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scattering
thermal phonons and, 108
Light sources, for Raman spectroscopy,
81-82
Linear elasticity, constants of, 134t
Lithium borate glasses
density of, 16, 16f
stability parameters in, 27-30, 28t, 29f, 30t
Lithium borates, 10f. 16, 16f, 25, 25f, 27-30,
30t, 371, 372f
Lithium diborate (Li,0-2B,0,), 6366,
64£-66f
Lithium silicate glasses
density of, 13-16
lever rule, 14, 15f
@' structural units, 14, 14f
sink-float method, 13, 14f
volume per mole silica, 15, 15f
volumes of silicate units, 16, 16t
Lithium silicates, 10f, 1316, 14, 15f, 350,
371, 372f, 373f
Local electrode atom probe (LEAP), 392,
395, 396f
Local magnification effect, 414—415, 415f
Longitudinal modulus, 133
Longitudinal optical (LO), 33, 34, 40, 41
Longitudinal viscosity, 129
Lorch function, 190, 192
LTCP glass, phase transformations in, 92-96,
93f-95f
Lyddane—Sachs—Teller relationship, 41

Magic-angle spinning (MAS), 315, 320-323,
321£-323f, 347. See also Nuclear
magnetic resonance (NMR)
spectroscopy
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Magnet, 323-325
Magnetic shielding, 318-319, 347
Magnetization, 112, 318, 324, 325, 328f, 354,
356, 358, 362-363, 369
Magnetogyric ratio, 317, 324, 332
Magnification, of point projection, 407-408
MAS. See Magic-angle spinning (MAS)
Mass spectrum, 404-406
Maxwell’s equations, 112
Maxwell’s relation, 34
Mean free path (MFP). of photoelectron, 280
Measurement uncertainties, in
NMRspectroscopy. 327-329, 328f
Mechanical loss modulus, 128
Medium range structure, 345
Mesostructure, 345
Michelson interferometer, 44. See also
Infrared (IR) spectroscopy
Microchannel plate (MCP) detector, 397
Micro-Raman spectrometers, 80f, 84-85
Mode coupling theory, 115
Modeling techniques, 226-229
Moderator, 162
Modification function, 190, 192
Modified Atomic Form Factor (MAFF), 246
Modifier cations, in alkali borate glasses,
340-341, 340f, 341f
Modulated differential scanning calorimetry
(MDSC(), 22
Molar volumes, 8
of alkali and alkaline-earth borate glass
system, 9f
of alkali borates, 17, 18f
stiffness and, 18-19, 19f
Molecular dynamics (MD), 2, 57, 151, 228,
255, 260, 284, 291, 293, 294, 297, 371
Momentum transfer, 165
Monochromator, 44, 81-84, 86, 87, 166, 168,
194, 249, 256f, 276, 284
Mott-Bethe formula, 245
Multi-channel detectors, 83-84
Mutltiple quantum magic angle spinning
(MQMAS), 321, 331, 337-339
Multiple scattering (MS), 186, 187, 250, 258,
278, 2791, 288, 290, 294,299, 304, 310

