Contents

VOLUME 1. THEORY AND INSTRUMENTATION

Introduction to the Theory and Practice of

Vibrational Spectroscopy

The Historical Development of Experimental Techniques in
Vibrational Spectroscopy
N Sheppard
Introduction to Vibrational Spectroscopy
P R Griffiths
Infrared Spectroscopy: Theory
D Steele
Raman Spectroscopy: Theory
G Keresztury
Optical Constants
J E Bertie
Bandwidths
J J Turner
Mid-infrared Spectroscopy of the Condensed Phase
J M Chalmers
Raman Spectroscopy of the Condensed Phase
N J Everall
High-resolution Fourier Transform Spectrometry of Gases
G Guelachvili/N Picqué
Instrumentation and Methods for High-resolution Gas-phase
Spectroscopy
D McNaughton
Raman Spectroscopy of Gases
A Weber

Near-infrared Spectroscopy of Synthetic and IndustrialSamples

C E Miller
Near-infrared Spectroscopy of Biomaterials
W F McClure/D L Stanfield

Far-infrared Spectroscopy
P R Griffiths

Instrumentation for Mid- and Far-infrared

Spectroscopy

Resolution and Instrument Line Shape Function
P R Griffiths

Monochromators for Mid-infrared Spectroscopy
M Ford

Infrared Filtometers
P Wilks

Continuous Scanning Interferometers for Mid-infrared Spectrometry

R S Jackson

Instrumentation for Step-scan FT-IR Modulation Spectrometry

C J Manning

Polarization Interferometers for Infrared Spectrometry
P L Polavarapu

33

44

71

88

101

128

141

150

165

176

196

212

229

241

249

255

264

283

298

Diode Laser Spectrometers for Mid-infrared Spectroscopy
A W Mantz
Fabry-Perot Interferometers for Mid-infrared Spectroscopy
T Iwata
Instrumentation for Far-infrared Spectroscopy
P R Griffiths/C C Homes
Incandescent Sources for Mid- and Far-infrared Spectrometry
H Buijs
Synchrotron and Free Electron Laser Sources of Infrared
Radiation
G P Williams
Detectors for Mid- and Far-infrared Spectrometry: Selection and
Use
E Theocharous/J R Birch
Optical Materials for Infrared Spectroscopy
D W Vidrine

Instrumentation for Near-infrared
Spectroscopy
Monochromators for Near-infrared Spectroscopy
F A DeThomas/P J Brimmer
Near-infrared Array Spectrometers
E W Stark
Miniature Spectrometers
R V Kruzelecky/A K Ghosh
Tunable Filter and Discrete Filter Near-infrared Spectrometers
D L Wetzel/A J Eilert/J A Sweat
Hadamard Transform Near-infrared Spectrometers
R M Hammaker/R A DeVerse/D J Asunskis/W G Fateley
Infrared-emitting Diodes for Near-infrared Spectrometry
T C Rosenthal

Instrumentation for Raman Spectroscopy
Raman Monochromators and Polychromators
M J Pelletier
Volume Phase Holographic Optical Elements
H Owen
Continuous Lasers for Raman Spectrometry
M-W Pan/R E Benner/L M Smith
Array Detectors for Raman Spectroscopy
CJ S Pommier/L K Walton/I" D Ridder/M B Denton
Fourier Transform Near-infrared Raman Spectroscopy
D B Chase
Resonance Raman Spectroscopy
J L McHale
Ultraviolet Raman Spectrometry
S A Asher

304

316

326

337

341

349

368

383

393

423

436

453

461

467

482

490

507

522

534

557



xiv  Contents

Introduction to Nonlinear RamanSpectrometry 572
A M Zheltikov

Coherent Anti-Stokes Raman Spectroscopy 585
L Ujj/G H Atkinson

Inverse Raman Spectrometry 596
D Bermejo

Hyper-Raman Spectroscopy 611
L D Ziegler

Time-resolved Spectroscopy

Fast Time-resolved Mid-infrared Spectroscopy Using an

Interferometer 625
G D Smith/R A Palmer

Instrumental Aspects of Time-resolved Spectra Generated Using

Step-scan Interferometers 641
C Rodig/F Sieben

Time-resolved Mid-infrared Spectrometry Using an Asynchronous

Fourier Transform Infrared Spectrometer 655
K Masutani

Fast Time-resolved Mid-infrared Spectroscopy Using Grating

Spectrometers 666

M Hashimoto/T Yuzawa/C Kato/K Iwata/H-o Hamaguchi

Fast and Ultrafast Time-resolved Mid-infrared Spectrometry Using
Lasers 677
D C Grills/M W George

