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Abstract

Project Code: MRG 4980140

Project Title: Development and Characterization of Conducting Polymer-based
pH Sensing Devices

Investigator: Dr. Walaiporn Prissanaroon-Ouajai
Department of Industrial Chemistry, Faculty of Applied Science
King Mongkut’s University of Technology North Bangkok

E-mail Address: pwalaip@hotmail.com

Project Period: 1 July 2006 to 30 June 2008

This research project aims to develop a pH sensor based on conducting
polypyrrole (PPy). Polypyrrole film was prepared by a simple one-step electropolymerization
of an aqueous solution containing pyrrole and hydroquinone monosulfonate (HQS) as a

dopant. Potentiometric pH responses of the PPy-HQS electrodes showed a response slope

of -50.54 * 1.67 mV/pH (28 OC), a linear working range of pH 2 to 12 and a response time
less than 1 minute. The electrode stability was maintained over the period of a month. The
PPy-HQS electrode exhibited good repeatability and reproducibility. Interference studies
with several ions showed minimal effects on the potentiometric response of the PPy-HQS
electrode. A combination of cyclic voltammetry, UV-Visible spectroscopy, XPS and
ToF-SIMS revealed that the mechanism of pH sensitivity of the PPy-HQS film involved the
protonation and deprotonation of polypyrrole itself and the redox reaction of the
incorporated HQS. Both processes were reversible.

Potentiometric response of the polypyrrole film was improved by using oxalic
acid as a co-dopant. By adding oxalic acid, the adhesion between the polypyrrole film and
the supported stainless steel electrode was improved via the formation of iron oxalate
dihydrate at the initial stage of polymerization, leading to better potentiometric responses.
The co-doped PPy electrodes exhibited the greater slope response of -54.67 + 0.70 mV/pH
(28 OC) and were stable over 50 days after the first use. The research project revealed
excellent potential of polypyrrole film as a novel pH sensor with simple preparation on
cheap stainless steel electrode. Further development can be made on fabrication of a

combined electrode, like a commercial pH glass electrode, for convenient use.
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