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Eletrodos modificados com filmes de poli-bendizina sdo quimicamente estéveis no
intervalo de pH entre 0 e 7 e podem ser ciclados de -0.200 a 0.850 V sem evidéncia de
decomposi¢do. Conseqlientemente, neste intervalo de potencial, eles podem ser usados como
material eletrédico para a oxidagdo ou redugdo de diferentes espécies. Uma propriedade
interessante deste eletrodo modificado é sua capacidade de capturar e quantificar o ion Ag(l)
presente na solugdo. Para obter resultados reproduziveis a etapa de acumulagao foi realizada
numa solucdo de AgNOs com um tamp&o de acetato de pH = 7. Apds reducdo para Ag(0) na
mesma solucdo, a etapa de determinagdo foi executado por voltametria ciclica. A resposta
analitica corresponde a oxidag@o para Ag(l) e a quantia de prata incorporada ao filme foi
determinada a partir da carga do pico anddico. O uso potencial deste método para a
determinagdo analiticada prata é discutido.

Electrodes modified with poly-benzidine films are chemically stable in the pH range be-
tween 0 and 7, and can be cycled from -0.200 to 0.850 V with no evidence of decomposition.
Consequently, inthispotential range, they can be used aselectrode material for oxidation or re-
duction of different species. Oneinteresting property of thismodified electrodeisits capacity
to capture and quantify Ag(l) ion present in solution. To obtain reproducible results, the accu-
mulation stepwascarried outinaAgN Oz solution with acetate buffer at pH = 7. After reduction
to Ag(0) in the same solution, the determination step was performed by cyclic voltammetry.
The analytical response correspondsto silver oxidation to Ag(l), and the amount of silver in-
corporated into the film was determined from the charge of the anodic peak. The potential use
of this method for analytical determination of silver is discussed.
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| ntroduction

In the context of metal ion analyses, chemically modi-
fied electrodes (CMESs) possessing properties have
emerged as one of the most attractive areasfor research’™.
Among their advantages are their inherent high selectivity
and sensitivity. Methods that have been used for electrode
modificationincludephysical coating, covalent attachment
and electropolymerization. Particularly,
electropolymerization offersan effective and versatileway
to deposit polymer film on a substrate el ectrode™.

Theé€l ectrooxidation of aromatic aminesiswell known,
and different aspects of their mechanism have been eluci-
dated®*°. Previousstudies show that when aromatic amines

such as naphtidine®, 1-naphtylamine®, and benzidine (Bz)”
are electrooxidized, they follow acomplex reactionto give
apolymer that adheresto the el ectrode surface. Thesepoly-
merswhich adhereto abase metal are conductors, andtheir
doping grade can be controlled®12,

Recently, anumber of investigators have demonstrated
anew variation in electrochemical trace-metal anaysisin
whichanalyte preconcentrationiscarried out at CMEs. The
preconcentration is achieved by a purely
non-electrochemical deposition step, and the subsequant
quantification of the accumulated analyte can be carried
out by normal voltammetric measurements**2,
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CMEs have been used as working electrodesin the de-
termination of silver and mercury**1%, In both cases, the
metal ions were chemically preconcentrated on CMEs.

In this article we report the incorporation of Ag(l) ion
into poly-benzidine (poly-Bz) films. Thedistribution of the
Ag(l) ion between the solution and the film is established,
and aprobable analytical application is given.

Experimental

Chemicals and solutions

Benzidine (Bz) from Flukawas used asreceived. All of
the other reagents were analytical grade unless otherwise
stated. Water was obtained from LABCONCO equipment
model 90901-01. The Bz solutions used to obtain the film
were prepared by weighing Bz and dissolving it in the sol-
vent-supporting el ectrolyte solution (0.3 M NaClOz- 0.1 M
HCIO4). The concentration of Bz was determined by spec-
trophotometric methods (I max =250 nm, loge=4.2) aspre-
viously described”®.

Metal stock solutions were prepared by dissolving the
appropriate salts in a solvent-supporting electrolyte solu-
tion or in an acetate buffer solution. The concentration of
metal was determined by potentiometric titration using a
standard K Cl solution. Working solutionswerefreshly pre-
pared by diluting from the stock solution. Acetate buffer
solutions were obtained by adjusting 0.2 M sodium acetate
solutions to pH = 7 with glacial acetic acid. All solutions
were deaerated by bubbling pure nitrogen.

Apparatus

Cyclicvoltammetric and el ectropolymerization experi-
ments were carried out with an EG&G PAR 273
potentiostat/gal vanostat. The output signal was recorded
on a Hewlett-Packard Model 7015B X-Y plotting system.
The values of the charges at the voltammetric peaks were
determined by theintegration of the current-time curves. A
compensating polar planimeter (International Trade Asso-
ciates, Japan) was used for this purpose. In each case, the
appropriate background current values were subtracted®.
Similar results are obtained if the signal is processed digi-
tally, using the corresponding EG& G PAR software, how-
ever in this case the signal is much noiser than in the
analogical one.

