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Abstract

The present work describes the preparation, optimization and characterization of mixed polyelectrolyte coatings-tfspody¢PLL) and
poly(sodium 4-styrenesulfonate) (PSS) for the modification of thin mercury film electrodes (MFESs). The novel-modified electrodes were appli
in the direct analysis of trace metals in estuarine waters by square-wave anodic stripping voltammetry (SWASV). The effects of the coat
morphology and thickness and also of the monomeric molar ratio PLL/PSS on the cation-exchange ability of the PLL-PSS polyelectrolyte coatit
onto glassy carbon (GC) were evaluated using target cationic species such as dopamine (DA) or lead cation. Further, the semi-permeability o
PLL-PSS-coated electrodes based both on electrostatic interactions and on molecular size leads to an improved anti-fouling ability against se
tensioactive species. The analytical usefulness of the PLL-PSS-mixed polyelectrolyte coatings on thin mercury film electrodes is demonstr:
via SWASV measurements of trace metals (lead, copper and cadmium at the low nanomolar level; accumulation time of 180 s) in estuarine wa
containing moderate levels of dissolved organic matter, resulting in a fast and direct methodology requiring no sample pretreatment.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction exchange polymer for the determination of metal catiffjs
However, when the preparation of nafion-modified electrodes
Mercury film electrodes (MFES) have been already widelyinvolves solvent evaporation procedures lack of reproducibility
used combined with anodic stripping voltammetry (ASV) for is often reported8,9]. Aditionally, for relatively thick coat-
the determination of heavy meta$-5]. However, with the ings (e.g.~pm), diffusion restrictions usually occur and the
conventional MFE, obtaining reliable data in complex sam-sensitivity of the ASV determinations is diminished relatively
ples is often complicated due to the fouling of the electrodao the uncoated MFE7-9]. Poly(sodium 4-styrenesulfonate)
surface by adsorbable species that hinder or distort the voltanfPSS) is also a cation exchanger which was applied in electrode
metric signals. Polymer-modified electrodes can minimize thignodification for voltammetric measurements of trace metals in
effect and hold a great promise for increasing the selectivityestuarine water sampl§s 10], and in the preparation of layer-
and, eventually the sensitivity of the voltammetric measureby-layer assembled structures for sensing de\itks13]. Very
ments[6,7]. The polymer coatings also improve the mechan-stable and reproducible PSS-coated thin MFE (TMFE) could
ical stability of thin mercury films plated on glassy carbonbe easily prepared by the solvent evaporation meffgtD].
(GC) surfaces. Nafion is the most commonly employed iondn what concerns electrode modification, poly-L-lysine (PLL),
a cationic polyaminoacid, was used for the in situ coating of the
mercury drop electrodgl4] and for coating pyrolytic graphite

* Corresponding author. Tel.: +351 234 370732; fax: +351 234 370084,  OF glassy carbon ?leCtrOdes_ for anion detecfibs-17]. Or! _
E-mail address: hcarapuca@dg.ua.pt (H.M. Carapuca). the other hand, mixed coatings of PLL and PSS, containing
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immobilized enzymes were applied as amperometric bioserhydrochloric acid, 37% (Fluka, trace select) and 1000 ppm AA-
sors[18,19]. However, no full characterization of PLL—PSS- spectrosol metal ion standards (BDH) were also used. Stock
modified glassy carbon electrodes has yet been reported, nameaglutions of PSS (25 and 50 mM in the monomer units) and of
regarding its utilization coupled to MFE for trace metal deter-PLL (20 and 40 mM in the monomer units) were prepared in
minations. Previous work7,10] has shown that PSS coatings phosphate buffer solution (pH 7.0, ionic strength 0.14 M) and
on a thin MFE do not preclude diffusion of heavy metal cationsstored at 4C. Potassium ferricyanide, dopamine (DAJ;+)-
through the polyion layer and, in fact, significant improvementsascorbic acid (AA) and uric acid (UA), all 1 mM, were also
onthe stripping peak currents for lead and copper were observegrepared in phosphate buffer solution. Stock surfactant solu-
compared to the uncoated TMFE. However, the anti-foulingions of Triton X-100, sodium dodecyl sulphate (SDS), agar,
ability of such coatings was not as high as it would be desirpoly(allylaminehydrochloride) (PAAHC), hyamine and bovine
able, especially for low molecular mass cationic surfactantserum albumine (BSA) (all 0.1%) were stored &tC4 Bio-
such as the linear chain hyamine (HYA). Hence, in the presertiit Proline pipettes equipped with disposable tips were used
work, the performance towards the ASV determinations of modfor appropriate dilutions. All measurements were carried out at
ified thin mercury film electrodes coated with a mixed layer ofroom temperature (18-2C).

