is

strongly pH dependent. In pure neutral buffer Epa is
185 mV and in acidic buffer (pH=2) it increases to
485 mV. The addition of anionic surfactant increases
the oxidation potential and decreases the peak current,
especially in acidic conditions. In the microemulsion
systems investigated here, pH was not adjusted. It
decreased in the vicinity of the electrode surface due to
protons appearing as a product of oxidation reaction.
As a result of pH changes the peak potential increased
and, in the concentrated SDS solution, reached a value
of 410 mV (close to that at pH=2).
The charge transfer coefficient has an approximate

value of 0.5 in all microemulsion systems. This suggests

Fig. 7. Differential capacity curves recorded for GC electrode in the

buffered CTAB solutions, pH=6.88.

Fig. 8. Cyclic voltammograms of 5�10)3 M PG in various types of

SDS/pentanol/water microemulsion at the scan rate 0.1 V s)1.

Fig. 9. Changes of the propyl gallate oxidation peak potential, Epa,

and peak current, Ipa, at the glassy carbon electrode in the SDS/

pentanol/water microemulsion of different composition.
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that the first electron transfer determines the oxidation
kinetics and that the kind of microemulsion does not
play a decisive role. Modification of the electrode
surface by the adsorbed species, which alters the
transport of the electroactive substance to the electrode
as well as the charge transfer mechanism, is of major
significance.

4. Conclusions

It can be concluded that
– The electrochemical oxidation of propyl gallate on a

glassy carbon electrode is an irreversible and
strongly pH dependent process.

– The addition of surfactants to the system influences
both the oxidation potential and the peak current.
The anionic and nonionic surfactant films formed at
the electrode/solution interface hinder electron trans-
fer. They also decrease the rate of transport of PG
molecules to the electrode. The effect is more signifi-
cant at lower pH values.

– In the case of cationic surfactant CTAB the peak po-
tential and peak current changes are more noticeable
in neutral conditions. This is because in acidic solu-
tion the range of potentials where PG oxidation oc-
curs is shifted positively compared to neutral
conditions. Adsorption of CTA+ ions at the posi-
tively charged electrode surface is inhibited and no
essential changes in the peak potential and the peak
current below the CMC are observed. For concentra-
tions above the CMC changes are caused by the
interaction of PG molecules with the bulk micelles.

– For all the surfactants the interactions of propyl gal-
late molecules with the micelles present in the solu-
tion above the CMC hinder their diffusion to the
electrode and lead to lower peak currents.

– In the SDS/pentanol/water microemulsions a large
increase in peak potential is observed with decreas-
ing water content. At the same time the peak cur-
rent does not change much. In these systems
modification of the electrode surface by adsorbed
surfactant is significant. The adsorbed surfactant
layer alters the transport of the electroactive sub-
stance to the electrode as well as the charge transfer
coefficient.

– More profound understanding of mechanism of
antioxidant action of propyl gallate at a glassy car-
bon electrode in the presence of surface-active sub-
stances and microemulsion systems requires further
investigation.
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9. L. Agüı́, M.A. López-Huertas and P.J.M. Pingarron, J. Electroan.

Chem. 414 (1996) 141.
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Table 2. The values of the apparent diffusion coefficient D for propyl gallate in various microemulsions

Solution composition System bnb D�106 cm2 s)1 (v = 100 mV s)1)

6% SDS, 94% water micellar solution 0.48 1.46

6% SDS, 7% pentanol, 87% water O/W 0.53 1.54

6% SDS, 22% pentanol, 72% water bicontinuous 0.53 1.02

6% SDS, 39% pentanol, 55% water W/O 0.44 1.03

6% SDS, 77% pentanol, 17% water W/O 0.40 1.13

6% SDS, 89% pentanol, 5% water W/O 0.32 0.88
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