The UV-visible spectra were obtained with a
Hewlett-Packard 8452A spectrophotometer. The working
temperature was controlled using aLAUDA K4R thermo-
stat-cryostat. A conventional three-electrode el ectrochem-
ical cell was used®. A Pt wire with asurface areaof 0.361
cm?was used astheworking electrode, and aPt wirewith a
surface areaof 2 cm? in spiral form was used asthe counter
electrode. The reference electrode was an agueous satu-
rated calomel electrode (SCE).
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Generation of the films

The poly-Bz filmswere obtained froma5 x 10* M Bz
solution in asupporting electrolyte at pH = 2.5, by cycling
the potential between 0 and 0.800 V at a scan rate of
v=0.100V s?. Thetemperature of the cell was maintained
at 35+ 0.1 °C. These experimental conditionsledtothefor-
mation of an adherent film, which was mechanically stable
and had a very reproducible electrochemical response®. In
addition, the film thickness could be increased by increas-
ing the number of potential cycles.

Once the polymer film was generated, the working
electrode was rinsed with supporting electrolyte solution.
Then, it wastransferred to another cell containing the same
electrolyte solution in the absence of the monomer, but at
pH =1and 20 °C. Thepotential wascycled between -0.100
and 0.500 V for about 10 min. The film thus obtained is
very stablefor at least 24 h.

Results and Discussion

Electrochemical behavior of poly-Bz

A typical voltammogram of the poly-Bz electrode, pre-
pared as described above, is shown in Fig. 1. Its redox re-
sponse shows only one peak system, the anodic and
cathodic peaks appearing at 0.185 and 0.160 V respec-
tively. Although the voltammetric response was discussed
in detail in a previous paper®, some characteristics should
be noted. Thefilm can be repeatedly cycled from -0.200 V
to 0.850 V with no evidence of decomposition. It can be
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Figure 1. Voltammetric response of the poly-Bz modified electrode
insupporting electrolyte solution at pH 1and 20°C.v=0.025V s .
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used in this potential range as electrode material for selec-
tive oxidation or reduction of different electroactive spe-
cies whose redox potentials also occur in the same range.
The peak current depends linearly on the scan rate in the
range of 0.005-0.100 V s, and the peak potential isinde-
pendent of v between 0.005 and 0.150 V s2.

Thevalue of theanodic chargeat thevoltammetric peak
(Grilm) was determined by integrating the current-time
curve. As shown in Fig. 1, the base line was taken as a
straight linejoining points a and b.

Aspreviously reported®, the redox behavior of thefilm
isstrongly dependent on the pH of the electrolyte solution.
It hasreproducible behavior inthe pH interval of 1-3.5, but
a pH > 4 the electrochemical responseis practically lost.
Figure 2 showsatypical voltammogram of thefilmwhenit
is transferred to the acetate buffer solution at pH = 7. The
oxidation cycle shows only an increasing current with no
defined peak, whileinthereduction apeak at 0.100V isob-
served.

Although the film response is not observed at pH > 4,
the filmis not destroyed and recoversits original response
when the pH isrestored to 1.

Incorporation of Ag(l) ion into poly-Bz film

This analyte was chosen because its redox potential is
within the range in which the poly-Bz electrode is el ectro-
chemically stable. The general procedureincluded thefol-
lowing steps:
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Figure 2. Cyclic voltammogram of the poly-Bz modified electrodein
acetate buffer solution at pH 7 and 20 °C. v =0.025V s .
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i) Stabilization and characterization of the poly-Bz
electrode, asdescribed above: theanodic chargewas deter-
mined after the el ectrode potential waskept at -0.100V for
10 min to alow the complete reduction of the film and to
obtain material with reproducible behavior.

ii) Preconcentration step: the poly-Bz electrode was
placed in an open circuit in a well-stirred solution of
AgNOsinasupporting electrolyte solution. Accumulation
was carried out for aknown amount of time, after which it
was removed and rinsed with the electrolyte solution.

iii) Reductionto Ag(0): theelectrodewastransferredto
the analysiscell containing the supporting el ectrolyte solu-
tion. The accumulated Ag(l) wasreduced at a-0.100 V for
5 min.

There is a possihility of the spontaneous reduction of
Ag(l) by the reduced film during the pre-concentration
step. Totest thispossibility, stepiii wasomitted. It was ob-
served that the charge (Qag) doesnot givereproducibleval -
ues, and is always smaller than the charge obtained after
stepiv.

iv) Determination step: performed by cyclic
voltammetry. Theanalytical response correspondsto silver
oxidation to Ag(l) and the quantity of silver incorporated
into the film was determined from the charge involved in
the anodic peak (Qag).

Experimentswere performed with amodified el ectrode
stabilized at pH = 1, as described in the Experimental sec-
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Figure 3. Cyclic voltammogram of the poly-Bz modified electrode at
0.025V s in supporting electrolyte solution at pH 1 and 20 °C, after
being in contact with a solution containing silver at aconcentration of
1x 10 M for 5 min.
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tion. Typical resultsafter theincorporation of silver intothe
poly-Bz electrode are shown in Fig. 3. The peak at +0.325
V is associated with the oxidation of the deposited silver,
and shows a corresponding cathodic peak at +0.110 V.