the polyions PLL and PSS was evaluated. The main goal is in Schematic representations of the two polymers used for elec-
terms of the analytical application, the study of the anti-foulingtrode modification are displayed irable 1. PSS (p&=1) [21]
capabilities of such mixed polycationic—polyanionic layers. Theis a water soluble, thermally stable polyelectrolfgg] having
PLL-PSS coatings on glassy carbon were also examined Hyoth hydrophilic parts (sulfonate groups and their counteri-
scanning electron microscopy (SEM). Furthermore, the abilityons) and hydrophobic parts (hydrocarbon backbone and phenyl
against several tensioactive compounds was evaluated and theoups). In aqueous solution PSS is a linear polyaf2@y24]
ionic exchange and permselectivity properties of the PLL-PS$ut, a highly coiled structure is obtained whenever the deposi-
coating were also assessed. The PLL-PSS-coated mercury filion proceeds from solutions of high ionic strength e.g. 0.1-2M
electrodes were applied to the direct determination of trace mef24,25]. The deposition of the protonated PLL (from aque-
als (Cd, Pb and Cu) in estuarine water samples having moderateis solutions of pH < 10.5) onto carbon-like electrodes leads

levels of dissolved organic matter. to three-dimensional layef&7].
2. Experimental 2.3. Electrode preparation
2.1. Apparatus Prior to coating, the glassy carbon electrode was conditioned

following a reported polishing/cleaning proced(ii®]. Coat-

All the voltammetric measurements were performed with aings of different loadings were obtained by the droplet evap-
BAS 100B/W electrochemical analyser (Bioanalytical Systemspration method10] placing on the electrode surface 3+il0
connected to a Cell Stand BAS-C2. The working electrode wasf a PLL solution (20 or 40 mM in monomeric units), followed
a TMFE plated onto a glassy carbon disc (BAS, MF-2012), theby 6L of a PSS solution (25 or 50 mM in monomeric units).
auxiliary electrode was a Pt wire and the reference electrod&éhen the solvent was allowed to evaporate in a stream of warm
was Ag/AgCI (sat. KCI). A combined glass electrode (Orionair (~60°C). The electrochemically active surface area of the
9104SC) connected to a pH meter (Cole Parmer, Model 05663jlassy carbon electrode, 6.42 rhimas measured by cronoam-
20) was used for pH measurements. Dissolved organic carbgrerometry (in 1.02 10-3 M ferricyanide/0.5 M KCI solution;
(DOC) determinations were made by an automated procedufeur polishing experiments, each one with four replicate deter-
(using a 4-channel Alliance auto-analyser-segmented flow anatninations)[7].
yser, model Evolution 11) and were based on the discolouring of Thin mercury films were ex situ plated in a solution con-
a buffered solution of phenolphthalein due to the carbon dioxtaining 0.12 mM mercury(ll) nitrate in 0.01 M nitric acid (pH
ide produced by oxidation of the dissolved organic matter. Thea. 1.9) by electrodeposition through the mixed polymer coat-
colour intensity was measured at 560 nm and the calibratioing at —1.3V for 20 s whilst the solution was rotated with a
curve method was applidd0].

