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The detection of trace metals in aqueous solutions is of great importance in relation to the en-
vironmental protection. A significant sensitivity enhancement in the double-step volicoulom-
ctry was reached by using a chemically modificd carbon fibre microelectrode, The sensitivity
to the method used for cleaning of the microclectrode surface before being coated by the
Langmuir-Blodgett polythiophene film was demonstrated. The changes in kinetics of redox
reactions, taking place on the microelectrode surface, were describedl,

PACS: 61.414c, 68.08-p, 81.05.¢., 82.20-w

1 Introduction

The voltammetry, as an alternative to the polarography introduced in the year 1922 [1], is
technique widely used for the analytical detection of clectrically active specics in solutions. In
order to improve the sensitivity of voltammetric methods a variety of the chemically and phys-
ically modified electrodes was developed in the past 20 years [2-4]. In [5] we have reported
the possibility to prepare a polythiophene coated carbon fibre microclectrode with the help of
the Langmuir-Blodgett method [6] which enables us to deposit thin films in the layer-by-layer
manner [7]. The characteristics of the electrodes modified by polytiophene thin film are detailed,
with respect to its sensitivity to trace metals, in the presented study.

2 Experimental

The basic principles of the kinctics-sensitive double-step volicoulometry (DSVCM), used in
the presented experiments, were deseribed in our previous work [8]. The main innovation of
this method resides in the new sampling scheme — the transient charge response (Q(t) of the
clectrochemical system to the excitation pulse is measured at three different sampling cvents
(21,5¢%), 9t} and obtained data arc combined according 10 the formula

AQ(E) = Q (1) —2Q (5t1) + Q (91). n

* Presented at Workshop on Solid State Surfaces and Interfaces [, Smolenice, Slovakia, November 19 - 21, 2002,
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Fig. 1. (a) Construction of the carbon-fibre microelectrode, (b) Structural formula of polythiophene

As was argued in [8], better discrimination in the Kinetics of observed redox processes is
reached by that means. Furthermore, cach measuring period is preceded by the measurement of
the steady-state current with the excitation pulse being switched off. In such a manner both the
DSVCM stgnal and steady-state voltammetric wave, respectively, arc oblained during the same
potential scan. Such simultancous application of two electrochemical methods (one of them
sensitive to kinetics) can be useful in the better understanding of the studied redox processes.

In the course of all the measurements the electrochemical cell was kept at room temperature,
equipped with a carbon fiber microelectrode as the working electrode and an Ag/AgCl structure
as the reference electrode. The working electrode consisted of a silica glass capillary (the inner
diameter being approximately 500 jim with up to three carbon fibers (diameter of each fiber being
approximately 7 um). The capillary was filled with paraffin wax to prevent liquid seeping inside
around the carbon fibers. To avoid a possible mechanical damage during the [ow frequency sound
treatment it was covered by a thin layer of the polymer Rhodeftal 3§ [ (Rhéne-Poulenc Chimie
Fine, Paris). Contact with a connecting wire was established by means of a Hg-P1 bridge (Fig I).

Before the coating of the carbon fibre by the LB-layer several kinds of the microelectrode
pretreatment were used:

E The clectrochemical pretreatment in the 0.15 M solution of NaCl resided in the following
procedure. At first, the cathodic potential of -0.8 V was applied for 40 s (against Pt ¢lec-
trode), followed by a triangular waveform from 0 to +3 V for 10 s and finally ar anodic
potential of +1.5 V was applied for 10s.

S The low-frequency sound pretreatment was cxerted by the use of the broad-band loud-
speaker, to which the microclectrode was dircctly mounted. Subsequently the microelec-
trode was submerged into the 0.15 M solution of NaCl and during 5 min exposed to the
low frequency sound of the frequency 100 Hz and of the effect 10 mW [10, 11].

A The argon pretreatment consisted in the procedure, when the microelectrode was (or 20
minutes bubbled (2 I/min) with pure argon in the 0.15 M solution of NaCl (prepared in the
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redistilled water) to prevent possible contamination of the clectrode surface by adsorbed
gaseous species.

The following combinations of microelectrode pretreatment were tested:
- The electrochemical pretreatment (E)
- The low-frequency sound pretreatment followed by the electrochemical pretrcatment (S+E)

- The argon pretreatmnet, followed by (he low-frequency sound pretreatment, as well as
by the electrochemical pretreatment. Moreover the microelectrode was kept (approxi-
mately for an hour) under Ar atmosphere until the coating by the polythiophene LB-layer
{A+S+E)

Subsequently the LB layer was formed on the carbon fibre tip. At first, the monolayer of the ion-
exchange polymer polythiophene (sce Fig. 1b) was formed at the air-water interface. Thereafier
it was transferred onto the carbon fibre tip to produce a layer of thickness of several nanomcters
7.

