Contents

CHAPTER

CHAPTER

CHAPTER

NMR Books and Reviews
By G.A. Webb

Theoretical and Physical Aspects of Nuclear Shielding
By C.J. Jameson

Theoretical Aspects of Nuclear Shielding
1.1 General Theory

1.2 Ab Initio Calculations

1.3 Semiempirical Calculations

Physical Aspects of Nuclear Shielding

2.1 Anisotropy of the Shielding Tensor

2.2 Rovibrational Averaging and Shielding Surfaces
2.3 Isotope Shifts

2.4 Intermolecular Effects on Nuclear Shielding

References

Applications of Nuclear Shielding
By M. Yamaguchi

Various Chemical and Physical Influences on Nuclear Shieldings
1.1 Computer Assisted Structural Assignment
1.1.1 Spectrum Simulation and Related Techniques
1.1.2 Computer Assisted Assignments and Nuclear
Shielding Calculations
1.2 Stereochemical Nuclear Shielding Non-equivalence
1.2.1 Asymmetric Determination
1.2.2 Other Stereochemistry Determinations
1.3 Isotope Effects
1.4 Substituent Effects
1.4.1 Proton Substituent Effects
1.4.2 Carbon Substituent Effects
1.4.3 Heteroatom Substituent Effects

47

47
47
56
62



viii

1.5

1.6

1.7

1.8

1.9

Shieldings of Particular Nuclear Species

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

Nuclear Magnetic Resonance

Intramolecular Hydrogen Bonding Effects and Related Effects 83

1.5.1
1.5.2

Proton Shifts

Heteronuclear Shifts
Bond Anisotropy, Ring Current Effects

and Aromaticity

Inclusion Phenomena and Related Effects

1.7.1
1.7.2

Intermolecular Hydrogen Bonding Effects

B-Cyclodextrin
Miscellaneous Hosts

and Related Effects

1.8.1
1.8.2

Proton Shifts

Heteronuclear Shifts

Other Miscellaneous Topics

Group 1

Group 4
2.4.1
2.4.2
Group 5
2.5.1
252
Group 6
2.6.1
2.6.2
Group 7
2.7.1
Group 8
2.8.1
Group 9
2.9.1
2.9.2

Group 10

2.10.1

Group 11

2.11.1
2.11.2

Hydrogen (‘H)
Hydrogen (**H)
Lithium (*Li)
Sodium (*Na)
Potassium (*K)
Rubidium (*’Rb)
Caesium (*¥Cs)

Beryllium (°Be)
Calcium (¥Ca)

Yttrium (*Y)
Lanthanum (***La)
Ytterbium ("'Yb)

Titanium (*7**Ti)
Zirconium ('Zr)

Vanadium (*'V)
Niobium (**Nb)

Molybdenum (*Mo)
Tungsten (**W)

Manganese (**Mn)
Iron (*'Fe)

Cobalt (*Co)
Rhodium ('®Co)

Platinum (***Pt)

Copper (**Cu)
Silver ("®Ag)

83
84



Contents ix

2.12  Group 12 96
2.12.1  Cadmiuvm (1113Cd) 96
2.12.2  Mercury ("*"Hg) 97
2.13  Group 13 97
2.13.1 Boron ("'B) 97
2.13.2  Aluminium (F’Al) 97
2.13.3  Thallium (*T1) 98
2.14  Group 14 99
2.14.1  Carbon (BC) 99
2.14.2  Silicon (¥Si) 100
2.143  Germanium ("Ge) 101
2.14.4  Tin (*®Sn) 101
2.14.5 Lead ("Pb) 102
2.15  Group 15 102
2.15.1  Nitrogen (*""*N) 102
2.15.2  Phosphorus (°P) 103
2.15.3  Arsenic (PAs) 104
2.16  Group 16 105
2.16.1 Oxygen ("O) 105
2.16.2  Sulphur (*S) 105
2.16.3  Selenium ("'Se) 106
2.16.4  Tellurium (**Te) 107
2.17  Group 17 107
2.17.1  Fluorine (*°F) 107
2.17.2  Chlorine (°Cl) 108
2.17.3  Bromine (*'Br) 108
2.18  Group 18 108
2.18.1  Neon (*Ne), Krypton (¥*Kr),
and Xenon ("*'Xe) 108
2.18.2  Xenon (*®Xe) 108
References 109
CHAPTER 4 Theoretical Aspects of Spin-Spin Couplings 124
By H. Fukui
1 Introduction 124
2 Ab Initio Calculations 124
2.1 Many-Body Perturbation Method 124
2.2 Quadratic Configuration Interaction Calculation 126
2.3 Bond Length and Bond Angle Dependence of Spin-Spin
Coupling Constants 128
2.4 A Sum-Over-States Formulation of the Diamagnetic
Contribution 130
3 Conformational Study Using the Karplus Equation 132

