


Contents

1 Synchrotron radiation instrumentation

G.N. GREAVES and CR.A. CATLOW

1.1 Introduction

1.2 Synchrotron radiation sources
1.2.1 Collimation, intensity and polarisation
1.2.2 Brilliance and time structure
1.2.3 Insertion devices

1.3 Mirror optics
1.3.1 -Total external reflection
1.3.2 Toroids and cylinders
1.3.3 Filters and windows
1.34 Multilayers

14 Monochromators
14.1 Crystal monochromators
142 Grating monochromators

1.5 Detectors
1.5.1 Low energy resolution detectors
1.5.2 Detectors with high energy resolution
1.5.3 Photoelectron analysers
1.5.4 Multidetectors

1.6 Experimental layouts
1.6.1 X-ray absorption spectroscopy
1.6.2 X-ray diffraction
1.6.3 UV photoemission

1.7 Conclusion -

References

X-ray diffraction from powders and crystallites

CRA. CATLOW

2.1 Introduction
22 X-ray diffraction: basic features
2.3 Synchrotron radiation and powder diffraction
24 Instrumentation
24.1 Angle dispersive scans
24.2 Energy dispersive studies
2.5 Applications
2.5.1 High resolution powder diffraction

2.5.2 Time-resolved (or kinetic) crystallography

2.5.3 High pressure studies
2.54 Anomalous dispersion studies
2.5.5 Studies of surface films

2.6 Single crystal studies
2.6.1 Microcrystalline diffraction
2.6.2 Laue methodologies

39
39
42

45
48
50
51

55
59
61
62
62
63



viii

CONTENTS

2.7 Summary and conclusion
References

X-ray topography
J. MILTAT and M. DUDLEY

3.1 Introduction

3.2 Dispersion and absorption according to the dynamical theory of X-ray
diffraction: an overview

3.3 Topographic techniques and contrast formation mechanisms
3.3.1 Integrated intensity techniques
33.2 Pseudo plane wave techniques

34  Crystal growth defects

3.5 Dislocation analysis: integrated intensity techniques

3.6 Dislocation analysis and strain mapping: plane wave imaging

3.7 From the analysis of one-dimensional strains to the precise location of
impurity atoms

3.8 Applications of X-ray topography to the study of solid state reactions

39 Conclusion

References

Small angle X-ray scattering and the study of microemulsions
H.C. GERRITSEN and C. ROBERTUS

4.1 Introduction
4.2 SAXS hardware requirements
42.1 Monochromator
422 Collimation
43 Experiments on AOT microemulsions
43.1 High angle limit
4.3.2 Scattering from practical systems
References

Time-resolved small angle X-ray scattering on polymers
G. UNGAR

5.1 Introduction

52 SAXS and polymers

5.3 Time-resolved SAXS in polymer crystallisation and annealing

54 Model polymers: ultra-long n-alkanes

5.5 Phase separation in liquid polymer mixtures

5.6 Simultaneous diffraction and calorimetry experiments
References

EXAFS and structural studies of glasses
S.J. GURMAN

6.1 Introduction
6.2 Basic principles of EXAFS

6.2.1 The EXAFS function

6.2.2 Structural information in EXAFS
6.3 EXAFS data analysis

63
63

65

65
68

73
71
78
80
84

87
96

100

100
102
103
104
106
108
112
119

121

140
141

147
149



6.4

CONTENTS

6.3.1 Real space analysis

6.3.2 k-space analysis

The structure of oxide glasses

6.4.1 Network modifiers in silicate glasses
64.2 Intermediates in silicate glasses
6.4.3 Alkali germanate glasses

6.4.4 Corrosion studies of silicate glasses

References

EXAFS studies of ionically conducting solids
A.V. CHADWICK

7.1
72
73
74
7.5

7.6
17
7.8

Introduction

Ionic conductivity in solids

Silver iodide

Rare-earth doped alkaline earth fluorides
Cubic stabilised zirconia and bismuth oxide
7.5.1 Cubic stabilised ZrO,

7.5.2 Rare-earth doped bismuth oxide
Mixed fluorides

Polymer electrolytes

Summary

References

Applications of EXAFS to the study of metal catalysts
J. EVANS

8.1

Introduction

Sampling methods

Homogeneous transition metal catalysts
Surface organometallic species

Oxide supported metal ion sites

Oxide supported metallic catalysts
Oxide supported alloy catalysts
Concluding comments

References

Looking at solid surfaces with synchrotron radiation
D. NORMAN and D.A. KING

9.1
9.2
9.3
94

9.5

9.6

Introduction

Surface science: the tools
Advantages of the synchrotron source
Photoemission

9.4.1 Valence level photoemission
9.4.2 Angle resolved photoemission
9.43 Core level photoemission
X-ray absorption spectroscopy