Scanning electron microscopy was conducted at a S-410Gble 1
HITACHI system. Chemical structures of the polyelectrolytes used for electrode coating

Polystyrene sulfonate (PSS) Poly-L-lysine hydrobromide (PLL)

2.2. Reagents and solutions Monomer mass 206.20 Monomer mass 209.08
Poly(sodium 4-styrenesulfonate), (molecular weight, 70,000

and degree of sulfonation 1.0) and poly-L-lysine hydrobro-

mide (molecular weight, 72,000-84,000) were purchased from

Sigma—Aldrich and used without further purification. All chem-

icals were of analytical reagent grade and all solutions were

prepared with ultra-pure water (18.2 M, Milli-Q sys-

tems, Millipore-waters). Sodium chloride (Merck, suprapur),
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magnetic stirrer (BAS-C2 stand, position 3). The conventionathere were no diffusion restrictions to the mass transport of heavy
mercury film electrode was obtained in a similar fashion excepinetal cations through the polymer layer and, in fact, significant
for the polymer coating steps. The present methodology of eimprovements on the stripping peak currents for lead and cop-
situ deposition of the mercury film at a high cathodic overpotenper were observed, compared to the uncoated TMFE. The actual
tial in acidic solution has proven to produce relatively stable angholymer loading used for electrode modification is an important
homogeneous mercury films of closely packed Hg microdropletexperimental parameter because it affects both the morphology
[4,26]. Although an improved procedure for the deposition of Hgand the compactness of the coating, which, in turn, influence its
films in the presence of thiocyanate ion has been recommendge@rmselectivity and mass transport properties. In order to eval-
recently[4,27]it was considered unsuitable for the present pur-uate how the PLL (cationic)-PSS (anionic) loading influence
pose due to the unknown effect of the presence on an additionttie ASV response of lead, experiments were carried out using
anion, SCN, on the properties of the mixed polymer coating. four different mixed coatings with increasing PLL loadings (9.3,

When required, the polymer layer was wiped off with a wet18.7, 31.2 and 62.4 nmol mm) keeping the PSS loading con-
tissue and the GC surface was re-conditioned as mentionestant at 23.4 nmol mn¥ (c.f. Table 2).

above. Firstly, the modified electrodes were examined in terms of the
features of the thin mercury films. The values of the deposited
2.4. Voltammetric procedures mercury charge (calculated by electronic integration of the linear

sweep stripping peak of mercuf¥]) are displayed ifrable 3

The ASV experiments for the examination of the analyti-together with reference values for the PSS-coated TMFE and
cal performance of the PLL-PSS/TMFE were carried out infor the bare TMFE.
10 mL NaCl 0.5 M solutions spiked with lead(ll) as a reference The data shows the effect of the increasing molar ratio
metal ion (otherwise stated the cell concentration of lead(IlPLL/PSS, i.e., of the increasing relative amount of positively
was 6.00x 10-8 mol dm3). The deposition step lasted 20's at charged ionic sites at the mixed polyelectrolyte layer. In fact, as
—0.8V whilst the solution was rotated with a magnetic stirrerthe molar ratio PLL/PSS increases, the amount of electric charge
(BAS-C2, position 3). After a 5s quiescent time the strippingof deposited mercury decreases gradually, illustrating the effect
step was initiated at+0.8V and ended at0.15V to prevent of the repulsive electrostatic interactions, limiting the transport
the stripping of the mercury film. The instrumental param-of the cationic mercury ion within the mixed polymer. The data
eters used in the square-wave anodic stripping voltammetrgso show that for the PLL-PSS electrode with the molar ratio of
(SWASV) experiments were as follows: frequency 50 Hz, mod-1.3, the charge of deposited mercury is close to that obtained for
ulation amplitude 25 mV and step potential 5mV. the bare TMFE, whereas for the highest molar ratio PLL/PSS