Let us proceed to the short description of the mathematical formalism used in our work. To
describe the deviations from the ideal Cottrell behaviour the kinetics parameter 3, that enters
the non-ideal time dependence of the diffusion-limited part of the charge in the form Agp ~ 7
(instead of Agp ~ /%), was introduced in {8]. The above mentioned power function can be
regarded as a Cottrell term, muhiplied by series of polynomial terms. Similar corrections were
made to correct the Cottrell equation for the conditions valid on a finite disc electrode e. g. in [9].
If the first sampling event chosen for the measurement of the transient charge response is marked
as ty, the potential of the working electrode as F, the potential step on the working electrode
as AE, the standard (formal) potential of the reaction as E"', the diffusion coelficients of the
oxidized and reduced specics as Do and D g, respectively, the concentration of the oxidized
species in the solution as ¢y, the Faraday constant as F, the gas constant as It, the number of
clectrons entering the reaction as n, the arca of the working electrode as S, the temperature of the
analyte as T, and the parameter introduced to keep the correct dimensions of the transient charge
as g, then after running the single potential scan are by using the DSVCM method obtained two
data sets, which can be mathematically described by the following formulas

mFSDY c;,  Pa(1-0dY) p . 5
- £ —2(5t)" + (9t)?], 2
B0 = R e+ P+ Pao) [ - 2050)" + (00)"] @
where
nF AE
=eP\RT T 3
7 mr’(RT 2 ) 3)
and
nf AE o
= . —_— —_— 4
Pa=oep [RT (E+ 7 F )] “)

for the correlated differential charge coming from the diffusion current contribution to the mea-
sured signal - according {8, 12], and

Liiw, = nFV278Docp, (5
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Fig. 2. Double-siep volicoulometry protocol of 2mM HCI p. a. Salid line - coated clectrode, A + S + E;
dashed line - coated clectrode, S + E; dot line - coated, E ; dash-dot line - bare electrode, E. Upper part -
voltcoulometric signal; lower part - steady-state voltammetric wave.

for the stcady-state voltammeltric wave.

The cxperimental results, shown on Fig.2, were obtained on 2mM aqueous solution of the
hydrachloric acid p. a. The measurements correspond to the potential step AE = —0.085mV
and to the sampling time ¢; = 15.98mns.

According to the information given by the producer the content of trace metals (Fe, Pb,..) in
the prepared analyte was several ng/ml or lower (e. g. for iron less then 7ng/ml). The pcak 2 in
the measured signal can be ascribed to hydrogen ion. Its typical negative sign is caused by the
anomalous superlinear kintics of protons redox reaction in unsupported acids [14). The peak 3
was identified as redox reaction of Fe®*. The activation (formal) potential was the same, as was
measured on the iron standard. The peak 1 could be, according to the producer's information,
ascribed 10 Pb>* redox rcaction, but its position on the potential axis does not accurately match
the position of the peak measured on the lead standard. The inaccuracy in the respective activa-
tion potential may be caused by the face, that we did not use the saturated reference electrode.
Nevertheless, on the basis of the experiment made on cadmium standard, we cannot exclude the
possibility, that we are dealing with the redox reaction of Cd2+.

The parameter § was evaluated with the help of Eqn. {2) by the procedure detailed in [13] (for
t; = 15.98ms and ¢; = 11.52ms). In [14] we have introduced the ratio Rg = AQ uax/Ttimh)
(AQ )z stands for the maximum of the peak height), as an effective teol for estimating the
deviations of parameter A from the ideal value. Both the above mentioned parameters, obtained
from measured data for all the three observed redox processes, are summarized in Tab, 1. The
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blank cell indicates, that the relevant parameler should not be abtained from the measured data
cither due to the experimental inaccuracy, or due 1o some changes in the kinetics during the
experiment.

Tab. 1. Kinelics parameters of redox reactions taking place in 2 mM aqueous solution of HC] p. a.

Peak | Peak 2 Peak 3
Rg B Ry B Rg B

Bare, E - - -0012 ~1.00 >0.12 030

Coated, E 0.010 - -0013 1.01 >025 033
Coated, E+S - - -0.011 108 >030 -
Coated, E+8+A  0.027 - -0008 252 >1.75 -

As is apparent from Tab. 1, the highest enhancement in the sensitivity of the DSVCM method,
compared to the steady-state voltammelry, is reached for the Fe®* redox reaction on the micro-
clectrode coated by polythiophenc LB-layer after the E+S+A pretreatment (lg > 1.75). The
parameter 3 was different from the ideal Cotrell value for all the observed redox reactions.

