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Electrochemical behaviour of N-acetyl-l-cysteine on gold
electrode—A tentative reaction mechanism
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31062 Toulouse Cedex 9, France

b Société Pierre Fabre Dermo-Cosmétique, Service Pharmocochimie, Allée Camille Soula, Vigoulet Auzil,
BP 74, 31322 Castanet Tolosan, France

bstract

The electrochemical behaviour of N-acetyl-l-cysteine (NAC) has been investigated by linear and cyclic voltammetry on gold electrode at room
emperature. The results showed two oxidation peaks under acid and neutral conditions and only one in basic medium. For each oxidation, as

any electron was exchanged as proton. The influence of both the concentration and the potential scan rate on the peak currents highlighted a
iffusion-controlled phenomenon for the first peak and an adsorption-limited reaction rate for the second one. The diffusion coefficient of NAC

n solution and the surface concentration of the adsorbed species at pH 3 and 7 were close to 2 × 10−4 to 2 × 10−5 cm2 s−1 and 6 × 10−9 to
× 10−10 mol cm−2, respectively. Film transfer experiments resulted in an irreversible adsorption of NAC on gold electrode, and the formation of
self-assembled monolayer (SAM).
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. Introduction

N-Acetyl-l-cysteine (NAC) is an acetylated derivative of the
mino acid l-cysteine. NAC is commonly used as pharmaceu-
ics. It has first been managed as a mucolytic agent reducing the
iscosity of pulmonary secretions in chronic respiratory illness
s well as an antidote for hepatotoxicity due to acetaminophen
verdose. It has also been efficient in the treatment of Sjo-
ren’s syndrome, smoking cessation, influenza, hepatitis C, and
yoclonus epilepsy [1]. Another less expanded chemical prop-

rty of NAC concerns its antioxidant activity. As a matter of fact,
AC constitutes an excellent source of sulphydryl groups (SH)
onverted in organism into metabolites able to stimulate the syn-
hesis of reduced glutathione (GSH). It also acts as a scavenger

f free radicals and reactive oxygen species (ROS), consum-
ng directly superoxide anion [2] or hypochlorous acid [3]. This
eactivity makes NAC a powerful antioxidant and a potentially
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mechanism

herapeutic agent in the treatment of cancer [4], cardiovascu-
ar and respiratory diseases [5], human immunodeficiency virus
HIV) infection [6,7], acetaminophen toxicity [8], neurodegen-
rative disorder [9] and other diseases characterized by free
adicals production and oxidative damage.

Its antioxidant properties give to NAC a significant role
gainst oxidative stress, particularly in conditions characterized
y the decrease of GSH concentration [10]. Oxidative stress
s often associated to the massive generation of ROS [11,12].
onsequences on organism are multiple (cancers, psoriasis, age-

ng, etc.) [13,14]. NAC antioxidant activity and its aptitude to
educe oxidative stress open new applications. Like other reduc-
ng molecules (Vitamins A, C, E, etc.), NAC could, for instance,
how antioxidant efficiency in dermocosmetic creams used to
void cutaneous ageing. Electrochemistry represents a well-
efined methodology to study redox properties of antioxidant
pecies, in model solution as well as in complex media. Previ-

us works performed in the laboratory have shown possibilities
o evaluate the antioxidant capacity of various media such as
ine [15], skin [16], or dermocosmetic creams [17], by sim-
le electrochemical measurements. Furthermore it has also been
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ossible to determine and sometimes quantify the major redox
arkers involved without any pre-treatment of the sample. In

his context the determination of the electrochemical properties
f NAC in solution is essential to project its future integration
n complex media like galenics.