The anodic peak at +0.510 V correspondsto the oxida:
tion of poly-Bz film. The shift of the potential peak with re-
spect to the one in Fig. 1 may be due to the fact that the
redox sites of the film complexed by Ag(l) make the redox
process of the ligand more difficult.

However, experiments performed at several Ag(l) con-
centrationsshow lack of reproducibility, particularly at low
ion concentrations. This problem may be due to variations
intheH* concentrationin thefilm, sincetheseionsseemto
compete with Ag(l) ionsfor the same “site” in the film.

In light of these results the studies were performed at
pH = 7 introducing some variationsin the stabilization and
accumulation steps. The, the modified el ectrode stabilized
at pH = 1wastransferred to an acetate buffer solution at pH
=7 for about 15 mintoallow theprotonicequilibriuminthe
polymer matrix. Then accumulation step wascarried out in
aAgNO;s solution in the same acetate buffer. Accordingly,
stepsiii and iv were performed in the acetate buffer solu-
tion.

Thecyclic voltammetric response obtained under these
new conditionsisshowninFig. 4. Thesharp peak at +0.530
V is dueto the reoxidation of Ag(0). The sharpness of the
wave and the relatively flat background current in this po-
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Figure4. Cyclic voltammogram of the poly-Bz modified electrode at
0.025V stinacetatebuffer solutionat pH = 7 and 20°C, after beingin
contact with asolution containing silver at aconcentration of 1x 103
M for 5 min.
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tential region makesit easily quantifiable. However, ascan
be observed in Fig. 4, the reduction processis ill-defined
and seemsto occur in apotential zone near the film reduc-
tion. In principle, it can beinferred that thereduction of the
silver ionto metallic silver isavery slow process. The ob-
served kineticlimitation may bedueto (1) thehighresistiv-
ity of poly-Bz at -0.100V in pH = 7 solution or (2) theslow
Ag(0) phase formation process under these conditions.
Nevertheless, if the potential is maintained at -0.100 V for
some time, a second positive sweep yields a voltammetric
response virtually identical to thefirst.

From theseresults, we can deducethat the poly-Bz film
enabled the accumulation and hence the preconcentration
of Ag(l), being reproducible at pH = 7.

Incorporation of Ag(l) ion into poly-Bz film at different
concentrations

General analytical procedure

Theanalytical application of thisprocedureisbased on
aworking curve which correlates the amount of Ag(l) ac-
cumulated in the modified electrode and its concentration
in solution, maintaining certain parameters constant, such
asthe accumulation time and the charge of the film (Qyiim).
Regarding the Qriim, it should be noted that it is quite diffi-
cult to obtain identical films. Thus, the working curvesare
constructed by normalizing Qag using the ratio Qag/Qfiim.
The experiments were performed at pH 7 as described, for
different concentrations of AgNOs solution in acetate
buffer during the accumulation step. Theresults are shown
in Fig. 5. As can be observed, the Qag/CQiim ratio increases
with the Ag(l) concentration until it reaches a constant
value of 25. Thus, the saturation charge of Ag(l) is much
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Figure5. &) Dependence of Qag/Qrilm 0nthe concentration of Ag(l). b)
Inset: the linear region of the same plot.
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higher than the polymer itself. This may indicate that are-
dox site has several groupsinvolved in the coordination of
Ag(l).

The saturation value is the same for films of different
thicknesses and is independent of the AgNOs concentra
tion higher than 1 x 103 M. Thisindicatesthat theincorpo-
ration of Ag(l) ions follows a definite stoichiometry and
there is a specific interaction between these ions and the
polymer matrix. Hence, theplotin Fig. 5 resemblesadistri-
bution or partition of an ion between a solution and an ion
exchange resin*’. This can be regarded as an “exchange
isotherm” and thermodynamically interpreted assuming an
equilibrium between the Ag(l) ion inside and outside the
film.

Regarding the possibility of using this method for the
analytical determination of Ag(l), theinset of Fig. 5 shows
that Qag/Qrimislinear with Cagintheinterval 0<Cag< 1.5
x 104 M. The minimum charge that can be detected by cy-
clicvoltammetry under the conditions used in these experi-
ments for the reduction pesk of Ag(l) is 2.5 nC. Thus,
considering a film with a charge of 10 nC, the minimum
concentration of Ag(l) that can be detected isabout 2 x 10°®
M. It should be noted that this is an approximate calcula-
tion, but one which shows the potential utility of this
method, and which deserves detailed studies using more
sensitive detection techniques, such as differential pulse
voltammetry.

Conclusions

Electrodes modified with poly-Bz films show the abil-
ity to capture Ag(l) in solution. The processisbased onthe
preconcentration of Ag(l) ionsin the polymer matrix. The
existence of aconstant relation for the saturation quantities
Qag/Qrilm and its high value (i.e., 25) indicates the strong
specific interactions involved between Ag(l) and the poly-
mer.

Theanalytical signal isthestripping responseduetosil-
ver oxidation obtained after the reduction of the
preconcentrated Ag(l) ions. The analytical detection
method seems to be quite promising, especidly if tech-
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nigues more sensitive than cyclic voltammetry are used for
detection.
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