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Abstract
Scanning electrochemical microscopy (SECM) in feedback mode was employed to characterise the reactivity and
microscopic peculiarities of bismuth and bismuth/lead alloys plated onto gold disk substrates in 0.1 molL�1 NaOH
solutions. Methyl viologen was used as redox mediator, while a platinum microelectrode was employed as the
SECM tip. The metal films were electrodeposited ex situ from NaOH solutions containing either bismuth ions only
or both bismuth and lead ions. Approach curves and SECM images indicated that the metal films were conductive
and locally reactive with oxygen to provide Bi3+ and Pb2+ ions. The occurrence of the latter chemical reactions was
verified by local anodic stripping voltammetry (ASV) at the substrate solution interface by using a mercury-coated
platinum SECM tip. The latter types of measurements allowed also verifying that lead was not uniformly distributed
onto the bismuth film electrode substrate. These findings were confirmed by scanning electron microscopy images.
The surface heterogeneity produced during the metal deposition process, however, did not affect the analytical per-
formance of the bismuth coated gold electrode in anodic stripping voltammetry for the determination of lead in al-
kaline media, even in aerated aqueous solutions. Under the latter conditions, stripping peak currents proportional
to lead concentration with a satisfactory reproducibility (within 5% RSD) were obtained.
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1 Introduction

Since their introduction in 2000 by Wang et. al. [1], bis-
muth film electrodes (BiFEs) have received much atten-
tion, as alternative to mercury film electrodes, with re-
gards to their use in anodic stripping voltammetry (ASV).
Corresponding research efforts have produced a number
of possible analytical applications, which are documented
in several papers and reviews [1–10]. It is now generally
established that the electroanalytical performance of
BiFEs compare well with those of the analogous mercury
film electrodes. In addition, BiFEs overcome environ-
mental concerns related to mercury toxicity [1].

BiFEs can be prepared by either ex situ or in situ pro-
cedures by electrodeposition of metallic bismuth from
solutions containing bismuth ions on substrate materials
such as various types of carbon materials [1–3, 8,9,11–15],
copper [16,17], platinum [3] and gold [3, 11, 18]. Carbon
substrates have been the most common choice in ASV
analysis, because of the wide cathodic window achievable,
which is due to the high hydrogen overvoltage. Although
much less employed, gold substrates have also displayed
good performance for BiFEs preparation with the in situ

procedure, especially for the detection of metal ions, such
as Cd2+ , Pb2+ , Tl+, and In3 +, which are deposited-strip-
ped at not too negative potentials. It must be considered
that the use of gold as substrate for bismuth film deposi-
tion poses questions about interactions between bismuth
and gold, which provides intermetallic species, reflecting
on a number of bismuth stripping peaks [11, 18].

Another usual preference in the proposed method em-
ploying in situ formed BiFEs is the use of acid media
(i.e., acetate buffer has represented the dominating sup-
porting medium) [1–3, 11–14, 17]. However, because of
the chemical nature of Bi3 + ions, BiFEs can also be oper-
ated in highly alkaline media, as has been proven in a
few papers for the detection of Pb, Cd, and Tl [12,19].
Bismuth deposition from highly alkaline media is possi-
ble, because Bi3+ forms soluble complexes with hydroxide
ions of the type [Bi(OH)n]

(3�n), (n=1–4) [12,19, 20],
which are readily reducible at the electrode surface:

½BiðOHÞn�ð3�nÞ þ 3e� ! Bi0 þ nOH� ðn ¼ 1� 4Þ ð1Þ

The use of alkaline media along with BiFEs in ASV
has provided some advantages in the ASV responses with
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respect to the acidic media. In particular, improvements
in the separation between Cd and Tl stripping peaks and
sharper and more intense stripping peaks for Pb have
been observed in NaOH solutions with respect to acetate
buffer media [12,19].