Electrochemical study of thiols gave rise to several publi-
ations on the mechanism of cysteine oxidation on platinum
nd gold electrodes. However most of works induced disparate
nd even contradictory experimental data, resulting in divergent
nterpretations [18–20]. Few works dealt with the electrochem-
stry of NAC itself. The oxidation of NAC at glassy carbon
lectrode gives a very poor electrochemical response [21], while
hiols oxidation is very complex at mercury, gold and platinum
lectrodes [22]. In order to propose a specific electrochemical
etection, different chemically modified carbon electrodes were
eveloped [21,23], as well as the use of a mediator [24]. In this
aper we preferred to use bare gold electrode because of the
trong adsorption of sulphur atom on such material.

. Material and methods

.1. Chemicals

Sulphuric acid (H2SO4) 95% (w/v), potassium di-
ydrogenophosphate (KH2PO4), di-potassium hydrogenophos-
hate (K2HPO4) and NAC were purchased from Acros Organics.
therwise indicated, the electrolytic solutions were prepared in
hosphate solution 0.1 mol L−1 just before the experiments. pH
as adjusted by addition of sulphuric acid or sodium hydroxide.

.2. Electrochemistry

Electrochemical manipulations were performed at constant
oom temperature (298 K) with an Autolab Metrohm potentio-
tat interfaced to an HP omni-book XE 4500 microcomputer
nd using the GPES 4.9 software. A three-electrode system
as used for all the experiments. Two gold disk were used

s working electrodes. The surface area of the first electrode,
sed for cyclic voltammetry measurements, was 0.071 cm2.
he second electrode was a rotating disk electrode (surface
rea: 0.0314 cm2) and was used for experiments in steady state
onditions. The later was connected to a Speed Control Unit
TV 101 from Radiometer. Platinum grid acted as counter
lectrode and the reference electrode was a saturated calomel
lectrode (SCE) (Hg/Hg2Cl2, KClsat), connected to the cell by
Luggin capillary. All potentials were expressed versus this

lectrode.
Before the electrochemical measurements, all solutions were

eaerated by bubbling nitrogen for 10 min. The potential range
as chosen in order to avoid oxidation and reduction of water.
The background current was systematically recorded by plot-

ing the current–potential curve with the supporting electrolyte
nly. To optimize the exploitation of the numerical data, the

ackground was subtracted from the overall experimental curves
y using GPES software. When two close anodic signals were
resent, peaks were deconvoluted using the Microcal Origin 7.0
oftware including the peak fitting module. It consists in a math-
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ig. 1. Cyclic voltammograms on gold electrode of (a) NAC 10−3 M in 0.1 M
eaerated phosphate buffer pH 7; (b) background current.Potential scan rate:
00 mV s−1.

matical treatment of the overall signal which is decomposed
n a sum of Gaussian peaks associated to each electrochemical
eaction [25].

.3. Electrode pre-treatment

The gold electrode surface was polished with abrasive paper
262× imperial lapping film sheets) and rinsed with distilled
ater. Cathodic and anodic polarizations were then performed

t −2 and +2 V successively during 30 s in H2SO4 0.5 mol L−1.
inally, cyclic voltammograms were carried out in H2SO4
.5 mol L−1 at 200 mV s−1 between −0.1 and 1.4 V, until obtain-
ng reproducible current–potential curves.

. Results

Fig. 1 shows the cyclic voltammogram of NAC in phos-
hate buffer pH 7 (curve a). An anodic peak corresponding to
AC oxidation appeared at about 0.9 V. No cathodic peak was
btained in the reverse scan excepted that observed at 0.47 V cor-
esponding to reduction of gold oxides (curve b). This clearly
uggests the strong irreversibility of the reaction. To confirm this
esult, successive cyclic voltammograms were recorded in the
ame experimental conditions by increasing gradually the upper
otential limit. For values less than 0.9 V, no cathodic peak was
etected, although NAC oxidation signal started from 0.65 V.

cathodic peak clearly appeared only for upper potential val-
es higher than 0.9 V (results not shown). Similar results were
btained without NAC dissolved in phosphate buffer, thus prov-
ng the electroinactivity of the NAC oxidation product formed
uring the anodic scan.

