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The  intrinsic  fluorescence  emission  of poly(o-methyl  aniline)  (Pma)  films  electrodeposited  upon  gold
electrodes  was  studied.  As this  electrochemically  active  polymer  becomes  oxidized,  the  fluorescence
diminishes  as a consequence  of  the charge  carriers  injected  into  the  film  that act  as  quenchers  of  the
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excited  states.  Additionally,  it is shown  that the  fluorescence  emission  can  be employed  to  monitor  the
Electrochemically  Induced  Ageing,  a characteristic  phenomenon  of  this  type  of  conducting  polymers.  The
ageing  rates  of Pma  films,  in  terms  of the  fluorescence  intensity  are  compared  with  those  determined
from  the  voltammetric  response  for films  of different  thicknesses  (ca. 0.3–3  �m).  Similarities  with  physical
ageing  experiments  are  discussed.
lectrochemically Induced Ageing

. Introduction

Conducting polymers (CPs) are promising materials with several
urrent and future applications in diverse technological fields [1,2].
ne of most important properties of CPs is the electrochromism.
ue to their particular electronic structure, the UV–vis spectrum
oticeably changes with the oxidation degree. Between CPs, one of
he most extensively studied in the last years is polyaniline (Pani)
nd its derivatives. The interesting optical properties of this type of
olymers have led to a wide range of applications such as organic
EDs [3], smart windows [4], and energy conversion device [5]. It
as been very fruitful the applications of Pani and its derivatives in
ifferent types of sensors, such as, optical gas sensors [6,7], ammo-
ia sensors [8,9], biosensors [10], and pH optical sensors [11–13].

Despite the practical importance of Pani and its derivatives,
he field of their photoluminescence has been much less stud-
ed. The first reports of photoluminescence of Pani films were
ublished in 1989 [14]. Then, Thorne et al. carried out studies of
ime-resolved fluorescence of Pani in solution [15]. There are some
orks about Pani as emitting films in electroluminescent diodes
16], studies of Pani in different oxidation states by using fluores-
ence microscopy [17], and about the influence of torsion angle
etween adjacent rings [18] and chain length [19] on the emission
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properties. More recently, Molina et al. have studied the fluores-
cence of films of Pani and some derivatives with applied potential,
explaining the changes observed with film thickness, potential
and copolymerization degree [20–23]. Finally, Mallavia et al. have
shown that potentiodynamic measurements of fluorescence emis-
sion can provide very useful information about the charge transfer
process and exciton dynamic in CPs [24–26].

On the other hand, some CPs, such as Pani and many of its
derivatives, suffer a noticeable process of ageing when they are
electrochemically reduced [27]. The modifications of the material
during this process are complex and involve not only electrochemi-
cal transformations, but conformational and other physical changes
too. In this sense, the ageing has several similarities with the
well-known phenomenon of physical ageing in which amorphous
materials, and among them most polymers, suffer slow structural
modifications after being frozen bellow the glass transition temper-
ature [28,29]. As a distinctive feature, many materials’ properties
(such as enthalpy specific volume and creep) change linearly with
the logarithm of the ageing time [30–32]. This kinetic behaviour is
also found in the ageing of CPs. Moreover, as in the physical age-
ing, the material’s changes are reversible and so, this process must
be distinguished from chemical ageing that leads to degradation
[33].

In the literature, the process of ageing of CPs has received sev-
eral names, such as, slow relaxation [34], memory effect [35], and
first cycle effect [36]. However, we have proposed to use the term

“Electrochemically Induced Ageing” (EIA) in order to enforce the idea
that the condition at which the polymer ages is achieved by an elec-
trochemical perturbation [37,38] as the physical ageing is driven by
a thermal one [28].
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The EIA of CPs has been often studied by measuring the voltam-
etric peak parameters jp and Ep during the first voltammetric scan

the first cycle) after the ageing [27,34,36–39]. This electrochem-
cal response gives the characteristic kinetic behaviour in which
he studied property (jp or Ep) changes linearly with the logarithm
f the ageing time, what indicates that the modifications of the
oltammetric peak parameters are related to the changes that hap-
en during the EIA.

Previously, it was published a model for the voltammet-
ic response of CPs that allows explaining the changes in the
oltammetric parameters during the EIA [37,40]. Although other
echniques have been also employed to monitor de EIA,  such as
lectrochemical Impedance Spectroscopy (EIS) [41], UV–vis spec-
roelectrochemistry [42], ESR [43], and volume changes [44]; there
s no previous reports on the use of fluorescence measurements
elated to this phenomenon in CPs.

