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Laue equation 377
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molecular simulations 283

ab initio 288
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calculations 334
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stationary quantum states 335
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molecular simulations (contd.)
classical molecular dynamics

simulations 284
of clathrate hydrates 311
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homogeneous nucleation 692
hydrate decomposition 696
hydrate decomposition, nucleation, and

growth, mechanism of 312
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Monte Carlo simulations 287
nucleation and growth 690
proton arrangements 293
structural characterization 295

guest distribution 299
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Monte Carlo simulations 283, 287
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multi-technique approach 19
multiscale laboratory approach 752
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natural gas 55

energy recovery, from earth’s hydrates
755

hydrogen storage 762
injection of CO2 or CO2/N2 flue gas

757
storage 760

natural gas hydrates 1, 97
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neutron diffraction 390
neutron powder diffraction 245
neutron scattering 378
non-classical dynamics

light tetrahedral molecules 556
methyl groups 554

non-equilibrium molecular-dynamics
(NEMD) method 721

non-equilibrium thermodynamics
method 739
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momentum 418
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nuclear dipolar coupling 519

moment analysis 519
NMR relaxation times 519

nuclear dipole-dipole interaction 423
nuclear magnetic resonance (NMR)

spectroscopy 240
chemical shift 420
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chemical shift line shapes 437
dipolar line shapes 432
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development 430
enhancing sensitivity and resolution

cross polarization (CP) 430
dipolar decoupling 428
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MAS 429

experiment 427–429
nuclear dipolar coupling 519
nuclear dipole-dipole interaction 423
nuclear quadrupolar interactions 522
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424–426
shielding interaction 420
spin-rotation coupling interaction 427
spin-spin J-coupling interaction 424
units 427
unpaired electrons interactions 427
Zeeman interaction 418
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relaxation 523

nuclear resonant inelastic X-ray scattering
spectroscopy (NRIXS) 21, 402

nuclear spin quantum number 418
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Ocean Drilling Program (ODP) 593
oil and gas pipelines

flow assurance 750
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catastrophic hydrate formation and
pipeline plug potential 754

large scale flow loops 753
with hydrophobic surfaces 754

Optimized Potential for the Liquid State
(OPLS) 291

p
phase equilibria

effects of solutes 230
use 228

phase equilibrium 88
phase equilibrium studies 1
phase rule 34
Platonic solids 51
polarizeability 570
polycrystalline solids 515
polymorphism 161
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powder diffraction 369
powder X-ray diffraction (PXRD) 15,

245, 375, 577
power diffraction 374
pulse-Fourier transform instrumentation

430
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424–426
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deuterium 2H 446–449
half-integer quadrupolar nuclei 450,

452–454, 456–458
quadrupole echo double resonance

(QEDOR) 431
quadrupole echo sequence 428
quasi-elastic neutron spectroscopy

(QENS) 402
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radial distribution function (RDF) 296
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Raman quantification factor 573

Raman scattering 570
Raman shift 569
Raman spectroscopy 243, 638, 644

cage occupancy quantification
588–591

of clathrate hydrates 581
encapsulation detection 582
high pressure conditions 600–605
in-situ analysis 605
kinetic processes 591–593
kinetic studies 596–600
natural hydrate samples analysis

593–596
Raman peak positions quantification

585–588
Rayleigh scattering 569
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asymmetric 544–547
spherical 536–539
symmetric 539–544

resonant scattering 739
Rietveld refinement 375
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salt hydrates 136, 195

large cage guests 194–199
neutral small cage guests 199–201
single crystal diffraction structures

200
small cage guests 201

Schlegel diagrams 177
second order shift (SOS) 426
self-preservation effect 46
semi-clathrates 190

cyclo-butylamine (cBA) 194
melting point temperatures 191
structures 190
tert-butylamine 193

shielding interaction 420
shrinking core model 665
Signal-to-Noise Ratio (SNR) 471
simple clathrate hydrates 97
simple hydrate 75
single crystal X-ray diffraction 733
single crystals 134
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Single Point Detection (SPI) 491
Single Pulse (SP) experiment 471
single-crystal diffraction 373
single-crystal diffractometer 377
Single-point ramped imaging with T1

enhancement (SPRITE) 491
site-saturated nucleation mechanism

669
small guest molecules 266
sodium dodecyl sulfate (SDS) anionic

surfactant 681
solid inclusion compounds 66
solid solution model 15, 53
solid state NMR 240
Solidified Natural Gas (SNG) 760
solvent-accessible surface area (SASA)

588
spectroscopic methods 373
spherical reorientation 536
spherical top 536
spin-rotation coupling interaction 427
spin-spin J-coupling interaction 424
spray reactor 131
square-triangle net 176
stationary (not agitated) reactors 131
statistical thermodynamic model 54
Stokes line 571
stopped flow approach 479
strong acid hydrates 202, 204
strong bases hydrates 204
stronger hydrogen bond formation 17
surface coordination number 170
symmetric reorientation 539
symmetric stretching mode 585
symmetric tops 536

t
t-butylamine hydrate 145
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tetrahydrofuran (THF) 16, 265, 692, 762
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thermodynamic inhibitors 263
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van der Waals potential 291
van der Waals-Platteeuw theory 16, 53,

154, 219, 382, 513
applications
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instrumental methods 239–246
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computational predictions 247
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extensions 254
multiple cage occupancies and guest

mixtures 254
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statistical mechanical theory 232
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velocity autocorrelation function 309,
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Villard’s Rule 45, 145
von Stackelberg, M. 48
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w
Wastewater, concentration 759
water dynamics

clathrate hydrates 528–534
in ice 525–327

Weaire-Phelan polyhedra 168
winter flounder AFP (wf-AFP) 752
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129Xe NMR applications

Co-deposition of Xe and water vapour
485

H2O-NH4F solid solution frameworks
485–486

hyperpolarized Xe 483–485
transient/metastable phases 482–483

Xe hydrate (HS-I) 166
X-ray diffraction methods 369

applied to hydrate structure
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inelastic neutron scattering 396
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instrumentation 375–379
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scattering 390
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370
single-crystal diffraction 373–374
structural characterization 379–380
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relationship 380–384

unconventional applications
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X-ray powder patterns 196
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