Dichroism and Optical Activity in
Vibrational Spectroscopy

Linear Dichroism in Infrared Spectroscopy 693
T Buffeteau/M Pézolet

Trichroic Infrared Measurements of Orientation 711
J L Koenig

Basics of Orientation Measurements in Infrared and Raman

Spectroscopy 716
R Ikeda/D B Chase/N J Everall

Vibrational Circular Dichroism 731
L A Nafie/R K Dukor/T B Freedman

Raman Optical Activity Spectroscopy 745
W Hug

VOLUME 2: SAMPLING TECHNIQUES

Mid- and Near-infrared Transmission
Spectroscopy

Standard Sampling Techniques for Infrared Spectroscopy 933
R W Hannah

Sampling Techniques in Near-infrared Transmission Spectroscopy 953
Y Ozaki/R J Berry

Long Path Gas Cells 960
P L Hanst

Mid-infrared External Reflection
Spectroscopy

External Reflection Spectroscopy 969
M Clayboum

Reflection-Absorption Spectroscopy of Thin Films on Metallic

Substrates 982
J Umemura

Surface-enhanced Vibrational Spectroscopy

Electromagnetic Mechanism of Surface-enhanced Spectroscopy 759
G C Schatz/R P Van Duyne

Surface-enhanced Raman Scattering 775
W Ewen Smith/C Rodger

Surface-enhanced Infrared Absorption Spectroscopy 785
M Osaxva

Other Instrumental Approaches for
Vibrational Spectroscopy

Sum-frequency Spectroscopy 801
D A Beattie/C D Bain

Inelastic Electron Tunneling Spectroscopy 812
K W Hipps/U Mazur

High-resolution Electron Energy Loss Spectroscopy 830
M A Chesters

Inelastic Neutron Scattering Spectroscopy 838
S F Parker

Two-dimensional Vibrational Spectroscopy by Doubly Vibrationally

Enhanced Four-wave Mixing 853
J C Wright/W Zhao/K Murdoch/D Besemann/N Condon/K Meyer

Infrared Cavity Ringdown Spectroscopy 866

D R Wagner/G P Miller/C B Winstead

Calibration Procedures and Standards for
Vibrational Spectroscopy

Wavenumber Standards for Mid-infrared Spectrometry 831
L M Hanssen/C Zhu

Ordinate Scale Standards for Mid-infrared Spectrometry 891
F J J Clarke

Wavenumber Standards for Near-infrared Spectrometry 899
S J Choquette/J C Travis/C Zhu/D L Duewer

Photometric Standards for Near-infrared Spectrometry 906
A W Springsteen

Wavenumber Standards for Raman Spectrometry 912
M M Carrabba

Photometric Standards for Raman Spectroscopy 920

R L McCreery

Infrared Spectrometry of Thick Organic Films on Metallic

Substrates 999
G T Merklin

External Reflection Spectroscopy of Thin Films on Dielectric

Substrates 1009

J Kattner/H Hoffmann
Infrared Reflection-Absorption Spectrometry of Monolayer Films
at the Air-Water Interface 1028

R Mendelsohn/C R Flach
Polarization-modulation Approaches to Reflection-Absorption

Spectroscopy 1042
B L Frey/R M Com/S C Weibel

Fourier Transform Surface Plasmon Resonance 1057
R M Corn/S C Weibel

Infrared Spectroscopic Ellipsometry 1065

A Roseler/E-H Korte



Mid-infrared Internal Reflection
Spectroscopy

Principles, Theory and Practice of Internal Reflection
Spectroscopy
F M Mirabella
Macro and Micro Internal Reflection Accessories
J Fitzpatrick/J A Reffner
Internal Transmission Spectroscopy
Y J Chabal

Diffuse Reflection Spectroscopy

Continuum Theories of Diffuse Reflection
P R Grijfiths/J M Olinger
Discontinuum Theory of Diffuse Reflection
D J Dahm/K D Dahm
Accessories and Sample Handling for Mid-infrared Diffuse
Reflection Spectroscopy
M Milosevic/S L Berets

Optics and Sample Handling for Near-infrared Diffuse Reflection

A J Eilert/D L Wetzel
Integrating Spheres for Mid- and Near-infrared Reflection
Spectroscopy

L M Hanssen/K A Snail

Other IR Sampling Techniques

Infrared Emission Spectroscopy
J Mink
Transient Infrared Spectroscopy
R W Jones/J F McClelland/S J Bajic
Photoacoustic Spectroscopy
J F McClelland/R W Jones/S J Bajic
Beam Deflection Photothermal Spectroscopy
J F Power