Poly-o-methylaniline (or poly-o-toluidine, Pma) is one of the
ost studied Pani derivatives. Although it has been studied by

everal electrochemical [45–47] and spectroscopic techniques
6,48,49], there are not previous reports on fluorescence of Pma
lms. So, in this work it was studied the fluorescence response
f Pma films electro synthesized on gold electrodes. The results
eported show the dependence of the fluorescence emission on the
pplied potential and its changes during the EIA in acid electrolyte
edia. Additionally, the EIA has been monitored by voltammetry

nd these results are compared with those obtained from the fluo-
escence measurements.

. Experimental

.1. Synthesis of Pma films

All Pma films were electro synthesized by cyclic voltammetry
etween −0.2 and 0.65–0.7 V at 0.1 V s−1 from 0.5 M o-methyl ani-

ine (Fluka, >99.5%) in 3.7 M H2SO4 (Baker, 98%) solutions upon an
u electrode of 1 cm2 of geometric area. A conventional three elec-

rodes electrochemical cell was employed, where a Pt foil was used
s counter electrode and a Saturated Calomel Electrode (SCE) was
he reference electrode. All potential values informed in this work
re referred to this electrode. Milli-Q quality water was  always
mployed.

.2. Voltammetry of Pma  films

The Pma films were studied by cyclic voltammetry in monomer-
ree 3.7 M H2SO4 solutions. A PAR 273 potentiostat was employed
or these measurements. The film thickness could be estimated
rom the voltammetric charge by using previously obtained ellip-
ometric correlations for Pani and other substituted arylamine
olymers [50–52]. In this paper, the anodic integrated charge
mployed, denoted as QT, is that corresponding to the steady-state
oltammogram recorded between −0.225 and 0.45 V at v = 0.1 V s−1

n 3.7 M H2SO4 solution. The charges of films studied in this work
ere in the range 6 mC  cm−2 < QT < 52 mC  cm−2, and, by employ-

ng the equivalence given by Zerbino et al. for Pma films in acid
edia, d/Q ≈ 60 nm mC−1 cm2, the corresponding thickness result

o be approximately 360 nm < d < 3 × 103 nm [50]. However, as it
as discussed recently [40], the presence of capacitive charge dis-

orts the voltammogram so that the integrated charge not only
epends on the faradaic charge but on the potential limits and

he electrolyte composition as well. So, care must be taken when
mploying previous relationships between this charge and the film
hickness, thickness calculated here must be considered just as a
ough estimation.
Fig. 1. Experimental set-up for the fluorescence measurements with applied poten-
tial.

2.3. UV–vis absorbance measurements

For these measurements, Pma films were electro synthesized
onto Indium Tin Oxide (ITO) plates (Rs = 5–15 � cm,  Delta Tech-
nologies). The exposed area of these electrodes was 1 cm2. The
electro synthesis was carried out by cycling the potential at 0.1 V s−1

between −0.2 V and a positive potential limit set at the beginning of
the monomer oxidation (around 0.7–0.8 V). To improve the adher-
ence and homogeneity of the film, after a few cycles the positive
potential limit was decreased [53]. After the synthesis, the film was
washed with pure water, cycled in the potential range comprised
between −0.2 and 0.45 V, in 3.7 M H2SO4 solution during some min-
utes and then introduced in the spectrophotometer cell. This was
a square-section quartz cell (Spectrocell, 1 cm side) in which the
electrode was inserted perpendicular to the light path. A small Pt
plate served as the counter electrode. The reference electrode (SCE)
was connected to the solution through a fine capillary.

Spectra were taken with an Agilent model 8453E diode array
spectrophotometer in the spectral range comprised between 300
and 900 nm.  In order to avoid effects of the EIA in these mea-
surements, before starting the experiments the electrodes were
polarized at −0.225 V during 20 min  to completely age the poly-
mer  film. Then, the potential was  increased in steps of 0.01–0.025 V
and it was held for 3 min  at the new potential value, before each
spectrum was taken. Dynamic measurements were performed by
measuring the absorbance at fixed wavelength while cycling the
potential at low scan rates.

