
Contents

1 Conducting polymers in sensor applications 1
Vibha Saxena and D.K. Aswal

1.1 Introduction 1
1.1.1 Key components of a sensor 2
1.1.2 Interaction of CP with analyte CP films 3
1.1.3 Operating principles of transducers 4

1.2 Sensor based on doping levels 12
1.2.1 Doping/undoping by redox reactions 14
1.2.2 Doping/undoping by acid–base reactions 20

1.3 Sensor based on weak interactions 33
1.3.1 Weak interactions involving absorbing or swelling 33
1.3.2 Hydrogen bonding 40

1.4 Optical sensors 42
1.4.1 Fluorescence quenching 42
1.4.2 Colorimetric 48
1.4.3 Surface plasmon resonance (SPR) 51

1.5 Conclusions 52
References 54

2 Electrolyte-gated organic transistors for biosensing applications 71
Fabrizio Torricelli, Kyriaki Manoli, Eleonora Macchia,
Luisa Torsi and Maria Magliulo

2.1 Electrolyte-gated transistor: theory and operation 71
2.2 Electrolyte-gated organic transistor: integration of recognition

elements 83
2.2.1 Recognition elements 83
2.2.2 Strategies for recognition elements immobilization

in EGOTs 84
2.3 EG-OFET biosensors 91
References 101



3 Conductive organic materials for DNA biosensors 107
Peng Lin, Weiwei Wei, Wenyan Tao, Shanming Ke and Feng Yan

3.1 Introduction 107
3.2 Electrochemical DNA sensors based on organic

conducting polymers 108
3.2.1 Brief description 108
3.2.2 DNA immobilization methods 110
3.2.3 Transduction mechanisms 111
3.2.4 DNA sensing 115

3.3 DNA sensors based on OTFTs 122
3.3.1 Brief description 122
3.3.2 Mechanisms of OTFT sensors for DNA 124
3.3.3 OTFT sensors for DNA 128

3.4 Conclusions 137
References 139

4 Organic transistor-based mechanical sensors for artificial
skin applications 149
Piero Cosseddu, Stefano Lai, Alberto Loi and Annalisa Bonfiglio

4.1 Introduction 149
4.2 Influence of mechanical deformation on the OTFTs

electrical properties 151
4.3 OTFT-based mechanical sensors 158
4.4 OTFTs coupled with mechanical sensing components 165
References 172

5 Smart fabric sensor architectures and technologies 175
Lina M. Castano and Alison B. Flatau

5.1 Introduction 175
5.1.1 Fabric origins and e-textile construction 177
5.1.2 Fabric structure characteristics relevant to e-textile

construction 179
5.2 Creating an all-fabric-based e-textile system 185

5.2.1 Passive and active circuit elements 186
5.2.2 Fabric sensors 189
5.2.3 Connectors and interconnects 192
5.2.4 Thermal considerations 194
5.2.5 Power dissipation 195

5.3 Fabric power elements 197
5.3.1 Textile supercapacitors 199
5.3.2 Photovoltaic cells 199
5.3.3 Energy-harvesting technologies embedded in fabrics 201

vi Organic sensors: materials and applications



5.4 Technologies related to the development of smart fabrics 203
5.4.1 Fabric circuitry and macroelectronics 203
5.4.2 Encapsulation and environmental considerations 205

5.5 Conclusions 208
References 208

6 Organic gas sensors and electronic noses 219
Juan Soto Camino and Román Bataller Prats

6.1 Introduction 220
6.2 Chemometrics and sensor arrays 221

6.2.1 Hybrid sensor systems 222
6.2.2 Redundant sensor systems 222

6.3 Electronic noses and probes based on the use of metal oxides 224
6.3.1 Working protocol of electronic noses (MOS) 225

6.4 Organic conducting polymers for gas probes and electronic noses 226
6.4.1 Semiconducting polymers are hybrid sensors 227
6.4.2 Most commonly used organic polymers for sensing devices 228
6.4.3 Recognition principles 233
6.4.4 Adsorbent organic conducting polymer composites 238

6.5 Sensor configurations 238
6.5.1 Chemiresistors 238
6.5.2 Transistors and diodes 239
6.5.3 Optodes 242

6.6 Practical application examples 243
6.6.1 Humidity sensors 243
6.6.2 Ammonia sensors 243
6.6.3 Nitrogen oxide sensors 244
6.6.4 Hydrogen chloride sensors 244
6.6.5 Detection of TNT and other nitroaromatic explosives 244

6.7 Advantages of using sensors fabricated with organic polymers 244
6.8 Disadvantages of polymeric sensors 245
6.9 Conclusions 246
References 247

7 Ion sensors based on organic transistors 257
Luis Gil Sanchez, Laura Contat Rodrigo and Eduardo Garcia-Breijo

7.1 Introduction 257
7.2 pH sensors 261

7.2.1 Poly(3-methylthiophene) 262
7.2.2 Polyaniline 264
7.2.3 Polypyrrole 265
7.2.4 Poly(3-hexylthiophene-2,5-diyl) 266
7.2.5 Pentacene 274

Contents vii



7.2.6 Polytriarylamine 275
7.2.7 5,50-Bis-(7-dodecyl-9H-fluoren-2-yl)-2,20-bithiophene 277
7.2.8 a-Sexithiophene 279
7.2.9 Poly(3,4-ethylenedioxythiophene) 279

7.3 Ion sensors in aqueous solution 281
7.3.1 Poly(3-methylthiophene) 281
7.3.2 Polyaniline 282
7.3.3 Polycarbazole 282
7.3.4 Poly(3,4-ethylenedioxythiophene): polystyrene sulfonate 283
7.3.5 Poly 3-hexylthiophene 287
7.3.6 Other semiconducting polymers 291

References 294

Index 299

viii Organic sensors: materials and applications


