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Highlights

e High pressure elasticity of a soda-iron silicate glass is investigated to 12 GPa

e Elastic anomalies, including a negative pressure derivative of the shear modulus
and an initially nearly pressure-independent Young’s modulus, are observed on
initial compression.

e Pressure-induced shear velocity minima in silicate glasses are demonstrated to vary
systematically with the ratio of network-modifying to network-forming cations.

Abstract

Sound velocities of Na2FeSi30s5 glass have been measured to 12 GPa by Brillouin
spectroscopy. Poisson’s ratio and bulk, shear, and Young’s moduli are calculated as a
function of pressure. The shear and Young’s moduli and Poisson’s ratio show a shift in the
response to compression of the glass at ~2.2 GPa, where the pressure dependence of the
shear modulus reverses sign. This shift mirrors those of a wide suite of glasses, and further
demonstrates that pressure-induced shear velocity minima are general phenomena in
silicate glasses containing few network modifiers. Raman spectra have also been collected
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of the glass up to 6.5 GPa. A relation is proposed between the magnitude of shear velocity
depression observed under pressure in silicate glasses and the ratio of the number of
network-modifying cations and network-forming cations. This relation can prospectively
be deployed to compositionally tailor the pressure dependence of the elastic velocities of
silicate glasses.

1. INTRODUCTION

The elastic constants of silicate glasses under pressure are important for understanding how
tetrahedrally-dominated amorphous oxides respond to compaction and differential stress,
and are hence a topic of interest within material sciences, condensed matter physics, and
the geosciences. For example, the high-pressure behavior of such glasses can be deployed
as a constraint on the response to compaction of silicate melts. A range of polymerized
silicate glasses have been shown to be elastically anomalous under compression!-!3,
Because of increased resistance to compaction and shear of the structural units, the elastic
moduli of most materials increase under pressure. However, a range of silicate glasses have
been shown to have elastic moduli (and particularly the shear moduli) that decrease up to
pressures of ~ 0.5-3 GPa. For example, both Brillouin and ultrasonic measurements show
that the bulk, longitudinal and shear moduli of silica glass soften and exhibit minima near
2 GPa [e.g., 1-4]. This anomalous behavior has been observed using either Brillouin
spectroscopy or ultrasonic measurements for a diverse suite of compositions, including
water-white glass [5], float glass [6], MgSiO3- and CaMgSi2Os-glasses [7,10], a range of
alumina-bearing glasses [8,10,13], natural basaltic glasses [9,11] and silica-titania glasses
[12]. The connection between such anomalous sound velocity trends under pressure and
the structures and compositions of glasses has, however, remained unclear. Moreover,
whether the presence of abundant iron affects the anomalous pressure dependences of the
sound velocities of glasses is not well-constrained.

This study probes the elastic properties of an iron-bearing sodium silicate glass with 95 %
enrichment of iron in the >’Fe isotope (Na2>’FeSi3Os.5) under high pressure by Brillouin
scattering. This particular composition is of interest for a range of reasons. First, it contains
trivalent iron almost entirely in tetrahedral coordination [14], and hence it has a ratio of
non-bridging oxygens to tetrahedral cations of 0.25. As such, its structure is dominated by
network-forming cations, but contains a comparatively small quantity of non-bridging
oxygens, as well as network-modifying cations. It is accordingly a model glass for
examining systems with limited amounts of depolymerization. Second, it is a transition-
metal bearing analogue of sodium aluminosilicate glasses, the properties of which are
relevant for both ceramics and earth materials, and it is unclear whether the structural and
elastic changes that occur within an iron-bearing silicate glass differ from those in
aluminosilicate glasses under compression. Third, the structural and elastic properties of
iron-rich glasses are of interest because both naturally-occurring geologic melts and
synthetic glasses designed to isolate toxic and radioactive material often have substantial
iron contents within them [e.g., 15].
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Brillouin scattering, the inelastic scattering of light induced by acoustic phonons, is
commonly deployed to determine sound velocity and elastic constants. This optical
technique requires no mechanical contact with the sample and allows experiments on
samples of order microns in dimensions, and hence is ideally suited to measure sound
velocities under extreme conditions in a diamond anvil cell. These velocity data were
initially measured to provide density constraints for high-pressure measurements of the
vibrational density of states (DOS) of this glass using nuclear inelastic scattering [14], with
a particular focus on the origin of the boson peak in this glass, and its similarity at high
pressures to the transverse acoustic singularity of the corresponding crystal. However, a
quantitative analysis of these elastic data has not been presented. Here, these data are
deployed in conjunction with previous elastic results on silicate glasses under pressure to
provide structural/compositional systematics for the anomalous low-pressure elastic
properties of polymerized silicate glasses. These data also show the capability of the
Brillouin scattering technique to determine the elastic constants for semi-transparent
samples using the platelet geometry.