Raman Spectroscopy

Sampling Considerations for Raman Spectroscopy
P J Hendra
FT-Raman Spectroscopy
B Schrader
SERS-based Raman Probes
T Vo-Dinh/D L Stokes
Morphology-dependent Raman Measurements
J Popp/W Kiefer

Low Temperature and High Pressure
Sampling Techniques
Liquefied Gases as Solvents for Vibrational Spectroscopy
M O Bulanin
Matrix Isolation Infrared Spectroscopy
S P Willson/L Andrews
The Diamond Anvil Cell
C H Polsky/E Van Valkenburg

Vibrational Spectroscopy at High External Pressures
J R Ferraro

Microscopy
Mid-infrared Transmission Microspectroscopy
A J Sommer

Instrumentation for FT-IR Imaging
L H Kidder/A S Haka/E N Lewis

1091

1103

1117

1125

1140

1154

1163

1175

1193

1215

1231

1252

1263

1289

1302

1318

1329

1342

1352

1361

1369

1386

Contents  xy

Near-infrared Microspectroscopy
S V Hammond/E C Clarke
Raman Microscopy
P Dhamelincourt
Raman Imaging
P J Treado/M P Nelson
Near-field Optical Microscopy
S Kawata/Y Inouye

The Use of Near-field Probes for Vibrational Spectroscopy and

Photothermal Imaging
A M Pollock/D A Smith

Depth Profiling by Vibrational
Spectroscopy
Depth Profiling by Microspectroscopy
P M Fredericks
Depth Profiling by ATR
S Ekgasit/H Ishida

Depth Profiling by Photoacoustic Spectroscopy
M W Urban

Optical Conduits for Vibrational

Spectroscopy

General Introduction to Fiber Optics
I R Lewis/S S Rosenblum

Optical Fibers for Mid-infrared Spectrometry
B Lendl/B Mizaikojf

Fiber-optic Probes for Mid-infrared Spectrometry
P J Melling/M Thomson

Sensor Systems Based on Mid-infrared Transparent Fibers
B Mizaikojf/B Lendl

Fiber-optic Probes for Near-infrared Spectrometry
TR Todd

Fiber-optic Probes for Raman Spectrometry
/ R Lewis/M L Lewis

Hollow Optical Conduits for Vibrational Spectroscopy
W M Doyle

Hyphenated Techniques

Gas Chromatography/Fourier Transform Infrared Spectroscopy

T Visser

Directly-linked Gas Chromatography-Infrared-Mass Spectrometry

(GC/IR/IMS)
C L Wilkins

SFC/FT-IR (Flow-cell and Direct Deposition)
K D Bartle

High-performance Liquid Chromatography/Fourier Transform

Infrared Spectroscopy
K'S Kalasinsky/V F Kalasinsky

Flow Injection Analysis-Fourier Transform Infrared Spectrometry

(FIA/FT-IR)
S Garrigues/M de la Guardia
Raman-detected Capillary Electrophoresis
M D Morris
Thin Layer Chromatography and Vibrational Spectroscopy
J M Chalmers
Thermal Analysis-IR Methods
J W Hellgeth
Thermal Analysis/Raman
U A Jayasooriya

Atmospheric

Atmospheric Monitoring Using Extractive Techniques
R L Spellicy/J D Webb

1405

1419

1429

1460

1472

1493

1508

1521

1533

1541

1551

1560

1574

1587

1598

1605

1627

1634

1641

1661

1676

1683

1699

1715

1721



xvi Contents

Open-path Fourier Transform Infrared Spectroscopy
G M Russwurm/J W Childers

1750

Lidar and Laser Remote Sensing MIA
D K Killinger

VOLUME 3: SAMPLE CHARACTERIZATION AND SPECTRAL DATA

PROCESSING

Spectra-Structure Correlations

Spectra-Structure Correlations in the Mid- and Far-infrared

H F Shurvell
Spectra-Structure Correlations in the Near-infrared
L G Weyer/S-C Lo
Spectra-Structure Correlations in Raman Spectroscopy
H G M Edwards
Infrared and Raman Spectra of Inorganic and Coordination
Compounds
K Nakamoto
Spectra-Structure Correlations: Polymer Spectra
J M Chalmers/R W Hannah/D W. Mayo
Hydrogen Bonding
W O George/Rh Lewis
Utility of Isotopic Data
J R Durig
Automated Spectral Searching in Infrared, Raman and
Near-infrared Spectroscopy
S R Lowry
Expert Systems
M C Hemmer

