
895

A constraints 479
Absolute phase abundances 349
Absorption 209, 257

in in situ experiments 176
in multilayers 577
in multiphase samples 258
in thin films 581
neutron 220

Absorption corrections
for anisotropic crystallites 577
for multilayers 577
in 2D diffraction 130

Absorption–diffraction method of phase analysis 345,
350

Absorption factor 581
Accuracy

goniometer 34
in neutron diffraction 94
in quantitative phase analysis 350, 364, 374
of phase analysis using electron diffraction 110
of structural parameters 499
of temperature measurements 155

Acid mine drainage 800
Actinolite 889
Active area of a detector 126
Active pharmaceutical ingredient 767
ADDSYM 506
Adipocere 739
Air scatter 15, 124, 131
Alignment 224, 230
Alite 856–857, 863
Alloys 739
ALLTRIALS 410
Alumina 787–788, 820

NIST standard 236
Alumina-toughened zirconia 823
Aluminium acid sulfate 844
Aluminium industry, Rietveld analysis in 782
Amino acids, rigid-body representation of 731
Amlodipine besylate 772
Ammonium iron carbonate hydroxide 845
Ammonium iron sulfide, (NH4)Fe2S3 311, 845
Ammonium nitrate 335
Amorphous materials 649, 673, 767, 771
Amorphous phases 376, 382

effect on data clustering 329
in bauxite 783
quantitative determination of 360, 838

Amoxicillin 311
Amphiboles 889
Analogue detectors 46
Analyser crystals 56–57
Analysis methods

for artworks 796
for planetary exploration 795
in mining and mineral processing 793
non-destructive 737, 743, 778, 796
through-the-bag 745

Analytical standards 368
Anatase 586
Angular-dispersive diffraction, reaction cells for
194

Angular resolution 49, 57, 62
Anharmonic atomic displacements 484
Anhydrite 856–858, 860–861
Anisotropic peak broadening 445, 471

in zeolites 454
Anisotropic strain broadening 259
Annealing 150, 153
Anomalous (resonant) scattering 62, 388, 479–480
Anomalous small-angle X-ray scattering 689
Anthoinite 886
Anti-bump cost function 438
Anti-bump restraints 460
Antiferromagnetic ordering 66
Antigorite 888
Antiphase domain boundaries 296
Antophyllite 889
Aperiodic structures 486
Apertures 40

Arbitrarily defined cells method of texture analysis
560

Archaeology 759, 805
Archaeometry 759
Area detectors 118, 125, see also two-dimensional

detectors
spatial resolution of 127

Art 759, 796, 805
Asbestos 889
Aspirin 333
Asymmetry in peak profiles 240, 257, 264, 465, 467
Atomic displacement parameters 10, 470, 498, see

also Debye–Waller factors
conventions for 517
from electron-diffraction data 112

Atomic form factors 10, 253, 475
Atomic pair correlation function 676
Atomic resolution 402, 405
Atomic scattering factors 10, 253, 475
Attenuation, in neutron diffraction 69, 95
Attenuation coefficient 581
Auricupride, Cu3Au 296
Automated diffraction tomography 886
Averaged alternating reflections (AAR) scheme 402
Averaged macroscopic strain/stress 541
Aviation engine valve deposit 310
Avrami plot 831
Axial direction 29
Axial divergence 40, 58, 227, 240, 257, 264
Azimuthal integration 9

Back-loading sample holders 206
Background 2, 15, 466, 469, 617

corrections for, in small-angle scattering 679
corrections for, in stress measurements 144
fitting 285, 493, 573
from extraneous sources 15
in neutron diffraction 86
in quantitative phase analysis 368
information content in 15
removal, for non-crystalline materials 623

Bacteriorhodopsin 725, 727
Ballistic guides 80
Barbiturates 738
Barium calcium antimonate 495, 507
Barium iron titanate 815
Barium magnesium silicate 831
Barium neodymium copper oxide 825
Barium strontium titanate 202, 495–496, 505–506
Barium titanate 591
Bassanite 857–858, 860–861
Batteries 181, 193–194, 755, 806
Bauxite 782
Bayer process 782, 785, 787–788, 797
Bayerite, Al(OH)3 352
Bayesian probability theory 477
Beam-path systems

components 30
hybrid 35
multiple 35
non-coplanar 35

Beam quality 36
Belite 856–857, 860
Bending magnets 52
Betpakdalite 886
Bias 480
Biaxial texture 590
Bioavailability 768
Bioceramics 810
Biomaterials 161
Biominerals 890
Bismuth sodium lanthanum titanate 811
Blended cements 857
Bogue method 793
Bond-valence analysis 503, 873
Bone mineral 739
Bonse–Hart optics 677
Bounding cubes 612
Bragg–Brentano geometry 27, 29, 124, 224, 628
Bragg-edge imaging 764

Bragg equation 2
Bragg R factor 469
Brass 739
Bravais-lattice determination 277
Bremsstrahlung 37, 71, 624
Bridgman anvils 157–158
Bridgman equation 825
Briet–Dirac correction 631
Brightness 36
Brilliance 36
Brindley correction for microabsorption 210, 258, 366
Bubble model for non-crystalline materials 645
Buckminsterfullerene 154
Building units 442
Bulk modulus 824
Bulk-solvent correction, flat 319

C test 328
Cadmium selenide, CdSe 17
Caesium thiocyanate 338
Calcite 362, 375–376

magnesian calcite 309
Calcium aluminate 857
Calcium aluminate cements 859
Calcium aluminoferrite 856
Calcium cobaltate 818
Calcium sulfoaluminate cements 859
Calcium sulfobelite cements 860
Calcium tartrate tetrahydrate 491, 497
Calcium zinc silicate 829
Calibration 235, 241
Calinški–Harabasz test 328
Cambridge algorithm 477
Cambridge Structural Database (CSD) 313, 414, 434
Canted antiferromagnetic ordering 881
Canted ferromagnetic ordering 880
Capillaries 57, 215

capillary reaction cells 190
for high-temperature studies 150

Capillary optics 44
Capsaicin 391
Carbamazepine 435, 770
Carbon dioxide, sequestration of 801, 889
Cassiterite, SnO2 216
Catalan blue 762
Catalysis 754, 846
Cauchy function 263
CCP14 698
Cefadroxil 776
Cell parameters, see lattice parameters
Cements 799, 855

hydration of 861
nomenclature 856
quantitative phase analysis 855
variable-temperature study 152

Centre-of-mass mapping 607
Ceramic films 819
Ceramics 804

defects in 816
degradation of 822
glass-ceramics 828
in art and archaeology 805
microstructure 824
phase equilibria 813
phase identification 811
reaction mechanisms in 820
stress in 817
transformation toughening 822
types of 805

Ceria 298, 534
Cerium niobate 814
Characteristic radiation 37
Charge-coupled device (CCD) detectors 48, 59, 107,
126, 128

Charge flipping 389, 402, 456, 482–483
Charge transfer, in superconductors 872
Chechevitsa anvils 158
checkCIF 500, 509, 519
Chemical reaction cells 189
Chemical reasonableness of a model 496

Subject index
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Chemometric data analysis 623, 626
Chi squared 469, 489

cumulative plot 492
Chi-squared hypersurface 421
Chladniite 886
Chromium chromate tetrachromate 407
Chukanovite 886
CIF (Crystallographic Information Framework) 515

data blocks 516
data items 515
data names 515
metadata 516
multiple data sets 516
multiple phases 516
standard uncertainties 517

Cimetidine 387
Clarithromycin 390
Clathrate hydrates 844
Clays 206, 356–359, 804, 843
Clomipramine hydrochloride 407
Close-packed compounds 443
Cluster analysis 325, 797
CMPR 517
Coal 752
Cobalt(II) acetate tetrahydrate 502
Cobalt vanadium oxide, Co3V2O8 184
Co-crystals 767–768
Coesite 885
Coherent diffraction intensity 682
Coherent elastic neutron scattering 68
Coherent scattering length density 68
Collimation 40, 53–55, 80
Collinear antiferromagnetic ordering 881
Column-length distribution 531
Combined analysis 555, 571
Combined figures of merit 392
Combi-optics 44
Common volume function 526, 528
Complementary metal–oxide–semiconductor
(CMOS) detectors 48, 107

