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Abstract;

Dopamine (DA) can be detected by electrochemicaldation in conventional
electrodes. However, the presence of other oxithzapecies (interferents) usually
present in physiological fluids at high concentrasi (like ascorbic acid) makes very
difficult its electrochemical detection. In the pemt work, glassy carbon electrodes
have been modified with Molecularly Imprinted SiligMIS) films prepared by
electroassisted deposition of sol-gel precursofse Production of MIS films was
performed by adding the template molecule (DA)he precursor sol. The molecular
impression of silica was assessed showing a hidterency allowing a filtering
capacity in the molecular scale. The MIS-modifedectrodes present a high selectivity
for the detection of DA in neutral or acidic sotms. The MIS-modified electrodes
allow the amperometric determination of dopaminesatutions containing ascorbic

acid with molar ratios lower than 1:50000.

Keywords: molecular imprinting; electrodeposited silica;pdmine, ascorbic acid,;

electrochemical sensor
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1. Introduction

Molecularly imprinting is one of the best-known lt@tques to generate synthetic
polymers with recognition sites for a given moleculThe production of novel
molecularly imprinted polymers is through the swdis of highly cross-linked
polymers in presence of “printing” molecules (cdlkemplates). Thus, the subsequent
removal of the template allows for using the polyras selective medium for printed
molecules or structurally related compounds[1]. lde&r, more research needs to be
done to increase the direct application of moletylamprinted materials to the

generation of new analytical sensing devices. [2-11

Although, these materials are considered critical the production of diverse
chemical sensors, there are only few studies ath@uapplication of these systems on
different transduction systems such as piezoetecéliectrochemical or luminescent

devices[1,12-14]

Usually molecularly imprinted polymers for electheenical applications are
made of acrylic, vinyl or siloxanic networks depediover suitable electrode substrates
by standard film processing methods, such as, gpating, photografting, silanization,
self-assembling, etc.[2,4-7,9,10,15]These fiimsemfisuffer from the presence of
pinholes because film does not grow uniformly ovke electrode with standard
techniques.[16] It drives to a lowering of the penmhance of the resulting
electrochemical sensor. Then, the use of electroafa# deposition methods can
improve the performance of the modified electrodgsbtaining films that are more

homogeneous.

Page 3 of 32



The detection and quantification of neurotransmstie physiological fluids is a
sticking point of electroanalytical science. Mamecholamine-based neurotransmitters
can be detected by electrochemical oxidation inveational electrodes[17-21].
However, the presence of other oxidizable speareghysiological fluids at high
concentrations strongly masks the oxidation of agansmitters. An archetypical
approach, which reproduces the conditions of thietection method, is the
electrochemical determination of dopamine (DA)ha presence of ascorbic acid (AA).
DA is easily oxidized with conventional electrod@sich as GC, graphite, platinum,
etc.)[22-28]. However, there are a number of prolleassociated to the
electrochemical detection of DA due to the oxidatigaction of this compound. One of
the primary problems is the presence in physioklgftuids of other species that
undergoes oxidation at similar potentials than DAing the main interferents AA or
uric acid. The major problem comes since concdotrabf dopamine in the
extracellular fluids, is extremely low (0.01tdM) for a healthy individual while the
concentrations of the main detection interferenéssgveral orders of magnitude higher
(30-90 puM for AA). Therefore the concentration oator DA:AA in blood plasma is
around 1:10000 or lower.[29,30] In order to impralre selectivity of the electrodes for
this application big efforts have been made to ffiyatlie electrode surfaces by different
strategies, including graphene, nanoparticles, wcimg polymers, self-assembled
monolayers, etc. [31-34]These modified electrod#ained good selectivity for ranges

of DA:AA concentration ratio of 1:1000 in the bestse.[33,35-37]

This work presents a novel method for the prepamadf modified electrodes with
Molecularly Imprinted Silica (MIS) for the selectivelectrochemical detection of
dopamine. The MIS layers were prepared over sdtatdctrodes by electroassisted

deposition method. The method for electroassistedosition of silica has been
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extensively studied for the preparation of modifeddctrodes for several applications,
including nanolithography, enzyme immobilizatiooniexchangers and electroanalysis,

among others.[38—42]

The application of negative current for the reduttof the solvent containing a
silica precursor in the presence of a molecularptate produces a silica film with
encapsulated template molecule. The removal oftémeplate (also performed by
electrochemical method in the present work) produgemolecularly imprinted silica
film, with improved selectivity towards the seledgt@analyte. The present work is
focused on the electroassisted synthesis of madgulimprinted silica sol-gel
materials, using DA as model compound, but the guface can be extended to other

species of electroanalytical interest.