Cyclic voltammograms of NAC recorded in various pH
hosphate solutions are presented in Fig. 2. In all cases, the
ackground current was subtracted as indicated in Section 2.2.
he voltammograms revealed two oxidation peaks (named peak
for the lowest potential and peak 2 for the highest) under acid

pH 1.6) and neutral conditions (pH 7) and only one (peak 2)
nder basic conditions (pH 9 and 12). The influence of pH on the

eaks potential has been studied by recording current–potential
urves in phosphate solutions with pH ranging from 1.6 to 12.

linear correlation was obtained for both peaks with a slope of
0 mV/pH unit (Fig. 2 inset). This result implies that the num-



Fig. 2. Cyclic voltammograms on gold electrode of NAC 10−3 M in 0.1 M deaer-
ated phosphate solutions at (a) pH 1.6; (b) pH 7; (c) pH 9 and (d) pH 12—potential
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can rate: 50 mV s−1 (background current subtracted). Inset: variation of peak
otential with pH, (�) peak 1; ( ) peak 2.

er of electron and proton exchanged in each step of the reaction
echanism are the same.
The influence of NAC concentration was studied in phos-

hate buffer pH 7 in the range 10−5 to 10−3 mol L−1 (Fig. 3).
wo evolutions were observed (Fig. 3 inset): for peak 1 (near
.75 V), the current density increased proportionally to NAC
oncentration. On the other hand the current recorded for peak
(near 0.9 V) was roughly independent of NAC concentration.
The influence of the potential scan rate on the electrochemical

esponse was studied at pH 3 (Fig. 4). The peak current density
ip) was proportional to the square root of the scan rate for peak 1
Fig. 5A) whereas it increased linearly with the scan rate for peak
(Fig. 5B). These results suggest a diffusion-controlled reaction

ate for the first oxidation while the second oxidation is lim-
ted by adsorption phenomena. The same results were obtained
t pH 7 (results not shown). The diffusion coefficient (D) and
he surface concentration (Γ ) of the adsorbed species on gold
ere calculated for both pH. They were deduced from the slope
f the previous curves (Fig. 5), according to Eqs. (1) and (2),
espectively [26]:
p = (2.99 × 105)nα1/2D1/2r1/2C (1)

ig. 3. Cyclic voltammograms of NAC in 0.1 M deaerated phosphate buffer pH
: (a) background current; (b) 10−5 M; (c) 10−4 M; (d) 4.10−4 M; (e) 7.10−4 M
nd (f) 10−3 M—potential scan rate: 50 mV s−1. Inset: variation of current den-
ity with NAC concentration, (�) peak 1; ( ) peak 2.
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ig. 4. Cyclic voltammograms of NAC 10−3 M in 0.1 M deaerated phosphate
olution pH 3—potential scan rate: 10; 25; 50; 100; 150; 200 and 250 mV s−1.

p = nαF2rΓ

2.718RT
(2)

here n is the total number of electrons transferred in the elec-
rochemical reaction (in this case n = 1), α the anodic transfer
oefficient, C the NAC bulk concentration, r the potential scan
ate, F the Faraday constant, R the gas constant and T is the
bsolute temperature.

α was previously calculated from the difference between the
eak potential (Ep) and the half wave potential (Ep/2) accord-
ng to Eqs. (3) and (4) related to a diffusion-controlled and an
dsorption-limited reaction rate, respectively [26]:

Ep1 = Ep − Ep/2 = 47.7

α
mV (at 298 K) (3)

Ep2 = Ep − Ep/2 = 62.5

α
mV (at 298 K) (4)

ll data are collected in Table 1.
Anodic peak potentials were dependent on the scan rate.

ig. 6 shows that plots of Ep versus ln (r) are linear at pH 3
A) and at pH 7 (B), for both peaks. This is in agreement with
icholson–Shain’s equations (5) and (6) for an irreversible elec-

rochemical system in the case of a diffusion-controlled and an
dsorption-limited anodic reaction rate, respectively [26]:

= E◦′ + RT
[

0.780 + ln

(
D1/2 )