Compliance 594
Component method of texture analysis 560
Compound refractive lens 56
Compressed air energy storage 753
Compressibility 824
Compton scattering 19, 617, 631
Computer programs, see software
Cone and quartering technique 743
Configuration factor 586
Conograph 277
ConQuest 313
Conservation 759
Constraints 469

in the maximum-entropy method 478
torsion-angle 436

Contamination of evidence 741
Contrast-variation small-angle neutron scattering 689
Control rods 72
Convolution theorem 289
Convolutional multiple whole profile fitting 297
Conway’s topograph 275
Coolants 153
Coordinate systems, for multigrain crystallography
603

Coordination polyhedra 410
Copper oxide, Cu2O 299
Copper phthalocyanine 836
Copper(II)–Schiff base complex 279
Cordierite 832
Core–shell model for non-crystalline materials 641
Core–shell particles 685
Corina 435
Correlation matrix 326
Corrosion 202, 761, 822, 844
Corundum 347
Cosmetics 740
Cost functions 419, 445

anti-bump 438
Counterfeit medicines 777
Counting detectors 46
Counting statistics 9, 94
Covariance matrix 467
COVMAP approach 406
Critical field 868

Critical grazing angle 55, 588
Critical temperature 868
Crocidolite 890
Cryogenic cooling 153, 721
Cryostats 153
Crysfire 278
Crystal chemistry, use in structure determination 445
Crystal habit 776
Crystal packing 410
Crystal screening for protein structure determination

723
Crystal seeds 839
Crystal-structure prediction 392, 439, 838
Crystallinity 837

quantitative analysis of 145
Crystallite size 13, 267, 575

in a vent-gas oxidation catalyst 852
in ceramics 816
in neutron diffraction 95
measuring in reflection or transmission 147
quantitative analysis of 145

Crystallization of glass-ceramics 828
Crystallization platforms 768
Crystallographic Information Framework (CIF) 515
Crystallographic orientation, representation of 609
Crystallography Open Database (COD) 320
CRYSTMET 318
Cultural heritage 759
Cumulative chi-squared plot 492
Cuprite 887
Curiosity rover 795
Curved detectors, pixel positions 122
Cyclic-fibre texture 565
Cyclic-planar texture 565

dhkl values 3, 270
Darwin width 54–55
DASH 415, 419, 426
Data clustering 325, 797

amorphous samples 329
fuzzy clustering 333
in quantitative phase analysis 361
INDSCAL method 340
software 342
spectroscopic data 339

Data collection 235
for electron diffraction 107
for organic pigments 835
for proteins 720
for stress analysis 143

Data completeness, in high-pressure studies 161
Data definition language (DDL) 515
Data integration

for electron diffraction 107
for stress analysis 143
for two-dimensional diffraction 128
gamma 130
two-theta 130

Data reduction 282
algorithms 282
for electron diffraction 107
for high-pressure studies 167
for two-dimensional diffraction 128
in pair distribution function analysis 663
in small-angle scattering 679

Data visualization 325, 329
grand tour 331
minimum spanning trees 331
parallel-coordinates plots 330
silhouettes 331

Databases 304
Debye–Bueche model 683
Debye cones 28
Debye equation 261, 619, 650, 676
Debye lattice function, effective 640
Debye–Menke equation 621
Debye–Menke intensity function 621
Debye model 18, 617
Debye rings 118

spotty 37, 145, 191, 201, 661
Debye–Scherrer cones 7, 119
Debye–Scherrer geometry 26, 29, 58, 743, 746

for non-ambient-temperature studies 154
peak shifts in 265

Debye–Waller approximation 655
Debye–Waller factors 253, 475

negative 258
Decafluoroquarterphenyl 279
Defocusing effects 134, 572
Deformation electron density 477
Deformation faults 295
Degradation of ceramics 822
Delaunay reduction 277
Dendrograms 327
Density-functional theory 439, 448, 501, 509, 769
Detection limit 128
Detective quantum efficiency 45, 127
Detector circle 29
Detector dead time 46, 84
Detector efficiency 83
Detector linearity 45
Detector position 121
Detector resolution 133
Detector scan 33
Detector space 121–123
Detectors 46

active area 126
angular resolution 49
area 118, 125, 127
charge-coupled device (CCD) 48, 59, 107, 126,

128
complementary metal–oxide–semiconductor

(CMOS) 48, 107
counting (digital) 46
detection limit 128
dynamic range 128
energy range of 127
for electrons 107
for in operando studies 175
for in situ studies 175
for neutrons 82, 87
for pair distribution function analysis 63
for synchrotron radiation 52
for X-rays 45
frame integration 130
gas-filled proportional counters 47, 83, 87,

175
integrating (analogue) 46, 128
microchannel plate 88
micro-gap 47
multi-analyser crystal detectors 175
multi-wire proportional counters 47, 83, 175
neutron scintillators 175
nonuniform response correction 129
photon-counting 27, 47, 128, 176
pixel size 126
point 225
position-sensitive 27, 56, 83, 225, 675, 677
scintillation 46, 83, 88
semiconductor 48, 83
silicon micro-strip 48
silicon pixel 48
spatial correction 129
spatial resolution 49
static, for in situ studies 150
strip detectors 175
two-dimensional 8, 59, 127, 175

Devitrification 828–829
Diamond-anvil cells 159–160, 886
Diaryl pigments 835
DICVOL06 277
DICVOL91 276
Dielectric susceptibility 588
DIFFaX 295
Difference Fourier maps 404, 498
Differential evolution 429
Differential scattering cross section 253, 676
Differential structure functions 658
DIFFRAC.EVA 333
Diffraction cones 7, 119
Diffraction contrast tomography 601
Diffraction elastic constants 546
Diffraction geometry

Bragg–Brentano 27, 29, 124, 224, 628
Debye–Scherrer 26, 29, 154, 743, 746
focal construct 742
for multigrain crystallography 603
Gandolfi 746
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Diffraction plane 28
Diffraction power 104
Diffraction rings 118
Diffraction space 119
Diffraction stress factors 542
Diffraction vector 120
Diffraction-vector cones 120
Diffractometer circle 29
Diffractometer plane 118
Diffractometers

alignment of 230
at synchrotron sources 56
Bragg–Brentano 27, 29, 124, 224, 628
calibration of 241
Debye–Scherrer 26, 58
for energy-dispersive diffraction 59
for engineering studies 88
for residual stress studies 88
Hart–Parrish design 58
laboratory X-ray 224
neutron 80, 84, 86, 91, 254
portable 761, 763, 778
synchrotron X-ray 56

Diffuse scattering 617
elastic coherent 16
inelastic coherent 18
monotonic Laue 19, 68, 651
thermal 18, 691

Digital detectors 46
Dioxazine pigment 838
Direct lattice 270
Direct methods 387–388, 396, 456
Direct-space methods 442
Dislocations 293
Disorder 446, 459, 484, 772
Disordered materials 673
Disordered structures 681
Distance between two orientations 612
Distance matrix 326
Distorted-wave Born approximation 690
Divergent refinements 470
Domain boundaries 296
Domain shape 292
Domain size 255, 292, 524

apparent size 526
Fourier methods 526
from electron-diffraction data 112
in organic pigments 837
mean 531

Domain-size distributions 524
analytical 533
column-length distribution 531
Fourier methods 531
gamma distribution 533
histogram model 534
lognormal distribution 533

Domed hot stage 153
Donnet–Jouanneaux function 570
Double-dependent anisotropic strain breadth
552

Dross 790
Drugs 738
Dynamic high-pressure generation 157
Dynamic range 46, 128
Dynamical occupancy correction 443
Dynamical scattering 104

E-maps 399
EAGER 428
Earth materials 886
Effective Debye lattice function 640
EFLECH/INDEX 275
Eigenvalue analysis 327
Elastic coherent diffuse scattering 16
Elastic constants 538

diffraction 546
macroscopic 576
single-crystal 546
stiffness 539

Elastic strain, representation of 613
Electric fields, powder diffraction under 174
Electrochemical alloying 182
Electrochemical cells 181, 192, 196, 755
Electrolytic bath 788

