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Abstract

The surface modification of electrodes was achieved by the Langmuir—Blodgett technique. The monolayers of laponite clay and
polythiophene were formed at the air—water interface and these films were then transferred onto carbon microelectrodes. The behaviour of
both untreated and coated electrodes was tested by originally developed double-step voltcoulometry (DSVCM). The dependence of charge
response on the concentration of Cu® " species was investigated. Straight calibration curves were obtained and enhanced sensitivity of coated
electrodes was documented. It is shown that the accumulation of Cu ions into laponite clay was maintained even after transferring the
electrode into a pure water. The characteristic features of the “memory effect” are discussed. © 2002 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Modified electrodes have attracted considerable interest
over the past two decades in the attempt to exert more direct
control over the chemical nature of an electrode [1—4]. They
have found numerous important applications in, e.g. solar
energy conversion and storage, selective electro-organic
synthesis, molecular electronics, electrochromic display
devices, corrosion protection. The ability to manipulate
the molecular architecture of the bulk matrix of an electrode
and its surface in particular has led to a wide range of
analytical applications and created powerful opportunities
for electroanalysis.

The communication deals with fabrication and investi-
gation of modified electrodes for effective qualitative and
quantitative determination of toxic ions in aqueous solu-
tions. Smectite clays and polythiophenes as electrode modi-
fiers were deposited by the Langmuir—Blodgett technique.
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2. Experimental

Synthetic laponite used as electrode coating material was
of the elemental composition: [Mgs 48:L19.364 Tig.07]
[Si7.953Al0.047]020(OH)4. Polymer material used in this study
was poly(3-pentylmethoxythiophene), PSOMe.

The new kinetics-sensitive double-step voltcoulometry
[5] was used in this study. Electrochemical experiments
were carried out in a two-electrode cell. The carbon fibre
working electrode was composed of two or three fibres (7
pm in diameter) protruding from a wax-filled capillary. The
Ag/AgCl electrode was used as a reference. The measure-
ments were performed at room temperature. The deposition
of the coating layers was accomplished in the Langmuir—
Blodgett trough supplied from NIMA Technology, UK.

3. Results and discussion

The modification of carbon fibre electrodes by LB layers
results in a remarkable decrease of the activity of protons in
distilled water (originated from H,CO;) as documented by
the comparison of Figs. 1 and 2. On the other hand, the
signal maximum situated at —0.25 V was considerably
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Fig. 1. Double-step voltcoulometric recording of transient charge response
as a function of the potential U applied onto the uncoated working electrode
with respect to the Ag/AgCl reference electrode. The numbers stand for the
concentration of Cu?* ions (10—80 pg/l).
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Fig. 2. DSVCM spectra for various Cu? * concentrations using the working
electrode coated with 20 LB layers of polythiophene (the numbers
correspond to the respective ion concentrations in pg/l).
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Fig. 3. Effect of the thickness of electrode coating on the calibration curves:
O—bare electrode, 0—6 LB layers of polythiophene, A—10 layers, x —
20 layers. The straight lines are added as a guide for the eye so as to
visualise the effect of added monolayers.

raised by the formation of the electrode coating either with
polythiophene or laponite clay. This tendency is presented
in Fig. 3 for polythiophene. The presented potential region
U is restricted to the interval which is dominated by a
presence of Cu ions in the electrode redox reaction. Straight
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Fig. 4. DSVCM spectra obtained in successive measurements in different
media: (1) 80 pg/l solution of Cu®>", (2) deionized water, (3) 80 pg/l
solution of Cu?*. The experiment demonstrates no “memory effect” in the
case of polythiophene as an electrode-coating material.
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Fig. 5. DSVCM spectra obtained on carbon microelectrodes modified by 20
layers of laponite. (1) 80 pg/l solution of Cu®>”", (2) immediately after
transferring the working electrode from Cu?* solution into deionized water,
(3) 1 h after measurement 2, (4) 12 h after measurement 2. Between the
measurements the working electrode was withdrawn from water and kept in
atmosphere. The experiment demonstrates existence of “memory effect”
with laponite surface modifier.

calibration lines were observed for a concentration range
between 10 and 80 pg/l. A detection limit of 5 pg/l was
reached.

The interesting “memory effect” [6] was detected using
the laponite coverage (Fig. 5) in contrast with results ob-
tained with the polythiophene modifier (Fig. 4). The accu-
mulation of Cu ions into the laponite film was maintained

even after withdrawing the electrode from the solution
measured. The uptake of the analyte during a prolonged
exposure ceases after some time and the ultimate concen-
tration in the thin layer of the clay is still considerably
higher than that in the external medium. The “memory ef-
fect” suggests the application possibility to remove a clay-
coated electrode exposed to the analyte during in situ
measurements to a laboratory for detailed analysis using
all necessary technique support.

4. Conclusions

Successful modification of carbon fibre ultramicroelectr-
odes with laponite clay and polythiophene was achieved
using the Langmuir—Blodgett technique. The coating of
electrodes both by laponit and polythiophene caused the
increase in sensitivity by a factor of 2—3. The dependence of
charge transient response in DSCVM on the number of
deposited layers was studied. The laponite coating exhibits
the “memory effect”.
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