+ ln

(
αFr

)1/2
]

(5)
p
αF k◦ RT

p = E◦′ − RT

αF
ln

(
RT

αF

k◦

r

)
(6)

able 1
alues of NAC anodic transfer coefficient (α), diffusion coefficients (D) and
urface concentrations (Γ ) at pH 3 and 7

Peak 1 (diffusion-controlled
reaction)

Peak 2 (adsorption-limited
reaction)

H 3 α = 0.34 ± 0.04 α = 0.72 ± 0.14
D = 2 × 10−4 cm2 s−1 Γ = 6 × 10−9 mol cm−2

4 × 1015 NAC molecule cm−2

H 7 α = 0.32 ± 0.07 α = 0.84 ± 0.07
D = 2 × 10−5 cm2 s−1 Γ = 6 × 10−10 mol cm−2

4 × 1014 NAC molecule cm−2
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ig. 5. Evolution of current density with: (A) the square root of the scan rate an

here E◦′ is the formal potential and k◦ is the standard hetero-
eneous rate constant.

Current–potential curves were plotted in steady state condi-
ions using different electrode rotation rates. Experiments were
erformed at pH 3 (results no shown) and pH 7 (Fig. 7). Although
he solution was stirred, current peaks were observed instead
f limit currents, highlighting the complexity of this oxida-
ion. Similar results were obtained for both pH. The electrode
eaction rate for the peak 1 was limited by diffusion as previ-
usly shown (Fig. 5A). However, Levich’s equation, governing
onvective diffusion phenomenon, did not present a linear rela-
ionship (results not shown). On the other hand, reverse of the

urrent density is proportional to the reverse of the square root
f the electrode rotation rate (Fig. 7 inset). This evolution is
imilar to that of the Koutecky–Levich equation (7) and would
redict a coupled chemical reaction or a presence of a reaction

a
w
c
s

ig. 6. Evolution of peak potential with the logarithm of potential scan rate: (A) pH
ndicated in Fig. 4.
the scan rate, (�) peak 1; ( ) peak 2. Same experimental conditions as Fig. 4.

ntermediate in the oxidation mechanism [26]:

1

i
= 1

iK
+ 1

il
, where iK=FCk◦ exp

(
−αF

RT
(E−E◦′)

)
, and

il = 0.620nFD2/3ω1/2ν−1/6C (7)

K represents the current density in the absence of any mass-
ransfer effects. This suggests the existence of a slow step in the
lectronic transfer reaction. il is the limiting current density, ω

he angular frequency of electrode rotation and ν is the kinematic
iscosity of the solution.

One can note on the current–potential curves of Fig. 7 an

nodic peak for the reverse scan. This peak was noticeable only
hen residual current was subtracted (Fig. 2 for example). It

ould be explained by the oxidation of NAC on a bare gold
urface electrode after the gold oxides reduction, similarly to

3 and (B) pH 7, (�) peak 1; ( ) peak 2. Other experimental conditions are



Fig. 7. Current–potential curve of NAC 10−4 M in stirred 0.1 M deaerated phos-
phate buffer pH 7, influence of the gold electrode rotation rate: (a) 700 rpm, (b)
1000 rpm, (c) 1500 rpm, (d) 2500 rpm and (e) 3500 rpm—potential scan rate:
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Fig. 9. Cyclic voltammograms of 0.1 M deaerated phosphate buffer pH 7, in
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0 mV s−1 (background current subtracted). Inset: variation of reverse of cur-
ent density with reverse of square root of the electrode rotation rate, (�) peak
.

hat previously mentioned for the oxidation of cysteine [19].
his anodic peak was more visible in steady state conditions
ue to the stirring of the solution which allowed a continuous
rought of the electroactive species near the electrode surface.