Electron-density distributions 473, 480, 639
accurate, from maximum-entropy method 485
depth-resolved, in thin films 594

Electron-density maps
from the maximum-entropy method 474
modification 404
non-nuclear maxima in 475

Electron detectors 107
Electron diffraction 102, 457

calibration 107
computer programs for 114
data collection, integration and processing 107
diffraction power 104
dynamical scattering 104
for proteins 732
intensities 103
kinematic approximation 104
multiple-scattering effects 102
nano-area 105
pair distribution function analysis 113
pattern geometry 103
phase analysis 108
phase identification 108
precession electron diffraction 104
preferred orientation in 112
radiation damage 103
sample preparation 106
selected-area 105
texture analysis 110
time-resolved 103
use of Powder Diffraction File 109

Electron energy filters 108
Electron lateral coherence length 105
Electron microscopy 105, 457
Emission profiles 228, 291
Empirical potential structure refinement 667
enCIFer 518–519
Endeavour 426
Energy conversion 752
Energy discrimination 46
Energy-dispersive diffraction 59, 254, 799

peak profiles 266
quantitative phase analysis 362
reaction cells for 194

Energy-dispersive X-ray spectroscopy 572
Energy range of a detector 127
Energy resolution 46, 55
Energy storage 752
Engineering diffractometers 88
Entropy-maximization method of texture analysis

560
Environmental impact of mining and mineral

processing 800
Epithermal neutrons 72
Equal-area projections 557
Equations of state 887
Equatorial divergence 40
Equatorial plane 28
Equipartition of peak intensities 283
Erionite-Na 890
Error-correcting codes 400, 403
Error plot 491
Estradiol 202
Ettringite 856, 863
Euler angles 609
Eulerian geometry 122
Evolutionary algorithms 391
Ewald construction 7
EWIMV method of texture analysis 110, 560
EXAFS 19
Excipients 738
Excitation error 104
Excluded volume 418
Exhaustive indexing methods 273
Expected R factor 468, 489
Experiment constant 348, 355
Explosives 740
EXPO 278, 406–407, 410, 456
Exponential harmonics method for texture analysis

561
Extended convolutional multiple whole profile fitting

297
Extended solids 442
External standard method 349

Extinction 209–211, 260, 480
Extinction length 261
Extinction symbols 416
Extrapolated structure factors 389

F constraints 476, 478, 480, 485
FN criterion 271
Faber–Ziman formalism 651
Famotidine 391, 419, 421
Fast Fourier transform (FFT) methods 388
Fast iterative Patterson squaring (FIPS) 401
Fast neutrons 72
Faujasite 847, 849–850, 887
Fermi chopper 76
Ferrimagnetic ordering 880
Ferrite 857
Ferroelastic minerals 889
Ferroelectric ceramics 807
Ferroelectrics 177
Ferromagnetic ordering 880
Fexofenadine 769
FFT (fast Fourier transform) methods 388
Fibre texture 110, 565, 590
Fibrous minerals 889
Figures of merit 392, 398

for indexing 271–272
Film cameras 26
Filters 40, 55
Fink search method 305
FIPS (fast iterative Patterson squaring) 401
Fixed-target X-ray sources 38
Flat detectors, pixel positions 121
Flat-foil specimens 213
Flat prior 475
Fluid catalytic cracking 752
Fluorescence 32, 37, 41, 125, 129, 572
Flux 36
Flux density 36
Focal construct geometry 742
Focus 455
FOMnew 280
Forensic science 737

contact trace materials 737
control specimen 737
instrumentation 742
specimen preparation 742
suspect specimen 737

Forward problem 11
Fossil fuels 752
Fourier maps 404, 468, 473–474
Fourier methods for determining domain size 526
Fourier methods for determining domain-size
distributions 531

Fourier recycling 404
Fourier synthesis 399
Fourier transforms 10, 12
FOX 419, 426
FOXGrid 419
Frame integration 130
Frame overlap 75
Framework building 445
Framework structures 452
Fraunhofer approximation 10
Free-electron lasers 197, 731
Freely floating reflections 402
Fresnel coefficient 594
Friedel pairs 253
Fructose 375
Frustrated magnetic systems 184
Fuel cells 806
Full-width-at-half-maximum (FWHM) 12, 58, 84, 127,
238, 263

FullProf 111, 278
Fundamental-parameters approach 12, 240, 265, 290
Fundamental zone 614
Fuzzy clustering 333, 798
Fzon 278

G constraints 478–479
GAIN 277
Gamma integration 130
Gamma test 328
Gandolfi mode 746
Gas-filled proportional counters 47, 83, 87
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Gas hydrates 844
Gauge volume 88
Gaussian fibre components 561
Gaussian peak-shape functions 12, 240, 255, 263
GDASH 419
Gels 673
Generalized F constraints 485
Generalized spherical harmonics 549, 559
Genetic algorithms 391, 428, 444

use in indexing 275
Genie 520
Geology 156, 753
Geometric restraints 458
GEST 428
Ghost correction 560
Gibbsite, Al(OH)3 352, 362
Gjerdingenite-Ca 886
Gjerdingenite-Na 886
Glancing-angle X-ray diffraction 760
Glass-ceramics 807, 828

crystallization 824, 828
devitrification 828
in situ studies 829
invert glasses 831
kinetics of formation 830
metastable phases 829–830
neutron powder diffraction 829
nucleation 828
phase separation 828
quantitative analysis 833
structure solution 830

Glass disease 823
Glass-forming methods 828
Glasses 673
Global optimization methods 275, 390, 424
Glucose 375
Gnomonic projection 612
Göbel mirrors 27, 43
Gold nanoparticles 656
Goniometer accuracy 34
Goniometer axes 32
Goniometer circle 29
Goniometer designs 32
Goniometer geometry 122
Goniometer precision 34
Goniometers 225, 231
Goodman & Kruskal’s � test 328
Goodness of fit 109, 416, 419, 469
Grain growth in ceramics 819
Grain mapping 601

volumetric 608
GRAINDEX 605
Grand tour 331
Granularity 37, 95, 201–202, 258, see also particle
statistics

Grazing-incidence diffraction 35, 213, 585, 754, 812
Grazing-incidence small-angle scattering 680, 690
Grazing-incidence X-ray scattering (GIXS) 597
Grid-search method of indexing 275
Ground glass 376
Group amplitude 479
Grunerite 889
GSAS 466, 471

generation of CIFs 520
peak-shape functions 240, 247
preferred orientation 570–571
proteins 726, 729, 731
stress/strain studies 546, 553
texture analysis 557

GSAS2CIF 518
Guaifenesin 500
Guinier approximation 683
Guinier cameras 27
Gull–Daniell algorithm 476
Gunshot residues 740
Gypsum 375, 855–858, 860–861

Haematite 362
Half cells, electrochemical 181
Half-width-at-half-maximum (HWHM) 238
Hanawalt search method 304
Hard radiation 63
Harker sections 401
Harmonics 41, 82

Hart–Parrish diffractometer design 58
Hat function 12
Heat treatment 150
Heavy-fermion superconductors 870
Height compensation 151
Hen egg-white lysozyme 389, 722, 725, 728–729
Hessian matrix 467
Heterogeneous materials 673
Hexaaquairon(II) tetrafluoroborate 503
Hexatriacontane 628
High-energy X-rays

advantages of 374
for capillary measurements 151

High-pressure generation 157
High-pressure studies 156

capillary reaction cells for 190
data corrections for 167
hydrostatic conditions 164
preferred orientation 164, 168
sample preparation 164
using neutron diffraction 166, 219
using synchrotron radiation 163
with variable temperature 160

High-temperature studies 97, 150, 761
High-throughput methods 325, 337, 742, 768, 797
Hill average model for stress/strain determination

545
Histogram matching 390–391, 402
Homogenized compliance 576
Hooke equations 539
Hot stage, domed 153
Humidity, control of 193
Hybrid beam-path systems 35
Hybrid compounds 443
Hybrid Monte Carlo method 391, 429
Hydrochlorothiazide 417
Hydrogen atoms, location of 410, 415, 438, 446, 498
Hydrogen bonding 410, 499, 509
Hydrogen storage 196, 752, 820
Hydrostatic pressure 164
Hydrostatic state 546
Hydrothermal reaction cells 196
Hydroxyapatite 739, 816
Hyperphases 404