The performance of BiFEs in stripping analysis and pe-
culiarities of film formation have recently been evaluated
also by coupling voltammetric measurements with micro-
scopic surface analysis of the deposited films. In particu-
lar, the effect of complexing agents [13,17, 21] and the
formation of bismuth/metal alloys [14] on structure and
topography of the films have been evaluated by using
scanning electron microscopy (SEM) and atomic force
microscopy (AFM). In addition, reactivity and chemical
stability of the BiFEs deposited on a glassy carbon sub-
strate by an ex situ operating procedure has also been
studied by scanning electrochemical microscopy (SECM)
[13]. SECM [22,23], in fact, is a technique widely exploit-
ed to obtain valuable information concerning conductivity
and spatial localization of chemical events that occur at
the solid/solution interface of a variety of metals and thin
solid films [13,22–29]. SECM operating in feedback
mode forms the overwhelming majority of applications
[22]. For these measurements the bulk solution contains
the oxidised or reduced form of a reversible (or quasi-re-
versible) redox couple as mediator, and the amperometric
response at the microelectrode tip is recorded as a func-
tion of the tip/substrate distance (so called approach
curves) [22]. Theoretical approach curves have been de-
rived for a variety of tip geometries and for a large
number of chemical and electrochemical phenomena oc-
curring at the substrate surface [29–37]. The comparison
between experimental and theoretical approach curves
allows obtaining relevant information on the investigated
surfaces [22].

In this paper, SECM is used to characterise for the first
time stability and chemical peculiarities of the bismuth
film and of the co-deposited bismuth/lead alloys formed
on a gold substrate in highly alkaline media under typical
ASV operating conditions. Lead is considered as the
target analyte because of its importance in environmental
and health issues. Moreover, lead ions in very basic
media are known to form the soluble complex
[Pb(OH)4]

2�, which is also readily reducible at the elec-
trode surface [15,38]. Because gold, contrary to carbon
material substrates, can provide strong interactions with
both bismuth and lead, surface heterogeneity may arise
during plating, depending on whether only bismuth or
bismuth and lead simultaneously are deposited under typ-
ical ASV operating conditions.

The SECM characterisation of the various substrates is
performed ex situ, in a solution different from that em-
ployed for metals plating. In particular, most SECM ex-
periments are performed in an aerated 0.1 molL�1 KCl
solution containing methyl viologen (MV) as redox medi-
ator. SECM results are also discussed on the light of
SEM images acquired on the gold substrate after its

modification with Bi and Bi/Pb under similar experimen-
tal conditions.

2 Experimental

2.1 Reagents and Solutions

All chemicals employed were of analytical-reagent grade
and used as received. C12H14Cl2N2 (MV), NaOH,
Bi(NO3)3 (1000 ppm in 5 wt% HNO3) and KCl were ob-
tained from Aldrich; Pb(NO3)2 was obtained from Merck.
CH3COOH, CH3COONa, Hg2(NO3)2 and KNO3 were
purchased from Fluka. All solutions were prepared by
using water purified via a Milli-Q system (Millipore, Bed-
ford, MA). Measurements, which required no oxygen,
were carried out in solutions that had been purged with
pure nitrogen (99.99%) (Purchased from SIAD, Berga-
mo, Italy).

2.2 Apparatus

Voltammetric measurements were performed in a three-
electrode electrochemical cell. A commercially available
gold disk electrode 2 mm in diameter was employed as
working/substrate electrode for deposition of bismuth and
bismuth/lead alloy. Unless otherwise stated, a platinum
microdisk of 25 mm in diameter was employed as SECM
tip-electrode. It was prepared by sealing a platinum wire
of 25 mm in diameter into a glass capillary, which was af-
terward tapered to a conical shape, such that the overall
tip to electrode radius ratio (RG) was equal to 10. For
ASV local measurements at the substrate/solution inter-
face, a hemispherical mercury microelectrode was em-
ployed. It was fabricated by cathodic deposition of liquid
mercury onto a 25 mm diameter platinum disk as reported
in detail elsewhere [39–41]. The deposition was per-
formed under potentiostatic conditions at �0.1 V against
an Ag/AgCl reference electrode in a plating solution con-
sisting of 5 mmol L�1 Hg2(NO3)2 in 1 molL�1 KNO3 acidi-
fied with nitric acid to pH<1. The mercury microelec-
trode was characterised for voltammetric and SECM
measurements as reported in refs [36,37].

The surface of all solid electrodes was polished with
alumina powder (1, 0.3 and 0.05 mm) on a polishing pad.
An Ag/AgCl (sat. KCl) was used as a reference electrode
and a platinum wire as the counter electrode.

Voltammetric measurements were carried out with a
CH760B potentiostat (CH instruments), while SECM ex-
periments were performed with a CHI920B workstation
(CH instruments). The electrodeposition of the metal
films for SEM analysis was carried out with an Autolab
PGSTAT 30 (Eco Chemie). SEM experiments were car-
ried out in a SEM, JSM-7401F (JEOL).

