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a b s t r a c t

This review covers the development of measurement configurations for chemiresistors based on con-
ducting polymers. The simplest chemiresistors are based on application of a two-electrode technique.
Artifacts caused by contact resistance can be overcome by application of a four-electrode technique.
Simultaneous application of the two- and four-electrode measurement configurations provides an inter-
nal control of sensor integrity. An incorporation of two additional electrodes controlling the redox state of
chemosensitive polymers and connecting to the measurement electrodes through liquid or (quasi)solid
electrolyte results in a six-electrode technique; an electrically driven regeneration of such sensors allows
one to perform fast and completely reversible measurements.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction

The most fascinating property of conducting polymers is their
intrinsic conductivity and the ability to switch this conductivity
over 10 orders of magnitude. The conductivity is not present in
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their neutral (uncharged) state, but results from the formation of
charge carriers upon oxidizing (p-doping) or reducing (n-doping)
their conjugated backbone. Such a formation of charge carriers is
accompanied by changes in optical and electrical properties and by
changes of the dopant (counterions) concentration in the polymer.
These changes are used in chemo- and biosensors [1–5].

There are several reasons to apply conducting polymers in
chemo- and biosensors. All of them possess an intrinsic affinity
towards redox active species and many to acidic or basic gases and
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Fig. 1. Main configurations used for the analysis of the resistance of conducting polymers. (A) Two point configuration without fixation of polymer potential. (B) Typical
configuration used in electrochemical experiments. (C) Two point configuration with fixation of polymer potential. (D) “Classical” four-point technique with a current source.
(E) s24-configuration providing simultaneous two- and four-point measurements without fixation of polymer potential. (F) s24-configuration with fixation of the electrode
potential.

solvent vapours. They can be modified with receptors to obtain a
specific interaction with the analyte. Being immobilized on con-
ducting polymers, such receptors provide an important advantage
in comparison to monomer based receptors: the CP-wire provides
a collective system response leading to high signal amplification
in comparison to single molecular receptors [6]. Zhou and Swager
demonstrated that a conjugated polymeric receptor for methylvi-
ologen shows a 65 times signal amplification in comparison to the
monomer based receptor [7,8]. The amplification depends on the
molecular weight.

The application of conducting polymers in chemo- and biosen-
sors can be realized with a number of different transducing
techniques, allowing one to choose the most appropriate one for
a particular sensor design. A detailed discussion of these aspects is
given in [1].

Conductometric transducing of the sensor response is proba-
bly the most common method in chemo- and biosensors based on
conducting polymers. There are several advantages of this trans-
ducing technique in chemosensors based on conducting polymer
(such devices are named chemiresistors). (i) Small perturbations
anywhere along the polymer chain can alter the conductance of
the whole chain. Therefore, this approach provides a higher sensi-
tivity than other techniques based on the modification of integral
volume properties of the polymer, as, for example, electrochem-
ical or colorimetric techniques [9]. (ii) Conductometric sensors

can be realized with a simple setup which nevertheless allows
high precision measurements. (iii) Conductometric chemosensitive
measurements can be realized even on nanowires of CP [10], there-
fore this technique is perfectly compatible with the actual trend for
miniaturisation of analytical devices. (iv) Single chemiresistors can
be easy combined into sensor arrays. (v) Using RFID technology,
such sensors can also be adapted for non-contact measurements
[11].

There are several devices for measuring the conductometric
response of such sensors. The simplest and most often used is
a chemiresistor (Fig. 1A, D and E). In the more common two
point technique (Fig. 1A) the conducting polymer is deposited
between two (typically interdigitated) electrodes separated by a
narrow gap. The conductivity is measured by applying a constant
current or voltage (dc or ac) between these electrodes and mea-
suring the resulting voltage or current. The less used four-point
measurement technique measures the conductance of the bulk
polymer layer without the influence of the potential drop on the
polymer–metal contacts (Fig. 1D). This technique was modified
recently by combining the two- and four-point techniques for
simultaneous measurements (Fig. 1E) [12,13] and was named as
s24. Another possibility is the use of organic field effect transis-
tors as sensors [4,14,15]. Here the current between the source and
drain electrodes is controlled by the gate voltage. However these
devices are out of the scope of this review. Based on the similarity
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