Ibuprofen 388, 406, 634
Ideal powder 7, 26
ImageD11 606
Impurities 466, 468

effect on indexing 274
in zeolites 454

In operando studies 150, 181, 193
In situ crystallization 165
In situ studies 150, 189, 602

absorption in 176
background minimization 16
batteries 755
catalysts 852
ferroelectrics 177
glass-ceramics 829
in art and archaeology 761
minerals 886
pharmaceuticals 778
quantitative phase analysis 361
using neutron diffraction 67, 89, 96
using synchrotron radiation 63

Incident-beam monochromators 225
Incoherent scattering 19

neutron 177
Incomplete structural models 430
Independent-atom model (IAM) 475
Index-heuristics strategy 274
Index of refraction 588
Index permutation 274
Index space 273
Indexing 11, 270

basic equation for 271
effect of impurity peaks 274
figures of merit 271–272
geometrical ambiguities 272
in multigrain crystallography 605
methods 273, 275
of multiphase samples 445
of pharmaceuticals 768

Indexing (continued)
of proteins 726
of zeolites 454
software for 275
using Pawley or Le Bail methods 286

Individual differences scaling (INDSCAL) method
340

Indomethacin 632, 642, 772
Inelastic coherent diffuse scattering 18
Information depth 587
Informational entropy 473
Inorganic compounds, structure determination 442
Inorganic Crystal Structure Database (ICSD) 314
Insertion devices 53
Instrument calibration 241
Instrument control software 31
Instrument performance 238
Instrument profile function 224
Instrument response 240, 256, 627
Instrumental peak broadening 256, 291, 526, 572
Instrumental uncertainty 235
Instrumentation

CheMin 795
COSMA 799
Duetto 796
for forensic science 742
for laboratory X-ray scattering 26
for mining and mineral processing 794
for two-dimensional diffraction 124
platform concept 28
portable instrumentation 795
Terra 796

Insulin 724, 726, 731
Integral breadth 255, 288, 524, 526, 541
Integrating detectors 46, 128
Intellectual-property rights 768, 773
Intensity correction factors 11
Intensity extraction 282, 284, 395
Intensity normalization, for non-crystalline materials
623

Intercalation 182
Interface roughness 597
Intergranular strain 540
Intermetallic phases 450
Intermolecular distance constraints 438
Internal standard method 346, 350
Internal standards 346, 466, 770
International Centre for Diffraction Data (ICDD)
304

Inverse pole figures 562
Inverse problem 11
Invert glasses 831
Iron, texture analysis of 568
Iron-based superconductors 869, 874
Iron(II) oxide 814
Iron(III) oxide 814
Isocracker sludge 311
Isomorphous replacement 389, 728
Isotope incoherent scattering 68
Isotopic substitution 66
ITO 276

Jadarite 886
Jarosite 801
JMAK method 830
Johansson focusing optic 225
Johnson–Vand search algorithm 305
Joint Committee on Powder Diffraction Standards
(JCPDS) 304

K� filters 40
Kagomé systems 184
Kapton 152, 213, 217, 722
Kinematic approximation 104, 253
Kinetic studies 94, 192

of glass formation 830
Kirkpatrick–Baez mirror arrangement 56
Kramers–Kronig relation 62, 658
Kroner model for stress/strain determination 545

Laboratory coordinates 119
Lactose 375
Lagrange multipliers 476
Lakargiite 886
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Lamp furnaces 152
Lanthanum barium copper oxide 873
Lanthanum calcium manganate 815
Lanthanum hexaboride, NIST standard 236
Lanthanum strontium copper oxide 338
Laplace transform 588, 593
Larmor diffraction 174
Lattice defects, in neutron diffraction 95
Lattice distortions 293
Lattice-energy minimization, organic pigments 837–
838

Lattice parameters 5, 270
accuracy and precision of 466, 499
certified 236
changes in 174
for proteins 319
from electron-diffraction data 111
from Pawley and Le Bail methods 283–286
refinement of 470
standardized 316

Lattice planes 2
Laue equation 6
Laue monotonic scattering 19, 68, 651
Layer texture 590
Layered double hydroxides, intercalation of 192
Le Bail method 283–284, 395, 468, 478
Lead zirconate-titanate 177
Least-squares refinement 20, 109, 263, 405, 467
Levitation 219
Likelihood function 403
Limit of detection 379, 627, 771
Limit of quantification 379, 771
Line-profile analysis 288, 524, 543
Line-profile standards 291
Linear absorption coefficients 203, 257
Linear electron accelerators (LINACs) 71
Liouville’s theorem 124
Liquid-helium cryostat 96
Liquid-metal-jet X-ray sources 39
Lithiated graphite 182
Lithium aluminium silicate, LiAlSi2O6 830
Lithium-ion batteries 181, 196
Lithium nickel oxide, LiNiO2 182
Lithium silicate, Li2SiO3 832
Lithium silicate, Li4SiO4 832
Local minimization 391
Local structure 22, 617, 674

of ceramics 813
of organic pigments 839

Localization corrections 557
Locard’s exchange principle 737
Lorentz corrections 130
Lorentzian fibre components 561
Lorentzian peak-shape function 12, 240, 255, 263
Low-temperature structures 150, 770

M20 figure of merit 271
Macromolecules 718
Macroscopic elastic constants 576
Macroscopic strain 541–543
Macroscopic stress 541–543
Magic angle spinning NMR 454
Magnesian calcite 309
Magnesium aluminate 824
Magnesium borohydride 449
Magnesium perchlorate hydrate, Mg(ClO4)2·nH2O
193

Magnetic ceramics 808
Magnetic fields

diffraction under 174, 183
pulsed 183

Magnetic form factors 69
Magnetic interaction vector 70
Magnetic lattices 881
Magnetic polarization 567
Magnetic polarization orientation distribution 567,
569

Magnetic pole figures 567
Magnetic quantitative texture analysis 567
Magnetic scattering 18, 66, 254, 465
Magnetic scattering lengths 69
Magnetic small-angle neutron scattering 689
Magnetic structure factor 254
Magnetic superconductors 870, 878–879

Magnetic symmetry 881
Magnetic systems, frustrated 184
Magnetoelectric materials 184
Magnon dispersion curves 18
Mail-in services 51, 67
Manganese, quantification in bauxite 785
Manganese oxide, antiferromagnetic ordering 66
Manganites, magnetic phase transtions in 185
Mannitol 619, 638, 640, 643
March–Dollase model 260, 377–388, 400, 569–570
March function 569
Mars, mineralogy of 890
Mass absorption coefficients 257, 582
Matrix-flushing method 347, 352
Matrix technique for reflectivity of multilayers 596
MAUD 110, 547, 571, 573, 577
Maximum-entropy methods 389, 403, 473

Cambridge algorithm 477
combined with the Rietveld method 482
extensions of 485
F constraints 476, 478, 480, 485
G constraints 478–479
Gull–Daniell algorithm 476
nuclear-weighted X-ray 484
phasing tree 403
Sakata–Sato algorithm 477
size-distribution analysis 688
two-channel MaxEnt method 477
valence-only MaxEnt method 477

Maximum-likelihood methods 391, 430
Maya blue 762
Mayaro virus 719, 727
McM20 figure of merit 271
McMaille 278
MDASH 419
Mean domain size 531
Melkovite 886
Mendozavilite 886
Mercury 314
Merrill–Bassett diamond-anvil cell 160
Metadata 516
Metal–organic frameworks 449, 752
Metals 739
Metals data file (CRYSTMET) 318
Metamorphic petrology 885
Metastable phases, in glass-ceramics 829–830
Metric multidimensional scaling 328
Metropolis algorithm 20, 667
Mica 207
MICE 406
Microabsorption 209–210, 258