Fig. 8 compares voltammograms obtained at pH 3 with and
ithout stirring the NAC solution. The electrode reaction rate

or the first peak being controlled by diffusion, the increase of
urrent density when NAC solution is stirred, was expected.
o difference was noted on the peak potential. For the second
eak, because of adsorption limitations, stirring the solution did
ot influence the current density. On the other hand, agitation
nvolved a potential shift of about 100 mV to lower value. The
esults at pH 7 led to the same observations. So, oxidation of the
dsorbed molecule is easier when solution is stirred.

Thiols are molecules known to adsorb on gold surface
nd several publications indicate adsorption and self-assembled
onolayer’s (SAM) formation [27–31]. In order to confirm this

act, film transfer experiments were carried out for NAC solu-
ions 10−4 and 10−3 mol L−1 at pH 3 and pH 7 by immersing

old electrode in NAC solution during various times between
0 s and 16 h (no potential was applied). The electrode was then
ashed with distilled water. Finally, the electrode was trans-

ig. 8. Cyclic voltammograms of NAC 10−4 M in 0.1 M deaerated phosphate
olutions pH 3: (a) stirred solution (3500 rpm)—potential scan rate: 10 mV s−1

nd (b) unstirred solution—potential scan rate: 50 mV s−1.
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unction of immersion time of gold electrode in NAC 10−3 M solution: (a) 30 s;
b) 1 min; (c) 5 min; (d) 10 min and (e) 16 h—potential scan rate: 50 mV s−1

background current subtracted).

erred to a phosphate solution and cyclic voltammograms were
ecorded. An electrochemical signal due to NAC oxidation was
bserved for both pH, even for relatively low immersion times.
t should be noted that no peak 1 (diffusion controlled) was
bserved in the absence of NAC in the bulk solution but only
eak 2 (adsorption controlled). Results obtained at pH 7 are
iven in Fig. 9 showing that NAC is spontaneously adsorbed
n gold electrode surface. Even an extensive washing was not
ufficient to desorb NAC. This remark confirm that NAC is
hemisorbed on gold, by means of irreversible strong interac-
ions, as it was previously mentioned in bibliography [22,32,33].

. Discussion

NAC oxidation occurred at high potentials and under the
xperimental conditions used, it was impossible to reduce the
esulting compound. The oxidation product is then electroinac-
ive, and no cathodic peak was observed.

Film transfer experiments highlighted spontaneous
hemisorption, which results from a strong interaction
etween the NAC sulphur atoms and gold atoms of the elec-
rode surface. The amount of charge under the current–potential
urve (Fig. 9) was correlated to the number of NAC molecules
dsorbed. Considering a Au(1 0 0) single-crystal electrode and a
onoelectronic transfer, results obtained, for both pH, indicate

hat the number of adsorbed NAC molecules, between 1015 and
× 1015 molecules cm−2, was the same order of magnitude

han gold atoms number (1015 atoms cm−2). These results are
n agreement with those obtained above and reported in Table 1.

oreover, no notorious difference appeared whatever the
AC concentration used, e.g. 10−4 and 10−3 mol L−1. In the

xperimental conditions adopted, this adsorption phenomenon
as not influenced by NAC concentration. All these results

onsequently suggest a monolayer of NAC adsorbed. However,
he size of the NAC molecule is higher than the gold atom

ne. Moreover, considering the steric hindrance of NAC, it
ppears impossible to adsorb as many NAC molecules as
old atoms present on the electrode surface. This implies a
elf-organization in multilayers.
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This model has already been proposed by Uvdal et al. in the
ase of l-cysteine [34]. They suggested a double layer organiza-
ion, where the second layer partly overlaps the first one, which
inds to the surface through the sulphur. The next layer interacts
ith the chemisorbed layer through the amino and the carboxy-

ate groups by electrostatic interactions. By X-ray photoelectron
pectroscopy, it was found that about 50% of the thiol groups
ere in contact with the metal. Considering the present results,
similar process could be also expected for NAC.

