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Chapter 1
Figure 1.1 Schematic of a pycnometer's operation.
Figure 1.2 A Quantachrome® manual pycnometer.
Figure 1.3 Molar volumes of the alkali and alkaline-earth borate glass system [5]. R is
the molar ratio of metal oxide to boron oxide. The error is smaller than the symbols
used.
Figure 1.4 Molar volumes per mole glass former in the lithium borate, lithium silicate,
and lithium germanate glass systems [6]. R is the molar ratio of lithia to silica,
germania, or bora.
Figure 1.5 Packing fractions from a series of alkali and alkaline-earth borate glasses.
R is the molar ratio of alkali oxide to boron oxide [8].
Figure 1.6 The density of alkali and alkaline-earth borates as a function of R, the molar
ratio of modifying oxide to boron oxide [5]. The error is smaller than the symbols.
Figure 1.7 Density of lithium silicate glasses by the sink-float method from Peters et al.
[10] and a comparison of literature values compiled by Bansal and Doremus [11]. J is
the molar ratio of lithium oxide to silicon dioxide.
Figure 1.8 The Qi structural units found in alkali silicate glasses, from left to right they
advance from Q4 to Q0 where the superscript denotes the numbers of bridging oxygens
per Si. A+ represents an alkali ion.
Figure 1.9 The lever rule for lithium silicate glasses.
Figure 1.10 Volume per mol silica from a series of lithium silicate glasses, JLi2O.SiO2.
The data are taken from Bansal and Doremus [11]. J is the molar ratio of lithium oxide
to silica.
Figure 1.11 Density of lithium borate glasses as a function of R, the molar ratio of
lithium oxide to boron oxide [12]. Also shown in the figure is the fraction, f2, of
tetrahedral borons [13].
Figure 1.12 Volumes per mole B2O3 of the cesium borate glass system from Kodama
[3] The error is less than the symbol size.
Figure 1.13 The triborate and diborate superstructural groups.
Figure 1.14 Molar volumes of the alkali borates using Kodama's data as a function of
R, the molar ratio of alkali oxide to boron oxide [3].
Figure 1.15 Stiffness as a function of composition, R [3].
Figure 1.16 Stiffness as a function of molar volumes for the cesium borate case [3].

Figure 1.17 The DSC head uncovered for sample insertion (from Wikipedia).
Figure 1.18 Representative thermogram from a DSC
Figure 1.19 A schematic of the operation of a DTA.
Figure 1.20 A TA® modulated DSC.
Figure 1.21 A Netzsch® DTA.
Figure 1.22 A Typical DSC thermogram [17]. It is from a lithium borate glass with R =
1.5, where R is the molar ratio of alkali oxide to boron oxide. Note that
endothermic/exothermic directions are reversed from what was given earlier in the
chapter.
Figure 1.23 The Tgs of barium borosilicate glasses of the form RBaO.B2O3.KSiO2
[18].
Figure 1.24 The fraction of four-coordinated borons, N4, of barium borosilicate
glasses of the form RBaO.B2O3.KSiO2 [19].
Figure 1.25 The Tgs of calcium borosilicate glasses of the form RCaO.B2O3.KSiO2
[18].
Figure 1.26 The Tgs of lithium borosilicate glasses of the form RLiO.B2O3.KSiO2 [20].
Figure 1.27 (a), Critical cooling rate versus the glass stability parameter KLL for
several glasses [GeO2 (G), PbO.SiO2 (PS),Na2O.2SiO2 (NS2),
2MgO.2Al2O3.5SiO2 (M2A2S5), Li2O.2SiO2 (LS2), CaO.MgO.2SiO2
(CMS2),CaO.Al2O3.2SiO2 (CAS2), Li2O.2B2O3 (LB2)]. (b), the same KLL versus
composition in the Li2O–B2O3 system [17].
Figure 1.28 (a), Critical cooling rate versus the glass stability parameter K3 for
several glasses [GeO2 (G), PbO.SiO2 (PS),Na2O.2SiO2 (NS2),
2MgO.2Al2O3.5SiO2 (M2A2S5), Li2O.2SiO2 (LS2), CaO.MgO.2SiO2
(CMS2),CaO.Al2O3.2SiO2 (CAS2), Li2O.2B2O3 (LB2)]. (b), Glass stability
parameter K3 = Thx/Tm versus composition [17].