2. EXPERIMENTAL DETAILS/METHODOLOGY

The ambient-pressure glass transition temperature of this composition is 723 (£1) K [14],
which is close to that of binary sodium silicate glasses [16,17]. It has a density of 2.714
g/cm?®, which is larger than those of binary sodium silicate glass and sodium aluminum
silicate glass due to the substitution of iron. Due to the presence of iron, the bulk glass
aliquot is opaque. After polishing to 30 um thickness, it is semi-transparent with a dark
yellowish color. Permanent densification has also been observed for this glass at 1, 2, and
3 GPa at a temperature of 673 K, or ~90% of the glass transition temperature in this material
[18], with an emphasis on the vibrational density of states of these densified glasses.

The Brillouin scattering experiments were conducted by exciting the sample in a diamond
anvil cell (DAC) with 480 pm diameter culets and using the 514.5 nm green line of a
Spectra Physics Ar-ion laser (the output beam power is 130 mW, and in front of the DAC,
the beam power is 60 mW). The semi-transparent glass sample was 80 x 70 x 30 um thick
and was mounted in a 170-um diameter hole in a pre-indented stainless steel gasket of 40
pum thickness. Two pieces of ruby ~ 6 pm in size were placed near to the two sides of the
sample for pressure calibration. Liquid argon was loaded as a pressure-transmitting
medium using a standard liquid nitrogen-based loading technique. The pressure was
measured using the shift in the R1 line of the rubies loaded along with the sample. Spectra
were recorded in the 70° platelet-scattering geometry with no polarization used for the
collected signal. In order to obtain the refractive index, Brillouin measurements were also
performed in the backscattering geometry at ambient pressure.
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Since Doppler-shifted light photons scattered from thermally excited acoustic phonons
(sound waves) of the sample produce peaks in the Brillouin spectrum, the sound velocity
(V) is expressed as:

"2 %V@/)

nsin

’ (1)

where v is the Brillouin frequency shift, 4 is the wavelength of the laser, » is the refractive
index of the sample, and @1s the scattering angle. We deploy both the back-scattering (6=
180°) and platelet geometries. Whereas the classical backscattering geometry enables only
measurements of nVp (the product of refractive index and longitudinal velocity), the
platelet geometry (Figure 1) allows us to measure the sound velocities (Vr and Vs) directly
and independently without knowledge of the refractive index according to the relation,

_Av
2sin® )

where @ is the angle between the incident light and the normal to the surface of the sample.
In this study, the angle is typically chosen as 35°.

1T JuapIou]

Figure 1. Platelet geometry for Brillouin scattering.

Scattered Light

The two scattering geometries also provide the ability to determine the refractive index »
of the glasses directly. Since the velocity of an acoustic phonon in an anisotropic medium
is independent of direction, the ratio of the Brillouin shifts, as expressed as the Brillouin
shifts in the platelet geometry divided by the Brillouin shifts in the back scattering
geometry, is equal to n/ sin®. By taking the ratio of the Brillouin shifts at different pressure
points, the refractive index n of the glass can be uniquely determined both at ambient
conditions, and as a function of pressure. At ambient pressure, the index of refraction of
this glass is determined to be 1.627 (£0.001), which is comparable to those of other
transition metal-bearing sodium silicate glasses [19].

Raman spectra were collected both at ambient and high pressures, and following quenching
from high pressures, of this glass. The Raman spectra were recorded using a triple pass
Dilor XY spectrometer equipped with a liquid nitrogen-cooled charge-coupled-device
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(CCD) detector. The 514.5 nm green line of an Ar ion laser was used to excite the sample.
The laser light was focused with a Mitutoyo long distance 50x objective to a spot of about
2 um diameter in the sample with the laser power being 30 mW on the sample. The
spectrometer was calibrated using single-crystal silicon as a reference.