Nanostructure, 345. See also Dipolar solid
state NMR spectroscopy, advanced
Navier-Stokes equation, 116
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NBO. See Non-bridging oxygen (NBO)
ND. See Neutron diffraction (ND)
Near and Intermediate Range Order
Diffractometer (NIMROD), 203, 207
Nearest-neighbor analysis, 412
Network-modifying cations, 340-341
Neutron diffraction (ND)
assembly of nuclei, scattering from,
170-171
atomic vibrations
and diffraction, 176-180, 179f
effect of inelasticity on self scattering,
173-176, 176f-178f
coherent and incoherent scattering,
171-173, 1741, 175f
experimental corrections, 186189, 188f,
189t
inelastic scattering processes, 161
interactions between neutron and sample,
160-161. 161f
intermediate range order (IRO) and, 158,
226, 228,229
isotropic samples, 171
modeling techniques, 226-229
neutron diffractometer
general principles, 164-166, 166f
pulsed source diffractometers, 167-169,
167f, 168f
reactor source diffractometers, 166167,
167
neutrons and, 159, 159t
normalization of data, 198-200, 199f
partial correlation functions
isotopic substitution, 209-214, 210f,
212f
other methods, 214-216, 216f, 217f
PDF (pair distribution function) method,
229-231
peak fitting and integration, 194-198, 196f,
197t
real-space correlation functions, 180-186,
181f, 183f
real-space resolution, 190~194, 191f,
193f
reciprocal-space resolution, 190
results, interpretation of, 218
bonding and bond lengths, 218-221
comparison with crystalline structures,
224, 225¢
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Neutron diffraction (ND) (Continued )
coordination polyhedra, 221-224, 222t,
223f
crystallite models, 218, 219f, 220f
first sharp diffraction peak, 224, 226
sample-related difficulties, 203
crystal contamination, 207-209, 208f
hydrogen contamination, 206~207, 207f
nuclear resonances, 204206, 204t, 205f
scattering at low Q
homogeneous samples, 200-201
inhomogeneous samples, 201-203, 202f
short range order (SRO) and, 158, 226,
227
single nucleus, scattering from, 169-170
sources of neutron
accelerator sources, 162-164, 163f
reactor sources, 161-162
static approximation, 169
for structural studies of glasses, 158
and x-ray diffraction, 171, 173
Neutron diffractometer, 162. See also
Neutron diffraction (ND)
Niobium germanosilicate glasses, Raman
study of, 96-99, 97f-99f
NMR spectroscopy, 354. See Nuclear
magnetic resonance (NMR)
spectroscopy
Non-bridging oxygen (NBO)
alkali incorporation in silicate glasses and,
87
Raman spectroscopy for, 75
Normalization, 198-200, 286
Notch filters, 84
Nuclear fission, 159, 161162
Nuclear magnetic resonance (NMR)
spectroscopy, 315-316
background and theory
dipolar interactions, 320
high resolution methodologies, 320-323,
321(-323f
magnetic shielding, 318-319
quadrupolar interaction, 319-320
Zeeman effect, 316-318, 316f, 317,
318f
case studies, 333
aluminosilicate glasses, 336-337, 337f
borophosphate glasses, 333-336, 334f,
33s5f
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borosilicate glasses, 337-339, 338f, 339f
modifier cations in alkali borate glasses,
340-341, 340f, 341f
data analysis and structural interpretation,
329
chemical shift assignments, 329-330
low-y nuclei, 332
paramagnetic effects, 333
quadrupolar effects, 330-332
instrumentation, 323
computer control, 326327
magnet, 323-325
measurement uncertainty, 327-329, 328f
probe, 325-326
radiofrequency transmitter and receiver,
326
nuclear properties of selected nuclides, 317t
spin description of NMR experiment, 318f
Nuclear resonances, 204-206, 2041, 205f
Null technique, 209
Nutation frequencies, 326
Nyquist sampling theorem, 289

Packing fraction, 9-10
of alkali and alkaline-earth borates, 12f
ion coordination and size, 11t

Pair distribution function (PDF), 183,
229-231

Paramagnetic effect, 333

Paramagnetic ions, 333

Partial correlation function, 209-218, 210f,
212f, 216f, 217f

PDFfit program, 231

Peak fitting, 86, 90f, 91, 92, 101, 185,
194-198, 248, 250, 282, 283, 330

Percus—Yevick equation, 211

Percus-Yevick model, 254

Phase separation mechanisms, in phosphate
glasses, 92-96, 93f-95f

Phonons, 33, 78, 86, 108-109, 114, 117-118,
123, 124, 125f, 126, 133, 136, 146-148

Phosphate glasses, 92-96, 192, 195, 197,
215, 223, 347, 362, 366f, 369

Photoluminescence yield mode (PLY), 275

Photomultiplier tube (PMT), 83

Placzek correction, 175-176

PLAP. See Pulsed laser atom probe (PLAP)

Platelet scattering geometry, 125-126, 125f

PMT. See Photomultiplier tube (PMT)
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Pockels elasto-optic coefficients, 114

Poisson ratio, 108, 134t, 143, 144, 153, 153f,

154
Polarizability, 35, 76, 78-79, 96, 111, 112
Polymer-cellulose, 148, 148f
Porod approximation, 203
Potassium diborate (K,0-2B,0,), 48, 49f
Potassium silicates, 91f, 92, 140f
Potassium tellurites, 145, 145f
Powder pattern, 32, 33, 63, 165, 168, 187,
190, 201, 218, 241, 249, 257, 307,
321f, 347, 399
7 pulse, 350, 353, 363f, 367f
Pressure, 5, 6, 110, 149-151, 1491, 150f,
297-299
Pressure-induced amorphization, 264
Probe, NMR, 325-326
Proximity histogram, 410412, 411f
Pulsed laser atom probe (PLAP), 394-395
Pulsed laser deposition (PLD), 63
Pulsed source diffractometers, 167169,
1671, 168f
Pulse fraction, 396
Pycnometry, for density determination, 5-6,
51, 6f
advantages of, 6
disadvantages of, 6
helium, use of, 5
instrumentation for, 7