Group Theoretical and Numerical
Approaches to the Calculation of
Vibrational Spectra

Use of Group Theory for Band Assignment and Structure
Correlation

M Tasumi/A Sakamoto/T Hieda/H Torii i}
Normal Coordinate Analysis

P Groner

Calculation of Vibrational Frequencies by Hartree-Fock-based and

Density Functional Theory
H Matsuura/H Yoshida

Calculation of Vibrational Frequencies by Molecular Mechanics

M Hotokka

Vibrational Intensities: Interpretation and Use for Diagnostic

Purposes
M Gussoni/C Castiglioni/G Zerbi

Discriminant Analysis

Introduction to Factor-based Approaches
O M Kvalheim

Discriminant Analysis
T Feam

Discriminant Analysis by Neural Networks
H Yang

Classification Methods
T Isaksson/A H Aastveit

1783

1817

1838

1872

1893

1919

1935

1948

1962

1983

1992

2012

2029

2040

2079

2086

2094

2107

Two-dimensional (2D) Analysis

General Theory of Two-dimensional (2D) Analysis 2123
I Noda

2D Correlation Spectroscopy in Vibrational Spectroscopy 2135
Y Ozaki

Spectral Enhancement and Band
Resolution Techniques

Smoothing and Derivatives in Spectroscopy 2173
L K DeNoyer/J G Dodd

Resolution Enhancement Approaches 2185
P E Saarinen/J K Kauppinen

Curve-fitting: Modeling Spectra 2215

J G Dodd/L K DeNoyer

Quantitative Analysis

Beer’s Law 2225
P R Griffiths

Classical Methods of Quantitative Analysis 2235
J Coates

Quantitative Spectroscopic Calibration 2258
H Mark

Inverse Least Squares and Classical Least Squares Methods for

Quantitative Vibrational Spectroscopy 2276
J E Franke

Principal Component Regression and Partial Least Squares

Modeling 2293
T Hasegawa

Wavelength Selection by Genetic Algorithms 2313
R J Berry

Data Transfer 2320
A N Davies

Anomalies, Artifacts and Common Errors in
Using Vibrational Spectroscopy Techniques
Mid-infrared Spectroscopy: Anomalies, Artifacts and Common

Errors 2327
J M Chalmers

Anomalies in Near-infrared Spectroscopy 2348
E W Ciurczak

Anomalies and Artifacts in Raman Spectroscopy 2355

B T Bowie/D B Chase/l R Lewis/P R Griffiths

Glossary

Chemometrics Abbreviations and Glossary 2379
H Mark



xvi Contents

Open-path Fourier Transform Infrared Spectroscopy
G M Russwurm/J W Childers

1750

Lidar and Laser Remote Sensing
D K Killinger

VOLUME 3: SAMPLE CHARACTERIZATION AND SPECTRAL DATA

PROCESSING

Spectra-Structure Correlations

Spectra-Structure Correlations in the Mid- and Far-infrared

H F Shurvell
Spectra-Structure Correlations in the Near-infrared
L G Weyer/s-C Lo
Spectra-Structure Correlations in Raman Spectroscopy
H G M Edwards
Infrared and Raman Spectra of Inorganic and Coordination
Compounds
K Nakamoto
Spectra-Structure Correlations: Polymer Spectra
J M Chalmers/R W Hannah/D W. Mayo
Hydrogen Bonding
W O George/Rh Lewis
Utility of Isotopic Data
J R Durig
Automated Spectral Searching in Infrared, Raman and
Near-infrared Spectroscopy
S R Lowry
Expert Systems
M C Hemmer

Group Theoretical and Numerical
Approaches to the Calculation of
Vibrational Spectra
Use of Group Theory for Band Assignment and Structure
Correlation

M Tasumi/A Sakamoto/T Hieda/H Torii #

Normal Coordinate Analysis
P Groner

Calculation of Vibrational Frequencies by Hartree-Fock-based and

Density Functional Theory
H Matsuura/H Yoshida

Calculation of Vibrational Frequencies by Molecular Mechanics

M Hotokka

Vibrational Intensities: Interpretation and Use for Diagnostic

Purposes
M Gussoni/C Castiglioni/G Zerbi

Discriminant Analysis

Introduction to Factor-based Approaches
O M Kvalheim

Discriminant Analysis
T Feam

Discriminant Analysis by Neural Networks
H Yang

Classification Methods
T Isaksson/A H Aastveit

1783

1817

1838

1872

1893

1919

1935

1948

1962

1983

1992

2012

2029

2040

2079

2086

2094

2107

Two-dimensional (2D) Analysis

General Theory of Two-dimensional (2D) Analysis
I Noda

2D Correlation Spectroscopy in Vibrational Spectroscopy
Y Ozaki

Spectral Enhancement and Band
Resolution Techniques
Smoothing and Derivatives in Spectroscopy
L K DeNoyer/J G Dodd
Resolution Enhancement Approaches
P E Saarinen/J K Kauppinen
Curve-fitting: Modeling Spectra
J G Dodd/L K DeNoyer