2.4. Fluorescence measurements

A Perkin Elmer LS 50B luminescence spectrometer coupled to a
PAR 263A potentiostat was  employed for the fluorescence emission
studies. The Au plate of the working electrode was fixed to one of
the faces of a triangular-base acrylic prism which was  placed inside
a commercial fluorescence quartz cell (Spectrocell) of 1 cm optical
length (Fig. 1). In these measurements a Pt wire was employed as
counter electrode. The area of these electrodes was  about 1 cm2.
The excitation wavelength was  always 315 nm,  and the emission
was recorded between 325 and 600 nm.

3. Results and discussion

3.1. Voltammetry of Pma films

The voltammetric behaviour of Pma is very similar to that of
Pani. The voltammetric peak corresponds to the redox commuta-

tion between the insulating reduced (leucoemeraldine) form and
the conducting oxidized (emeraldine) form. Chemical structures
of these two forms are presented in Fig. SI.1. The main difference
of the voltammetric behaviour of these two polymer films is that
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electrodes [22].
Several explanations have been proposed for the attenuation

of fluorescence as the polymer is oxidized. The time-resolved
ig. 2. Spectra of a Pma  film in 3.7 M H2SO4 at several applied potentials between
0.2  and 0.45 V. Arrows indicate increasing potentials.

he Pma  peaks appear at more positive potential than those of
he Pani. This characteristic is mainly due to the steric effects of

ethyl group [27]. In Fig. SI.2 are shown the voltammograms of
ma films of different thickness in 3.7 M H2SO4 solutions, recorded
t v = 0.1 V s−1. As it is found for Pani, the voltammetric response of
ma also shows capacitive currents at potentials corresponding to
he oxidized (conducting) state. Recently, a formal representation
f the anodic voltammetric wave for this kind of polymers was pub-
ished [40]. The model takes into account not only the capacitive
ontribution but also the presence of interactions between redox
entres, and allows satisfactorily fitting the experimental results
or Pani films in acid media.

.2. Absorbance and fluorescence of Pma  films

To the end of characterizing the different features of the
bsorbance spectra this was studied as a function of the applied
otential in the range −0.2 to 0.45 V. These are shown in Fig. 2.

These spectra show, three main characteristic bands in the
avelength range 300–900 nm.  The band at 320 nm is attributed

o the � → �* transition characteristic of the benzenic ring units
n the polymer. Also, it might be attributed to the band gap in
he reduced polymer [54,55]. The position of the maximum also
epends on the polymerization degree [56]. This band is the main
ne for the reduced form; besides a second broad and small band is
bserved at about 850 nm.  As the polymer is oxidized, the band at
20 nm steadily decreases, a band starts growing at about 400 nm,
nd the band with a maximum at around 850 nm in the reduced
tate, shows a gradual increase and shift to 750 nm. These ones are
ttributed to the polarons and bipolarons associated to the forma-
ion of the quinonic units due to the oxidation of the amine to imine
roups [56,57]. Fig. SI.3 shows absorbance changes of the different
V–vis bands as a function of the applied potential. The excita-

ion wavelength employed in fluorescence studies corresponds to
 maximum of the absorption spectra of these Pani derivatives
315–325 nm).

Fig. 3 shows the fluorescence spectra of a Pma film on gold at
ifferent applied potentials. The excitation wavelength employed

n fluorescence studies corresponds to a maximum of the absorp-
ion spectra of these Pani derivatives (315–325 nm)  in the reduced
tate. The fluorescence intensity, F, clearly depends on the applied
otential, but the features of the spectrum remain at each poten-
ial. These results are consistent with those reported for Pani and
oly-o-anisidine by other authors [20,21]. The fluorescence inten-

ity diminishes as the potential is increased, and a drastic decrease
s observed in the potential range of the oxidation peak.

The emission spectra show a peak at 374 nm and a shoulder at
pproximately 425 nm.  Additionally, the fluorescence signal shows
Fig. 3. Emission spectra of a Pma  film 38 mC  cm−2 thick in 3.7 M H2SO4 solution at
several applied potentials, indicated in the graphic.

an important band between 450 and 550 nm,  with several peaks
that have been attributed to Raman dispersion [20], as they present
Stokes shift [21]. In Fig. SI.4 the emission spectra of Pani and Pma
are compared. Both spectra were taken at −0.2 V in the same elec-
trolyte. These dispersion peaks appear at the same wavelengths.
The same coincidence has been also reported for the compar-
ison between Pani and poly-o-anisidine on a Pt electrode [20],
although the peaks appears at different wavelength than those
on Au substrates. Also Pani and Pani-Cl on FTO electrodes present
dispersion peaks at the same wavelength, but the feature is dif-
ferent to that reported on Au and Pt [23]. So, it can be concluded
that this dispersion peaks depend on the substrate but not on the
presence of substituents (CH3 , CH3O , Cl ) in the polymer back-
bone. However, the exact nature of this dispersion is not completely
understood. Nevertheless, it is unimportant for this work as no
spectral changes are observed for these peaks during the ageing
(vide infra).