Chapter 2
Figure 2.1 Infrared response of a two-Lorentzian-oscillator model; reflectance
spectrum R(ν) (a), real ϵ1(ν) and imaginary ϵ2(ν) part of the dielectric function (b), and
real n(ν) and imaginary k(ν) part of the refractive index (c). The dielectric function ϵ*
(ν) is modeled according to Eq. 2.19 using the parameters: ν1 = 1080 cm-1, Γ1 = 55 cm1, Δϵ = 0.65, and ν = 460 cm-1, Γ = 40 cm-1, Δϵ = 0.90. The high frequency
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dielectric constant is ϵ∞ = 2.15.
Figure 2.2 Comparison of the reflectance spectrum R(ν) (a) with the imaginary part

ϵ2(ν) (b) and the energy-loss function Im(−1/ ϵ*(ν)) (c) of the dielectric function ϵ*(ν),
for the two-Lorentzian-oscillator model used in Figure. 2.1.
Figure 2.3 Optical layout of the Fourier-transform Bruker Vertex 80v spectrometer.
Infrared radiation from a mid-infrared (MIR) or far-infrared (FIR) source passes
through the variable aperture (APT) to the beam splitter (BMS) of the Michelson-type
interferometer and then directed to the sample and detector (D1, D2) compartments.
(Reprinted with permission from Bruker Optics)
Figure 2.4 (a) Interferograms F(s) (arb. units) measured in specular reflectance at 11°
off-normal from a gold mirror (reference) and a polished slab of vitreous SiO2
(sample); (b) Single-beam spectra
(arb. units) obtained by Fourier-transformation
of interferograms F(s) shown in (a); and (c) Reflectance spectrum
of silica glass
in the far- and mid-IR range calculated by
(for details
see text).
Figure 2.5 Comparison of results by Kramers–Krönig transformation (KK), Eq. 2.18,
and reflectance fitting by classical dispersion theory (fit), Eq. 2.19, employed for the
analysis of the infrared reflectance spectrum of glass K2O.2B2O3. The experimental
reflectance spectrum (solid line) and the best fit spectrum (circles) are shown in (a).
The results of KK analysis (full lines) and curve-fitting (circles) for the n(ν), k(ν),
ϵ1(ν) and ϵ2(ν) spectra are shown in (b), (c), (d), and (e), respectively.
Figure 2.6 (a) Deconvolution of the α(ν) spectrum of glass 0.67CuI-0.33[Cu2MoO4Cu3PO4] (solid black line) into Gaussian component bands according to Eq. 2.41) solid
grey lines). The simulated spectrum is shown by open circles. Inset, (b) shows the
measured infrared reflectance spectrum (solid line) compared to the best fitting with
Eq. 2.19) open circles).
Figure 2.7 Refractive index n(ν) and extinction coefficient k(ν) spectra of the bulk
glass 0.2AgI-0.8[Ag2O-2B2O3] obtained by Kramers–Krönig transformation of the
measured reflectance spectrum.
Figure 2.8 Effect of film thickness on the calculated absorbance spectra of freestanding glass films with composition 0.2AgI-0.8[Ag2O-2B2O3].
Figure 2.9 Comparison of infrared absorption coefficient spectra of alkaline-earth
borate glasses xMO-(1−x)B2O3, with metal oxide contents x = 0.33 (a) and x = 0.45
(b). The spectra were obtained by KK transformation of the measured reflectance
spectra.
Figure 2.10 Relative integrated absorption Ar = A4/A3 as a function of metal oxide
content in alkaline-earth borate glasses xMO-(1−x)B2O3. Integrated absorptions A4 and
A3 correspond to tetrahedral and triangular borate units, respectively. Lines through
data points are drawn to guide the eye.

Figure 2.11 Fraction of four-coordinated boron atoms, N4, as function of MO mole
fraction in alkaline-earth borate glasses xMO-(1−x)B2O3. The N4 values obtained by
infrared analysis (IR) are compared to those of NMR spectroscopy [88, 89], neutron
diffraction, and molecular dynamics studies [90] and the theoretical curve N4 =
x/(1−x). The N4 curve is obtained when one mole of added MO converts two moles of
neutral BØ3 triangular units into two moles of charged borate tetrahedral BØ4- (Ø =
bridging oxygen atom). Lines through IR data points are drawn to guide the eye.