Quantitative Analysis

Beer’s Law
P R Griffiths

Classical Methods of Quantitative Analysis
J Coates

Quantitative Spectroscopic Calibration
H Mark

Inverse Least Squares and Classical Least Squares Methods for

Quantitative Vibrational Spectroscopy
J E Franke
Principal Component Regression and Partial Least Squares
Modeling
T Hasegawa
Wavelength Selection by Genetic Algorithms
R J Berry
Data Transfer
A N Davies

1774

2123

2135

2173

2185

2215

2225

2235

2258

2276

2293

2313

2320

Anomalies, Artifacts and Common Errors in
Using Vibrational Spectroscopy Techniques

Mid-infrared Spectroscopy: Anomalies, Artifacts and Common

Errors
J M Chalmers
Anomalies in Near-infrared Spectroscopy
E W Ciurczak
Anomalies and Artifacts in Raman Spectroscopy
B T Bowie/D B Chase/l R Lewis/P R Griffiths

Glossary

Chemometrics Abbreviations and Glossary
H Mark

2327

2348

2355

2379



xvi Contents

Open-path Fourier Transform Infrared Spectroscopy
G M Russwurm/J W Childers

1750

Lidar and Laser Remote Sensing 1774
D K Killinger

VOLUME 3: SAMPLE CHARACTERIZATION AND SPECTRAL DATA

PROCESSING

Spectra-Structure Correlations

Spectra-Structure Correlations in the Mid- and Far-infrared
H F Shurvell
Spectra-Structure Correlations in the Near-infrared
L G Weyer/S-C Lo
Spectra-Structure Correlations in Raman Spectroscopy
H G M Edwards
Infrared and Raman Spectra of Inorganic and Coordination
Compounds
K Nakamoto
Spectra-Structure Correlations: Polymer Spectra
J M Chalmers/R W Hannah/D W. Mayo
Hydrogen Bonding
W O George/Rh Lewis
Utility of Isotopic Data
J R Durig
Automated Spectral Searching in Infrared, Raman and
Near-infrared Spectroscopy
S R Lowry
Expert Systems
M C Hemmer

Group Theoretical and Numerical
Approaches to the Calculation of
Vibrational Spectra

Use of Group Theory for Band Assignment and Structure
Correlation

M Tasumi/A Sakamoto/T Hieda/H Torii f
Normal Coordinate Analysis

P Groner

Calculation of Vibrational Frequencies by Hartree-Fock-based and

Density Functional Theory
H Matsuura/H Yoshida
Calculation of Vibrational Frequencies by Molecular Mechanics
M Hotokka
Vibrational Intensities: Interpretation and Use for Diagnostic
Purposes
M Gussoni/C Castiglioni/G Zerbi

Discriminant Analysis

Introduction to Factor-basedApproaches
O M Kvalheim

Discriminant Analysis
T Feam

Discriminant Analysis by NeuralNetworks
H Yang

Classification Methods
T Isaksson/A H Aastveit

1783

1817

1838

1872

1893

1919

1935

1948

1962

1983

1992

2012

2029

2040

2079

2086

2094

2107

Two-dimensional (2D) Analysis

General Theory of Two-dimensional (2D) Analysis 2123
| Noda

2D Correlation Spectroscopy in Vibrational Spectroscopy 2135
Y Ozaki

Spectral Enhancement and Band
Resolution Techniques

Smoothing and Derivatives in Spectroscopy 2173
L K DeNoyer/J G Dodd

Resolution Enhancement Approaches 2185
P E Saarinen/J K Kauppinen

Curve-fitting: Modeling Spectra 2215

J G Dodd/L K DeNoyer

Quantitative Analysis

Beer’s Law 2225
P R Griffiths

Classical Methods of Quantitative Analysis 2235
J Coates

Quantitative Spectroscopic Calibration 2258
H Mark

Inverse Least Squares and Classical Least Squares Methods for

Quantitative Vibrational Spectroscopy 2276
J E Franke

Principal Component Regression and Partial Least Squares

Modeling 2293
T Hasegawa

Wavelength Selection by Genetic Algorithms 2313
R J Berry

Data Transfer 2320
A N Davies

Anomalies, Artifacts and Common Errors in
Using Vibrational Spectroscopy Techniques