References 135



CHAPTER

CHAPTER

10

Nuclear Magnetic Resonance

Applications of Spin-Spin Couplings
By K. Kamieriska-Trela

Introduction

Application of New Methods

One-Bond Couplings to Hydrogen

One-Bond Couplings not Involving Hydrogen
Two-Bond Couplings to Hydrogen
Two-Bond Couplings not Involving Hydrogen

Three-Bond Hydrogen-Hydrogen Couplings

Three-Bond Couplings between Hydrogen and Heteronuclei

Three-Bond Couplings not Involving Hydrogen

Couplings Over More than Three-Bonds and ‘Through Space’

References

Nuclear Spin Relaxation in Liquids
By H. Weingdrtner

Introduction

General, Physical and Experimental Aspects

2.1 General Aspects

2.2 Experimental Aspects

2.3 Coupled Spin Systems

2.4 Exchange Spectroscopy

2.5 Quadrupolar Relaxation

2.6 Intermolecular Dipolar Interactions

2.7 Paramagnetically Enhanced Relaxation

2.8 Molecular Reorientations and Internal Motions

Selected Applications

3.1 Pure Liquids and Non-Electrolyte Solutions
3.2 Electrolyte Solutions and Molten Salts

33 Alkali Metal Complexes and Electrides

3.4 Transition Metal Complexes

Self-Diffusion in Liquids
4.1 Experimental Aspects
4.2 Applications

References

137

137
138
140
143
150
151
153
158
160
161
162

179

179

180
180
181
182
183
184
186
187
189

191
191
193
195
195

196
196
198

199



Contents Xi

CHAPTER 7 Solid State NMR 206
By K.D.M. Harris and A.E. Aliev

1 Introduction 206
2 Reviews 206
3 Fundamental Aspects: Theoretical and Experimental 207
3.1 Theory 207
3.2 New Pulse Sequences and Developments of Existing
Pulse Sequences 209
33 Determination of NMR Parameters and Other Fundamental
Information 214
3.4 Other Experimental Aspects 216
4  Chemical Applications 220
4.1 BC NMR 220
4.1.1 Organic Solids 220
4.1.2 Zeolites, Aluminophosphates, and Related
Materials 222
4.13 Organometallics and Coordination Compounds 222
4.1.4 Other Inorganic Materials 223
4.15 Surface Science and Catalysis 223
4.2 %A1 and #Si NMR 223
4.2.1 Zeolites, Aluminophosphates, and
Related Materials 223
4.2.2 Organometallics and Coordination Compounds 225
423 Other Inorganic Materials 225
4.2.4 Glasses and Amorphous Solids 225
425 Surface Science and Catalysis 226
43 2H NMR 226
4.4 3p NMR 227
4.4.1 Zeolites, Aluminophosphates, and
Related Materials 227
442 Organometallics, Coordination Compounds, and
Other Inorganic Materials 227
443 Glasses and Amorphous Solids 228
444 Surface Science and Catalysis 228
4.5 Multinuclear NMR 228
4.5.1 Organic Solids 228
45.2 Zeolites, Aluminophosphates, and Related
Materials 228
4.5.3 Organometallics and Coordination Compounds 229
454 Other Inorganic Materials 230
455 Glasses and Amorphous Solids 230
45.6 Surface Science and Catalysis 230
4.6 NMR of Other Nuclei 231
4.6.1 Organic Solids 231
4.6.2 Zeolites, Aluminophosphates, and Related
Materials 231