Figure 2.12 Far-infrared absorption coefficient spectra of glasses 0.45MO-0.55B2O3
(M = Mg, Ca, Sr, Ba), deconvoluted into Gaussian component bands. The experimental
spectrum (solid black line) is compared with the simulated spectrum (open circles).
Figure 2.13 Metal ion-site vibration frequencies versus the square root of the inverse
metal ion mass M− 1/2C for glasses M2O-3B2O3 (M = Li, Na, K, Rb and Cs) and
0.45MO-0.55B2O3 (M = Mg, Ca, Sr, and Ba) glasses. Frequencies denoted by νM-O(H)
(a) and νM-O(L) (b) correspond to peak maxima of bands H and L, respectively, and
were obtained from fitting the far-infrared spectra (Figure. 2.12). Frequency data for
the alkali borate glasses M2O-3B2O3 were obtained from Reference 93. Error bars are
of the size of symbols. Lines are least-square fits to the data.
Figure 2.14 Dependence of glass transition temperature, Tg, on the effective force
constant, FM-O, of the metal ion-oxygen (M–O) bond in alkaline-earth and alkali borate
glasses of the diborate composition 0.33MO-0.67B2O3 (note that glass with this
composition is not formed in the Mg-borate system). Lines are least-square fits to data.
Figure 2.15 Infrared spectra of thin films deposited by sputtering from a Li-borate
target with composition Li2O-2B2O3. The spectra of films on Si and Au substrates were
measured by transmission, T, and reflection-absorption, R-A, respectively. Comparison
is made with the transmittance spectrum of a free-standing Li2O-2B2O3 film of 1 μm
thickness, as calculated from the optical response of the Li2O-2B2O3 bulk glass. For
details see text.
Figure 2.16 Comparison of infrared experimental and calculated reflection-absorption,
R-A, spectra of thin films on Au having nominal composition Li2O-2B2O3. For details
see text.
Figure 2.17 Low resolution experimental transmittance spectrum, Texp, of a Li-borate
thin film deposited by rf sputtering on Si substrate (0.6 mm) from a Li2O-2B2O3 target.
The measured spectrum is compared with spectra calculated using the n(ν) and k(ν)
infrared responses of bulk glasses xLi2O-(1−x)B2O3 with x = 0.33, 0.275, and 0.25.
For details see text.
Chapter 3

Figure 3.1 Mechanisms of normal (spontaneous) Raman scattering: S, Stokes; AS, antiStokes. Also in the figure: R, Rayleigh scattering; IR, infrared absorption; v = 0 or 1—
quantum number defining the vibrational level. The dashed lines represent the virtual
state.
Figure 3.2 Schematic diagram of a micro-Raman spectrometer.
Figure 3.3 (a) Polarized (HH and HV) Raman spectra of the 50 SiO2-50 Na2O glass
composition (50SiNa); (b) depolarization ratio (IHV/IHH) of the 50SiNa composition.
Figure 3.4 Polarized (HH) Raman spectra of (100 − x) SiO2 – x Na2O glasses. (a)
Raw data; (b) normalized data.
Figure 3.5 Peak-fitting of metasilicate Raman spectrum in the region between 800–
1200 cm−1 with: (a) three Gaussian peaks; (b) four Gaussian peaks; (c) four Lorentz
peaks, and (d) four Voigt peaks.
Figure 3.6 Polarized (HH) Raman spectra of v-SiO2 and 80 SiO2-20 R2O glasses, with
R = Li, Na, K. (Reprinted from Reference 33.)
Figure 3.7 Optical micrographs of the initial stages of devitrification of LTCP glass,
treated at 760°C for 2 and 3 minutes. (Magnification: 40×).
Figure 3.8 Micro-Raman spectra of LTCP glass in the different regions indicated in
Figure 3.7 and (d) after 12 hours of heat treatment at 760°C.
Figure 3.9 Ceramic/LNCP glass interface for both 2 and 5 minutes of heat treatment at
830°C (top); Raman spectra taken in the regions indicated (bottom).
Figure 3.10 Polarized (HH) Raman spectra of (50 − x)GeO2 – x SiO2 − 25 Na2O – 25
K2O glasses. (Reprinted from Reference 58.)
Figure 3.11 Germanosilicate glass structure, based on Raman spectroscopy data.
Figure 3.12 Raman spectra of the 40GeO2–10SiO2–25Nb2O5–25K2O glass
composition before and after heat treatments, plus the K3.8Nb5Ge3O20.4 crystalline
phase.