2. Experimental part

Tetraethyl orthosilicate (TEOS, Sigma Aldrich, reaggrade), ethanol (Sigma-Aldrich,
p.a.), potassium chloride (Merck, p.a.), dopamigdrbchloride (Sigma-Aldrich), L-

ascorbic acid (Sigma-Aldrich, reagent grade), hgtdlaric acid (Merck, reagent grade),
potassium dihydrogen phosphate (Merck), potassiumsphate dibasic (Sigma-
Aldrich) and sulfuric acid (Merck, p.a.) were usad received. All solutions were
prepared with purified water obtained from an ELG#&b Water Purelab system (18.2

MQ-cm).

Electrochemical experiments were performed in cotiweal electrochemical glass
cells. The working electrode was a glassy carbah(geometric area=0.07 émGC,

Carbone Lorraine, model V-25). The GC electrode warefully polished with emery
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paper and subsequently rinsed with distilled wateplatinum wire was employed as
counter electrode, and a reversible hydrogen eléetrintroduced in the same

electrolyte solution placed in Luggin capillary wased as reference electrode.

The surface morphology of the modified glassy carledectrodes was studied by

scanning electron microscopy (SEM, JEOL JSM-840).

3. Results and discussion
3.1. Electroassisted deposition of Molecularly Imgnted Silica (MIS)

A sol-gel silica precursor solution was preparednixing 6 mL of TEOS, 8.2 mL
EtOH and 5.8 mL of 0.01 M HCI+0.46 M KCI solutiom & glass vial. KCl is necessary
to provide conductivity to the solution in ordergerform the electrodeposition of silica
gel. This solution was stirred for 1 hour for thgdtolysis of the TEOS. For the
electroassisted deposition of silica a polished &€ctrode was immersed in the
precursor solution. The application of reductiotemtials to values more negative than
—1.5 V induces the hydrogen evolution reaction. ¢becomitant increase of pH near
the electrode accelerates the gelification of tiieascolloids nearby the electrode,
producing a silica deposit on it. This depositioethod produces uniform and coherent

silica films avoiding the formation of pinholes.[43]

When the deposition is performed in solutions isexze of the template molecule
(dopamine) the films obtained are labelled as Nuopfinted Silica (NIS). Different
conditions for the galvanostatic step were chechatth current densities ranging
between —5 to —20 mA cf After the preparation of the NIS film, the electe was

rinsed with abundant ultrapure water and immersed 0.5 M HSQ, blank solution.

6
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The electrode is submitted to 10 voltammetric cyéteorder to clean its surface. This

electrochemical treatment is similar to that perfed to MIS film as indicated below.

Figure 1 shows SEM images of NIS-modified GC etmbtr The film deposited at —10

mA cm? (deposition charge 150 mC &nis composed by aggregated silica colloids
with spherical shape and diameters ranging betwl@e300 nm. Films formed at more

negative currents (—20 mA éresulted in more cracked surface due to the higite

of hydrogen bubbling produced on the electrodeas@riupon reduction of proton. The

colloids deposited at this current are more hewmmegus with aggregated silica

particles ranging between 80 and 700 nm.

Figure 1. SEM micrographs of NIS-modified electrodes systhed at different

potentials. (A) NIS-prepared at —10 mA Tr(B) NIS-prepared at —20 mA ém
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Other set of silica films were deposited on GC tetate after the addition of 0.1M
dopamine (DA, template molecule) in the silica pirsor solution. Those films are
labelled as MIS. The deposition of MIS films wasrfpemed galvanostatically in
similar conditions than the NIS films. After theeparation of the MIS film, the
electrode was rinsed with abundant ultrapure wdtwever, the deposited silica
retains DA molecules within its pores as demonsttdity the cyclic voltammograms of
the MIS-modified electrodes in a blank solutione(degure 2). The voltammogram
during the first positive sweep shows an anodicenirfrom 0.5V that corresponds to

the oxidation of DA. During the negative going syea reduction peak is observed at

0.88V.
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Figure 2: (A) Successive cyclic voltammograms of a MIS-nfiedi electrode immersed
in a solution 0.5 M KS0,. Scan rate 100 mV’s (B) The net oxidation charge as a

function of the number of cycle is representechimbar diagram.