3 Conclusions

It was found, that the electrochemical pretreatment of the carbon fibre microelectorode in the Ar-
bubbled 0.15 M solution of NaCl, combined with the cleaning of the microclectrode by the low-
frequency sound before being coated by the LB layer, can significantly improve their properties
with respect 1o the ability to detect trace metals. Nevertheless, the most questionable point of
our work consists in the low reproducibility of the measurements, which are of the best kinetics
parameters with respect to the highest reached sensitivity. The probable origin of the above
mentioned problem can be ascribed to the fauling of the microclectrode by some adsorbed species
resulting in a change of the properties of the electrical double-layer formed on the interface
clectrode surface/liquid analyte. As already confirmed in [10, 11], this problem could be solved
by using the low-frequency sound during the entire experiment. Unfortunalely, the elasticity of
the prepared microelectrede causes an expressive increasing of the measured noisc level when
the sound of the effect of several mW was used during the experiment perfomed in Faraday cage.
Apart from the above mentioned fact the modification of the carbon fibre microelectrode by the
polythiophene LB layer seems to have a potential to be a powerful tool in the enhancement of
sensitivity to trace metals.




110 K. Graucovi et al,

Acknowledgement: This work was supported in part by the Slovak Grant Agency for Science
VEGA under projects Nos, 2/1013/22, 1/0277/23.

Relerences

[11 ). Heyrovsky: Chem. Listy 16 (1922) 256

{2] D. Petridis: in Multifunctional Mesoporous Inorganic Solids, (Eds. C.A.C Sequeira and M. J. Hudson)
Kluwer Academic Publisher, Netherlands, 1984, 433

[3] J. L. Anderson, L. A. Coury Ir., J. Leddy: Anal, Chem. 70 (1988) 519
[4) E. Barendrecht: J. Appl. Electrochem. 203 (1990) 173
[5] D. Barangok, J. Cirdk, P. Tom&ik, K. Gmucovi: Biocelectrochemistry 55 (2002) 153
{6] K.B. Blodgeti: J. Am. Chem. Soc. 57 (1935) 1007
[7] J. Cirdk, D. BaranZok: acta phys. slov. 45 (1995) 479
[8] 1. Thurzo, K. Gmucovi, J. Orlicky, and ). Pavldsek: Rev. Scient. Instr. 70 (1999) 3723
[9] K. Aoki: J. Electroanal. Chem. 122 {1981) 19
{10) @. Mikkelsen, K. H. Schrgder: Electroanalysis 11 (1999) 401
(117 @. Mikkelsen, K. H. Schrader: Analytical Letters 33 (2000) 1309

[12] A. 1. Bard, L. R. Faulkner: Electrochemical Methods - Fundamentals and Applications, Wiley, New
York 1980

[13] K. Gmucovi, L. Thurzo, J. Orlicky and J. Pavlisck: Electroanalysis 14 (2002) 943
[t4] I Thurzo, K. Gmucova, ). Orlicky, and J. Pavlisck: J. Electroanal. Chem. 513 (2001) 26

acta physica slovaca vol. 53 Ne. 2, 111-119 April 2003
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Optical parameters of a-Si:H and indium tin oxide (ITO) thin films deposited on glass sub-
strates are determined from spectral measurements of reflectance andfor transmittance. It is
shown how important the exact knowledge of optical parameters as well as thicknesses of the
layers for the design and the optical performance of multilayer structures is. The model of
the p-i-n-based a:Si-H solar cell with I'TO as transparent conductive oxide layer is used for
illustrating. The modelling of the solar cell integral reflectance in the spectral region of (650
830) nm is used as a criterion to reverse engineering of a multilayer structure with suppressed
reflectance losses, The reflectance of a solar cell is modelled and the simulation of the varying
optical parameters of individual layers including their thicknesses is discussed. Besides this,
the advantage of using an antireflective layer under ITO is discussed.

PACS: 42.25.Gy, 78.20.Ci, 78.66.)g, 84.60.11

1 Introduction

As optical properties of thin films differ markedly from those of the same bulk material and
even arc deposition-process-dependent, the knowledge of optical parameters of any individual
thin film is central task for the design and performance of multilayer structures with thin films.
Optical properties of hydrogenated amorphous silicon (a-Si:H) and indium tin oxide (ITO) that
both often act in Schottky-type sensors (e.g. alignment and position sensors) and solar cells were
determined from reflectance and/or transmittance spectra. Reflectance of a similar-to-real solar
cell structure is modelled and discussed when varying optical parameters and antircflective coat-
ings are used for the simulation. As light encrgy reflected from the entire structure is lost, from
the optical point of view a solar cell should operate as a broad band-pass filter with suppressed
reflectance losses.

“ Presented at Workshop on Solid State Surfaces and Interfaces 11, Smolenice, Slovakia, November 19 - 21, 2002,
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