For the ASV determination of heavy metals in estuarine watethat value is rather low, highlighting the repulsive electrostatic
samples (A and B), 10 mL of a fresh sample filtered througheffects due to the high amount of positive ion-exchange sites
a 0.45.m membrane filter (Millipore) was pipetted into the within the mixed polyelectrolyte coating. Additionally, as the
voltammetric cell and the SWASV measurements were carriethass loading increases, diffusion restrictions might also occur.
out promptly, with an accumulation step of 3min-a0.8V  Nevertheless, allthe PLL-PSS electrodes presented good repeat-
(rotation rate; BAS-C2 position 3). The SW parameters werability (expressed as low R.S.D. values).
the same as described above. Both the conventional TMFE and Fig. 1A and B shows the SWASV peak current of lefaghp),
the PLL-PSS-coated TMFE were used as working electrodess well as the corresponding SW voltammograms obtained for
The quantification of the trace metals was done by the standattie various PLL-PSS/TMFE, as a function of the molar ratio
addition method. The samples presented moderate ionic strengtvalues for the PSS/TMFE and for the bare TMFE are also repre-
(salinities of 17.3 and 7.3%. for samples A and B, respectivelysented as reference values). It turns out clear the effect of increas-
and reasonable high dissolved organic matter contents (DOC afig the ratio of positive/negative ionic exchange sites on the
4 and 10 ppm for samples A and B, respectively). accumulation/detection of lead. For the PLL-PSS electrode with

All peak currents and electric charges quoted are mean vathe ratio PLL/PSS of 1.3 (total molar loading 54.6 nmol rrfh
ues of six replicate measurements, except for the data regarditige value oflypy) is close to the that for the uncoated TMFE.
the application to estuarine waters where three replicates wetaterestingly, the existence of a moderate excess (ca. 30%) of
obtained. All solutions were purged with nitrogen for 5 min prior
to the voltammetric experiments.

Table 2
Loading characteristics of the mixed polyelectrolyte PLL-PSS used for electrode
3. Results coatin g poly Y
g
3.1. Performance of the PLL—PSS-coated TMFE towards tzigi(r]ngr:;]r;nnig;)meric (MPOLIierrgtIS? ‘(I'otar;r;a_\%s loading
the ASV determination of lead m
PLL PSS
Previous wor7,10] has shown that a thin mercury filmcan 9.3 234 0.4 6.8
be ex situ plated on a glassy carbon electrode coated with a Iayéﬁ"-; ;2-2 fl’-g 12-;
of the cation-exchange polymer PSS. At the best experimentég'4 23.4 27 178

conditions (PSS loading of 23.4 nmol mA)i.e., 4.8ug mm2)
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E?:clzfrii charge of deposited mercury for the TMFE ex situ prepared through the mixed PLL-PSS 8oatings
PLL-PSS mass loadifigp.g mm-2) PSS coating (23.4 nmol mm) TMFE
6.8 (0.4) 8.7 (0.8) 11.3(1.3) 17.8 (2.7) - -
OHg (1C) 40.81 35.49 28.00 19.21 47.24 31.23
R.S.D. (%) 4.2 3.6 4.5 5.5 3.34 7.56

Reference values for PSS/TMFE and uncoated TMFE are also disfl&yed
a Five replicate measurements of the charge under the voltammetric stripping peak of the deposited mercury obtained by LSV af'250 mV's
b Molar ratios PLL/PSS in brackets.