Figure 3.13 (a) HH and (b) HV polarized Raman spectra of (100 − x)GeS2 − x Sb2S3
glasses (0 ≤ x ≤ 100) and c-Sb2S3 crystallites. The inset of (a) represents the HH and
HV spectra of GeS2 (0% Sb) glass. (Reprinted with permission from Reference 76.
Copyright 2012 American Chemical Society.)
Figure 3.14 (a) DSC curves for the (100 − x)GeS2 − x Sb2S3 glasses (0 ≤ x ≤ 100) at a
heating rate of 10 K/min. (b) Glass Tg as a function of the Sb2S3 content. The lines are
only guides to the eye.
Figure 3.15 Schematic representation of the IRO structure of (100 − x)GeS2 − x Sb2S3

glasses with different mol% Sb2S3. (Reprinted with permission from Reference 76.
Copyright 2012 American Chemical Society.)
Chapter 4
Figure 4.1 Schematic of how the wavelength and propagation direction of the phonon
being probed in the Brillouin scattering process is controlled by the scattering angle.
Density changes associated with the phonon are depicted as varying gray scale levels.
The momentum vector balance diagram reflects the diffraction condition, which is that
the light scattered from equivalent phase points along the sound wave superimposes at
a path difference equal to an integral number of wavelengths.
Figure 4.2 Illustration of the transmission orders across a Fabry–Pérot cavity for
different mirror reflectivity. The higher the reflectivity, the better the filtering quality.
Figure 4.3 Principle of the spectral filtering using a tandem Fabry–Pérot
interferometer. Because of the differential in the scanning amplitude between the two
cavities, d2 = ζ·d1, where ζ is a fractional number close to but not equal to unity,
simultaneous transmission through both cavities occurs only when the orders
interference are l = ζm, which given that l and m are integers, increases the free
spectral range by a factor n, such that nζ is an integer. Within that free spectral range all
intermediate orders are suppressed and the assignment of Brillouin peaks is
unambiguous.
Figure 4.4 Schematic of the tandem Fabry–Pérot interferometer design by J.R.
Sandercock.
Figure 4.5 Common scattering geometries used for bulk samples: (a) backscattering
and (b) 90° scattering. ki and ks designate the wavevectors of the incident and scattered
light inside the sample, respectively; the additional subscript e designates the light
propagation directions external to the sample. q designates the phonon probed.
Figure 4.6 Platelet scattering geometry used for studying layered structures with
parallel surfaces or thin films: (a) light enters and exits on opposite sides of the sample
at an angle that is bisected by the film plane; phonons probed propagate in the film
plane. (b) if the transmitted beam is collimated and reflected on itself, a second peak
appears in the Brillouin spectrum in addition to the one discussed for (a), which
corresponds to phonons that propagate perpendicular to the film plane. (c) when the
film is supported on a reflective substrate, light entering from the free surface gives
rise to backscattering, while the light reflected from the substrate gives rise to platelet
geometry scattering, similar to the case depicted in (a). For thin films, this geometry
also produces two peaks in the Brillouin spectrum, one probing phonons propagating
nearly perpendicular to and the other one propagating parallel to the film plane. ki and
ks designate the wavevectors of the incident and scattered light inside the sample,
respectively; the additional subscript e designates the light propagation directions
external to the sample. q designates the phonon probed.

Figure 4.7 Typical Brillouin scattering spectrum from a molten alkali borate system.
Circles represent the experimental data, and the lines represent the best fits of these
data using Eq. 4.22. The contributions from the different terms of Eq. 4.22 are shown as
labeled in the legend.
Figure 4.8 Schematic showing the viscosity attributed to a single relaxation mechanism
as a function of temperature according to Eq. 4.40, probed at different frequencies.
Inset: comparison of the viscosity of a polyolefin standard as determined by Brillouin
scattering at 1010 Hz (squares) and rotating cylinder viscometry at 0 Hz (circles).
Figure 4.9 Typical Brillouin scattering spectrum of fused silica: triangles are measured
in the HV polarization directions, resolving the shear peaks, and circles are measure
using the VV directions, resolving the longitudinal peaks.
Figure 4.10 Elastic longitudinal (M′), Young's (E), bulk (K), and shear (G′) moduli of a
tempered borosilicate glass plate as a function of the distance from the surface. The
decrease of the moduli near the surface reflect the compressive state of the glass.