For the high-pressure Raman measurements in the diamond anvil cell, a finely polished
glass fragment 50 x 40 x 20 um in size was mounted in a rhenium gasket in a diamond-
anvil cell equipped with 350 um diameter culets. Two pieces of ruby ~5 um in size were
placed on the two sides of the sample for pressure calibration. As with the Brillouin
measurements, liquid argon was loaded as a pressure-transmitting medium, and pressures
were estimated using the shift in the R1 line of the rubies loaded along with the sample.
All spectra were recorded using an unpolarized backscattering geometry.

The density of the glass at high pressures is obtained using the velocity data in Table I
from:

B

P
_, =L 3
pP pa_}[VzdP ()

Here, py and p, are the density of NaxFeSi3Os.s glass at pressure P and ambient pressure
P, respectively, and Vs is the bulk sound velocity of the glass. vy is the ratio of the specific
heat at constant volume and pressure (Cp/Cy, which we presume to be 1, in accord with
Richet and Bottinga [20], who have shown this parameter to be within 0.2% of unity at 300
K for alkali silicate glasses). This latter parameter is present to convert the isentropic
velocity/moduli determined in the Brillouin experiment to isothermal conditions. For
elastically isotropic materials,

Vi=Vi—-4vi/3 @
where Vp and Vs are the longitudinal and transverse sound velocities. The calculated
densities as a function of pressure are used to extract the high pressure elastic moduli from
the velocity data using i = pp Vs® and Kp = p» VB, where 4 is the shear modulus at
pressure and K) is the bulk modulus at pressure.
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3. RESULTS AND DISCUSSION
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Figure 2. Brillouin spectrum of Na2*’FeSi3Os s glass at ambient pressure measured
in both platelet geometry and backscattering geometry (the spectrum labeled with
nVp).

Figure 2 shows representative Brillouin spectra at ambient pressure in both platelet and
backscattering geometry: clearly, the amplitude and character of the peaks is sufficient to
accurately determine the three parameters of interest: the compressional and shear velocity,
and the index of refraction. Importantly, as the peak locations are symmetric across the
incident laser line (corresponding to both Stokes and anti-Stokes scattered light), there is
redundancy in determining the location of relatively weak peaks, such as the Vj-associated
band.

High pressure Brillouin spectra are shown in Figure 3 in the platelet geometry, with the
resultant velocities at ambient and high pressure given in Table I. Our ambient pressure
velocity determinations agree well with a previous determination [18] Figure 3 shows that
the Brillouin peaks associated with both the shear and compressional peaks are well-
resolved: the peak from the argon pressure medium crosses over the shear peak near 3 GPa,
but it otherwise does not affect the measurement of the sound velocities in the glass. Figure
4 shows the shifts in compressional and shear velocities with pressure. The shear velocity
initially decreases with pressure up to a minimum value at ~2.2 GPa; at higher pressures,
it has a positive pressure dependence. Correspondingly, the compressional wave velocity
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has a small but positive initial pressure shift, which markedly increases above ~2.2 GPa.
Such anomalous negative (or small, for V) shifts are relatively commonly observed within
silicate glasses on initial compression [1-13]. The depression in shear velocity in this iron
silicate glass is quite close to that observed within a float glass measured using the same
techniques and apparatus under compression [6], indicating that two glasses with markedly
different compositions, and differing degrees of polymerization, have similar shear
velocity behavior under compression.
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Figure 3. Brillouin spectra of Na2FeSi30s.5 glass at various pressures measured in
platelet geometry. Red markers denote peaks from Brillouin scattering of the argon
pressure medium.
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239  TABLE I. Sound velocities of Na2FeS130s.s glass at high pressure determined by Brillouin
240  scattering (upper values are from the first run, lower values from the second run). Errors

241

are given in parentheses.

242
Pressure (GPa) Vp (km/s) Vs (km/s)
1.00E-04 5.261 (16) 3.050 (2)
2.25 5.41(2) 2.930 (8)
4.04 5.801 (8) 3.11 (1)
5.56 6.07 (1) 3.207 (10)
7.11 6.30 (1) 3.32(3)
8.93 6.745 (9) 3.45(1)
10.37 6.96 (2) 3.55(1)
11.92 7.18 (6) 3.65(3)
243
1.16 5.28 (3) 3.012 (9)
1.7 5.34 (2) 2.967 (7)
23 5.410 (9) 2.926 (4)
3.2 5.68 (1) 3.013 (7)
4.2 5.92 (2) 3.08 (3)
52 5.99 (3) 3.23(2)
6.8 6.36 (3) 3.32(2)
244
245
246
247
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Figure 4. Sound velocity of Na2FeSi130ss glass at various pressures determined by
Brillouin scattering (First and second run). Errors are smaller than the symbols, and
are illustrated for the second run (open symbols).
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Figure 5. Density of Na2FeSi30s.5 glass at various pressures determined by Brillouin
scattering in conjunction with Eqn. 3 (solid and open symbols are first and second
run, respectively).