Mid-infrared Spectroscopy: Anomalies, Artifacts and Common

Errors 2327
J M Chalmers

Anomalies in Near-infrared Spectroscopy 2348
E W Ciurczak

Anomalies and Artifacts in Raman Spectroscopy 2355

B T Bowie/D B Chase/l R Lewis/P R Griffiths

Glossary

Chemometrics Abbreviations and Glossary 2379
H Mark



xvi Contents

Open-path Fourier Transform Infrared Spectroscopy
G M Russwurm/J W Childers

1750

Lidar and Laser Remote Sensing 1774
D K Killinger

VOLUME 3: SAMPLE CHARACTERIZATION AND SPECTRAL DATA

PROCESSING

Spectra-Structure Correlations

Spectra-Structure Correlations in the Mid- and Far-infrared

H F Shurvell
Spectra-Structure Correlations in the Near-infrared
L G Weyer/S-C Lo
Spectra-Structure Correlations in Raman Spectroscopy
H G M Edwards
Infrared and Raman Spectra of Inorganic and Coordination
Compounds
K Nakamoto
Spectra-Structure Correlations: Polymer Spectra
J M Chalmers/R W Hannah/D W. Mayo
Hydrogen Bonding
W O George/Rh Lewis
Utility of Isotopic Data
J R Durig
Automated Spectral Searching in Infrared, Raman and
Near-infrared Spectroscopy
S R Lowry
Expert Systems
M C Hemmer

Group Theoretical and Numerical
Approaches to the Calculation of
Vibrational Spectra

Use of Group Theory for Band Assignment and Structure
Correlation

M Tasumi/A Sakamoto/T Hieda/H Torii f
Normal Coordinate Analysis

P Groner

Calculation of Vibrational Frequencies by Hartree-Fock-based and

Density Functional Theory
H Matsuura/H Yoshida

Calculation of Vibrational Frequencies by Molecular Mechanics

M Hotokka

Vibrational Intensities: Interpretation and Use for Diagnostic

Purposes
M Gussoni/C Castiglioni/G Zerbi

Discriminant Analysis

Introduction to Factor-based Approaches
O M Kvalheim

Discriminant Analysis
T Feam

Discriminant Analysis by Neural Networks
H Yang

Classification Methods
T Isaksson/A H Aastveit

1783

1817

1838

1872

1893

1919

1935

1948

1962

1983

1992

2012

2029

2040

2079

2086

2094

2107

Two-dimensional (2D) Analysis

General Theory of Two-dimensional (2D) Analysis 2123
I Noda

2D Correlation Spectroscopy in Vibrational Spectroscopy 2135
Y Ozaki

Spectral Enhancement and Band
Resolution Techniques

Smoothing and Derivatives in Spectroscopy 2173
L K DeNoyer/J G Dodd

Resolution Enhancement Approaches 2185
P E Saarinen/J K Kauppinen

Curve-fitting: Modeling Spectra 2215

J G Dodd/L K DeNoyer

Quantitative Analysis

Beer’s Law 2225
P R Griffiths

Classical Methods of Quantitative Analysis 2235
J Coates

Quantitative Spectroscopic Calibration 2258
H Mark

Inverse Least Squares and Classical Least Squares Methods for

Quantitative Vibrational Spectroscopy 2276
J E Franke

Principal Component Regression and Partial Least Squares

Modeling 2293
T Hasegawa

Wavelength Selection by Genetic Algorithms 2313
R J Berry

Data Transfer 2320
A N Davies

Anomalies, Artifacts and Common Errors in
Using Vibrational Spectroscopy Techniques