Furthermore, in bibliography, Quartz Crystal Microbalance
QCM) measurements and in situ Infra-Red spectroscopy reveal
ery fast initial adsorption, followed, after approximately 1 min,
y a considerably slower mass uptake [30]. After the initial
dsorption step, which should correspond to the chemisorption
f the first layer, two processes are observed simultaneously. On
ne hand, a fraction of the molecules undergoes deprotonation
f the carboxylic acid group (COOH), the gold surface playing
he role of proton acceptor. On an other hand, results indi-
ate hydrogen-bonding interactions within the SAM, possibly
etween the acid and the amide groups of adjacent molecules.
he orientation of NAC following initial adsorption, favors both

he deprotonation of COOH and the intermolecular interactions
30]. This second process agrees completely with the description
f the second layer proposed by Uvdal et al. [34]. This model
ould explain the results obtained in Fig. 9, where the curve (a)
orresponded to the fast initial adsorption, and then curves (b)
o (e), where the signal increased progressively, illustrated the
econd step of adsorption.

Such an irreversible NAC adsorption and the electrode sur-
ace modifications by SAM may be exploited for analytical
pplications, for instance dopamine electroanalysis [35]. Cys-
eine has been also used in this kind of applications [29,36,37].

Passivation phenomenon of electrode surface was also high-
ighted, depending on adsorption. Experiments carried out under
teady state conditions led to current peaks instead of diffu-
ion waves. Also, current density decreased when the number
f cycles increased (results not shown), considerably for the
econd cycle, more slowly for the following cycles.

The anodic peak present on reverse scan (Fig. 7), correspond-
ng to NAC reoxidation, is observed only after reduction of gold
xides formed during the anodic scan, and thus, bare gold surface
e-establishment.

The equation for NAC (noted RSH) oxidation may be

RSH → RSSR + 2H+ + 2e− (8)

orresponding to one electron exchanged for one proton.
The presented results illustrate that the first oxidation peak, at

ower potential, is limited by NAC diffusion to the electrode sur-
ace. NAC oxidation occurs either, through NAC film adsorbed,
r on free surface, according to the reaction:

SHsol → RS• + H+ + e− (9)
evertheless, it can be considered the chemisorption of the rad-
cal RS• on the gold surface:

(−II)
SHsol + Au →

(−I)
RS − Au + H+ + e− (10)

t
s
a
t

n the contrary, the second peak, at higher potential, is con-
rolled by adsorption phenomena. Two adsorption forms exist:
AC chemisorbed in the first layer closed to gold surface and
AC physisorbed in the second one. Possible reactions mecha-
isms for this second peak can be written as follows:

−II)
RS − Au →

(−I)
RS − Au + e− (11)

(−II)
SHads + Au →

(−I)
RS − Au + H+ + e− (12)

he resulting sulphur atoms to oxidation state (−I) (RS• or
−I)
RS − Au) recombine to give corresponding disulphide: N,N′-
iacetylcystine (RSSR).

RS(−I) → RSSR (13)

he results obtained at acid and neutral pH are in agreement with
hose proposed by Wopschall and Shain in the case of strong
dsorption reactant [38]. These authors showed that, if the reac-
ant was strongly adsorbed, a post-peak was observed. The first
eak was controlled by diffusion and corresponded to the oxida-
ion of dissolved reductant (R) into dissolved oxidant (O) which
ook place through R adsorbed film (Rdissolved → Odissolved).
he second peak (called post-peak) limited by adsorption, was
resent at more positive potential that first peak because of a
igher stability (Radsorbed → Oadsorbed).