Brindley method 210, 258, 366
effect on quantitative phase analysis 366

Microchannel plate detector 88
Microdiffraction 119, 125, 128, 584, 756
Microfocus X-ray sources 38
Micro-gap detectors 47
Micronizing mills 205
Microreactors 190
Microscopic strain 541, 543
Microstrain 14, 267, 288

induced by milling 205
Microstrain broadening 721
Microstructure 2, 288

in art and archaeology 762
in ceramics 824
in proteins 721
in thin films 594

Miller indices 3, 5, 252, 270
Mineral physics 886
Mineral processing 793
Minerals 156, 885

deep-mantle minerals 887
dehydration of 887
ferroelastic 889
fibrous 889
in forensic analysis 739
mineral evolution 885
mineral paragenesis 885
negative thermal expansion in 887
new mineral species 885
phase transitions in 885, 888
polymorphism in 793
porous 887–888

Minerals (continued)
spontaneous strain in 888
thermoelastic behaviour 886
time-resolved experiments 885

Minimum spanning trees 331
Mining 793
Minkowski reduction 277
Mirrors 43, 55, 597

for neutrons 77–80
Göbel mirrors 27, 43

MISSYM 506
Mixed crystals 835
Modal torsion-angle constraints 436
Model building 390, 414

for zeolites 454
Modified direct methods 388
Modified March–Dollase approach 570
Modified tangent formula 388
Modulus sum function 388, 401
Mogul 435
Mogul Geometry Check 498, 500
Molecular connectivity 417
Molecular coordinate system 417
Molecular envelopes 390
Molecular replacement 390, 726
Molecular structures 414

parameterization of 417
Molecular symmetry, use in structure determination
390

Molecular volume 434
Monochromators 54, 225

cooling of 55
for neutrons 81
higher-order reflections 54
incident-beam 225
multiple-reflection 42
silicon crystal 55
single-reflection 41

Monotonic Laue diffuse scattering 19, 68, 651
Monte Carlo methods 426, 444, 667

for indexing 275
for orientation mapping 806

Montel optics 43
MOPAC2012 434
Morningstar–Warren approximation 652
Morphology 206
Mosaic crystal 82
Mosaic spread 82
Mullite 507
Multi-analyser crystal detector 175
Multi-anvil presses 158
Multichannel analysers 60
Multi-component materials 673
Multiferroics 184
Multigrain crystallography 601

centre-of-mass mapping 607
coordinate systems 603
crystal symmetry 613
diffraction geometry 603
indexing 605
setup 602
stress mapping 607
use of synchrotron radiation 602

Multilayer mirrors 43
Multilayers 581

absorption correction in 577
Multiphase samples

in CIF 516
indexing of 445
refinements of 466

Multiple anomalous dispersion 728
Multiple-beam-path systems 35
Multiple data sets

fitting 466
for protein structure determination 725
in CIF 516

Multiple scattering 210
corrections for, in small-angle scattering 679, 692
in electron diffraction 102, 113

Multiples of a random distribution (m.r.d.) 556
Multiplicity 8, 135, 144, 203, 253
Multivariate statistical analysis 756
Multivitamin supplement 312
Multi-wire proportional counters 83, 175
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Mutinaite 889
Mythen position-sensitive detectors 59, 63

Nano-area electron diffraction (NAED) 105
Nanocrystalline organic pigments 839
Nanomaterials 649
Nanoparticles 649

form factor 654
gold 656

Nanoporous materials 649
Nanostructures 649

self-assembled 598
Narcotics 738
Natrobetpakdalite 886
Negative Debye–Waller factors 258
Negative thermal expansion 887
Neodymium cerium copper oxide 874
Nested neighbourhoods principle 397
Neutron absorption 220
Neutron absorption cross section 257
Neutron activation 220–221
Neutron choppers 75
Neutron collimators 77, 80
Neutron detectors 82, 87, 675, 677
Neutron diffraction 66

accuracy 94
background reduction 86
design of experiments 92
for studying cements 863
for studying glass-ceramics 829
high-pressure studies 166
high-temperature studies 97
in art and archaeology 764
in situ studies 96
monochromators 81
non-ambient-temperature studies 96
opposed-anvil cells 219
peak intensities 254
precision 94
quantitative phase analysis 67, 362
reaction cells for 195
resolution versus intensity 84
sample containers 96, 218
sample size 94, 218
specimen preparation 218
standards for 95
structure factors 70, 254
time-of-flight experiments 74, 465
under a magnetic field 174
under an electric field 174
under applied stress 98

Neutron diffractometers 80, 91, 254
Neutron guides 77

ballistic 80
characteristic wavelength 79

Neutron mirrors 77–80
Neutron nuclear structure factor 254
Neutron scattering

by different isotopes 220
coherent elastic 68

Neutron scattering cross sections 66, 68, 220
Neutron scattering lengths 66, 68, 220
Neutron sources 70

accelerator-based 71
fission reactors 72
for small-angle scattering 693
moderators 74
nuclear reactors 71
pulse shape 265
reactors 265
spallation 71, 73, 265

Neutron velocity selectors 75
Neutrons

attenuation of 69, 95
epithermal 72
fast 72
magnetic scattering of 66
polarized 82
properties of 66–67
refractive index for 68
thermal 66, 72

NEWMOD 358
Nickel vanadium oxide, Ni3V2O8 184
Nifedipine 644

Niggli reduced cell 272
Non-ambient-temperature studies 150

capillary reaction cells for 190
under high pressure 160
using neutron diffraction 96

Non-bonded contacts 410
Non-coplanar beam-path systems 35
Non-crystalline materials 617, 673
Non-destructive analysis 737, 743, 778, 796
Non-framework species 459
Non-invasive techniques 760
Non-molecular compounds, structure determination

442
Non-nuclear maxima in electron-density maps 475
Nonuniform response correction 129
Norbornene 278
Nordstrandite, Al(OH)3 352
Normal probability plot 492
Normalized Rietveld plot 491
Normalized structure factors 396
N-TREOR09 276
Nuclear coherent scattering lengths 254
Nuclear scattering 254
Nuclear-weighted X-ray maximum entropy method

(NXMEM) 484
Nucleating agents 828
Nucleation of glass-ceramics 828

Obradovicite 886
Observed Fourier map 404
Octahedral tilting 887
Opposed-anvils presses 157–158, 219
Optical bench 28–30
Order parameter 591
Organic pigments 834
Organic pollutants 888
Orientation background 560
Orientation component 555
Orientation distribution 555–556

magnetic 567
Orientation-distribution components 566

elliptical 566
Orientation distribution function 540, 556

stress 576
weighted-strain 576

Orientation element 556
Orientation mapping 608

by Monte Carlo optimization 608
grain-by-grain volumetric mapping 608

Orientation relationships 139
Orientation space 555, 606
Oven heaters 152
Oxygen stoichiometry in superconductors 874

Paints 738
Pair distribution function analysis 16, 649

big-box modelling 666
buckminsterfullerene 154
choice of wavelength 62
data reduction 663
detectors for 63
in art and archaeology 764
models for 665
organic pigments 839
pharmaceuticals 772
rapid-acquisition 657, 660
real-space Rietveld approach 666
small-box approach 665
structural information from 664
using electrons 113, 661
using neutrons 659
using synchrotron radiation 660
using X-rays 660

Paper 740
Parallel-beam instruments 30, 56
Parallel-coordinates plots 330
Parallel-plate collimators 40
Parallel tempering 427, 455
Paramendozavilite 886
Parameter space 273
Parametric refinements 9, 22, 361, 467
Pareto optimization 392
Parratt function reflectivity profile 690
Parseval’s theorem 420

Partial structure function 657
Particle form factor 676
Particle pair density distribution function 685
Particle statistics 34, 37, 134, 144, 201, see also
granularity

Particle structure factor 687
Partition equation 405
Patents 768, 773
Pathology 739
Pattern matching 326
Patterson function 388, 400
Pawley method 283–284, 395, 468
pdCIF 515
pdCIFplot 519
PDFgui 655
Peak asymmetry 240, 257, 264, 465, 467
Peak broadening 226, 524, 538

crystallite size 267
deformation faults 295
dislocations 293
domain size and shape 292
in data from reaction cells 194
instrumental 291, 526, 572
microstrain 267
strain 293, 541, 552
twinning 295

Peak cutoff 495
Peak intensities 9, 345

for neutron diffraction 254
for X-ray diffraction 253

Peak overlap 8, 283–284, 395, 725
Peak positions 2, 252
Peak profiles 12, 236, 255, 263, 526

for constant-wavelength radiation 263
for neutron time-of-flight experiments 265–266
for X-ray energy-dispersive experiments 266
fundamental-parameters modelling 265
instrumental contributions to 256