Mid-infrared Spectroscopy: Anomalies, Artifacts and Common

Errors 2327
J M Chalmers

Anomalies in Near-infrared Spectroscopy 2348
E W Ciurczak

Anomalies and Artifacts in Raman Spectroscopy 2355

B T Bowie/D B Chase/l R Lewis/P R Griffiths

Glossary

Chemometrics Abbreviations and Glossary 2379
H Mark



Contents  xvii

VOLUME 4: APPLICATIONS IN INDUSTRY, MATERIALS AND THE PHYSICAL

SCIENCES

Analysis and Characterization of Polymers

and Rubbers

Qualitative and Quantitative Analysis of Polymers and Rubbers by

Vibrational Spectroscopy 2389
J M Chalmers/N J Everall

Measurements of the Chemical Characteristics of Polymers and Rubbers

by Vibrational Spectroscopy 2419
F J Boerio

Measurement of the Physical Characteristics of Polymers 2437
K Tashiro

Vibrational Spectroscopy of Polymer Composites 2456
K C Cole

Vibrational Spectroscopy of Conducting Polymers 2483
Y Furukawa

Molecular Orientation Studies of Polymers by Infrared

Spectroscopy 2496
L Bokobza

Infrared Spectroscopy in the Study of the Weathering and

Degradation of Polymers 2514

J-L Gardette
Determination of Optical and Dielectric Properties of Polymers by
Vibrational Spectroscopy 2523
D M Smith/A R Chughtai
Measurement of the Thermal Properties of Polymers by Vibrational
Spectroscopy 2533
F Papini/M Papini
Measurement of the Solar Properties of Polymers by Vibrational
Spectroscopy 2547
M Papini/F Papini

Rheo-optical Measurements of Polymers

and Rubbers

Rheo-optical Fourier Transform Infrared Spectroscopy of

Polymers 2559

A K Kalkar/H W Siesler/l Zebger/F Pfeifer/A Ameri/
S Michel/U Hoffmann

Dynamic Infrared Linear Dichroism Spectroscopy 2576
C Marcott/l Noda

Materials Science

Vibrational Spectroscopy of Carbon and Silicon Materials 2593
M Yoshikawa/N Nagai

Infrared Characterization of Device-quality Silicon 2621
J W Medernach

Raman Spectroscopy of Semiconductors 2637

S Nakashima/H Harima
Vibrational Raman Spectroscopy of High-temperature

Superconductors 2651
C Thomsen/G Kaczmarczyk
Vibrational Spectroscopy of Thin Organic Films 2670

V G Gregoriou/S E Rodman

Structure and Composition of Glasses and Amorphous Materials
by Vibrational Spectroscopy 2694
J N Cox/J L Armstrong

Spectroelectrochemistry

Infrared Spectroelectrochemistry 2699
C Korzeniewski
Raman Spectroelectrochemistry 2711

J E Pemberton

Process Vibrational Spectroscopy
Process Monitoring by Mid- and Near-infrared Fourier Transform

Spectroscopy 2737
J D Tate/P Chauvel/R D Guenard/R Hamer
Process Measurements by Raman Spectroscopy 2770

N J Everall/l Clegg/B King

Atmospheric and Astronomical Vibrational

Spectroscopy

Astronomical Vibrational Spectroscopy 2803
K Kawaguchi

FT-IR Measurements of Atmospheric Trace Gases and their

Fluxes 2823
D W T Griffith

Passive Remote Sensing by FT-IR Spectroscopy 2842
R J Combs/R T Kroutil/G W Small

Remote Raman Spectroscopy. Profiling Water Vapor and Aerosols

in the Troposphere Using Raman Lidars 2857
D D Turner/D N Whiteman
Vibrational Spectroscopy in the Study of Fires 2879

R J Yokelson/I T Bertschi

Industrial Applications of Vibrational

Spectroscopy

Vibrational Spectroscopy in the Automotive Industry 2887
R O Carter I1I/W H Weber

Vibrational Spectroscopy of Colors, Dyes and Pigments 2909
G Dent

Vibrational Spectroscopy in the Paint Industry 2935
C Carr

Vibrational Spectroscopy in the Pulp and Paper Industry 2952

D F Leclerc/T P Trung

Forensic Applications of Vibrational

Spectroscopy

Applications of Raman Spectroscopy to the Identification and

Conservation of Pigments on Art Objects 2977
RJH Clark

Applications of Vibrational Spectroscopy in Criminal Forensic

Analysis 2993
E G Bartick

Catalysis

Vibrational Spectroscopy in the Study of Oxide (Excluding

Zeolites) and Sulfide Catalysts 3005
E Payen/J Grimblot/J C Lavalley/M Daturi/F Maugé

Vibrational Spectroscopy of Zeolites 3042
A Zecchina/G Spoto/S Bordiga

Vibrational Spectroscopy of Supported Metal Catalysts 3072

S A Kennedy/P Hollins

Vibrational Spectroscopy of Model Systems For Adsorbed Species
on Finely Divided Metal Catalysts 3089
C De La Cruz