Figure 4.11 Longitudinal elastic moduli of sodium borate glasses and melts as a
function of the Na2O concentration. Small open circles represent data measured using
ultrasound propagation at room temperature, solid circles and solid squares represent
data measured using Brillouin scattering at room temperature and 1000°C, respectively.
Figure 4.12 Longitudinal and shear elastic moduli of three major glass formers, SiO2,
GeO2, and B2O3, measured as a function of temperature using Brillouin scattering. Note
the anomalous increase in stiffness with temperature for all three compounds. Also note
the abrupt change in slope for GeO2 and B2O3 at their glass transition temperature.
Figure 4.13 Longitudinal elastic moduli of (a) potassium silicates; (b) potassium
germatates; and (c) sodium borates, as a function of temperature and for various alkali
oxide concentrations, measured using Brillouin scattering. Discontinuities in slope
indicate the glass transition temperature.
Figure 4.14 (a) Specific loss modulus for B2O3 as a function of the temperature,
revealing three energy-dissipating mechanisms: the dissolution of boroxol rings, the
network disintegration, and the diffusion of impurities; (b) comparison of the viscosity
of B2O3 measured using rotating cylinder viscometry and Brillouin light scattering, the
latter being converted to zero-frequency quantities (contributions of all three
dissipation are shown as lines, but the overall viscosity is dominated by network
disintegration); (c) superposition of bulk, shear, and longitudinal viscosities of B2O3
measured using Brillouin scattering; (d) real and imaginary components of the Poisson
ratio as a function of temperature. Note the positive values of Im(n*) in the temperature
range in which the bulk viscosity dominates.
Figure 4.15 Storage and loss moduli of (a) 38Na2O·62B2O3 and (b) 20K2O·80TeO2 as
a function of temperature. Symbols represent the data measured using Brillouin

scattering and the lines represent best fits of Eq. 4.54. Note that the borate system
exhibits two relaxation mechanisms, whereas the tellurite system has only one. The
areas shaded in color represent the energy stored and dissipated in respective
mechanisms. Underlying to the storage modulus is the change in static modulus due to
structural changes associated with the glass transition.
Figure 4.16 Longitudinal elastic moduli of layer-by-layer deposited polymer-cellulose
nanofiber thin-film composite, as a function of the cellulose fiber volume fraction. c11
refers to the in-plane and c33 to the out-of-plane modulus.
Figure 4.17 Schematic of a diamond anvil pressure cell and the laser beam pass
through it.
Figure 4.18 Longitudinal sound velocity of B2O3 glass as a function of pressure,
measured using Brillouin scattering. Filled symbols represent data upon compression
and open symbols upon decompression. Data for different maximum pressures are
shown. While the change in sound velocity is continuous upon compression, all
decompression data exhibit a discontinuity at around 3 GPa, regardless of the maximum
pressure reached during the compression-decompression cycle.
Figure 4.19 Longitudinal storage and loss moduli of two silica hydrogels, one aged and
not the other before they were dried, as a function of the silica volume fraction.
Figure 4.20 Longitudinal, shear, Young's, and bulk moduli, as well as the Poisson ratio
of an epoxy system as a function of time while it was curing, measured using in situ
Brillouin scattering.
Chapter 5
Figure 5.1 The geometry for a neutron diffraction experiment.
Figure 5.2 The neutron flux distribution for three different moderators at the ILL
reactor (left-hand scale) and for the liquid methane moderator at the ISIS accelerator
(right-hand scale).
Figure 5.3 Schematic of a neutron diffractometer for a continuous source.
Figure 5.4 The D4c liquids and amorphous diffractometer at the Institut Laue Langevin
[1].
Figure 5.5 Schematic of a time-of-flight neutron diffractometer for a pulsed source.
Figure 5.6 The GEneral Materials diffractometer, GEM, at the ISIS Facility [2].
Figure 5.7 The scattering geometry for a single atom, j, at a position Rj relative to an
arbitrary origin O. For the wave scattered from the atom, there is a path length
difference
relative to the origin.
Figure 5.8 The lower Q region of the corrected differential cross-section, IN(Q), for
liquid CCl4, showing how it can be separated into either self and distinct contributions,

or into coherent and incoherent contributions.