Figure 5 shows the calculated densities of this silicate glass under compression: the
magnitude of elastic and irreversible densification (~17%) is somewhat less than that of
end-member silica (~23%) [e.g., 2] over the pressure range to 12 GPa, reflecting the
slightly higher bulk modulus of this glass relative to pure silica. Figure 6 shows the
variation in bulk modulus and shear modulus with pressure. As indicated by the trend in
the compressional wave velocity, the bulk modulus appears to initially shift shallowly
(Figure 6a), with the trend above ~1.5 GPa being monotonic and nearly linear. Within this
higher pressure interval, the derivative of the bulk modulus (dK/dP) with respect to
pressure is slightly in excess of 6: this linearity, and comparatively normal value of dK/dP,
indicates that pervasive coordination changes of the silicon cations are unlikely to initiate
in this material up to our peak pressure of 12 GPa. The onset, and progressive occurrence,
of such coordination changes in glasses has been associated with a markedly enhanced
pressure derivative of the bulk modulus [7]. Figure 6b shows that a pronounced minimum
in the shear modulus occurs near 2.25 GPa, with higher pressure results again showing a
nearly linear increase with compression.

10
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Figure 6. (A) Bulk moduli of Na2FeSi30s.5 glass at various pressures determined by
Brillouin scattering (First and second run). (B) Shear moduli of NaxFeSi30s.5 glass
at various pressures determined by Brillouin scattering (first and second run are solid
and open symbols, respectively). Error bars are comparable to, or smaller than, the
size of the symbols.
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This anomalous behavior of the shear modulus is directly reflected in the Young’s modulus
and Poisson’s ratio of this glass (Figure 7a, b). Young’s modulus is nearly constant up to
2.25 GPa (Figure 7a), while Poisson’s ratio increases markedly from ~0.25 to ~0.3 in this
pressure range before modestly increasing to the highest pressures of these measurements.
Poisson’s ratio is of particular interest, as a general inverse correlation has been drawn
between its value and the ‘free volume’ fraction in glasses, as manifested by the atomic
packing density [21]. Thus, there is a possible conceptual relationship between the negative
pressure dependence of the shear modulus, the associated comparatively large initial
pressure shift of Poisson’s ratio, and an anomalous shift in packing of the glass on its initial
compression.
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Figure 8. (A) Raman spectrum of NaxFeSi30s.5 glass at ambient pressure, prior to
compression. (B) Raman spectrum of the pressure-quenched sample from the
higher pressure Brillouin experiment.

The degree to which the observed changes in elastic properties reflect the elastic
characteristics of the ambient glass, as opposed to irreversible densification, may be
assessed from complementary Raman data on this glass. Figures 8a and 8b show Raman
spectra of the glass before compression, and after compression to 12.7 GPa. Based on the
differing polarization of bands, Wang et al. [22] attributed the bands at 457 and 944 cm’!
to the symmetric stretch of oxygens bridging between fully polymerized tetrahedra, and
the asymmetric stretch of those oxygens, respectively. The shoulders at 549 and 1067 cm*
Iare assigned to vibrations of bridging oxygens and non-bridging oxygens associated with
Q3 species (tetrahedra with three bridging and one non-bridging oxygen). Among the
higher frequency peaks, there has also been a component of an FeO4 tetrahedral stretching
vibration proposed to be present [e.g., 23]. Following compression to 12.7 GPa, the peak
initially at 457 cm! has migrated irreversibly to higher frequency: a result compatible with
narrowed T-O-T angles in the decompressed glass [22]. In situ Raman spectroscopy of the
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glass at high pressures (Figure 9) demonstrate that these irreversible changes in
morphology of the low frequency peaks do not occur up to at least 6.5 GPa, and hence their
onset must lie between 6.5 and 12.7 GPa. Therefore, our observations of the velocity
minimum in this material are associated with purely elastic behavior of the glass, and are
not expected to be affected by irreversible compaction. Importantly, this loose constraint
on the onset of irreversible behavior is compatible with the onset of irreversible compaction
in silica glass, which occurs near 8.6 GPa at 300 K [24].