Quadrupolar asymmetry parameter, 331

Quadrupolar coupling constant, 319, 330

Quadrupolar interactions, 319-320, 347

Quadrupolar product, 331

Quadrupole moment, 319, 331, 332, 347

Quantachrome® manual pycnometer, 6f

Q units, 10, 14-15, 15f, 16t

Q-value, 200-203, 205, 224, 245-247, 250,
265

Radial distribution function, 248
Radial distribution function (RDF), 282
of monatomic system, 180

Radio frequency driven recoupling (RFDR),
362, 363f

Raman effect, 75, 76. See also Raman
spectroscopy

Raman lines, depolarization of, 79-80

Raman shift, 75
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Raman spectroscopy, 74--76
anti-Stokes Raman effect, 77
Boson peak. 83, 86
case studies on, 87
alkali incorporation in silicate glasses,
structural effects of, 87-92, 88f, 90f,
91f
germanosilicate glasses and glass
ceramics, 96-99, 97f-99f
phase separation mechanisms in
phosphate glasses, 92-96, 93f-95f
Raman study of chalcogenide glasses,
99~103, 100f-102f
data analysis, 86-87
depolarization of Raman lines, 79-80
elastic Rayleigh scattering, 77-78
electric susceptibility tensor, 78
instrumentation, 80-81, 80f
detector, 83-84
light sources, 81-82
micro-Raman spectrometers, 84-85
resolution, 85-86
sample compartment, 82
spectrometers, §2-83
laser beam for, 76
linearly induced polarization, 78
Raman effect, 75, 76
Raman shift, 77
selection rules for, 78-79
spontaneous, mechanisms of, 77, 77f
theory, 76-78
use of, 75
Random network theory, of glasses, 242
Zachariasen—Wright network model of
glass, 242, 243f
Range File, 406
Rare earths, 206, 215, 265, 303-307
Rayleigh scattering, 77-78
Reactor neutron sources, 161-162
Reactor source diffractometers, 166-167,
167
Real-space correlation functions, 180186,
181f, 183f
Real-space resolution, 190-194, 191f,
193f
REAPDOR. See Rotational echo adiabatic
passage double resonance
(REAPDOR)
Reciprocal-space resolution, 190
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REDOR. See Rotational echo double
resonance (REDOR)

Reflectance spectroscopy, of bulk materials,
3642

Refocused INADEQUATE method, 368f,
369, 380, 384, 385f

Refractive index, 34-36

Region of interest (ROI), 83, 327, 399, 401f

Relaxational modulus, 129

Renishaw Raman Imaging Microprobe
System 3000, 92

Resolution, neutron scattering, 190-194

Resolution, of Raman system, 85-86

Retardation, 45

Reverse Monte Carlo (RMC) method,
227-229, 254-255

Root-mean-squared (RMS) roughness, 412

Rotational echo adiabatic passage double
resonance (REAPDOR), 353-354,
355f

Rotational echo double resonance (REDOR),
350-353, 352f

constant time (CT-REDOR), 353, 354f
R-space, 281, 286-287
R7T7 glass, 418

SANS. See Small angle neutron scattering
(SANS)

Satellite transitions, 320, 328

90°-scattering, 124, 124f

Scattering length of nucleus, 160

Scherrer equation, 218

Secondary ion mass spectrometry (SIMS),
392

Second difference, isotopic substitution, 213

Second moment, 348

SEDOR. See Spin echo double resonance
(SEDOR)