Peak shift 264–265, 538, 541, 550, 573, 589
Peak-shape functions 239, 301

contributions to 240
Gaussian 12, 240, 255, 263
Lorentzian 240, 255, 263
Pearson-VII 240, 255, 263
pseudo-Voigt 240, 256, 263
Voigt 240, 256, 264

Pearson-VII peak-shape function 240, 255, 263
Pearson’s Crystal Data 316
Pearson’s r coefficient 325
Pendellösung fringes 630
Penetration depth 587, 760
Pentacene 812
Periodic nodal surfaces 390
Perylene pigments 834
Petroleum and petrochemicals 752, 843
Pharmaceuticals 767

amorphous materials 767, 771
bioavailability 768
co-crystals 767–768
counterfeit 777
crystal habit 776
high-throughput screening 768
in situ studies 778
pair distribution function analysis 772
polymorphs 767, 774
quality control 773
quantitative phase analysis 769
salts 767–768
sample preparation 771
solubility 768
solvates 767
structure determination 769

Phase chaos 836
Phase constants 357

Knudsen method 353
standardless determination of 353
Zevin & Kimmel method 353–354

Phase equilibria in ceramics 813
Phase identification 304

ceramics 811
in art and archaeology 760
in thin films 582
pharmaceuticals 767
relative intensities 133
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Phase identification (continued)
using electron diffraction 108
using two-dimensional diffraction 133

Phase inhomogeneities in thin films 584
Phase separation in glass-ceramics 828
Phase transitions 93, 97, 150, 156, 174
Phases with partial or no known crystal structures
(PONKCS) 356

Phasing 397
Phosphates 799
Photographic film 27
Photon-counting detectors 27, 47, 128, 176
Photon energy 51
Photonic ceramics 810
Photovoltaics 753, 808
Phyllosilicates 889
Physical vapour deposition (PVD) 583
Piezoelectric ceramics 808
Pigments

forensic analysis 738
in art and archaeology 761
industrial organic 834
Pigment Orange 72 834
Pigment Red 57:1 837
Pigment Red 170 836, 838
Pigment Yellow 191 836
Pigment Yellow 213 839

Piston-and-cylinder press 157
Pixel position 121–122
Pixel size 49, 126
Planar texture 565
Planetary surface analysis 795
Plasma-enhanced chemical vapour deposition
(PECVD) 583

Plastics 740
Platform concept 28
Plumbojarosite 798
PM2K 297
Point detectors 225
Point-spread function 127
Pokrovskite 886
Polarization 253

of neutrons 82
of synchrotron radiation 60

Polarization corrections 130
Polarization factor 241, 253
Pole density 136
Pole-density distributions 400
Pole-figure interpolation 139
Pole-figure space 557
Pole figures 136, 260, 556, 591

inverse 562
magnetic 567
normalization of 557
reduced 561

POLPO method 408
Polyamorphism 888
Polyhedral compounds 443
Polymers 673, 685, 740
Polymorphism

in drugs 724, 738, 767, 774
in macromolecules 724
in minerals 793
in organic pigments 834–835

PolySNAP 333
PONKCS method 356
Ponsin 390, 727, 730
Popa and Balzar approach to stress/strain
determination 547

Porod scattering regime 683
Porous minerals 887–888
Portable X-ray diffraction equipment 761, 763, 778
Portland cements 856
Portland clinkers 857
Portlandite 856, 862
Position-sensitive detectors

for neutrons 83
for small-angle scattering 677
for X-rays 27, 56, 225
Mythen 59, 63

Positivity method for texture analysis 561
Potasssium titanyl phosphate 852
Powder, definition of 26
Powder diffraction CIF dictionary (pdCIF) 515

Powder Diffraction File (PDF) 305
features of 307
for electron-diffraction data 109
forensic subfile 744
quality marks 306
sources and formats 306

Powder-pattern calculation, for proteins 319
PowderSolve 426, 769
PowDLL 517
POWSIM 406
Pozzolanic activity 860
Precession electron diffraction 104, 886
Precision

goniometer 34
in neutron diffraction 94
in quantitative phase analysis 350, 364, 374–375
of structural parameters 499

Prednisolone succinate 389
Preferred orientation 260, 284, 400, 471

avoidance 206
correction for 206
effect on quantitative phase analysis 365
in capillary reaction cells 191
in cements 856
in ceramics 818
in electron diffraction 112
in high-pressure studies 164, 168
in neutron diffraction 95
in proteins 725
in semiconductor layers 593
March–Dollase approach 260, 377–378, 400,

569–570
modelling of 569
spherical-harmonic approach 260

Pressure calibration 166
Principal-component analysis 329, 798
Prior-derived F constraints 480
Prior electron density 474–475
Prior information, use in structure determination 391
Probability distribution functions 396
Process analytical technology 773
ProcessDiffraction 110
Procrystal electron density 475
PRODD 725–726
Proportional counters 27, 46–47
Proportionality of a detector 46
Protein Data Bank (PDB) 318
Proteins 318, 718

choice of wavelength 62
powder-pattern calculation 319
structure validation 508

Pseudoephedrine 312
Pseudophases 404
Pseudotranslational symmetry 399
Pseudo-Voigt peak-shape function 240, 256, 263
publCIF 519
Pulsed magnetic fields 183
Pump–probe experiments 63, 176
PyCifRW 518
Pyrotechnological processing 761

Qpartial figure of merit 271
Quadratic form 271
Qualitative phase analysis 796, 835
Quality control 342, 745, 773
Quantitative phase analysis 344

absolute phase abundances 349
absorption–diffraction method 345, 350
accuracy 350, 364, 374
background in 368
batch processing 361
calibration 356, 771
cements 855
ceramics 812
corundum as a reference material 347
crystallite-size issues 365
data clustering 361
disorder, treatment of 358
disordered heterogeneous materials 683
experiment constant 348, 355
external standard method 349
full-pattern fitting methods 348
glass-ceramics 833
in art and archaeology 760

Quantitative phase analysis (continued)
in mining and mineral processing 797
in situ studies 361
in the aluminium industry 782
internal standard method 346, 350
matrix-flushing method 347, 352
microabsorption 366
non-crystalline materials 360, 625
of phases with partial or no known crystal

structures (PONKCS) 356
organic pigments 836
pharmaceuticals 769
phase constant 349, 357
precision 350, 364, 374–375
preferred orientation 365
reference intensity ratio method 347, 351
relative phase abundances 350
Rietveld-based methods 348, 352
sample preparation 365
spiking method 352
standards 368–369
systematic errors 364
using electron diffraction 108, 110
using energy-dispersive diffraction data 362
using Mo or Cu radiation 374
using neutron diffraction 67, 362
using synchrotron radiation 376
without Rietveld refinement 337
zeolite catalysts 846

Quantitative texture analysis 555
arbitrarily defined cells method 560
component method 560
entropy-maximization method 560
EWIMV method 560
exponential harmonics method 561
fundamental equation for 558
Gaussian fibre components 561
Lorentzian fibre components 561
magnetic 567
positivity method 561
reciprocal-space mapping 566
spherical components 561
tutorials 578
using spherical harmonics 570
vector method 560
WIMV method 560

Quantum theory of atoms in molecules (QTAIM) 485
Quartet invariants 397
Quartz 202, 375, 508, 784, 832
Quasi-kinematic formalism 109
Quaternions 611
Quinacridone 835–836
Quinacridonequinone 836

R factors 468
Bragg 469
expected 468, 489
weighted-profile 468, 489

Radial distribution function 653
Radiation damage 61, 103, 722
Radon transform 562
Raman spectroscopy 339, 342
RAMM method 406
Random texture 564
Ranitidine hydrochloride 774
Rapid-acquisition pair distribution function 657, 660
Rasvumite, KFe2S3 311
Reaction cells

electrochemical 196
for angular-dispersive diffraction 194
for neutron diffraction 195
for solid–gas reactions 196
humidity control 193
hydrothermal 196
large-volume 194