However, the involved system is more complex, as shown by
xperiments carried out in steady state conditions. In fact, linear
orrelation obtained for Koutecky–Levich equation would imply
ither a reactional intermediate, with the participation of the gold
urface (14):

(−II)
RSH + Au →

(−I)
RS − Au + H+ + e−,

(−II)
RSH +

(−I)
RS − Au → RSSR + H+ + e− + Au (14)

r a coupled chemical reaction (15):

RSHads → RS•
ads + H+ + e−,

RSH sol + RS•
ads → RSHads + RS•

sol,

2RS•
sol → RSSR (15)

AC electro-oxidation on gold electrode leads to N,N′-
iacetylcystine dimer and not to any other sulphur species. Our
onclusions are in agreement with that suggested by Feroci and
ini [2]. Indeed, they studied the reactivity between sulphur
ompounds and superoxide ion (O2

•−), which was electrochem-
cally generated by reduction of oxygen molecules dissolved in
olution. The evolution of superoxide ion concentration, due
o the presence of interacting species, was monitored by elec-
rochemical measurements. They showed that only thiols with
ree –SH groups react with the superoxide ion. O2

•− has been
roved to be unable to carry out oxidation of the S atom different

o –SH or to achieve higher oxidation states than disulphides like
ulphoxide or sulphone [2]. At contrary, these results are not in
ccordance with the results of others authors who claimed that
hiols and disulphides can originate sulphoxides [19,20].



form

i
a
p
t
p
a
c
i
t
R
t
r
f

U
i
T
s
b
o
n

a

5

t
t
s
p
i
d
v
W
b
N

A

l
G

R

[
[

[

[
[

[

[

[

[
[

[

[
[

[

[
[

[

[

[

Fig. 10. Acid-basic

The influence of pH on NAC oxidation mechanism is shown
n Fig. 10. Electrochemical behaviour of NAC depends on pH,
nd more precisely on the NAC acido-basic form. Moreover, the
eak potential decreased when pH increased, NAC oxidation is
hus facilitated at basic pH (Fig. 2). The current density for first
eak decreased when pH increased and disappears completely
t basic pH, where only one oxidation is observed. Molecule
onfiguration evolves when pH increases, that being able to
nvolve modification of NAC adsorption force. When adsorp-
ion is weak, no real difference between oxidation energies of

adsorbed and Rdissolved can be considered and no post-wave is
hus detected [38]. So, under basic conditions, NAC configu-
ation changes would involve a decrease of NAC adsorption
orce.

Gold electrode, being used as anode, is positively charged.
nder basic conditions, NAC being under the di-anion form,

ts electrostatic interactions with electrode surface are favoured.
he missing peak controlled by diffusion can be also the con-
equence of an electrostatic repulsion, stronger with this pH,
etween adsorbed NAC and NAC in solution. Consequently,
xidation of NAC dissolved through the adsorbed layer, would
ot be feasible any more, contrary to acids and neutral pH.

Nevertheless, in both cases, reactions (14) and (15) remain
lways possible.

. Conclusion

An electrochemical study step by step has been presented on
he oxidation of NAC on gold electrode. Based on the study of
he influence of several physico-chemical parameters (potential
can rate, pH, concentration, . . .) a reactional mechanism is pro-
osed: the electrochemical reaction implies two oxidation steps
ncluding one electron and one proton. The first oxidation is
iffusion-controlled whereas the second one is limited by irre-
ersible adsorbed derivatives of NAC self-assembled monolayer.
orks are now in progress concerning the regeneration of NAC

y others antioxidant agents in a view to a future integration of
AC in multiphasic media like galenics.
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34] K. Uvdal, P. Bodö, B. Liedberg, J. Colloid Interf. Sci. 149 (1992) 162.

[
[
[

[

35] T. Liu, M. Li, Q. Li, Talanta 63 (2004) 1053.
36] S. Wang, D. Du, Sensors 2 (2002) 41.
37] N. Yang, X. Wang, Q. Wan, Electrochim. Acta 51 (2006)

2050.
38] R.H. Wopschall, I. Shain, Anal. Chem. 39 (1967) 1514.


	article.page_de_garde_3069.pdf
	Copie de sdarticle
	Electrochemical behaviour of N-acetyl-l-cysteine on gold electrode-A tentative reaction mechanism
	Introduction
	Material and methods
	Chemicals
	Electrochemistry
	Electrode pre-treatment

	Results
	Discussion
	Conclusion
	Acknowledgements
	References



