
547.7026 KOE

CONTENTS

1. Theory of Polymer Characterization 1

Elements of Polymer Structure 2

Approach to Structure Determination Using Probability Considerations 3

Structure Calculations Using the Probability Distribution Function 4

Characterization of Polymer Microstructure 5

Calculation of Polymer Structural Parameters from Sequence Measurements 8

Relating the Polymer Structure to the Polymerization Parameters 10

Differentiation Between Model Mechanisms of Copolymerization 15

Determination of the Polymerization Parameters 17

Summary 17

The Shape of Things To Come 17

2. Vibrational Spectroscopy of Polymers 19

Infrared Spectroscopy as an Identification Tool 19

Coupled Infrared Vibrations as a Polymer Structure Probe 32

Summary 41

3. Experimental IR Spectroscopy of Polymers 43

The Fourier Transform IR Spectroscopic Method 43

Computation of Fourier Transform Spectra 45

Sampling Processing of Digitized IR Spectra 54

Quantitative IR Spectroscopy of Polymers 64

4. Applications of IR Spectroscopy to Polymers 77

Structure Applications of IR Spectroscopy 77

Structural Changes and Transitions as a Function of Temperature 107

Time-Dependent Phenomena in Polymers 109

Characterization of Surfaces 112

Where Do We from Here? 112

5. Raman Spectroscopy of Polymers 115

The Nature of Raman Scattering Spectroscopy 115

Polarization Effects in Raman Spectroscopy 117

Spectral Differences Between IR and Raman Spectroscopy 119

Raman and IR Spectroscopy in Combination To Determine Polymer Conformation 122

Limitations of Raman Spectroscopy Resulting from Fluorescence 125



Experimental Raman Spectroscopy 126

Sampling Techniques in Raman Spectroscopy 130

Application of Raman Spectroscopy to Polymer Structure Determination 131

6. High-Resolution NMR Spectroscopy of Polymers in Solution 137

Elements of NMR Spectroscopy 137

The Pulsed NMR Experiment 140

Nuclear Spin Relaxation 142

Magnetic Interactions Between Nuclei 143

Experimental Proton NMR Spectroscopy 148

Experimental 13C NMR Spectroscopy 148

Experimental NMR Spectroscopy of Polymers 148

NMR Method of Structure Determination for Polymers 150

The Use of Chemical Shifts To Determine Polymer Structure 150

7. Special Editing Techniques for High-Resolution NMR Spectroscopy of Polymers 163

Spin-Manipulation Pulse Sequences 164

Spin-Echo Techniques 165

Spectral Simplification Using Decoupling Techniques 168

Signal Enhancement Using Polarization-Transfer Pulse Sequences 172

Determination of Proton Multiplicity of Carbons 174

Determination of Carbon Connectivity – The INADEQUATE Experiment 175

Two-Dimensional NMR Experiments 176

8. High-Resolution NMR Spectroscopy of Solid Polymers 197

The Dipolar-Decoupling Experiment (DD) 197

Chemical-Shift Anisotropy in Solids 201

 The Magic-Angle Spinning (MAS) Experiment 211

The Cross-Polarization (CP) Experiment 213

Contributions to Line Broadening in Solids 223

Line Shapes: Chemical-Exchange Effects 224

The Grand Experiment (MAS – DD – CP) 224

9. Applications of High-Resolution Solid-State NMR Spectroscopy to Polymers 229

Conformational Analysis Using Chemical Shifts in the Solid State 229

Analysis of Cross-Linked Systems by Solid-State NMR Spectroscopy 237

NMR Spectroscopy of Surface Species 252



10. NMR Relaxation Spectroscopy of Polymers 257

Relaxation Processes in NMR Spectroscopy 257

Relaxation Processes and Their Origins 258

Motional Basic of the Relaxation Processes 261

Spin-Lattice Relaxation Times for Carbon-Hydrogen Systems 263

Spin-Spin Relaxation Times for Carbon-Hydrogen Systems 264

Interpretation of Polymer Relaxations 266

Experimental Aspects of Relaxation Measurements for Polymer 266

Spin Diffusion as an Alternative to Relaxation 267

Determination of polymer Dynamics Using Relaxation Methods 269

Line-Shape Measurements for the Determination of Dynamic Structure 277

Applications for the Nuclear Overhauser Enhancement (NOE) Effect for Dynamic

        Structure Determination 281

Relationship Between Molecular Motion as Determined by NMR Spectroscopy and

        Mechanical Properties of Polymers 282

11 NMR Imaging of Polymeric Materials 285

Medical Magnetic Resonance Imaging (MRI) 285

Basics of NMR Imaging 286

Imaging Methods 287

Volume Selection in NMR Imaging Methods 287

Use of Gradient Magnetic Fields in Imaging 288

Selective-Excitation Techniques 288

Imaging by the Slice 288

Imaging-Reconstruction in NMR Imaging 290

Relaxation Parameters in NMR Imaging 291

Pulse Sequences for Generating Contrast in Imaging 291

Spatial Resolution in NMR Imaging 294

Imaging Nuclei Other Than Hydrogen 294

Computer Processing of Images 295

Application of NMR Imaging to Polymers 296

Chemical-Shift Imaging 313

NMR Imaging of Solids 315

Chemical-Shift 13C NMR Imaging in the Solid State 316

Index 319


	CONTENTS
	11NMR Imaging of Polymeric Materials285