Reaction mechanisms in ceramics 820
Reciprocal lattice 4, 252, 270
Reciprocal space 4
Reciprocal-space mapping 123, 566
Red mud 785
Reduced chi squared 469, 489
Reduced pair distribution function 17
Reduced pole distribution 541
Reduced pole figures 561
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Reference electron density 474
Reference intensity ratio method 347, 351
Reflection sample holders 211
Reflectivity 153, 594, 680
Refraction matrix 596
Refractive index 56, 588

for neutrons 68
Relative intensities 133
Relative phase abundances 350
Reliability estimators for orientation distributions
563

Remacemide nitrate 430
REMEDY cycle 482
Renewable energy sources 753
Repartitioning method 402
Repeatability 375
Representation theory 397
Reproducibility 375
Residual strain 57, 575
Residual stress 88, 575
Resolution

angular 49, 62, 133, 174–175, 224, 485
energy 46, 55
of neutron diffractometers 84, 86, 93
spatial 49, 57, 62, 127
time 189

Resolution bias modification 405, 408
Resonant (anomalous) scattering 62, 388, 479–480
Restraints 469, 497
Reuss model for stress/strain determination 544
Reverse Monte Carlo methods 444, 667
Reversed figure of merit 272
Reynolds Cup 370, 843
Riebeckite 889
Rietveld plot 491

normalized 491
weighted 492

Rietveld refinement 19, 465
divergent 470
graphical assessment of fit 490
history of 465
order for refining parameters 470
statistical quality measures 489
using electron-diffraction data 111

Rigid-body representation of amino acids 731
Ring conformations 435
RMCprofile 667
Robax 830
Rocking curve 33, 57, 591
Rocks, properties of 843
‘Rocks in dust’ 204
Rodrigues vectors 610
Rotating-target X-ray sources 39
Rutile 586, 889

Sakata–Sato algorithm 477
Sample (versus specimen) 26
Sample changers 56
Sample holders

back-loading 206
capillaries 215
flat foils 213
for neutron diffraction 96, 218
for proteins 719
levitation 219
reflection 211
sonic vibrating 796
transmission 213
zero-background 742–743

Sample space 122
Sample spinning 57, 205
Sample stages 34

for non-ambient studies 150–151, 153
Sample temperature 152
Sampling statistics, see particle statistics
Sayre’s equation 396
Scan/covariance indexing method 273
Scan modes 32
Scattering contrast factor 676
Scattering cross section, for neutrons 66, 68, 220
Scattering invariant 683
Scattering lengths, for neutrons 66, 68, 220
Scattering plane 28
Scattering vector 5, 120, 254

Scattering-vector technique for thin films 588, 594
Scherrer constant 267, 288
Scherrer equation 13, 146, 255, 288, 524, 543
Scintillation detectors 46, 83, 88
Scott’s Moss Control Granules 202
Scrubber alumina 788
Search/match procedures 304
Second-neighbourhood extension 403
Seemann–Bohlin geometry 27
Selected-area electron diffraction (SAED) 105
Self-assembled nanostructures 598
Semiconductor detectors 48, 83
Series-termination effects 405, 473–474, 655
Serpentine minerals 888
Serpentinites 890
S-FFT approach 401
Shale 843
Shape effects in small- and wide-angle scattering

683
Shape factor 255
Shape function 654
Sharpened Patterson functions 388
Shirley–Ishida–Watanabe (SIW) indexing 274
Silhouettes 331
Silicon 629

nanocrystalline 645
standard reference material 236

Silicon carbide 817
Silicon micro-strip detectors 48
Silicon nitride 817
Silicon pixel detectors 48
Sim weights 404
Simulated annealing 20, 391, 426, 455, 667
Simvastatin 634, 643
sin2 � method for stress/strain determination

545
SINCRIS 698
Single-crystal elastic constants 546
Singular value decomposition 467
SIROQUANT 357, 856
Size distribution analysis 686
Size Fourier term 527
Small-angle neutron scattering 654, 673

background 679
calibration 679
contrast-variation 689
data reduction 679
fractal models 687
grazing-incidence 680
interparticle interference effects 687
magnetic 689
multiple scattering 679, 692
neutron sources 693
position-sensitive detectors 675, 677
shape effects 683

Small-angle X-ray scattering 654, 673
anomalous 689
background 679
calibration 679
data reduction 679
fractal models 687
grazing-incidence 680, 690
interparticle interference effects 687
multiple scattering 679, 692
non-ambient studies 155
position-sensitive detectors 675, 677
shape effects 683
standard reference material 679

Smear mounts 212
Snell’s law of refraction 589, 595
Sobek method 801
Sodium parahydroxybenzoate 268
Software 698

for data clustering 342
for electron diffraction 114
for indexing 275
for structure determination 406

Soils 739
Solar energy 753
Solenoid magnets 183
Solid solutions, organic pigments 835
Solid-state NMR 437
Soller collimators 40, 58, 81
Solvent-accessible voids 434

Space-group determination 416
ambiguity in 458
proteins 726
using Pawley or Le Bail methods 286
zeolites 454

Spallation sources 71, 73, 265
Spatial correction 129
Spatial resolution 62

of a detector 49, 127
Spearman’s rank order coefficient 325
Specimen (versus sample) 26
Specimen displacement 151, 211, 467, 470
Specimen preparation 200, 415

for electron diffraction 106
for forensic science 742
for high-pressure studies 164
for neutron powder diffraction 218
for pharmaceuticals 771
for proteins 718
for quantitative phase analysis 365
for X-ray powder diffraction 200
in the aluminium industry 782

Specimen transparency 265
Spectral brightness 52
Spectral reflection 43
Spectroscopic data 339
Spent potlining 790
Spherical harmonics 547, 549, 559, 570
Spiking method 352, 375
Spin incoherent scattering 68
Spinel 824
Spodumene 824, 830
Spontaneous strain, in minerals 888
Spotty Debye rings 37, 145, 191, 201, 661
Spray drying 208
Squaring method 401
Stacking disorder 358
Standard reference materials (SRMs) 224, 235

certificates of analysis 235
for line profiles 291
for neutron diffraction 95
for non-crystalline materials 624
for quantitative phase analysis 369
for small-angle X-ray scattering 679

Standard uncertainties 517
STAR syntax 515
Static high-pressure generation 157
Static weights 485
Stein’s unbiased risk estimate 326
Step size 238
Stereochemical restraints, in proteins 729
Stiffness 594
Stiffness elastic constants 539
Stishovite 889
Stopping criterion 485
Storage rings 51
Strain 256, 538

Hill average model 545
in cultural-heritage materials 762
in thin layers 593
intergranular 540
Kroner model 545
macroscopic 541–542
microscopic 541, 543
Popa and Balzar approach 547
Reuss model 544
sin2 � method 545
types I, II and III 540
Voigt model 544

Strain broadening 256, 293
anisotropic 259

Strain pole distribution function 542
Strain/stress orientation distribution function 541,
547–549, 576

Strain tensor 594, 613
Strain-to-stress conversion 613
Stress 140, 538

calculation of 144
data-collection strategies 143
data integration 143
equations for different stress states 142
fundamental equations 141
Hill average model 545
in ceramics 817



903

SUBJECT INDEX

Stress (continued)
in thin layers 593
Kroner model 545
macroscopic 541–542
neutron diffraction under uniaxial stress
98

peak evaluation 143
Reuss model 544
sin2 � method 545
Voigt model 544

Stress gradients 594
Stress mapping 607
Stress–strain relations 140
Strip detectors 175
Strip heaters 152
Stroboscopic experiments 92, 174, 176
Strong reflections in structure determination
396

Strontium sulfate, SrSO4 389
Structure determination 386

bond lengths and angles 434
charge flipping 389
computational methods 434
crystal-chemistry guided algorithms 445
direct methods 387–388
direct-space methods 442
framework structures 388
genetic algorithms 444
glass-ceramics 830
global optimization 390
information from solid-state NMR 437
inorganic compounds 442
isomorphous replacement 389
local minimization 391
maximum-entropy methods 389, 483
maximum-likelihood methods 391
model building 390
molecular replacement 390
non-molecular compounds 442
organic pigments 837
Patterson method 388
pharmaceuticals 769
proteins 726
quality of powder-diffraction data 445
real-space methods 414
reciprocal-space methods 395
resonant-scattering methods 388
reverse Monte Carlo algorithms 444
software 406
strong reflections 396
topology-guided algorithms 445
trial-and-error methods 386
use of hydrogen bonding 390
use of molecular envelopes 390
use of molecular symmetry 390
use of prior information 391
use of synchrotron radiation 387
using model fragments 434
using Pawley or Le Bail methods 283, 286
using supplementary information 433
weak reflections 401–402
zeolites 391, 452