2.3 Preparation of Metal-Coated Gold Substrates

Bismuth and bismuth/lead films deposited on gold were
formed by plating the metal or alloy onto the gold disk
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substrates at �1.0 V vs. Ag/AgCl for 500 s from aqueous
solutions containing, unless otherwise stated, 0.1 molL�1

NaOH, 10 mmolL�1 bismuth(III) and 5 mmolL�1 lead(II),
while the solutions were stirred. The metal and metal
alloys modified gold electrodes once prepared were
rinsed with Milli-Q water and transferred in the cell of
the SECM apparatus. Then, the SECM measurements
were started, typically, after about 5 min of immersion of
the samples in the aerated aqueous solutions (see below).

2.4 SECM Experiments

Unless otherwise stated SECM experiments were per-
formed in an electrochemical cell containing an aerated
0.1 molL�1 KCl aqueous solution, as base electrolyte and
20 mmolL�1 methyl viologen as redox mediator. All ap-
proach curves and SECM images were recorded with the
Pt microdisk biased at �0.80 V, corresponding to the dif-
fusion limiting current for the reduction: MV2+ +e�!
MV ·+. As is typical for SECM measurements [22], cur-
rent (I) data displayed either in the approach curves or
SECM images were normalised for the diffusion limiting
current (Ibulk) determined experimentally with the plati-
num microtip located in the bulk solution in the presence
of the redox mediator. Moreover, in the approach curves
the tip to substrate distance (d) was normalised by the
radius of the platinum microdisk electrode (a). Slow ap-
proach curves (0.05 mm s�1) were used for determining the
zero distance taken when the glass insulator surrounding
the microdisk contacted the substrate. The metal or alloy
modified gold electrodes during SECM measurements
were in any case unbiased.

2.5 SEM Experiments

SEM measurements were performed on metal films de-
posited onto a gold wire 100 mm diameter, using the same
metal deposition conditions as described in Section 2.3.
All the metal fibres were left in an argon atmosphere
until the beginning of the SEM experiments.

3 Results and Discussion

3.1 General SECM Measurements

As mentioned above, the analysis of the approach curves
can provide useful information about the nature and reac-
tivity of the investigated substrate. Thus, in order to char-
acterise conductivity and reactivity of the investigated
surfaces, families of approach curves were recorded
above the investigated substrates, using MV2+ as redox
mediator. Since SECM measurements were performed in
aerated aqueous solutions, preliminary, the most suitable
concentration of MV2+ to avoid interference from oxygen
was investigated. This check was necessary as the reduc-
tion process of MV2+ occurs at potentials more negative
than that of oxygen (see Figure 1 Inset). For this purpose
a series of approach curves were recorded above a

smooth and freshly polished gold or platinum substrate.
As is evident in the main part of Figure 1 (which refers to
the case of a gold substrate), a positive feedback ap-
proach curve (dashed line), which fit the diffusion con-
trolled response (full line) for a conducting substrate, was
observed provided that MV2+ concentration was higher
than 10 mmolL�1. At lower MV2+ concentrations oxygen
interferences arose and a mixed negative/positive feed-
back response (dotted-dashed line) were obtained. Simi-
lar approach curves were obtained with the platinum sub-
strate, thus indicating that the above behaviour was not
due to the nature of the surface investigated. The mixed
negative/positive approach curves obtained at low MV2 +

concentrations were explained as due to the fact that
oxygen reduction provides an irreversible four-electron
process to water at the platinum SECM tip [42]. Conse-
quently, at �0.80 V the irreversible reduction of oxygen
to water prevails, leading to an overall negative feedback
approach curve for wide tip-substrate distances. The ex-
pected positive feedback response due to recycling of
MV2+ prevails only at low tip/substrate distances (d/a<
1), where diffusion of oxygen towards the platinum mi-
crodisk surface is hindered and therefore its contribution
to the feedback response is negligibly low. Thus, to make
the effect of oxygen negligible, further SECM experi-
ments were performed with 20 mmolL�1 MV2+.