Figure 5.9 The bound atom coherent neutron scattering length of the natural elements
(and deuterium) as a function of atomic number [32]. Elements with a negative
scattering length (and deuterium) are indicated by the element symbol.
Figure 5.10 Key stages in the analysis of (corrected and normalized) neutron
diffraction data from a glass: subtraction of self scattering, Fourier transformation,
addition of T0(r).
Figure 5.11 The differential cross-section of B2O3 glass, IN(Q) (corrected and
normalized), measured on the D4 diffractometer, together with the calculated self
scattering [12].
Figure 5.12 (a) The calculated self scattering, IS(Q), for B2O3 glass on the GEM
diffractometer. (b) The (corrected and normalized) differential cross-section of B2O3
glass, IN(Q), measured on the GEM diffractometer (continuous line), together with the
calculated self scattering (dashed line) [13]. The curves for the different detector banks
are shown with vertical offsets for clarity.
Figure 5.13 The distinct scattering, iN(Q), for SiO2 glass (dashed line), together with a
Debye equation simulation for an ideal SiO4 tetrahedron with realistic thermal
displacement factors (continuous line). The Si–O and O–O contributions to the
simulation are shown (together with the experimental result shown again as a dashed
line) with vertical offsets. The inset shows the corresponding correlation function,
TN(r), for the simulation, and a SiO4 tetrahedron.
Figure 5.14 The neutron correlation function, TN(r), for B2O3 glass [13], together with
a fragment of a two-dimensional B2O3-like network, showing how the peaks in the
correlation function arise from the interatomic distances.
Figure 5.15 Neutron correlation functions for GeO2 glass [16]: (a) the total correlation
function, TN(r); (b) the differential correlation function, DN(r); (c) the pair correlation
function, gN(r); and (d) the radial distribution function nN(r). In each case the
experimental result is shown as a continuous line, whilst the relevant average density
term is shown as a dashed line.
Figure 5.16 The distinct scattering, iN(Q) (left-hand side), and the neutron correlation
function, TN(r) (right-hand side), for liquid carbon tetrachloride, GeO2 glass, and GeO2
in its quartz crystalline form [16].
Figure 5.17 Time-of-flight spectra for (a) vanadium; (b) polycrystalline silicon; and
(c) GeO2 glass. Also shown are the normalized spectra for (d) polycrystalline silicon
and (e) GeO2 glass.

Figure 5.18 Neutron diffraction results for 2CaO·Na2O·3P2O5 glass [2, 42]. (a) The
distinct scattering, iN(Q), with the high Q region shown in an inset. (b) The step and
Lorch modification functions [37] for Qmax = 55Å−1. (c) The total neutron correlation
function, TN(r), obtained using the two modification functions shown in part (b) with
the first peak region shown in an inset.
Figure 5.19 Simulation of the total neutron correlation function, TN(r) (as obtained
using the Lorch modification function [37]), for an ideal GeO4 tetrahedron, showing the
effect of maximum momentum transfer, Qmax, on real-space resolution and termination
ripples. (a) Qmax = 24 Å−1, (b) Qmax = 40 Å−1.
Figure 5.20 The first peak region of the total neutron correlation function, TN(r), for (a)
GeO2 glass [16] (thick grey line is experiment, thin black line is fit, dashed line is
residual); (b) 18Cs2O·88GeO2 glass [16]; and (c) 2CaO·Na2O·3P2O5 glass (thick grey
line is experiment, thin line is fit, dashed line is fitted P-NBO component, dotted line is
fitted P-BO component, dot-dashed line is residual (offset)) [2, 42].
Figure 5.21 The low r region of the correlation function for crystalline Y2O3, showing
(a) Dmeas(r) prior to renormalization (thick grey line), together with –T0(r) (dashed
line) and a fit to the first peak in Dmeas(r) (thin black line) and (b) TN(r) after
renormalization (thick grey line), together with a simulation (thin black line).
Figure 5.22 (a) The predicted distinct scattering for an isolated sphere of radius 20 Å,
with I0 = 1000. The inset shows a Guinier plot of the prediction, together with the
corresponding Guinier approximation. (b) The measured nuclear SANS for amorphous
Dy7Ni3. The inset shows a Porod plot of the experimental data, together with a Porod
fit to the data.
Figure 5.23 The (corrected and normalized) differential cross-section of
10K2O·90TeO2 glass, IN(Q), measured on the former LAD diffractometer [65]. The
curves for the different detector banks are shown with vertical offsets for clarity.