The cyclic voltammograms after the first cycle oflS¥modified electrodes
immersed in a 0.5 M $$0, solution still show anodic currents at potentiabren

8
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positive than +0.9 V corresponding to DA oxidatiigure 2.A). The corresponding
reduction process is observed in the negative atax0.88 V. The anodic charge is
always higher than the cathodic charge duringitise8 cycles, indicating a degradative
oxidation of the DA species entrapped (fig. 2.BheTanodic current decreases and a
stable redox processes is clearly observed at Y0a®ter nine potential cycles. This
experiment can be used to leach out the DA frometiiteapped site in the silica film.
Thus, this electrochemical treatment is proposeeitcact the template molecule from

MIS film.

Figure 3 shows SEM images of DA-molecularly impephsilica deposited on GC
electrodes at —10 mA ¢t The presence of DA during gelification producesren
heterogeneous aspect of the film and the shapehefcolloids are less-defined,

becoming more compact films than NIS.

s

£1257 20KU . tem WO13

6126 26KV “X36,800 ~frm WD1S

Figure 3: SEM micrographs of MIS-modified GC electrodes prepaat —10 mA cif.

3.2. Electrochemical response of dopamine and astir acid
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Figure 4 shows the voltammograms obtained for Wa& and NIS-modified GC
electrode in different solutions containing DA aAd in a molar ratio (DA:AA) of
1:100. Figure 4.A shows the cyclic voltammogranadfare GC electrode in a solution
containing both analytes in concentration 0.1 mM BA0 mM AA in phosphate buffer
solution (pH 7). The scan to positive potentialsves an oxidation peak at +0.69 V
corresponding to the irreversible oxidation of Adaan oxidation peak at +0.82 V due
to the oxidation of DA to dopaminequinone. The m&dn peak of dopaminequinone to

DA is observed at +0.79 V during the reverse scan.

The oxidation of DA follows a typical ECE mechanismitially DA is oxidised to

dopaminequinone in the scan to positive potentiilee dopaminoquinone suffers a
further chemical cyclation to leucodopaminechrom@&he redox processes
corresponding to the dopaminechrome/leucodopamioeth transition appear at
potentials lower than 0.4V (a potential lower tliha selected lower limit, a complete
voltammogram is shown in the Supporting informatiéig. S1). The appearance of
those processes has been related also with thenpdBation of dopamine on the
electrode surface that drives to the modificatibthe electrocatalytic performance of

the GC surface towards dopamine oxidation. [45]

Figure 4.B shows the cyclic voltammogram of theeb&C electrode in a solution
containing DA and AA in 0.5 M k80, solution. In this case, the dopamine response is
not complicated by the formation of leucodopamimente or polydopamine since the

chemical step is much slower in acidic pH thanentnal medium.[16,23,46]

As observed, the scan towards positive potentiasvs an oxidation peak at +0.63 V

corresponding to the irreversible oxidation of AAnd the oxidation peak of DA

10
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appears at +0.81 V, overlapped to the diffusiohafithe AA oxidation. In the reverse

scan dopaminechrome is reduced in a single peaB.@® V.

Figure 4.C shows the cyclic voltammogram of a nopsinted silica-modified GC
electrode (NIS) obtained at current density of #1@ cm? immersed in the solution
containing DA and AA in phosphate buffer solutigpH( 7). The scan to positive
potentials shows an oxidation peak at +0.57 V aspweding to the irreversible
oxidation of AA and the oxidation peak of DA appeat +0.80 V and its reduction
process at +0.76 V in the reverse scan. Then,ethexrprocesses of DA appear poorly
defined in this electrode, probably by the formatiof polydopamine films that
occludes the silica pores and therefore worsensetgonse of the modified electrode

towards the detection of DA.

Figure 4.D presents the electrochemical responsesaflution containing DA and AA
in acidic solution of a NIS modified electrode dh&d at current density of —10 mA
cm? The scan to positive potentials shows a peak0Oaf7+V corresponding to the
irreversible oxidation of AA, and at +0.80 V appe#re oxidation peak of DA and the
reduction counterprocess at +0.78 V during the iagaweep. The latter processes are

very well defined and appear clearly separateti®™A oxidation.

