
Chapter 1
Optical Technology until the Year 2000: An Historical Overview
Otto S. Wolfbeis
1 Introduction   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1
2 Very Early History   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2
3 Early History (up to about 1985)   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3
4 Optical Sensors for Gases (Including Dissolved Gases) and 

Organics   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6
5 Opt(r)odes for pH   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9
6 Optical Sensors for Ions   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  11
7 Enzyme-Based Biosensors   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  15
8 Fiber Optic Systems  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  15
9 Signal Referencing   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17
10 Optical Sensing Schemes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  20
11 Materials for Optical Chemical Sensors and Biosensors   .  .  23
12 Imaging and Pressure-Sensitive Paints   .  .  .  .  .  .  .  .  .  .  .  26
13 Commercial Instrumentation Using Opt(r)odes   .  .  .  .  .  .  28
References   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  30

Chapter 2
Molecularly Imprinted Polymers for Optical Sensing Devices
Marta Elena Díaz-García, Rosana Badía
1 Introduction   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35
2 Molecular Imprinting Process  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  36

2.1 Covalent Molecular Imprinting   .  .  .  .  .  .  .  .  .  .  .  .  .  37
2.2 Self-assembly Molecular Imprinting   .  .  .  .  .  .  .  .  .  .  38

3 Polymer Composition   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  39
3.1 Templates   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  39
3.2 Type of Monomer and Crosslinker   .  .  .  .  .  .  .  .  .  .  .  40
3.3 Porogenic Solvents   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  42
3.4 Radical Initiators   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  42

4 MIP Optical Sensing Applications   .  .  .  .  .  .  .  .  .  .  .  .  .  .  43
4.1 Optical Sensing Approaches for Metals of 

Environmental Concern   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  43

Contents

00_Titelei 10.10.2003, 10:15 Uhr9



4.1.1 Imprinted Metal Ion Sensors Based on 
Polymerizable Metal Chelates 
(Covalent Imprinting)   .  .  .  .  .  .  .  .  .  .  .  .  .  .  43

4.1.2 Optical Sensors Based on Non-covalent 
Imprinting of Fluorescent Metal Chelates   .  .  .  44

4.2 Optical Sensing Approaches for Environmental 
Harmful Compounds  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  45

4.3 MIP Optical Sensing Materials for Organic Volatile 
Compounds   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  48

5 Conclusions and Outlook   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  48
References   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  48

Chapter 3
Chromogenic and Fluorogenic Reactands: New Indicator Dyes 
for Monitoring Amines, Alcohols and Aldehydes
Gerhard J. Mohr
1 Introduction   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  51
2 Sensing Amines   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  53

2.1 Trifluoroacetylazobenzene Dyes   .  .  .  .  .  .  .  .  .  .  .  .  53
2.2 Trifluoroacetylazobenzene Copolymers   .  .  .  .  .  .  .  .  57

3 Sensing Alcohols   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  59
3.1  Trifluoroacetylstilbenes   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  59

4 Sensing Aldehydes   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  62
4.1 Perylene Tetracarboxylbisimides   .  .  .  .  .  .  .  .  .  .  .  .  62

5 Conclusions and Outlook   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  64
References   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  65

Chapter 4
Design, Quality Control and Normalization of Biosensor Chips
Claudia Preininger, Ursula Sauer
1 Introduction   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  67
2 Principle   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  69
3 Biochip Fabrication  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  70

3.1 Biomolecular Probes   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  70
3.2 Array Manufacture   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  70
3.3  Slides and Immobilization   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  73

4 Optical Read-out   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  76
5 Quality Control   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  79

5.1 Autofluorescence   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  79
5.2 Arraying   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  79
5.3 Print buffer   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  80
5.4 Immobilization   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  80
5.5 Fluorescent Label   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  81
5.6 Validation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  81

6 Data Collection and Analysis   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  82
6.1 Imaging   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  82
6.2 Image Analysis   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  83

X Contents

00_Titelei 10.10.2003, 14:26 Uhr10



Contents XI

6.3 Background   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  84
6.4 Quantification   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  85
6.5 Normalization  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  86

7 Statistical Analysis   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  86
References   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  88

Chapter 5
Rapid, Multiplex Optical Biodetection for Point-of-Care Applications
Frank Y. S. Chuang, Bill W. Colston, Jr.
1 Need for Advanced Biodetection   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  93
2 Fundamental Principles of Biodetection  .  .  .  .  .  .  .  .  .  .  .  94
3 Development of Optical Methods for Biodetection   .  .  .  .  .  97

3.1 Sandwich Immunoassays – ELISA   .  .  .  .  .  .  .  .  .  .  .  97
3.2 Lateral Flow Assays – “Strip” Tests   .  .  .  .  .  .  .  .  .  .  .  98
3.3 Fixed Microarrays – DNA Gene Chip  .  .  .  .  .  .  .  .  .  .  99
3.4 Liquid Microarrays – Luminex Flow System   .  .  .  .  .  101

4 Multiplex Immunoassay Diagnostic System (MIDS)   .  .  .  .  104
4.1 Disposable Sample Collection Unit   .  .  .  .  .  .  .  .  .  .  .  105
4.2 CCD-based Optical Hardware   .  .  .  .  .  .  .  .  .  .  .  .  .  .  109
4.3 Digital Image Analysis Software   .  .  .  .  .  .  .  .  .  .  .  .  112
4.4 Preliminary Results   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  112
4.5 Discussion   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  117

5 Conclusions and Future Directions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  118
References   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  119

Chapter 6
Multi-functional Biochip for Medical Diagnostics and 
Pathogen Detection
Tuan Vo-Dinh, Guy Griffin, David L. Stokes, Dimitra N. 
Stratis-Cullum, Minoo Askari, Alan Wintenberg 
1 Introduction   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  121
2 The Multi-functional Biochip   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  121

2.1  Integrated Circuit Development of the Biochip   .  .  .  .  123
3 Experimental Systems and Procedures  .  .  .  .  .  .  .  .  .  .  .  .  125

3.1 Instrumentation   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  125
3.1.1 Optical Setup   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  125
3.1.2 The Biofluidics System   .  .  .  .  .  .  .  .  .  .  .  .  .  .  126

3.2 Preparation of DNA Probes   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  127
3.3 Protocol for DNA Studies   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  127
3.4 Protocol for Antibody Studies   .  .  .  .  .  .  .  .  .  .  .  .  .  .  129

3.4.1 Assay for E. coli   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  129
3.4.2 Assay for FHIT Protein   .  .  .  .  .  .  .  .  .  .  .  .  .  .  130
3.5 Protocol for DNA/Antibody Combined Assay   .  131

3.6 Protocol for ELISA-based Detection of B. globigii   .  .  131
4 Results and Discussion   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  132

4.1 Fundamental Evaluations of the IC Biochip via 
Off-chip Bioassays   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  132

00_Titelei 10.10.2003, 10:15 Uhr11



4.2 Application of the ELISA Technique to 
Biochip-based Detection  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  135

4.3 Evaluation of the Biofluidics-based Biochip System 
for On-chip Bioanalysis   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  136
4.3.1 Assay for E. coli   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  137
4.3.2 Assay for FHIT Protein   .  .  .  .  .  .  .  .  .  .  .  .  .  .  139

4.4 Portable IC Biochip Prototype with Biofluidic System  140
5 Conclusion   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  141
List of Abbreviations   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  142
References   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  142

Chapter 7
Surface Plasmon Resonance Biosensors for Food Safety
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