4.6.3 Organometallics and Coordination Compounds 232
4.6.4 Other Inorganic Materials 232



Xii

CHAPTER

Nuclear Magnetic Resonance

4.6.5 Glasses and Amorphous Solids
4.6.6 Surface Science and Catalysis

References

Multiple Pulse NMR
By L.Y. Lian

Introduction

Variation of the Radiofrequency Pulse

2.1 Solvent Suppression Pulses

2.2 Composite and Decoupling Pulses
2.3 Selective Excitation Puises

2.4 Gradient Enhanced Spectroscopy
2.5 Other Variations of RF Pulses

Homonuclear Correlation Spectroscopy

3.1 Determination of Scalar Coupling Constants
3.2 Isotropic Mixing Experiments

3.3 Zero and Multiple Quantum Experiments
3.4 Variations of Correlation Spectroscopy

Dipolar Coupling, Chemical Exchange and Relaxation Time
Experiments

4.1 Dipolar Coupling and Chemical Exchange

4.2 Relaxation Time Measurements

Heteronuclear Experiments

5.1 Direct Detection Correlation Spectroscopy

5.2 Inverse Proton-Detected Correlation Spectroscopy

53 Scalar Coupling Constants Using Heteronuclear
Experiments

54 Gradient Enhanced Inverse Detection Heteronuclear
Experiments

Methods for the Improvement of Data Quality

Three- and Four-Dimensional NMR

7.1 Heteronuclear Triple Resonance Three-Dimensional
Experiments

7.2 Heteronuclear Triple Resonance Four-Dimensional
Experiments

7.3 Heteronuclear Double-Resonance Three-Dimensional
Experiments

7.4 Scalar Coupling Constants Using Triple Resonance
Experiments

7.5 Scalar Coupling Constants Using Double Resonance
Experiments

7.6 Gradient Enhanced Three- and Four-Dimensional
Heteronuclear Experiments

233
233

233

245

245
245
245
246
246
247
248

249
249

250
251

251
251
252
254
254
255
256
257
258
259
259
260
261
262
263
263



Contents

CHAPTER

CHAPTER

10

7.7 Homonuclear Experiments

Computation
8.1 Data Processing

8.2 Computer-Aided Assignments and Procedures
8.3 Extracting Coupling Constants from Homonuclear and

Heteronuclear Experiments

8.4 Extracting Distance Information from NOESY Data

8.5 Theoretical Calculations and Predictions
References

Natural Macromolecules
By J.R.P. Arnold and J. Fisher

Introduction
Peptides

Proteins

3.1 NMR Parameters and Protein Structure
3.2 Protein Structure Determinations

3.3 Ligand Binding

34 Mutagenesis

3.5 Protein Folding

3.6 Protein Dynamics

3.7 Metalloproteins

Carbohydrates
Bound Water Molecules
References

Synthetic Macromolecules
By A.H. Fawcett

Introduction

Solution State Studies of the Microstructure of
the Isolated Chain

Initiation and Other Minor Events

Reactions on Polymers

Polymerization Reactions

Star, Dendritic and Fractal Polymers

Xiii
264
264
264
265
265
266
267

272

272
272
276
276
278
280
283
284
284
285
286
290
292
294
295

306

306

307
307
308

312



Xiv

CHAPTER

CHAPTER

12

Nuclear Magnetic Resonance

Liquid Crystalline Polymers
Networks: the Solution State and Beyond

Motional Models and Measurement in the Solution,
Liquid and Solid States

Solid State Studies: Single Polymers

Solid State Studies: Blends of Polymers

Imaging

Studies with Heteroatom Resonance Spectroscopy
References

Conformational Analysis
By J. Barber and B. Wood

Introduction

Methods

Small Organic Molecules

Nucleic Acids

Proteins and Peptides

Ligand Binding

Carbohydrates

Membranes

Inorganic and Organometallic Compounds
References

Nuclear Magnetic Resonance Spectroscopy of Living Systems
By M.J.W. Prior

General Reviews and New Methodology

1.1 General Applications

1.2 Localisation

1.3 Spectral Editing, Multiple Methods
and Solvent Suppression

1.4 Measurements of Intracellular Ions and
Chemical Exchange

313

314

315
315
318
319
320
321

328

328
328
329
332
336
346
346
347
348
349
366
366
366
366
367

368



Contents

CHAPTER

13

Cells
2.1 Erythrocytes
2.2 Tumour

23 Mammalian
2.4 Yeast and Fungi
2.5 Prokaryote Cells

Tissue Studies
3.1 Whole Animal

3.2 Heart

33 Liver

3.4 Tumour

3.5 Brain

3.6 Kidney

3.7 Smooth Muscle
3.8 Pancreas

3.9 Eye

3,10  Reproduction System
3.11  Skeletal Muscle

Clinical Studies
Plants
References

Nuclear Magnetic Resonance Imaging
By S.C.R. Williams

Introduction

Basic Principles and Education

Safety

New Instrumentation

New Techniques and Applications
NMR Imaging of Nuclei other than Proton
Proton Chemical Shift Imaging

Flow, Diffusion and Perfusion Imaging
Solid State NMR Imaging

NMR Microscopy

Functional Imaging

References

Xv

369
369
370
372
373
374
375
375
376
3719
381
382
385
385
385
385
385
387
390
392

407

407

408

412
416
417
422
426
429
430
431

432



Xvi

CHAPTER

Author Index

14

10

11

12

13

14

Nuclear Magnetic Resonance

Oriented Molecules
By C.L. Khetrapal and K. V. Ramanathan

Introduction

Reviews

Theoretical and General Studies
Spectral Simplification Techniques

New Experimental Developments and Sensitivity
Enbancement

High Resolution NMR in Liquid Crystals
Thermotropics

Lyotropics

Mixed Lyotropic-Thermotropic/Cholesteric Phases
Polymer Dispersed Liquid Crystals
Liquid Crystal Polymers

Discotics

Relaxation Studies

Enantiomeric Analysis

Electric Field Orientation

Chemical Shielding Anisotropy
Quadrupolar Splittings

Molecular Orientation

Weak Molecular Interactions

Molecular Structure and Conformation

References

439

439
439
440

440

442
443
443
444
446

447
447

448
449
450
450
451
452
453
454
459

465