The comparison of the voltammograms for bare glassipon electrode with those in
the presence of silica shows that electrochemicdbyposited silica modifies the
voltammetric response in both media. The oxidapeaks corresponding to ascorbic
acid and dopamine present a higher peak-to-peakatign and better definition mainly

in the case of the acid solution (Figure 4.D).

11
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Figure 4: (A) and (B) Electrochemical response of bare GCteodes inphosphate
buffer solution, pH 7 and 0.5M430,, respectively. (C) and (D) Electrochemical
response of NIS-modified electrode (—10 mA?3rim phosphate buffer solution, pH 7

and in 0.5 M HSO,, respectively. Solid lines: solutions containin@ @M DA + 10

mM AA. Dashed lines blank solutions. Scan rate A00s™.

A Selectivity ParameteSP) for the detection of DA in the presence of AA vaedined

from the voltammograms obtained, as the ratio efdkidation faradic current for DA

12
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and for AA voltammetric peaks obtained in theseditions (DA:AA concentration

ratio 1:100):

cp _ ‘DA

Y (1)

This SP has a value of 0.48 for NIS-modified electrodefigfire 4.D. TheSP was
obtained for different molecularly imprinted silifiams prepared at different reduction

currents ranging between -5 to —20 mATm

The effect of the concentration of molecular tertgplaas studied by adding dopamine
template to the silica precursor solution at déférconcentration ranging from i@
0.2 M. TheSPof the MIS film SRus) was compared with theP of NIS film deposited
in the same electrochemical conditions but in abtseof template §Rys) and an

Imprinting Effect ParametetEP) is defined as:

SPys
SPyis (2)

T
1L —

Therefore JEP =1 indicates that, for electrodes prepared usirgsame electrochemical
conditions, the Selectivity Parameter of the malady imprinted electrode is the same
than for the electrode prepared in the absencesmplate molecule, NIS, and no

imprinting effect is observed.

Figure 5 shows the contour plot for the valudER for different silica films prepared

by the electrodeposition at a constant currentl&f A cmZ.

13
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Figure 5: Contour plot for the Imprinting Effect ParametltR) of silica films as
function of the concentration of the template, dopee [DA] and the absolute value of
electrodeposition charge used (ElectrodepositethehaDeposition current =10 mA

cm?,

ThelEP is represented as a function of two variablesdthygamine concentration in the
template (abscissa) and the amount of electrodigbsilica accounted as electrical

charge density passed through the electrode (dejina

There are littlelEP values for concentrations of the template lowent®.04 M. For
those films thelEP is always lower than 2, indicating that the bebawiof the MIS

films is similar to NIS. The contour plot showingdicates the optimum values I&P

14
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(and therefore of selectivity), are obtained fon@entration of the template molecule

around 0.1 M for all the deposited charges.

From figure 5, the maximum value t#P is obtained for a deposited charge of —150
mC cm? but it remains high for deposited silica up to 868C cn¥. Thicker films
drive to a worsening of the selectivity. It candiee to a loss of the coherency of the
films from a critical amount of deposited silicance the film may present a limited
adherence to the glassy carbon electrode.The cyaliammogram of a MIS-modified
electrode prepared in the optimised conditiongesgnted in figure 6 (charge —150 mC
cm?and concentration of the template 0.1 M) withiBR of 3.62. The figure compares
the voltammogram obtained in a solution contairinmM DA + 100 mM AA for a
NIS-modified (dashed line) and a MIS-modified etede (solid line) in the same

optimal conditions.

15
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Figure 6: Steady state cyclic voltammogram of NIS-modifiddgosition current =10
mA cmi’ charge —150 mC cf) dashed line) and MIS-modified electrode (depositi
current —10 mA cm;charge —150 mC cfrand 0.1M [DA] template, solid line) in a

solution containing 1 mM DA + 100 mM AA (concentaat ratio 1:100) in 0.5 M

H,SO,. Scan rate 100 mV's

The MIS-modified electrode presents a better swigctfor the detection of DA than
NIS. While the oxidation current for DA is simildor both NIS and MIS-modified
electrode, the most important difference is relat@t the decrease of the intensity for

the oxidation peak of AA in the MIS-modified elemtle, indicating that this layer acts

16
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as selective molecular filter for DA, excluding palty the pass of the AA molecules

across the film.

The silica-modified electrodes can be used as t@&ldai voltammetric sensor for the
determination of DA. Figure 7 shows the voltammaograf a MIS-modified electrode
immersed after the dosage of different amounts/AfiDcan be seen that an increase in
dopamine concentration is accompanied by an inergmathe oxidation current around

+0.80 V.