Structure-directing agents 459
Structure envelope 457
Structure factors 395

extrapolated 389
for neutron diffraction 70, 254
magnetic 254
normalized 396
normalized residuals of 485
unitary 403

Structure invariants 397
Structure-optimization techniques 404
Structure–property relationships, in organic pigments
835

Structure refinement, proteins 729
Structure validation 447, 489

proteins 508
Substructure reflections 399
Successive dichotomy indexing method 274
Sucrose lyophilizate 627
Sulfathiazole 342
Sulfobelite cements 855
Superconducting magnets 183

Superconductors 868
alloys 868
borocarbides 869
ceramics 807, 821
elements 868
heavy-fermion 870
intermetallics 868
iron-based 869, 874
lanthanum barium copper oxide 873
layered structures 875
magnetic 870, 878–879
neodymium cerium copper oxide 874
oxygen stoichiometry in 874
properties of 868
structural transformations in 876
thin films 592
transition-metal oxides 868
types I and II 868
yttrium barium copper oxide 821, 873, 876

SUPERFLIP 406–407, 457
Superlattices, reflectivity of 596
Supermirrors 80
Superspace crystallography 486
Superstructure reflections 399
Surface roughness 209, 211, 258, 595
SVD-Index 278
Symmetric figure of merit 272
Symmetrized harmonics method 400
Symmetry

in multigrain crystallography 613
molecular 390
pseudotranslational 399
use of, in pole-figure interpolation 139

Symmetry minimum function 388, 401
Synchrotron radiation 51

advantages for structure determination 387
diffractometers for 56
for high-pressure studies 163
for quantitative phase analysis 376
for small-angle scattering 692
for studying cements 863
for wide-angle scattering 692
in art and archaeology 760, 763
in situ studies 752
instrumentation for proteins 720
optics 54
polarization 60
sample heating 61
stroboscopic experiments 174
studies of minerals using 886
thin films 588, 590, 596
tuning 54
use in bauxite analysis 783
use in multigrain crystallography 602
use in pair distribution function analysis 660

T ramping 445
Tangent formula 398
Tartaric acid 747
Temperature accuracy 155
Temperature controllers 150
Temperature gradients 150
Temperature-resolved studies 150
Terbium manganate, TbMn2O5 185
Terbium stannate, Tb2Sn2O7 185
Tetrahedral tilting 888
TexPat 110, 115
Textiles 740
Texture 260, 540, 542, 555

cyclic fibre 565
cyclic planar 565
fibre 110, 565, 590
in thin films 590
layer 590
planar 565
random 564
single-component 558
three-dimensional 565

Texture analysis 136
data collection 138
data processing 138
entropy-maximization method 560
exponential-harmonics method 561
fundamental equations 137

Texture analysis (continued)
in art and archaeology 762
in ceramics 818
magnetic quantitative 567
positivity method 561
quantitative 555
using electron diffraction 110
vector method 560

Texture components 570
Texture distribution function 593
Texture entropy 564
Texture factors 590
Texture gradients 592
Texture index 564, 591
Texture strength 564, 591
Thermal batteries 756
Thermal diffuse scattering 18, 691
Thermal expansion 155
Thermal neutrons 66, 72
Thermoelectric effect 809
Theta zero angle 230, 232–233
Thickness factor 582
Thin films 581, 673, 680

data collection 119
phase inhomogeneities in 584
scattering-vector technique 588, 594
texture in 590

Thin layers, stress and strain 593
Three-dimensional grain mapping 601, 608
Three-dimensional texture 565
Three-dimensional X-ray diffraction microscopy
601

Through-the-bag analysis 745
Time-of-flight neutron diffraction 74, 465

diffractometers 85, 254
frame overlap 75

Time-resolved experiments 63, 150, 189, 885
using electron diffraction 103

Titanium oxide 586
Titanium silicon carbide 820
TOPAS

fundamental-parameters approach 224, 240
peak shapes in 247
pharmaceuticals 762
preferred orientation 571
proteins 726
simulated annealing 426
whole powder pattern modelling 297, 368

Topographs indexing method 275
Topology-guided algorithms 445
Toroidal anvils 158
Torsion angles 500

constraints 436
Total external reflection 588
Total scattering 2, 16, 649, 681

structure function 16
Toxicology 738
Transfer matrix 596
Transfocators 56
Transformation matrix 123
Transition temperature, determination of 155
Transmission electron microscopy 105, 457
Transmission sample holders 213
Tremolite 889
TREOR90 276
Trial-and-error methods 386
Tricalcium aluminate 856
Triplet invariants 397
Tube tails 229
Tuning of synchrotron radiation 54
Turbostratic disorder 359, 575
Turkey egg-white lysozyme 280, 722
Twin mesostructures 889
Twinning 295
Two-channel MaxEnt method 477
Two-dimensional detectors 8, 59, 125, 175, see also
area detectors

spatial resolution of 127
Two-dimensional diffraction 118

phase identification 133
Two-theta integration 130
Two-theta zero angle 230, 232–233
Type-I, -II and -III strain 540
Type-I and -II superconductors 868
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Ultra-small-angle scattering 677
instrumentation 678

Uncertainty, instrumental 235
Undulators 53
Unit quaternions 611
Unitary structure factors 403
Uranium 551
Urate oxidase 724
User facilities 51, 67, 156

Vacuum equipment for high-temperature studies
151

Valence-only MaxEnt method 477
Vanadyl pyrophosphate, (VO)2P2O7 310, 850
Vector method of texture analysis 560
Vent-gas oxidation catalyst 851
Verapamil hydrochloride 437
Vertical collimation 53
Voigt model for stress/strain determination 544
Voigt peak-shape function 240, 256, 264
von Mises distribution 400

Warren–Averbach method 289, 543
Wavelength, choice of 51, 61, 374
Weak reflections in structure determination
401–402

Weighted least-squares refinement 405
Weighted profile R factor 468, 489
Weighted Rietveld plot 492
Weighted-strain orientation distribution function
576

Weights 405, 465, 469, 489
static 485

Whole powder pattern modelling 2, 282, 288, 290,
770

Wide-angle scattering 673, 681
shape effects 683

Wigglers 53
WILDFIRE 359
Williamson–Hall plot 288, 543
Wilson method 396
WIMV method of texture analysis 560
Wind power 753
Wine diamonds 747
WinPLOTR 115, 278–279
WinPSSP 426
Wollastonite 209
WRIP20 figure of merit 272

X-CELL 278
XLENS 388, 406, 456
X-ray absorption spectroscopy, in art and archaeology

762
X-ray diffraction computed tomography 195
X-ray diffraction microtomography 764
X-ray free-electron lasers 197, 731
X-ray optics 39, 224

for non-crystalline materials 623
for two-dimensional diffraction 125

X-ray radiography 31
X-ray reflectivity 594, 690

specular 577
X-ray sources 37

fixed-target 38
for two-dimensional diffraction 125
free-electron lasers 197, 731

X-ray sources (continued)
liquid-metal-jet 39
microfocus 38
performance of 39
rotating-target 39
synchrotrons 51

Young’s modulus 824
Yttria-stabilized zirconia 823
Yttrium barium copper oxide 821, 873, 876
Yttrium managanate, YMn2O5 185

Z-matrix formalism 417, 434
ZEFSA II 452, 455
Zeolites 452, 752, 887

catalysts 846
template burning 191
zeolite IM-5 390

Zeolitic membranes 887
Zernike–Prins correlation functions 652
Zernike–Van Cittert theorem 105
Zero-background holders 742–743
Zero-point correction 467
Zinc, quantification in bauxite 785
Zinc oxide 376, 592
Zirconia 812–813

alumina-toughened 823
degradation of 823
thin films 819
transformation toughening 822
yttria-stabilized 823

Zirconium phosphate framework structure 407
Zone-indexing strategy 273