Fig. 4 shows the potential variation of fluorescence intensity of
Pma film of different thicknesses. For comparison, the intensities
were divided by the corresponding values at −0.2 V (Fa). At negative
potentials (leucoemeraldine form) the fluorescence emission does
not depend on the thickness. As the potential increases (E > 0 V),
the relative fluorescence, F/Fa, starts depending on the thickness,
it decreases more the thicker is the sample. Similar results have
been reported for Pani and poly-o-anisidine films upon platinum
Fig. 4. Relative change of emitted fluorescence intensity at 374 nm as a function of
the  applied potential, for Pma  films of different thicknesses (QT/mC  cm−2), indicated
in the graphic. The intensity at −0.2 V, Fa , was taken as reference in each case. Lines
are  just eye-guiding.
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parameter that allows characterizing and comparing the temporal
evolution of the ageing by the changes in a particular property. The
physical ageing of polymers has been also monitored by measuring
the fluorescence emission of specific molecular probes introduced
ig. 5. Fluorescence spectra during the EIA at −0.2 V, of a Pma film 22 mC cm−2 thick,
n  3.7 M H2SO4 solution.

uorescence studies of Pani reported by Thorne et al. suggest
he generation of charge quenchers that show one-dimensional

igration [15]. Although some authors have obtained linear elec-
rochemical Stern–Volmer plots for particular systems (other type
f CPs in organic media) [24,25], the case for Pani derivatives is
ot so simple. There are two main reasons. According to Son et al.
14], the relation between free carriers concentration and fluores-
ence quenching is not linear but exponential, and high degree of
uenching can be observed when just a little fraction of centres
re oxidized because the charge carriers may  have high effective
ize due to its mobility. Additionally, as discussed by Antonel et al.
21], even at high degree of oxidation, excitons could be isolated
n non-conductive domains (far excitons) where quenching by free
arriers is prevented. On the other hand, relation between faradaic
redox) charge and potential is not simple in CPs due to the pres-
nce of a non-negligible capacitive contribution [40]. Furthermore,
here is a relatively wide apparent formal potential distribution
n CPs whose origin can be thought to be due to coupling effects
58–60] or, alternatively, to different interactions between redox
entres [40]. The dependence of the oxidation degree (and then
uorescence attenuation) on potential has been also explained by
onsidering an intermediate species (protoemeraldine) whose for-
ation occurs before the voltammetric anodic peak. This species
ould efficiently quench excited states even at low concentrations

21].
Beyond any particular model for the mechanism of the deacti-

ation of the excited states, the present results support the idea
hat charge carriers injected to the film during the oxidation are
esponsible for the fluorescence quenching.

.3. Electrochemically Induced Ageing in terms of fluorescence
mission

In order to study the EIA of Pma films, the modified electrodes
ere cycled between −0.2 V and 0.45 V with a scan rate v = 0.1 V s−1

nd, after reaching a steady-state voltammogram, the potential was
eld at −0.2 V. Then, fluorescence spectra were taken at different
geing times, ta, during the EIA. Fig. 5 shows the successive spectra
ecorded during the ageing of a particular Pma film: 22 mC  cm−2

hick, in 3.7 M H2SO4 solution. The intensity of fluorescence emis-
ion increases in the region 325–450 nm as a consequence of the
IA; the other spectrum features remaining practically constant.
he difference spectra show peaks at 374 and 425 nm approxi-
ately. So, these wavelengths were chosen for monitoring the EIA.
n Fig. 6 it is shown the semi-logarithmic time dependence of the
uorescence emission intensity at these two wavelengths during
he EIA.
Fig. 6. Semi-logarithmic representation of the temporal variation of the fluores-
cence emission intensity during the EIA of a Pma  film 38 mC cm−2 thick, at Ea = −0.2 V,
in  3.7 M H2SO4 solution. Full circles: 374 nm;  empty circles: 425 nm.