3.2 SECM Analysis of Bare Gold and Metal-Coated
Gold Surfaces

The surface status, in terms of conductivity and reactivity,
of either the bare gold electrode or the metal-coated gold
disk was investigated by SECM operating in feedback
mode. Typical normalised approach curves recorded at

Fig. 1. Approach curves obtained with a platinum SECM tip
above a gold electrode as the substrate and MV2+ as redox medi-
ator. MV2+ 20 mmol L�1 (- - -) and 1 mmolL�1 (–––); theoretical
approach curve (—). Etip =�0.8 V. Inset: Cyclic voltammograms
recorded at a platinum microelectrode (r=5 mm) in a solution
containing 1 mmol MV2+ and 0.1 mol L�1 KCl in the absence
(·····) and presence (—) of oxygen. Scan rate: 50 mVs�1.
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the uncoated gold substrate and at the bismuth and bis-
muth/lead coated gold electrodes are shown in Figure 2.
As is evident, in all cases positive feedback was observed,
as expected for large conductive substrates [22]. Howev-
er, the current enhancements at close tip/substrate distan-
ces depended to a different extent on the nature of the
surface investigated. In particular, the currents were
larger at the metal-coated gold substrates. For a given
substrate, changing the tip position above the substrate
also led to a variation of the normalised current values
(within 20%, RSD, from at least 20 measurements). This
was explained as due, conceivably, to surface roughness
of the substrate electrode and/or lack of tip alignment. It
must be noticed that the current enhancements observed
while changing the nature of the substrate was always
larger than that due to surface roughness.

As mentioned above, the approach curves recorded at
the uncoated gold electrodes provided the lowest current
enhancements. They, however, fit the theoretical diffusion
controlled positive feedback approach curve [31]
(Figure 2 dotted line), indicating that gold surface main-
tained its good conductivity, though it had been immersed
in the alkaline medium for a rather long time. The origin
of the extra currents recorded at the SECM tip while ap-
proaching the metal-coated gold substrates was explained
as follows.

It is known that oxygen present in water can act as a
natural oxidant of deposited metals [43]. This phenomen-
on was exploited in early applications of potentiometric
stripping analysis (PSA) for the determination of a varie-
ty of metal ions or traces of dissolved oxygen [44]. On
this ground, it is reasonable admitting that the metal-
coated substrates being unbiased, once transferred in the
SECM cell, can locally originate relatively high concen-
trations of their ions, which eventually can diffuse to-

wards the bulk solution. The use of MV2+ as redox medi-
ator implies that the tip is biased at a potential value
where both Pb2+ and Bi3+ can be reduced, as can be in-
ferred from the redox potentials of the species involved
in the measurements (see Table 1). Thus, as the SECM
tip is approaching the substrate, along with the current
contribution due to the recycling of the redox mediator
due to lateral charge transfer [22], extra current can arise
due to the reduction of Bi3+ and Pb2+ ions generated at
the substrate. Furthermore, the metal oxidation process
due to oxygen may afford H2O2 [42,43], which is also re-
ducible at the platinum tip. It must be noted that the
amount of Bi3+ and Pb2+ ions generated locally, and con-
sequently the extra current recorded, depended to some
extent also on the lapse of time, since the sample had
been immersed in the SECM cell.

In order to verify that Bi3 + and Pb2+ were actually
formed at the metal-coated gold/water interface, local
metal ion analyses were performed with a mercury micro-
electrode by combining ASV with SECM. In fact, the
latter approach proved useful for sensitive and high-spa-
tial resolution analysis of metal ions at a variety of solid/
solution interfaces [36,45–51]. For these measurements
the metal-coated gold substrates, once prepared in the al-
kaline solution as described above, were transferred in
the SECM cell containing 0.1 molL�1 acetate buffer
(pH 4.5). Moreover, a hemispherical mercury microelec-
trode was employed as a SECM tip. It was positioned at
5 mm above the substrate using approach curves recorded
with the tip biased at �0.5 V, where oxygen reduction
occurs [36]. The local ASV measurements were per-
formed using a deposition potential of �1.0 V and a depo-
sition time of 300 s. In all cases the substrates were un-
biased. Figure 3a shows a typical stripping voltammogram
obtained under the above experimental conditions, using
linear sweep voltammetry at 50 mVs�1 during the anodic
scan. As is evident, two main peaks at about �0.4 V and
0 V are recorded. They were attributed to lead and bis-
muth, respectively, by comparing ASV measurements
(Figure 3b) performed with the same mercury microelec-
trode in an aerated acetate buffer aqueous solutions
spiked with known amounts of Bi3+ and Pb2+ ions. From
Figure 3a it is also evident that the stripping peaks
emerge from a negative plateau current, which is due to
the diffusion controlled oxygen reduction process [36]. A
further consideration that can be drawn from Figure 3 is
that the ASV peak potentials are such that at �0.8 V, at
which the SECM tip was biased during the acquisition of
the approach curves in Figure 2, both Bi3 + and Pb2+ ions
can be reduced. Thus, although the redox potentials
shown in Table 1 do not correspond to those of the exper-
imental conditions employed, their sequence still applies.