17
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Figure 7: (A) Electrochemical response of the optimal MIS-iified electrode
(deposition current —10 mA cficharge —150 mC cfrand 0.1M template) in 0.5 M
H,SO, solution after the dosage of different amountdagamine. Scan rate 100 mV s

! (B) Calibration curves for dopamine quantificatiith a different modified
electrodes: GC electrode (squares), NIS-modifiedtedde (deposition current —10 mA
cm?charge —150 mC ¢t triangles) and MIS-modified electrode (depositiomrent —

10 mA cm?charge —150 mC chand 0.1M template, open circles).
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Figure 7.B shows the calibration curves obtainedafdare GC electrode and NIS-
modified and MIS-modified electrodes. It is remdieathat the bare GC electrode
presents a sensitive response against DA for coratem lower than 25QM but this
electrode becomes less sensitive at higher coratemtrof DA. The slope of the curve
below 250uM can be fitted to a linear response’£R.999) and the sensitivity of the
electrode amounts 0.88A uM™. As observed the presence of non-imprinted silica
(NIS) over the GC electrode improves the sensytitoivards DA due to the affinity of
the silica for this molecule[43] and extends thege of sensitivity up to 500M. The

sensitivity of the NIS-modified electrode is incsed to 2.21A uM™,

The electrodes modified with molecularly imprintesilica present an improved
behaviour with respect the bare GC and NIS-modiéttrode, as it is observed in
figure 7.B, for a MIS-modified electrode obtainedh ioptimised conditions
(concentration of template 0.1M). While the semgitifor concentrations lower than
250 uM slightly increases, with respect NIS-modified attede (sensitivity 2.24A
uM™) the MIS-modified electrode present good sensitiai higher concentrations up
to 2 mM. The molecular imprinting of silica has @sftive effect in terms of sensitivity
towards DA as observed for other MIS-modified eledés prepared with different
concentrations of DA template, tGand 1F M films (see fig. S2 in the Supporting

Information).

The detection limit (LOD) obtained for the MIS-méidd electrode is 5.51 x 10nol L°
! of DA in these conditions and it is calculatedtss concentration, which produces an
analytical signal 3 times the standard deviation tbé blank signal, IUPAC

criterion.[47]

19
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Figure 8 shows the voltammogram of the MIS-modifdelctrode after further addition
of AA up to concentrations of 0.1 M, keeping thepdmine concentration fixed at 10
UM. The addition of the amount of interfering agénta molar ratio DA:AA 1:10000)

slightly affect the measured current of the dopamin

0.35-
0.30-
0.25-
0.204
0.15-
0.10-
0.05-
0.00-

-0.051

03 0.4 05 06 0.7 0.8 0.9 1.0 1.1 1.2
E/V vs RHE

|/ mA

Figure 8: Steady state cyclic voltammogram of MIS-modifieggdsition current —10
mA cm%charge —150 mC cfrand 0.1M template) in a solution of i DA (dashed
line) and in a solution of 10M DA + 0.1M AA (solid line) in 0.5 M HSQO,. Scan rate

100 mvsh

The MIS-modified electrodes can be used as ampdrimmsensor for the

determination of DA in the presence of AA. FigurestBws the chronoamperometric

20
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response recorded with a MIP-modified electroda sBolution containing 50 mM AA.
The potential of the electrode was fixed at +0.9¥ing the successive addition of
different amounts of DA. After the dosage of theimméransmitter, an increase of the

current can observed, proportional to the concéatraf DA.

Further addition of higher concentrations of AA (M) does not affect the
measured current during the experiment. The fidaiteon of AA is three orders of
magnitude greater than previous DA additions, lmtent is not significantly affected.
We consider that the silica layer is effective adeuular filter for AA.We observe a
linear response for a concentration range of DAvbeth 100nM to 1M, in a solution

containing 50 mM of interfering AA.

250 AA
M 1pM

Vo
DA Is A

I10;,LA

20 40 60 80 100 120 140
time /s

Figure 9: Chronoamperometric respol 200 400 600 800 n
current —10 mA ci;charge —150 mC CABNL v.civs jor 4 [Pp,‘,]’i.'l')"u wre waaraon Of
increasing amounts of dopamine. Volume of solu@idii. Detection potential +0.9V.

