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Chemical Sensors Based on Highly
Conductive Poly(3,4-ethylene-
dioxythiophene) Nanorods**

By Jyongsik Jang,* Mincheol Chang, and
Hyeonseok Yoon

Conducting polymers such as polypyrrole, polyaniline, and
polythiophene show interesting chemical and physical proper-
ties derived from their unique conjugated m-electron system.!]
In particular, the oxidation level of conducting polymers is
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readily affected by chemical or electrochemical doping/de-
doping (oxidation/reduction) mechanisms, causing a sensitive
and rapid response to specific chemical species.””! These fea-
tures allow conducting polymers to be utilized as versatile
sensors. Conducting polymers are generally more sensitive to
environmental perturbation than other sensing materials be-
cause of their inherent transport properties, such as electrical
conductivity and energy migration.[3] In addition, conducting
polymer nanostructures including nanorods, nanofibers, and
nanotubes have a high surface area as compared to their con-
ventional bulk counterparts. Therefore, they have the capabil-
ity of offering amplified sensitivity and real-time response as
a result of enhanced interaction between the conducting poly-
mers and the analytes.w Despite such advantages, conducting
polymer nanostructures have not been extensively used as
sensor materials.”) In particular, little research has been done
so far on the development of sensor systems using poly(3,4-
ethylenedioxythiophene) (PEDOT) nanostructures. PEDOT
has received much attention owing to its high electrical con-
ductivity, low bandgap, and outstanding environmental sta-
bility."! In this work, we report a novel reverse cylindrical
micelle-mediated interfacial polymerization technique to fab-
ricate highly conductive PEDOT nanorods. Furthermore, we
utilized PEDOT nanorods as a sensing material for the detec-
tion of hydrogen chloride (HCIl) and ammonia (NHj3) vapor.
Ammonia, a colorless gas with a pungent and suffocating
odor, is recognized as one of the primary irritants to humans,
and the limit for human exposure is approximately 20 ppm.]
Hydrogen chloride is also a colorless and corrosive gas with
a pungent odor, and it can cause irritation above 5 ppm.[!
Therefore, detection of these vapors has continuously at-
tracted interest in fields of industrial processing, clinical
diagnosis, and environmental monitoring.

In order to fabricate PEDOT nanorods, iron-cation-adsorbed
reverse cylindrical micelles were prepared in hexane via a coor-
dination interaction between an aqueous FeCl; solution and so-
dium bis(2-ethylhexyl)sulfosuccinate (AOT).”% AOT was dis-
solved in hexane, and then the addition of aqueous FeCls
solution generated the reverse cylindrical micelles. The forma-
tion of the AOT reverse cylindrical micelle phase could be veri-
fied from the birefringent striations observed with a polarized
optical microscope. In the AOT reverse cylindrical micelle
phase, the anionic head-groups of AOT extract iron cations
from the aqueous FeCl; solution by an electrostatic attraction,
and thus the iron cations can be adsorbed to the anionic head-
groups of AOT. Iron cations act as the oxidizing agent for the
chemical oxidation polymerization of the 3,4-ethylenedioxy-
thiophene (EDOT) monomer, and AOT reverse cylindrical mi-
celles contain water channels in their polar cores. Accordingly,
one-dimensional (1D) water—oil interfaces compartmentalized
by reverse cylindrical micelles were constructed, and all requi-
sites for carrying out the interfacial polymerization were ful-
filled at the nanometer scale (Scheme 1a).

In previous work,'” the pyrrole monomer was added to the
iron-cation-adsorbed AOT reverse cylindrical micelle phase.
Subsequently, the chemical oxidation polymerization of the
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