Figure 5.24 (a) The differential cross-section measured by Bank5 (93°) of the GEM
diffractometer [2] for amorphous zeolite precursor LTA5 [68], together with a smooth
cubic spline fit. (b) The estimate of the distinct scattering which is obtained from a
difference of the two curves in (a).
Figure 5.25 The distinct scattering, iN(Q), for a tin borate glass sample with nominal
composition 70SnO·30B2O3 before and after removal of Bragg peaks (see text) [13].
Also shown is a simulation of the diffraction pattern for crystalline SnO2 and vertical
tick marks indicate the positions of the Bragg peaks.
Figure 5.26 The differential cross-section, IN(Q), of amorphous Dy7Ni3 for three
different isotopic compositions (superscripts Nat and 0 indicate the natural isotopic

composition and the null isotopic composition), shown as a continuous line [58]. The
dashed line indicates the sum of the magnetic scattering, IM(Q), and the calculated
nuclear self scattering, IS(Q), for each sample.
Figure 5.27 The three measured partial correlation functions for amorphous Dy7Ni3
[58], together with the partial correlation functions for a Percus–Yevick calculation of
the partial correlation functions for a binary hard sphere liquid. The inset in the figure
shows how a similar Ni–Ni distance arises in crystalline Dy3Ni2 [79] (large,
translucent spheres are Dy, smaller, solid spheres are Ni).
Figure 5.28 The differential cross-section for 24.6Tb2O3·72.2P2O5·3.2Al2O3 glass at 4
K, showing (a) the diffraction pattern with and without the application of the 4 T
magnetic field; and (b) the field-on minus field-off difference, ΔIN(Q). [90].
Figure 5.29 The differential correlation functions for 24.6Tb2O3·72.2P2O5·3.2Al2O3
glass at 4 K [90], showing (a) the differential correlation function with and without the
application of the 4 T magnetic field; (b) the field-on minus field-off difference,
ΔDN(r) (together with the simulation of the contribution from the first two distances
described in the text); and (c) a reverse Monte Carlo simulation of the partial Er–Er
differential correlation function for erbium metaphosphate glass [91] (together with an
arbitrary scaling of ΔDN(r)).
Figure 5.30 The measured distinct scattering (thick grey lines), iN(Q), for anhydrous
PdO (vertically offset) and for hydrous PdO [100]. Also shown (thin black line) is a
simulation of iN(Q) for a spherical particle of PdO of diameter 18 Å (inset) embedded
in a homogenous medium.
Figure 5.31 The measured differential neutron correlation function (thick grey lines),
DN(r), for anhydrous PdO (vertically offset) and for hydrous PdO [100]. Also shown
are simulated (see text) differential neutron correlation functions (thin black lines).
Figure 5.32 Important examples of coordination polyhedra for glasses. (a) AX3
triangle; (b) AX3 trigonal pyramid; (c) AX4 tetrahedron; (d) AX4 disphenoid; (e) AX5
trigonal bipyramid; (f) AX5 square pyramid-based unit; (g) AX6 octahedron; (h) AX6
trigonal prism; (i) AX8 Archimedean antiprism; (j) AX12 icosahedron.
Figure 5.33 The total neutron correlation function, TN(r), of crystalline U4O9. (a) The
experimental correlation function, Texp(r), compared with the U–O and U–U
contributions, TConr(r), as determined by EXAFS [163]. (b) The experimental
correlation function, compared with the total neutron correlation function, TXTAL(r),
simulated from the crystallographically determined structure of U4O9 [160]. (c) The
experimental correlation function, compared with the partial components of TXTAL(r)
[160].
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Figure 6.1 Zachariasen–Wright [4] network model of a glass in which the structure is
“random” within the steric packing constraints of the local units. The dashed lines of
periodicity Q1 arise from correlations between rings, which comprise the glassy
network. Q2 represents the length scale of the bulk connectivity of the network. The
black circles represent the modifier atoms which break up the connectivity of the
network, often in clusters for oxide glasses [5], and the shaded regions represent
different ring sizes.
Figure 6.2 Shows three ranges of order, from the local short range unit, to the packing
of adjacent tetrahedra and associated torsion angles, to the intermediate range
structures over longer distances (see text).