Solution 50 mM AA in pH 7 phosphate buffer solution
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The linear regression yields a sensitivity of 22/3(1M) (correlation coefficient
of 0.994). The detection limit, calculated as th@naentration which produces an
analytical signal 3 times the standard deviatiothefblank signal was 14 nM of DA in

these conditions.

Similar chronoamperometric experiments were peréatin acidic medium (0.5M
H.SQOy). A linear response was also obtained for a canaton range of DA between
100nM to 1uM in the presence of AA. The linear regressiondged sensitivity of 21.0
(wA/uM) (correlation coefficient of 0.996). The detectibmit was 57 nM of DA in

these conditions.

Table 1 shows the analytical parameters obtaingl different modified electrodes
appeared in the recent literature applied to trierdenation of DA in the presence of
AA. As observed, the proposed sensor appears t® adugh sensitivity in conditions

of high concentration of AA.

Further improvements of detection limit of MIS fémcould be obtained by the
introduction of electrocatalytic species within thiica matrix, like carbon nanotubes
and/or conducting polymers, following a similar medology to that propose by us in
previous papers.[44,48] Further work is under dgwelent in our group in that

direction.
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Table 1: Comparison of the electrochemical determinatioDAfin the presence of AA

of different modified electrodes reported in therature.

Electrode modifier Limit of  Sensitivity Molarratio  Ref.
detection HA/UM DA:AA
UM
Carbon nanotube-polypyrrole 0.06 0.086 1:50 [49]
Au- Silica core shell 0.02 0.0417 - [34]
Graphene oxide- silica 0.03 0.0047 - [50]
Au nanopatrticles-polymer 0.0078 0.2443 1:100 [51]
Graphene- polymer 0.11 0.025 - [52]
Graphene 2.64 0.0659 1:250 [53]
B-cyclodextrin-graphene nanocomposite 0.005 - 1:1000 [54]
Amino-B-cyclodextrin-carbon Nanotubes 0.5 0.514 1:100 [55]
Poly$-cyclodextrin 4.1 - 1:33 [56]
Graphene-Au,Ag 0.205 0.03 1:1000 [33]
Poly-0-aminophenol 0.00198 0.2369 1:1000 [37]
Cysteamine self-assembled monolayer 2.31 0.014 1:500 [57]
Carbon nanotube-ionic liquid gel 0.1 0.237 15 [58]
L-cysteine self-assembled monolayer 0.02 - 1:4 [32]
Poly-EDOT-co-(5-amino-2-naphthalenesulfonic 0.5 1 1:500 [31]
acid)
Gold nanorods 0.0055 3.28 1:1000 [36]
Phytic acid-single walled carbon nanotube 0.08 - 1:250 [59]
Microelectrode array 0.454 5.21 x 16 1.220 [60]
Poly(nicotinamide)/CuO 0.08 0.236 1:25 [61]
Poly-o-phenylenediamine 0.58 - 1:50 [62]
Polystyrene sulfonate - multiwalled carbon 15.7 12.37 1:500 [63]
nanotubes
Silanized graphene 0.01 - 1:1000 [35]
Poly-methylthiophene-, Pd, Pt 0.008 1.44 1:100 [64]
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Nanoporous gold 0.017 - 1:500 [65]
Electrodeposited Molecularly Imprinted Silica 0.014 22.3 1:50000 This
work
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Finally is necessary to indicate that silica-maatifielectrodesare stable during several
days if the silica film is not dried. In this mamnéhe modified electrode can be reused
after the recovery of the electrode sensitivityamplying a cleaning procedure similar
to that shown in figure 2. In this manner, we ushd same electrode up to 7

measurements with similar performance.

4. Conclusions

In the present work glassy carbon electrodes haen bnodified with silica films

prepared by electroassisted deposition of sol-getyrsor. Dopamine molecularly
imprinted silica films where prepared for the etechemical detection of dopamine in
the presence of ascorbic acid. These films preséigh coherency allowing a filtering
capacity in the molecular scale. The MIS-modifiddctodes present a very high
selectivity and allow the electrochemical deterrtiora of dopamine in solutions
containing high concentration of ascorbic acid (BA: molar ratio lower than

1:50000). These levels of interference are simitarthose found in physiological
samples and therefore MIS-modified electrodes prtese in this work are very
promising for direct determination of dopamine. Thaérication method is also very
versatile and can be applied to the determinatiootiter molecules of interest simply

modifying the template molecule.
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