Selection rules, for Raman spectroscopy of
glasses, 78-79

Self scattering, 172

effect of inelasticity on, 173-176,

176f-178f

Shear modulus, 133

Short range order (SRO}, 13¢, 32, 34, 54, 56,
59,67, 68, 76, 158, 226, 227, 244, 263,
271, 290, 316, 329, 333, 345. See also
Nuclear magnetic resonance (NMR)
spectroscopy
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Silica (Si0,), 13, 15, 151, 16, 34t, 47, 8789,
97, 100, 136, 258-263, 294--297, 398
Silica alumino-phosphates, 366, 374-380
Silicate glasses, alkali incorporation in,
structural effects of, 87-92, 88f, 90f,
91f
Silver borates, 283, 307, 381
SIMPSON program, 370
Single-mode diode lasers, 82
Single scattering (SS), 278, 279f, 282, 288
Sink-float method, for density determination,
4
acetone-diiodomethane solution, use of, 5
advantages of, 4-5
disadvantages of, 5
instrumentation for, 7
lithium silicate glasses and, 13, 14f
Small Angle Neutron Diffractometer for
Amorphous and Liquid Samples
(SANDALS), 206-207
Small angle neutron scattering (SANS),
201-203
Small angle X-ray scattering (SAXS), 265
Snell’s law, 125-126
Soda lime silicates, 301-303
Sodium borates, 136, 137f, 140f, 336, 370f,
371, 374, 375f
Sodium-calcium silicates, 292
Sodium metasilicate glass, polarized Raman
spectra of, 88, 88f
Sodium phosphate, 366
Sodium silicates, 87, 293, 370-371, 370f, 374
Sodium tetrasilicate glass, Raman spectra of,
76
SONG68 glass, 418420, 418f, 421t, 423, 424
Soper’s GudrunN program, 187
Spallation, 164
Spatial resolution
of APT, 414-416, 414f, 415f
of Raman spectrometers, 85-86
Spectrometers, 82
dispersive, 82-83
Fourier-transtorm, 83
Spin echo decay method, 360-262, 360f
Spin echo double resonance (SEDOR),
349-350. 351f
Spin incoherence, 171
Spin-lattice relaxation times, 328
Spinning sidebands, 321, 322f, 328, 332, 334f
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Splat-quenched glass samples, 54

Splice method. 283

Spontaneous Raman effect, 77, 77f. See also
Raman spectroscopy

Static approximation, 169, 174

Static spin echo decay spectroscopy,
360-262, 360f

Stiffness, and molar volumes, 18-19, 18f, 19f

Stimulated Raman scattering (SRS), 74

Stokes effect, 75, 77. See also Brillouin light
scattering; Raman spectroscopy

Structure factor, 114-116, 165, 177, 179,
201, 243-245, 247, 247, 249,
252-254, 256-260, 263-265

Superionic conducting glasses, ionic
conductivity in, doped with Agl, 307,
308f, 309f

Surface-enhanced Raman spectroscopy
(SERS), 74

Tandem Fabry—Pérot interferometer,
121-122, 122f
Tandem interferometry, 120-122, 122f
Terbium phospho-aluminate, 229
Terminal oxygens (TOs), 193
Thermal diffusivity, 128
Thermal properties, 20, 30. See also Glass
transition temperature
data analysis and useful information, 25,
25f, 26f
experimental methods and theory
calorimetry, 20-22, 21f, 24f
differential thermal analysis, 22-23, 23f,
24f
instrumentation used, 23-25, 24f
stability parameters in lithium borate
glasses, 27-30, 28t, 29f, 30t
Thin films, 33-34, 36
of amorphous materials, 52-54, 52f, 53f
Brillouin light scattering and, 146149,
148f
infrared spectra of, 42—44
infrared spectroscopy and, 6367
Thioborophosphate glasses, speciations and
connectivity distributions in, 380-386,
381f-385f
Time-of-flight mass spectrometry (TOF-MS),
391. See also Atom probe tomography
(APT)
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Time-of-flight neutron diffractometer,
167-168, 167f

Time-of-flight (T-O-F) technique, 164

Tin borate glass, 208, 208f

Tip-enhanced Raman spectroscopy (TERS),
74

Tig,Zr4 alloy, 187

Tomographic reconstruction, 406409

Total electron yield (TEY), 274, 277-278

Total pair distribution function, 248

Transition energy, 317

Transmission electron microscopy (TEM),
392

Transmittance, 36, 42

Transverse optical (TO), 33, 34, 40-41

Triborate, 17, 17f, 19

Turing’s number, 213

Ultralow frequency filters, 84
Uniqueness problem, 227
U0,, 230

U,0,, 2251, 230-231

Vanadium, role in neutron scattering,
187-188
Van Vleck formulae, 348
Vibrational density of states (VDOS), 75
Vibrational spectroscopy, 32, 74. See also
Infrared (IR) spectroscopy
Virtual image phased array (VIPA)
spectrometer, 122123
Vitreous silica, 46, 47f, 48, 89
Voigt model. 42
Volume per mole glass former, 8-9
in lithium borate glass system, 10f
in lithium germanate glass system, 10f
in lithium silicate glass system, 10f