A series of ASV-SECM measurements was also per-
formed in different locations above the metal-coated gold
substrate, and Figure 4 shows typical stripping voltammo-
grams thus recorded. It is evident that, while the height
of the Bi peak is almost constant regardless of the tip po-
sition, the Pb peak height changes from one position to

Fig. 2. Approach curves recorded at different substrates with
20 mmol L�1 MV2+ as redox mediator. Bare gold electrode (A);
BiFE prepared without (B) and with lead (C); theoretical curve
(D). Etip =�0.8 V.
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the other. This may be due to a nonhomogeneous distri-
bution of lead deposit across the gold electrode surface
upon metal plating in the NaOH medium. The latter
aspect is discussed in the sections below.

3.3 SECM Image

Figure 5 shows typical SECM images recorded at the gold
substrate either before or after its modification with a Bi/
Pb film, using MV2 + as redox mediator. It is evident that
in all cases positive feedback responses throughout the
surfaces are recorded. Moreover, normalised current
values are higher after modification of the gold electrode
with the Bi/Pb film, which agrees with the shape of the
approach curves reported above. Some inhomogeneities
of the metal-coated surfaces are also well evident in com-
parison with a relatively more uniform image of the un-
coated gold surface. This circumstance was further con-

firmed by recording SECM images at the gold electrodes
after the metal deposits were stripped off (Figure 5C). As
is evident, again, lower normalised currents apply at the
gold substrate after metal stripping. The inhomogeneity
was attributed to the nonuniform distribution of lead
across the surface.

To further assess the degree of surface heterogeneity,
SECM images obtained under the above different condi-
tions were treated statistically. The root mean square cur-
rent fluctuation (Rq) obtained within the area analysed of
the various substrates was calculated by the following ex-
pression [13]:

Rq ¼ ½
X
ðZi�ZaveÞ2=N�1=2

where Zave is the average of Z values within the given
area, Zi is the normalized current Z value, and N is the
number of points within the area. Higher average normal-
ised currents and higher normalised current fluctuations
are indicative of a less uniform surface. The results ob-
tained for an uncoated and metal-coated gold samples
are listed in Table 2. These data clearly confirm that a
more uniform surface applies for the bare gold electrode
with respect to the metal-coated gold substrates.

Fig. 3. ASVs obtained with a mercury microelectrode in
0.1 molL�1 acetate buffer solution pH=4.5. (a) Microelectrode
positioned at 5 mm above the gold substrate modified with an
alloy of bismuth and lead. (b) Microelectrode positioned in the
bulk of a 0.1 mol L�1 acetate buffer solution pH 4.5 (A), and
after the solution was spiked with 0.1 mmolL�1 Pb2+ and
0.5 mmolL�1 Bi3+ (B). Deposition potential=� 1.0 V and deposi-
tion time=300 s. Scan rate 50 mV
s�1

Fig. 4. Local ASVs obtained with a mercury microelectrode at
different locations above the gold substrate modified with an
alloy of bismuth and lead. Tip-substrate distance 5 mm. Deposi-
tion potential=�1.0 V and deposition time=300 s. Scan rate
50 mV s�1

Table 1. Redox potentials of the species involved in the SECM
experiments.

Redox couple E8 (V vs. NHE) References

MV2+ / ·+ �0.45 [23]
PbCl2/Pb0 +2Cl� �0.2675 [56]
Pb2+ /0 �0.1262 [56]
BiCl�4 /Bi0 +4Cl� 0.160 [56]
Bi3+ /0 0.308 [56]
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3.4 SEM Images

In order to assess the validity of some of the previous hy-
potheses about uniformity of the deposits across the gold
electrode surface, a series of measurements was per-

formed using SEM. For sake of easier analysis, in this
case, the metal films were deposited onto a gold fibre
100 mm diameter. Figure 6 shows images obtained at the
gold fibre coated with bismuth (Figure 6A), lead (Fig-
ure 6B) and a bismuth/lead alloy (Figure 6C). Plating con-
ditions were the same as those used to obtain SECM
images. SEM images indicate that i) several regions of un-
coated gold are present after Bi plating; ii) bismuth and
lead co-deposition provides deposits where regions of
lead and bismuth can be clearly distinguished; lead de-
posit has a dendritic flower-like morphology; iii) the size
of lead deposit is not uniform. All these characteristics
agree well with SECM measurements. As for the dendrit-
ic, flower-like morphology of the Pb deposit, it can be
due to the specific experimental conditions employed
here. In fact, a similar lead morphology was reported re-
cently from electroplating lead in 0.1 molL�1 NaOH solu-
tion at relatively negative applied potentials [52].