9.5.1 Surface EXAFS

9.5.2 X-ray standing waves

9.53 NEXAFS

X-ray diffraction from surfaces

References

ix

149
151
155
157
161
163
166
169

171

171
171
175
178
184
184
188
191
192
196
197

201

201
202
202
205
208
210
215
217
218

221

221
221
222
223
223
226
228
233
233
236
237
238
240



X

CONTENTS

10 Protein crystallography

11

12

ILD. GLOVER and J.R. HELLIWELL

10.1 Introduction
10.2 Instrumentation for protein crystallography
10.2.1 X-ray optics
10.2.2 Detectors
10.3  Use of the high intensity and collimation of synchrotron radiation in protein
crystallography
10.3.1 Fundamentals of the protein crystallographic technique
10.3.2  Reduction of radiation damage
10.3.3  Large unit cells: virus crystallography
10.3.4 Small sample volume
104 Anomalous scattering and phase determination
104.1 Multiple wavelength anomalous diffraction methods
10.5 Time-resolved crystallography
10.5.1 Laue crystallography
10.5.2 Time-resolved studies of the phosphorylase enzyme
10.5.3  Structural transitions in insulin
10.54 100 ps data collection
10.6 Synchrotron radiation and diffuse scattering from protein crystals
10.7 Conclusions and future directions
References

X-ray absorption spectroscopy of biological molecules
C.D. GARNER

11.1 Introduction
11.2 Experimental aspects
11.3 Information content of an X-ray absorption spectrum
11.3.1 The position of an absorption edge
11.3.2 Pre-edge and/or edge features
11.3.3 XANES and EXAFS
11.4 Applications
114.1 Metallothioneins
1142 Zinc centres in proteins
1143 Manganese in photosystem II
11.44 Oxomolybdoenzymes
1145 Molybdenum nitrogenases
1146 Vanadoenzymes
11.5 XAS and protein crystallography
References

X-ray microscopy
P.J. DUKE

12.1 Introduction
12.2 X-ray optical systems
12.3 Methods of zone plate fabrication
124 X-ray microscope designs
124.1  Source brilliance
1242 Monochromators
1243 Scanning versus fixed beam arrangements

241

241
241
242
243

245
245

247
250
250
253
255
256
258
259
260
260
264
265

268
268
270
270
271
27
272
273
274
275
276
278
279
280
280

283

283
284
287
289
289

290



CONTENTS xi

12.5 Applications of X-ray focussing microscopes 293
12.5.1 X-ray contrast 295
12.5.2 Time-dependent imaging 300
126 Contact X-ray microscopy 302
12.6.1 Geometrical considerations 302
12.6.2 Photoresist 303
12.6.3 Applications 305
12.7 Future developments 305
) 12.7.1 Sources and optics 305
12.7.2 Phase contrast and holographic microscopy 307
12.8 Conclusion 308
References 308
13 Synchrotron radiation trace element analysis 311
R.D. VIS
13.1 Introduction 311
13.2 The development of accelerator-based techniques 312
13.3 The use of synchrotron radiation 313
13.3.1 The sensitivity of SXRF 314
13.3.2- The detection limits of SXRF 316
13.3.3 Radiation damage 320
1334 Concentration assignment using SXRF 320
13.4 Applications of synchrotron X-ray fluorescence 322
13.5 Total reflection 323
13.6 Spatial resolved SXRF 324
13.6.1 The focussing of X-rays 324
13.6.2 Experimental work with synchrotron microprobes 326
13.7 Conclusions 329
References 330
14 Atomic and molecular science 333
J.B. WEST
14.1 Introduction 333
14.2 Photo-electron spectroscopy 334
14.3 Photo-ion spectroscopy 345
144 Fluorescence spectroscopy 352
14.5 Conclusion 358
References 359
15 Time-resolved spectroscopy 361
Y.K. LEVINE and H. VAN LANGEN
15.1 Introduction 361
15.2 Principles of fluorescence polarisation 364
15.2.1 General expressions 364
1522 Membrane systems 367
15.2.3 Excitation with horizontally polarised light 372
1524 Determination of F(t) ‘ 372
15.3 Experimental methods and instrumentation 373
15.3.1 The single photon counting method 373

15.3.2 Experimental set-up and methods 373



Xii

CONTENTS

15.4 Numerical analysis
155 Results
15.5.1  The initial anisotropy r(0)
15.5.2 The orientational order
15.5.3 Reorientational dynamics
15.6 The future :
References

375
378
378
379
381
381
382



	page1
	page2
	page3
	page4
	page5
	page6
	page7