positive sites in the coating layer does not preclude an effec-
tive ASV determination of lead—eventually, at these conditions,
there are no restrictions to the mass transport of lead through
out the rather thick PLL-PSS polyelectrolyte layer. The SEM
examination of the surface morphology of the PLL-PSS coat-
ings revealed a rather three-dimensional structure with spreag
cavities, some of those with micrometer dimensions E8g€e2).
This type of structure may, in fact, facilitate the ionic transport
towards the electrode surface, regardless of the layer thicknes
(the estimate thickness value for a 23.4 nmol PSS elec-
trode is ca. um [7]; the present PLL-PSS electrodes shall be §
thicker, although the possibility of an inter-penetration of the
individual layers cannot be discharged).
Additionally, there is a small deviation of the SWASV peak .
potentials of lead towards more negative values as the molarg . Gk B bk e Ne
ratio increases, i.eE decreases from-535 to—555mV. This '
may be related to the effect of the strengthening of electrostatikig. 2. Scanning electron micrograph (x5000) of a PLL-PSS-mixed coating on
repulsion and/or to the increase of the coating thickness. On theGC electrode (ratio PLL/PSS: 1.3; total mass loading: 336 ?).
other hand, the peak-width-at-half-height of the lead SWASV
signal remained unaltered indicating that no significant kineticomplexes (e.g. [Pbg&]~; log 83 1.9[28]) which may exist in
constrains to the ionic exchange process shall occur. the electrolyte solution (NaCl 0.5 M) might provide an explana-
Another consideration arising from the data presented irtion.
Fig. 1 is that, considering merely the electrostatic interac- The electrode with the PLL/PSS molar ratio of 1.3 was also
tions within the mixed PLL—PSS layer, the electrode with thetested in terms of its analytical performance towards the SWASV
PLL/PSS ratio of 1.3 should restrict the accumulation of the leadletermination of lead and the results were compared with those
cations producing SWASV peak current intensities lower tharfor the uncoated TMFE. The calibration curve data were (con-
those for a bare TMFE. However, such was not the case. Anentration range 2.00 10~8 to 10.0x 10~8moldm3; tacc
eventual alteration in the ionic exchange mechanism, involvin@0 s at—0.8 V): slope 8.3t 0.1 Amot1 dm? (r=0.9997 N =5,
the additional accumulation of negatively charged lead—chlorg <0.05) and 8.9 0.6 Amol~1 dm? (»=0.9998 N=5,p < 0.05)

1.2
PSS/TMFE
.
i 0.8 .
E TMFE
’E’ &
0.4
*
0.0 T T T T T T T L— T
0 1 2 3800 -600 -400 -200
(A) molar ratio PLL/PSS (B) E (mV vs. Ag/AgCl sat.)

Fig. 1. Effect of the molar ratio PLL/PSS on the SWASV peak current of lead (A) and on the corresponding square-wave voltammograms and (B) molar ratios: (a)
0.4, (b) 0.8, (c) 1.3, (d) 2.7. Deposition time: 20 s-41.8 V. SW parameters:= 25 mV,f= 50 Hz. Concentration of lead, 6.6010~8 M. Thin mercury films ex situ
plated (charge values ifable 3). Reference values for the bare TMFE and a PSS/TMFE also included for comp&rison
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0.7 Table 5
Variation of peak currents (in percentages) for three PLL-PSS-coated GC elec-
0.6 e R . @ e .,0‘0’ trodes with different loadings, relative to the bare GC electrode
. * AT IE AR 4 O, L o0

P 0.5 e MR * *To0e Substance PLL—PSS loading (g mm#)?
=

0.4 <o
~ O < 11.3(1.3 17.8 (2.7 22.8(1.3
S PR o0 | 0000 <><><><><><> Oooo% 06000 © 00 (13 7 3
& 031 DA +14 —77 —62

02 J UA -32 —37 —53

’ AA —-8.6 —-17 —-81

01 4 [Fe(CN)}]3~ —100 —100 —100

0.0 @ PLL/PSS molar ratio in brackets.

1 2 3 4 5 6
experiments within the studied range. Though, the sensitivity to lead is dimin-

Fig. 3. SWASV peak current for repeated measurements6vin six test  ished for the thicker electrodes, most probably due to mass
solutions of the same composition (6.000-8M Pb?* in 0.5M NaCl) with  transportrestrictions (the thickness shall be approximately twice
six different PLL-PSS/TMFE electrodes with the same PLL/PSS molar ratiothat of the thinner electrodes).