Other Applications of Vibrational
Spectroscopy

Vibrational Spectroscopy of Liquid Crystals 3109
M A Czamecki



xviii  Contents

Vibrational Spectroscopy and Supercritical Fluids
5 J Barlow/M W George/M Poliakoff
Photochemistry of Inorganic Molecules in Hydrocarbon Matrices
T E Bitterwolf
Applications of Vibrational Spectroscopy in the Study of
Explosives
K L McNesby/R A Pesce-Rodriguez
Applications of Vibrational Spectroscopy to Geology
P Gillet

3124

3137

3152

3169

Applications of Vibrational Spectroscopy in Soil and Environmental

VOLUME 5: APPLICATIONS IN LIFE, PHARMACEUTICAL AND NATURAL

SCIENCES

Biomedical Applications

Pathology by Infrared and Raman Spectroscopy
M Jackson/H H Mantsch

Role of Near-infrared Spectroscopy in Minimally Invasive Medical

Diagnosis
C P Schultz
Noninvasive Diagnoses by Near-infrared Spectroscopy
M K Alam
Glucose Measurements by Vibrational Spectroscopy
H M Heise
Vibrational Spectroscopy Applications in Clinical Chemistry
R A Shaw/H H Mantsch
Vibrational Spectroscopic Studies of Microorganisms
K Maquelin/L-P Choo-Smith/C Kirschner/
N A Ngo-Thi/D Naumann/G J Puppets
Vibrational Spectroscopy in the Detection of Cancer
R K Dukor
In Vivo Near-infrared Spectrometry
C E W Gributs/D H Bums
Ex Vivo Vibrational Spectroscopy Imaging
L M Mclntosh/M Jackson
Functional Infrared Imaging for Biomedical Applications
M Attas

Biochemical Applications

Infrared Spectroscopy of Proteins
H FabianAV Mantele
Raman Spectroscopy of Proteins
T Kitagawa/S Hirota

Vibrational Spectroscopy of Lipids
R N A H Lewis/R N McElhaney

Vibrational Spectroscopy of Nucleic Acids
E Taillandier/J Liquier

Vibrational Spectroscopy of Carbohydrates and
Glycoconjugates

K Brandenburg/U Seydel
Vibrational Spectroscopy of Membranes

M Jackson/D J Moore/H H Mantsch/R Mendelsohn
Raman Spectroscopy of Viruses

R Tuma/G J Thomas Jr
Molecular Reaction Mechanisms of Proteins Monitored by
Time-resolved FT-IR Difference Spectroscopy

K Gerwert

3227

3246

3266

3280

3295

3308

3335

3362

3376

3388

3399

3426

3447

3465

3481

3508

3519

3536

Sciences 3192
C T Johnston/S-L Wang

Vibrational Spectroscopy in Education

Infrared Spectroscopy and Education 3207
L Avila/L Fine

Raman Spectroscopy in Undergraduate Education 3217
C Pharr/H Neff/A Sullivan/S Tiegs

Pharmaceutical Applications

Polymorphs, Solvates and Hydrates 3557
T Threlfall

The Analysis of Pharmaceutical Substances and Formulated

Products by Vibrational Spectroscopy 3574
D Clark

Guidelines for the Development and Validation of Near-infrared

Spectroscopic Methods in the Pharmaceutical Industry 3590
N Broad/P Graham/P Hailey/A Hardy/S Holland/S Hughes/
D Lee/K Prebble/N Salton/P Warren

Applications of Vibrational Spectroscopy to Combinatorial

Chemistry 3611
D Pivoika

Food Science

Vibrational Spectroscopy of Food and Food Products 3629
E C Y Li-Chan/A A Ismail/J Sedman/F R van de Voort

Applications of Vibrational Spectroscopy inBrewing 3663
M Meurens/S H Yan

Vibrational Spectroscopy in the Analysis of Dairy Products and

Wine 3672
S K Andersen/P W Hansen/H V Andersen

Agricultural Applications

Vibrational Spectroscopy to the Analysis and Study of Forages 3683
F E Barton 11/D S Himmelsbach

Near-infrared Spectroscopy of Cereals 3693
P Williams

Vibrational Spectroscopy Imaging of AgriculturalProducts 3720
B O Budevska

Glossary of Terms, Abbreviations and Acronyms Used in the

Articles on Biological Spectroscopy 3733

Abbreviations and Acronyms, Glossary, List
of Contributors, and Subject Index

Abbreviations andAcronyms 3743
J M Chalmers

Glossary of Terms usedinVibrational Spectroscopy 3745
J E Bertie

Contributors 3795

Subject Index 3815



