
Infrared and Raman Spectroscopic Imaging. Edited by Reiner Salzer and Heinz W. Siesler
Copyright © 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-31993-0

Contents

 Preface XV
 List of Contributors XVII

 Part One Basic Methodology

1 Infrared and Raman Instrumentation for Mapping and Imaging 3
 Peter R. Griffi ths
1.1 Introduction to Mapping and Imaging 3
1.2 Mid-Infrared Microspectroscopy and Mapping 5
1.2.1 Microscopes and Sampling Techniques 5
1.2.2 Detectors for Mid-Infrared Microspectroscopy 9
1.2.3 Sources for Mid-Infrared Microspectroscopy 12
1.2.4 Spatial Resolution 15
1.2.5 Transmission Microspectroscopy 20
1.2.6 Attenuated Total Refl ection Microspectroscopy 21
1.3 Raman Microspectroscopy and Mapping 24
1.3.1 Introduction to Raman Microspectroscopy 24
1.3.2 CCD Detectors 29
1.3.3 Spatial Resolution 31
1.3.4 Tip-Enhanced Raman Spectroscopy 33
1.4 Near-Infrared Hyperspectral Imaging 36
1.5 Raman Hyperspectral Imaging 41
1.6 Mid-Infrared Hyperspectral Imaging 45
1.6.1 Spectrometers Based on Two-Dimensional Array Detectors 45
1.6.2 Spectrometers Based on Hybrid Linear Array Detectors 50
1.6.3 Sampling 52
1.7 Mapping with Pulsed Terahertz Radiation 56
1.8 Summary 60
 Acknowledgments 62
 References 62

   V



 VI  Contents

2 Chemometric Tools for Image Analysis 65
 Anna de Juan, Marcel Maeder, Thomas Hancewicz, Ludovic Duponchel, 

and Romà Tauler
2.1 Introduction 65
2.2 Hyperspectral Images: The Measurement 66
2.2.1 The Data Set and the Underlying Model 66
2.3 Image Preprocessing 68
2.3.1 Signal Preprocessing 69
2.3.1.1 De-noising 69
2.3.1.2 Baseline Correction 69
2.3.1.3 Detection and Suppression of Anomalous Pixels or Anomalous 

Spectral Readings 70
2.3.2 Data Pretreatments 70
2.3.3 Image Compression 71
2.4 Exploratory Image Analysis 72
2.4.1 Classical Image Representations 72
2.4.2 Multivariate Image Analysis (MIA) and Principal Component Analysis 

(PCA) 72
2.5 Quantitative Image Information: Multivariate Image Regression 

(MIR) 77
2.6 Image Segmentation 80
2.6.1 Unsupervised and Supervised Segmentation Methods 80
2.6.2 Hard and Fuzzy Segmentation Approaches 83
2.7 Image Resolution 84
2.7.1 The Image Resolution Concept: Monolayer and Multilayer Image 

Analysis 84
2.7.2 Spatial and Spectral Exploration 85
2.7.3 The Resolution Process: Initial Estimates and Constraints 89
2.7.4 Resolution on Compressed Images 95
2.7.5 Resolution and Available Library Spectra 97
2.7.6 Multilayer and Multi-Image Resolution 100
 References 106

 Part Two Biomedical Applications

3 Vibrational Spectroscopic Imaging of Soft Tissue 113
 Christoph Krafft
3.1 Introduction 113
3.1.1 Epithelium 114
3.1.2 Connective Tissue and Extracellular Matrix 115
3.1.3 Muscle Tissue 116
3.1.4 Nervous Tissue 117
3.2 Preparation of Soft Tissue for Vibrational Spectroscopic Imaging 118
3.2.1 General Preparation Strategies 118
3.2.2 Vibrational Spectra of Reference Materials 119



 Contents  VII

3.2.3 Preparation for FT-IR Imaging 121
3.2.4 Preparation for Raman Imaging 123
3.3 Applications to Soft Tissues 124
3.3.1 Colon Tissue 124
3.3.2 Brain Tissue and Brain Tumors 128
3.3.2.1 Whole Mouse Brains 129
3.3.2.2 Primary Brain Tumors 131
3.3.2.3 Secondary Brain Tumors 133
3.3.3 Cervix Uteri and Squamous Cell Carcinoma 135
3.3.4 Skin 139
3.3.4.1 Corneocyte Biology 139
3.3.4.2 Pharmacology 140
3.3.4.3 Disease and Cancer Diagnosis 140
3.3.4.4 Raman Systems for Skin Studies 141
3.3.5 Ocular Tissue 141
3.3.5.1 Macular Degeneration of the Retina 142
3.3.5.2 Chemical Composition of the Vitreous and the Lens 142
3.4 Conclusions 142
 References 143

4 Vibrational Spectroscopic Imaging of Hard Tissues 149
 Michael D. Morris, Matthew V. Schulmerich, Kathryn A. Dooley, and 

Karen A. Esmonde-White
4.1 Infrared and Raman Spectroscopy of Bone 149
4.2 Infrared and Raman Imaging of Bone 150
4.2.1 Introduction 150
4.2.2 Imaging of Normal, Healthy Mineralized Tissue as a Function of 

Age 151
4.2.3 Adaptation of Bone Induced by Genetic Modifi cations 154
4.2.4 Adaptation of Bone in Response to External Stress 156
4.2.5 Adaptation of Bone in Response to Osteoporosis 159
4.3 Infrared and Raman Spectroscopy of Cartilage 162
4.4 Infrared and Raman Imaging of Cartilage 164
4.4.1 Unmineralized Cartilage Tissue 164
4.4.2 Mineralized Cartilage and Subchondral Bone 165
4.4.3 Applications in Tissue Engineering 166
4.5 Conclusions 167
 References 168

5 Infrared and Raman Spectroscopy and Spectral Imaging of Individual 
Cells 173

 Max Diem, Christian Matthäus, Tatyana Chernenko, Melissa J. Romeo, 
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