In Fig. 7 fluorescence emission intensity at 374 nm is shown as
a function of the logarithm of the ageing time for films of different
thicknesses. For comparison, it is presented the variation of the
fluorescence emission intensity relative to the initial value

Fr = Fa − Fa,0

Fa,0
(1)

where Fa,0 is the initial value for each one of the films.
As it can be seen, the variations of the fluorescence intensity are

linear with the logarithm of the ageing time. As it was said at Section
1, this particular feature is also found in the analysis of different
material properties during the physical ageing experiments [28]. For
example, the specific volume linearly changes with the logarithm
of the time during the physical ageing of amorphous solids. This
kinetic behaviour has led to the definition of a particular ageing
rate in physical literature as [28,31,32]

rV
a = − 1

V0

∂(V)
∂ log(ta)

(2)

where V0 is the initial specific volume of the amorphous solid.
Although it is not a true rate in a kinetic sense, it results to be a
Fig. 7. Semi logarithmic plot of the relative change of fluorescence intensity, at
374  nm,  during the EIA of Pma  films of different thickness (QT). F0 corresponds to
the initial value.
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during the ageing without altering the polymer dynamics. On the
other hand, voltammetric experiments drastically alter the poly-
mer  film to gain some information from the distortion of the
98 W.A. Marmisollé et al. / Electro

ithin the polymer matrix [61,62]. In these cases, a similar ageing
ate in terms of emitted fluorescence has been defined to quantify
nd compare the temporal behaviour of different samples under
ifferent conditions. Contrarily to the intrinsic fluorescence of Pma
lms studied here, when probes are employed to monitor de the
hysical ageing, extrinsic fluorescence is measured [63]. Indepen-
ently on the nature (intrinsic or extrinsic) of the fluorescence, the

ncrease in its intensity during the physical ageing or the EIA allows
efining an ageing rate as [32]

F
a = 1

Fa,0

∂Fa

∂ ln(ta)
= ∂Fr

∂ ln(ta)
(3)

Similar equations in terms of enthalpy [30], gas permeabil-
ty [64], ellipsometric lengths [65], rheological [31] or dielectric
roperties [66] have been also employed to quantify the kinetic
ehaviour of physical ageing. According to the last equation, this
geing rate corresponds to the slope of the semi-logarithmic plots.
s it can be seen in Fig. 7, the ageing rate is higher for thicker films.

The fluorescence emission was also studied in 1 M H2SO4 solu-
ion (Fig. SI.5). In this solution the emission spectrum is close similar
o that in 3.7 M solution, with the same features. The temporal
hanges during the EIA are very similar in both media too (Fig. SI.6).

During the steady state potential cycling, the polymer com-
utes between the reduced state (R*) and the oxidized (Ox) states

27]. The volume of the R* form is smaller than that of the oxidized
ne. The existence of the EIA indicates that initially, when the poly-
er  is held at a potential proper of the reduced form (state R*), it

s not at equilibrium, since many properties changes along time.
he polymer tends to achieve the equilibrium state (R). The term
IA refers to the transition R* → R. It is important to note that the
hanges during this transition take place without any variation of
he external parameters (temperature, potential, etc.). In this sense,
he EIA is quite similar to the physical ageing.

Particularly, its volume becomes smaller as the EIA progresses
67,68]. This indicates that conformational changes continue hap-
ening while the polymer tends to achieve its equilibrium form (R),
hich is more compact. Recent Electrochemical Impedance Spec-

roscopy studies support this idea [41]. Much the same as molecular
robes are sensitive to the local density [69], it is expected that in
ma, a decrease of volume should lead to an enhancement of the
uorescence emission.

In the particular case of CPs, it is well-known that not only con-
ormational changes but also ions and solvent injection/ejection
ccurs during the steady-state cycling and ageing [44,70]. As the
IA takes place, the polymer matrix becomes more rigid, solvent as
ell as counter ions go out the film and the non-radiative deacti-

ation of fluorescence is probable to be less important, increasing
he fluorescence yield.