3.5 ASV Behaviour

In order to verify whether the inhomogeneity observed
above at the Bi/Pb coated gold electrode could affect its
analytical performance for lead detection, a series of
ASV measurements were carried out. In particular, ASV
experiments were performed with a BiFE prepared in
situ onto the gold disk substrate in a nitrogen-purged
0.1 molL�1 NaOH aqueous solution, containing
10 mmolL�1 Bi(III) and 5 mmolL�1 Pb(II). Linear sweep
voltammetry at 50 mVs�1 was employed during the strip-
ping step. Deposition was performed at �1.0 V while the
solution was stirred. Typical ASV responses thus recorded
are displayed in Figure 7a from which two peaks due to
lead (�0.71 V) and bulk bismuth (�0.42 V) are evident;
shoulders at �0.27 and 0.05 V, attributable to bismuth
forms bonded directly to gold, also appear [11,18]. How-
ever, no extra peaks attributable to possible species
formed from interactions between lead and gold are evi-
dent (compare ASV responses obtained in the absence or
in the presence of lead ions). This result is consistent with
earlier findings reported in the literature [53–55], which
were obtained by using square wave voltammetry as the
stripping technique.

Since most of the SECM measurements were per-
formed in aerated solutions, ASV measurements were
also performed in an aqueous solution of composition as
above, but not purged with nitrogen. Typical ASV re-
sponses obtained under the latter conditions are shown in
Figure 7b. As is evident, in the absence of both bismuth
and lead, a rather high background current due to oxygen
reduction is recorded. After spiking the solution with bis-
muth and lead, ASV peaks due to the two metals are dis-
cernible upon their accumulation on the electrode sur-
face. Calibration plots (not shown) performed under aer-
ated conditions over the concentration range 0.5–
5 mmol L�1 of Pb2+ , while keeping the Bi3+ concentration
constant at 10 mmolL�1, provided a linear response of
peak current (I) against bulk concentration (Cb), and the

Fig. 5. SECM images obtained at different substrates with
20 mmol L�1 MV2+ as redox mediator. Bare gold electrode (A);
gold electrode modified by an alloy of bismuth and lead (B),
gold electrode after metal stripping (C).

Table 2. Average normalized current and root mean square cur-
rent fluctuation (Rq) obtained within the area 200 mm� 200 mm of
the indicated substrates.

Substrate Zaver Rq N

Bare gold 1.46 0.08 1600
Gold coated with bismuth and lead 2.17 0.13 1600
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regression analysis of experimental points yielded: I
(mA)=0.909+0.675 Cb (mmolL�1) (R2 =0.997). Also re-
producibility was satisfactory, it being within 5% r.s.d. (at
1 mmol L�1 Pb2+ level, four replicates). It must be consid-
ered that a mathematical treatment of the ASVs, i.e., sub-
traction of the voltammograms in presence of oxygen
from those in absence of oxygen provided very similar re-
sults (not shown). The latter procedure could eventually
be employed for a faster, although less typical, metal ion
detection.

These results overall confirm that gold is suitable as
substrate for Bi film formation and for ASV measure-
ments of lead in alkaline media, in spite of the apparent
film heterogeneity observed from SECM and SEM meas-
urements. Moreover, it is also evident that Bi3 + excess
concentration values less than 10 still provides suitable
ASV responses.

4 Conclusions

A SECM investigation on the activity and reactivity of
bismuth and bismuth/lead films deposited onto a gold sur-
face from alkaline medium is reported for the first time.
SECM experiments carried out with methyl viologen as
redox mediator indicate that both films are conductive
and not uniformly plated. Corrosion of metal films has
shown to occur in the aerated solution investigated, and
the metal distribution across the surface was established
by ASV-SECM measurements using a mercury microelec-
trode. Inhomogeneities in the plated films have been as-
sessed from SECM images and confirmed by SEM
images obtained under similar experimental conditions.
The observed heterogeneity of the metals film upon plat-
ing simultaneously bismuth and lead, apparently, does not
affect the analytical performance of the bismuth-coated
gold electrode.

Fig. 6. SEM images obtained with different substrates. Gold wire modified with bismuth (A), lead (B) and bismuth and lead (C).
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