(1.3) and two different mass loadings; 1ji.@mm 2 (black diamonds) and

22.8ug mn2 (white diamonds). Other experimental conditions aBig 1. . . .
h ( ) P . 3.2. Electrochemistry of electroactive molecular species at

a PLL-PSS-modified glassy carbon electrode
for the PLL-PSS/TMFE and for the TMFE, respectively. The
limits of detection were identical, i.e., ca. 0.3nM {3#lence, Additional experiments at PLL—PSS-coated electrodes with
the sensitivity of both electrodes is similar. The R.S.D. valuedlifferent mass loadings (11.3, 14.1 and 1,8¢mm2) were
ranged between 1.0 and 2.5% for the PLL-PSS/TMFE and 3.&arried out in order to obtain more information on the ionic
and 4.7% for TMFE showing that the repeatibility of the SWASV exchange and permselectivity properties of the PSS coating. In
signals is better for the polyelectrolyte-modified electrode.  this set of experiments no mercury film was plated. The selected
Additional experiments were done in order to statisticallyelectroactive molecular species were ions of different molecular
evaluate the repeatibility of the SWASYV signals and the reproweight and charges, [Fe(CNY~ (Mw 212),L(+)-ascorbic acid
ducibility of the preparation method of the PLL-PSS-coated My 176) and uric acid (M 168) and dopamine (j¢/ 192). At
thin mercury film electrodes. Two type of electrodes, with thethe working pH of 7.01.(+)-ascorbic acid (p&k=4.10) and uric
same PLL/PSS ratio (1.3) but different mass loadings (11.&cid (pk;=5.4) are both anionic and dopamine (p%8.87) is
and 22.8.gmn2) were examinedFig. 3 shows the lead cationic. All four species are electroactive at the glassy carbon
SWASYV peak currentlypp), for six different PLL-PSS elec- electrode within the potential window [0 V; +1 VIable 5shows
trodes of each type, in six test solutions of the same compositiothe relative variation of the peak current values obtained with
(6.00x 10~ Mlead(Il) in NaCl 0.5 M). For each experiment six the three different PLL-PSS electrodes compared to the values
repeated measurements/gfvere performed. Lowelyppyval-  obtained at the bare glassy carbon electrode.
ues were obtained for the electrode with the thicker coating (ca. For all PLL-PSS coatings used, no peaks were detected for
66% lower), indicating that diffusion restrictions are now oper-[Fe(CN)]3~/4~ (100% exclusion). The exclusion of this anion
ative. Slightly better results in respect to the repeatibility andcertainly has an electrostatic nature due to the high charge of the
reproducibility were obtained using the PLL-PSS thinner coatferricyanide, despite the PLL—PSS electrode with 1&8nm 2
ing (11.3ug mm2). Table 4presents the median, the range andhaving a high content of the anion exchanger PLL. On the other
the variance within samples and between samples for both typémnd, for ascorbate and urate anions, decreasing peak currents
of electrodes. It can be concluded that the preparation proceduveere observed for thicker coatings with the same molar ratio
of the mixed polyelectrolyte-coated electrodes is reproducible(l.3) indicating that besides the electrostatic exclusion, diffu-
likewise the case of TMFE coated with only a single layer ofsion restrictions must be operative. For the PLL-PSS electrode
PSS (in this case the reproducibility, based-gnwas 0.004 for  with 17.8.g mm2 the effect of the higher content of the anion
similar experimental condition$) 0]. exchanger PLL is now clearly observed: although being thicker
Further, the statistic evaluation of the results show that théhan the PLL-PSS electrode with 1.8 mm2, the relatively
repeatibility of the voltammetric signal at the PLL-PSS elec-small decrease in the oxidation peak currents for UA and for AA
trodes (molar ratio 1.3) does not depend of the coating thicknesmeans that now the anion exchanger PLL has an effect by accu-

Table 4
Statistical characterization of the results obtained with PLL-PSS-coated thin mercury electrodes of different total mass loadings (11,3)anci22).8nd same
PLL/PSS loading molar ratio (1.3)