.4. Electrochemically Induced Ageing in terms of the peak
urrent

The EIA was also studied by employing the peak current of the
rst cycle voltammogram after waiting some time at the ageing
otential (−0.2 V). As it was previously reported, after ageing the
nodic voltammetric features of the first cycle of potential change
espect to those corresponding to the steady-state voltammogram
27]. The peak of anodic current shifts in the positive direction, it
ecomes higher and thinner (Fig. 8), and its changes depend linearly
n the ageing time [37,38]. Fig. 9 shows the relative changes in the

eak of anodic current, jr, for the different Pma films studied in this
ork, as a function of the logarithm of the ageing time. Being

r = jp − jp,0

jp,0
(4)
Fig. 8. Voltammetric response for the first cycle of potential after several ageing
times, ta/s = 0, 6, 12, 24, 48, 96, 192, 384, 768. Pma  in 3.7 M H2SO4. QT = 12 mC cm−2.
Arrow indicates increasing ageing times.

where jp is the peak current density at the ageing time, ta, and
jp,0 is the peak current density corresponding to the steady-state
voltammogram. The slope of these graphics corresponds to the age-
ing rate defined by the peak current, rj

a. This kinetic behaviour is
also observed in 1 M H2SO4 (Fig. SI.7).

In Fig. 10, the ageing rates defined by the fluorescence emission
and the voltammetric peak current are presented as a function of
the voltammetric charge. These values were obtained by linear fit-
ting of the semi logarithmic plots. Whereas the rj

a values do not
practically depend on the film thickness, the ageing rate defined by
the fluorescence emission increases as the film thickness increases.
The same is found when analysing the effect of the acid concentra-
tion. The rj

a values are similar, but rF
a increases when passing from

3.7 M to 1 M H2SO4 (Figs. SI.5 and SI.6). The increase in ageing rate
as the polymer film is thicker may  be related to a different start-
ing non-equilibrium state (R*). Thus, thicker films may  arrive to
the ageing potential with a higher excess of free energy, that is,
farther from equilibrium. This acts as a higher driving-force for the
ageing process. Additionally, being farther from equilibrium, differ-
ences between R* and R becomes higher and so, relative changes in
fluorescence emission result to be higher.

It is important to remark some differences between fluorescence
and voltammetric monitoring of EIA. In the first case, fluorescence
is measured after the particular perturbation (potential scan) and
Fig. 9. Semi-logarithmic variation of the relative change in the peak current density,
during the EIA of Pma films of different thickness (QT).
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Fig. 10. Ageing rates defined by the fluorescence emission intensity, rF
a (empty cir-

cles), and the peak current density, rj
a (full circles), for different Pma films, as a
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platinum surfaces. Influence of redox state and conductive domains, Journal of
unction of their voltammetric charge (and film thickness) in 3.7 M H2SO4. Lines are
ust eye-guiding.

oltammetric anodic wave as a consequence of changes produced
fter ageing to a certain degree (after a given time). So, cycles of
teady-state switching, static polarization at the ageing potential
nd first cycle scan need to be performed for each ageing time. In
his sense, fluorescence monitoring is similar to other non-altering

ethods to study the physical ageing of amorphous solids such as
llipsometry, or dielectric spectroscopy [65,66,71]. Voltammetry is
ore similar to differential scanning calorimetry experiments in
hich changes in enthalpy or heat capacity obtained from ther-
al  scans after different ageing times are employed to infer some

nformation about the material state as a consequence of ageing
30,32]. Thus, voltammetry (as well as calorimetric experiments
n physical ageing) does not only give information about the state
chieved after ageing but also about response of the aged mate-
ial to the subsequent electrochemical (or thermal) perturbation.
nfortunately, deconvolution of these effects is not simple since

ome model for the electrochemical response is needed. A recent
ttempt in this direction involves considering both the capacitive
ontributions and formal potential distributions in CPs [37,38,40].

. Conclusions

The fluorescence response of Pma  films deposited on Au elec-
rodes was studied in sulphuric acid media. The emission strongly
epends on the applied potential as it was reported for similar
olymers [20–22]. The creation of charge carriers as the polymer is
xidized is related with the fluorescence attenuation. So, a quench-
ng of the excited states by the charge carriers seems to be a suitable
escription of the relation between the fluorescence intensity and
he oxidation degree.

On the other hand, the intrinsic fluorescence emission has
roved to be an interesting property for monitoring the EIA of CPs.
s with other properties, a linear dependence with the logarithm
f the ageing time was found in all analyzed cases. This allows
efining an ageing rate in terms of fluorescence intensity that char-
cterizes the temporal behaviour. This rate increases with film
hickness, while the corresponding ageing rate defined in terms of

he peak current (as it is traditionally monitored) does not sharply
hange. So, the fluorescence response results to be more sensitive
o these experimental conditions. Nevertheless, the investigation of

[

ca Acta 109 (2013) 894– 900 899

the molecular basis of this deactivation is necessary to completely
understand the origin of fluorescence increase during the EIA.
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