Wavefunction, 79, 160, 170, 278, 290
Waveguides, 304, 305f, 305t, 306f
Wet/dry weighing method, for density
determination, 3
advantages of, 34
disadvantages of, 4
instrumentation for, 7
Wide angle neutron scattering (WANS), 203
Wide angle X-ray scattering (WAXS), 265
Wideband uniform rate smooth truncation
(WURST) pulse, 327, 332
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XAFS (X-ray absorption fine structure)
spectroscopy, 272
data analysis, 284

conversion to k-space, threshold energy
and weighting, 286

corrections for instrumental errors, 284

fitting procedures, 288-289

Fourier filtering, 287, 287f

log amplitude ratio and phases difference

method, 288
normalization, 286
post-edge background subtraction, 285,
285f
pre-edge background subtraction, 284,
285f
transformation from k-space to R-space,
286-287
EXAFS, 273, 279-282, 280f, 281f
accuracy and limitations, 289-290
cumulants, 283
effective distribution, 283
formula for glasses, 282-284
radial distribution function, 282
single-shell EXAFS, 282
for glass structure investigations, 272,
291-292
Ag nanoparticles in soda-lime silicate
glasses, 301-303, 302f-304f
ionic conductivity in superionic glasses
doped with Agl, 307, 308f, 309f
nanoparticles embedded in glasses,
300-307
rare-earth impurities dispersed in glassy
matrices, 303-307, 305f, 305t, 306f
silica and germania glasses under high
pressure, 297-299, 298f-301f
silica at high temperature, 294-297,
295f, 296f
silica glass, 294, 295f
silicate glasses, 292-294, 293f
instrumentation, 274-278
apparatus for transmission
measurements, 275, 275f¢
detection modes, 275f
direct measurements, 274
duration of measurements, 276
Energy Dispersive-X AFS spectrometers,
276, 276f
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fluorescence detection mode, 276-277,
277
indirect measurements, 274-275
Quick-XAFS apparatuses, 276
scanning transmission mode, 276
synchrotron beamline for XAFS
measurements, 274, 274f
total electron yield detection mode
(TEY), 277-278
physical mechanism of, 278
multiple scattering, 278, 279f
single scattering, 278, 279f
theory, 272-274, 273f, 274f
XANES, 273, 290-291, 291f
X-ray absorption spectra, origins of,
272-274
XANES. See X-ray absorption near edge
structure (XANES)
X-ray Absorption Fine Structure (XAFS),
213,230-231
X-ray absorption near edge structure
(XANES), 273, 290-291, 291f, 354.
See also XAFS (X-ray absorption fine
structure) spectroscopy
X-ray absorption spectroscopy (XAS),
271-272. See also XAFS (X-ray
absorption fine structure) spectroscopy
X-ray diffraction, 241-244
background and theory, 244-249,
245f-247f
average scattering, 246-247
Bhatia~Thornton formalism, 248249
differential pair distribution function, 248
electron distribution function, 246
electron form factors, 245
Modified Atomic Form Factor, 246
pseudo-atomic function, 246
pseudo-nuclear function, 247
radial distribution function, 248
sharpening function, 246
total pair distribution function, 248
X-ray form factors, 245
case studies
amorphous materials, gels, foams and
fibers, 264
chalcogenide glasses, 263-264, 264f
Si0, and oxide glasses, 258-263, 259f,
2611, 262f



INDEX

data analysis and useful information,
249-255, 251f-253f
beam polarization effects, 249
bond angle information, 255
consistency checks, 251
detector corrections, 250
first sharp diffraction peak (FSDP),
251-252
orientational correlation functions, 255
Q-dependent corrections, 250
ring size distribution, 255
sample-dependent absorption
corrections, 249-250
X-ray PDF function, 254
future perspective, 265-266. 266f
instrumentation, 255-258, 256f, 2571,
258t
and neutron diffraction, 244, 254
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X-ray pair distribution function, 243-244,
244f
X-ray PDF technique, 242-244
X-ray diffraction (XRD), 271-272
X-ray excited optical luminescence (XEOL)
spectra, 278
X-ray fluorescence yield (FLY), 274,
2762717, 277f
X-ray free electron lasers (X-FEL), 266
X-ray photoemission spectroscopy (XPS),
392
XTAL (computer program), 224, 230

Young’s modulus, 108, 134t, 153, 154
Yttria (Y,05), 199-200, 199f

Zeeman effect, 316-318, 316f, 317t, 318f
Zero-quantum (ZQ) coherences, 362-364
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