PLL-PSS loading (g mm) Median (pnA) Range (n.A) Repeatibility based o Reproducibility* based omg
11.3 0.521 0.084 0.0003 0.0025
22.8 0.346 0.079 0.0004 0.0038

a 52 estimates the repeatibility of the measurements%mﬂapresents the reproducibility between sam{2&3.
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Fig. 4. Effect of surfactants on the SW stripping peak current of Igagxpressed as a normalized current with respect to the value obtained without surfactant,
Ip*, at the PLL-PSS/TMFE with a molar ratio 1.3 and different thicknesses: (A)ddim8n2 and (B) 22.8.g mni~2. Triton X-100: cross; SDS: squares; agar:
triangles; PAAHC: star; BSA: diamonds and HYA: circles. Experimental conditions Rigirl.

mulating ascorbate and urate anions. Hence, these anions werg| —PSS film with 17.8.g mm2 (molar ratio 2.7) highlighting

not totally rejected by any of the PLL-PSS coatings in oppo+the effect of the relative increase in the number of positive-
sition to published results for enzyme incorporating PLL-PS&harged groups due to PLL. For the thicker coating, a high
membrane$18,19] to which a molecular cut-off mass of 110 exclusion is still observed in spite of the lower molar ratio (which
was assigned. For cationic dopamine some incorporation was again 1.3) and this fact surely is related to mass transport
observed using the thinner PLL-PSS film (PLL/PSS molar ratigestrictions.

1.3). However, for the other PLL-PSS electrodes the dopamine |t may be concluded that the PLL—PSS coatings are charge
peak currentdecreased. The larger decrease was observed for §agective and permselective to molecular size in some extent. The

Table 6
Chemical structures of the surface-active compounds used

Tensioactive Structure

Triton X-100My 646 non-ionic

SDSMyy 288 anionic

Ol CH,OH 0
Agar My 5000-30,000 non-ionic o 0"
0
HO
PAAHC My 15,000 cationic n
NI Cr
HYA My 448 cationic
cr
O/\/O\/\]”\*I
VRN

BSA My 68,000 anionic Globular protein with 585 residues in a single chain
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incorporation of an organic cation-like dopamine is more depenmulation of lead complexes with those anionic species at the

dent on the actual thickness and molar ratio PLL/PSS comparesblution/coating interface.

with the studied case of lead cation (c.f. Sect®p). Onthe other hand, for athicker PLL-PSS coating (mass load-

ing: 22.8ug mm2) the performance of the PLL-PSS-coated

TMFE was not limited by the presence of the HYA (&iy. 4B);

the high film thickness certainly was responsible for the diffusion

restriction to the transport of this cationic surfactant within the
ixed polyelectrolyte layer. Additionally, for Triton X-100 the

4

3.3. Anti-fouling properties of the PLL-PSS-coated TMFE

The anti-fouling ability of the PLL-PSS/TMFE against sev-
eral surfactants was evaluated regarding the SWASV analysis

lead. Triton X-1QO and SDS are detergents, agar serve asamolate the suitable ability of the PLL-PSS/TMFE against several
for polysaccharides present in natural waters, PAAHC is a h'glgurfactants especially for thicker coatings (22gmm2).

molecular cationig polymerwherea§ HYA_ presents a relatively A medium term stability test was performed for the thick
low Mw_and BSA is a globular proteln of highty. Somg char- PLL-PSS-coated TMFE (22,8y mni2): the glassy carbon
acterlstlcshof these surfa?tﬁnts 3\;2 d\l/SplaykGE*a"_’iia'?lg' AéIA lectrode was coated on the first day of the week and the mer-
presents the variations of the SWASV peak height of lead in t ?:ury film was ex situ plated and electrochemically removed at