Figure 6.3 The free atom form factors for the elements H, O, Ge and Pb normalized to
their number of electrons at Q = 0 [18]. The insert shows a zoomed in region of the
atomic form factor for H using the independent atom approximation (solid line)
compared to the modified atomic form factor for H obtained using Eq. 6.2 with zα = 0.5
corresponding to the electron residing halfway along the bond and δ = 2.0 obtained
from fitting to the quantum mechanical calculations of Wang et al. for H2O [19].
Figure 6.4 Measured X-ray intensity for GeSe2 glass normalized to the sum of the
constituent atomic form factors squared plus the Compton scattering (dashed line) at
high Q. The insert shows the normalization in the high-Q region.
Figure 6.5 The measured X-ray structure factor for GeSe2 glass, multiplied by Q, to
illustrate the extent of the oscillations at high momentum transfers.
Figure 6.6 Different representations of the X-ray pair distribution function for GeSe2
glass; GX(r) oscillating about unity at high r and zero at low r, TX(r) oscillating about
zero at low r and 4πρr at high r, DX(r) oscillating about −4πρr at low r and zero at high
r, and NX(r) oscillating about zero at low r and 4πρr2 at high r.
Figure 6.7 Photon scattering cross-sections for SiO2 as a function of incident energy
[34]. The photoelectric absorption cross-section (dash-dot line) dominates for energies
below 50 keV, above which the incoherent Compton scattering dominates (dotted
line). The K-edge absorption from Si occurs at 0.14 keV.
Figure 6.8 Q-dependent X-ray weighting factors for the three partial structure factors
of glassy SiO2 [18].
Figure 6.9 Bragg–Brentano reflection geometry (top) versus high energy transmission
(direct) geometry [13,16].
Figure 6.10 Weighted X-ray structure factors, Q[SX(Q)−1], for two diffraction
experiments on glassy P2O5 made with Ag Kα X-rays λ = 0.561 Å (open symbols) and

X-ray synchrotron radiation λ = 0.088 Å (filed circles). Digitized from Hoppe et al.
[51]).
Figure 6.11 The X-ray structure factor for glassy SiO2 measured at the Advanced
Photon Source synchrotron (circles). The line represents a fit to the first three peaks in
GX(r), Si-O, O-O and Si-Si using Eq. 6.12 with the parameters in Table 6.1.
Figure 6.12 The X-ray and neutron pair distribution functions are shown for glassy
SiO2 (lines). Also shown is the fit to the first three peaks in GX(r) corresponding to,
Si–O, O–O, and Si–Si, respectively, obtained using Eq. 6.12 with the parameters in
Table 6.1 (circles). Inset shows a comparison of the direct and Lorch Fourier
transforms of the fit to the Si-O peak.
Figure 6.13 The Si–O–Si bond angle (β) determined from combined high-energy X-ray
and neutron data by Neuefeind and Liss [53] (solid line) compared to that from the
early X-ray data of Mozzi and Warren [54] (circles).
Figure 6.14 The X-ray pair distribution functions for glassy and liquid SiO2 obtained
from experiment (circles), compared to classical MD simulations (dashed line) [56]
and ab initio MD simulations (solid line) [45].
Figure 6.15 The measured partial distribution functions Si–Si, Si–O and O–O obtained
with a combination of X-ray diffraction and neutron diffraction data (circles) [52]
compared to the results of an earlier RMC simulation of Kohara et al. (line) [57].
Figure 6.16 The partial pair distribution functions Tij (r) for glassy SiO2 corresponding
to the measured circles in Figure 6.15 shown together with schematics of the atom–
atom interactions within the bulk structure of the glass.
Figure 6.17 The ring size distribution for SiO2 glass calculated from the RMC model
of Kohara et al. (white bars) [58] and the classical MD simulation by Rino et al. (black
bars) [58].
Figure 6.18 The behavior of the height of the first sharp diffraction peak (FSDP)
versus concentration of network forming cations, for a series of selenium binary
glasses, Bychkov et al. [64].
Figure 6.19 The low Q dependence of the X-ray structure factor of glassy GeSe2 as a
function of increasing pressure [66].
Figure 6.20 The energy dependence of the X-ray form factor for lead. The inset
highlights the small absorption edge at 88 keV. (Taken from [78]).
Chapter 7
Figure 7.1 XAFS origins from the electronic transitions excited by X-ray photons from
core levels to unoccupied levels just below of the conduction band (excitation) or to
the continuum of free states (ionization).