presence of increa_sing amounts (_)f different surfazctants at tfme end of the SWASV scan. The PLL-PSS coating was main-
PLL-PSS/TMFE with a mass loading of 1 mm= (molar  ineq and the modified electrode was kept overnight in water. In
ratio 1.3). o , ) each subsequent day, a new mercury film was ex situ plated and
The cationic surfactant HYA was not excluded in spite of o s\\ASY measurements were repeated. The test was made
having a molecular weight higher than that of dopamine of,. 0,4 (80.0nM in 0.5 M NaCl solution). On the seventh day
ferricyanide. In fact, HYA produced the total fouling of the o yoo\ intensity of lead decreased ca. 6.0%, comparing with
PLL-PSS-coated electrode for concentrations >20 ppm. A siMyo resits obtained on the first day. The R.S.D. values were
llar behaviour has been observed at PSS-coated TMFBND 1\ sintained in the range 2.5-3.7% all along the week. Hence,

an explanation based on the conformational featqres of HYﬁhe present PLL-PSS coatings have a reasonable mechanical
was advapced. Convers.ely,' '.[he high molecular weight cationigasistance and chemical stability, as well as good anti-fouling
PAAHC did not have a significant effect dppp) For the non- ability

ionic detergent Triton X-100 there was a large increase of the

ASV peak current of lead with the addition of that species. Only

for 20 ppm.Jypp)dropped to a value close to the observed with-4. Determination of heavy metals in estuarine waters

out Triton X-100. Similar enhancements of the lead SWASVsamples

signal at Nafion and PSS-modified mercury film electrodes were

already reported9,10]. For BSA and SDS, there were slight  The applicability of the PLL-PSS-coated TMFE (11.3
enhancements &fpp), these effects might be due to some accu-ug mm~2; PLL/PSS ratio 1.3) was tested in the SWASV

I 0.5 LA I 0.2 pA

hancements ilypp)were not observed. These results demon-
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Fig. 5. SW anodic stripping voltammograms of two estuarine waters (samples A and B) at the uncoated TMFE (thin line) and at the PLL-PSS/TMFE (thick line
PLL—PSS loading: 11.2g mm2 (PLL/PSS molar ratio 1.3); SW parameteis: 25 mV,f=50 Hz and deposition time 180s-a0.8 V.

;?/SESZ/ determinations in estuarine water samples at the uncoated TMFE and at the PLL-PSS-coated TMFE
Electrode Sample A (nM) Sample B (nM)
Cu Pb Cd Cu Pb
TMFE 2.69+0.09 3.74£0.08 nd nd nd
PLL-PSS/TMFE 2.65+0.03 3.84+0.04 1.53+0.05 2.65+0.07 1.53+0.05

See text andFig. 5for experimental conditions, nd: not detected.
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determination of trace metals in estuarine water samples coitevel, in estuarine waters containing moderate amounts of dis-
taining moderate levels of dissolved organic matter (DOC valuesolved organic matter, where the uncoated TMFE failed due to
of 4 ppm for sample A and 10 ppm for sample B; c.f. Sectionfouling.

2.4). The results, displayed Fig. 5andTable 7show that the

PLL-PSS-coated TMFE can be successfully used to quantify ckpowledgements

trace metals in samples with relatively high DOC (10 ppm),

Whel’e the bare mel’cury film eIeCtrOde fails. Addltlonally, for Sandra Monterroso acknow|edges the University of Aveiro
sample A (DOC 4ppm), the Cu and Pb metal concentrationgyr g ph.D. grant. The authors are grateful to Eng. Augusto Lopes

determined by both methodologies were statistically identicalipepartment of Ceramic and Glass, University of Aveiro) for
confirming the accuracy of the PLL-PSS-coated TMFE for thisyssistance with the SEM examinations.
type of application. Though, in this complex matrix the sen-
sitivity to lead at the PLL-PSS/TMFE was significantly higher
than that at the bare TMFE: the slope was23.3 Amol-1 dm?
(r=0.998N'=4,p<0.05) and 5.8 0.2 Amol* di® (=0.997, [1] T.M. Florence, Anal. Chim. Acta 119 (1980) 217.
N=4, p<0.05) for the PLL-PSS/TMFE and for the TMFE, [2] H.P. Wu, Anal. Chem. 66 (1994) 3151.
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