1 6.5 GPa

3.6 GPa

v\ \

—
200 400 600 800 1000 1200

Raman Shift (cm™)

1

Intensity (arb.units)

Figure 9. In situ Raman spectra of Na2FeSi30s.s glass at high pressures.

A key question emerges from the elastic data: what structural or chemical effects may
produce the size of the minima in shear velocity and modulus shown in Figures 4 and 6b,
and which are reflected in the dramatic increase in Poisson’s ratio in Figure 7b? Such
minima are well-known within silicate glasses under pressure and, as in this study, are
more often observed in shear velocities than in compressional velocities [2,3,5-7,9,14].
Indeed, the magnitude of the shear velocity depression directly reflects the anomalous
elasticity of these glasses. Perhaps the most diagnostic experiments to date on the origin of
these anomalies have involved the observation that these minima are suppressed in silica
glass in a helium medium [25-27]. The mechanism for this suppression has been attributed
to He entering into large sites/voids within the structure, and preventing their pressure-
induced collapse [25,27]. Our interpretation of these results (which involve incorporation
of He at the 1 He per Si atom level or greater) modestly differs: He is well-known to enter
large cavities asymmetrically, being attracted to cations [28]. And, the prospective role of
He in restricting the Si-O-Si bond angle from bending has long been appreciated from
modeling [29]. Therefore, our interpretation of the elastic minima involves non-networking
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forming atoms (or ions) within the structure playing a pivotal role in restricting the
flexibility of Si-O-Si(Al) angles in silicate glasses, and hence narrowing the broad Si-O-Si
potential minimum that produces the initial large degree of flexibility of the network (and
hence the velocity softening). Subsidiary support for the interpretation that the flexibility
of tetrahedral networks is critical in generating these elastic anomalies is derived from the
observed negative shear velocity gradients observed in non-silica-containing calcium
aluminate glasses [30]: the general phenomenon of anomalous elasticity hence hinges on
the presence of a tetrahedral framework, rather than being solely confined to silica-
dominated networks.

The absence of, or reduced amplitude of, a pressure-induced velocity minimum has been
correlated with greater degrees of compositionally-induced depolymerization of silicate
glasses [8,10,11]. However, the observation that the current Na2FeSizOs.s composition
glass has a maximum shear velocity depression under pressure similar to that of a less
polymerized float glass [6] raises the possibility that depolymerization may not be the sole
feature that drives these velocity depressions. Indeed, these silicate glasses have NBO/T
ratios of 0.25 and 0.7, respectively, and their maximum depressions in shear velocity are -
4.1 and -5.1% (which is the opposite trend from that expected from the depolymerization-
smaller velocity minima trend). However, the ratio of their number of network-modifying
cations to their network-forming cations is essentially identical. Accordingly, we
hypothesize that the introduction of network-modifying cations into the glass reduces the
flexibility of a subset of the polymerized linkages in the glass. In this regard, it is critical
to note that atoms/ions need not lie within the apex of the Si-O-Si(Al) bond angles whose
flexibility they impact: even atoms that neighbor the tetrahedra on the O3 side of the O3Si-
0-Si0s linkage (or, juxtaposed with non-bridging oxygens) dramatically impact the width
of the Si-O-Si potential minimum [29].

Figure 10 shows the maximum percentage change in shear velocity depression under
pressure within a broad range of non-densified silicate glasses. Clearly, relatively modest
amounts of network-forming cations dramatically decrease the amount of maximum shear
velocity depression, but a modest velocity anomaly persists even when relatively large
amounts of network modifiers are incorporated into the glass. Notably, our interpretation
of the structural effect that suppresses the elastic minima differs subtly but significantly
from past interpretations: rather than viewing the suppression as an effect of
depolymerization, we propose that the suppression is a consequence of interactions
between network-modifying cations and the polymerized structures within the glasses. Our
analysis implicitly treats the principal effect of network-modifying cations as occupying
free volume within the glasses, and hence restricting the deformability of the surrounding
polymerized framework. The role of free volume (and its availability/occupancy) is
supported by the observation that pressure-densified silica glasses, and particularly those
densified at simultaneous high-pressure and -temperature conditions, also have the
anomalous elastic effect suppressed [31,32]. A complementary view of the trend in Figure
10 is that it reflects a continuum between polymerized systems, with ‘floppy’ connections
between comparatively rigid silica tetrahedra [33], to systems that involve higher average
coordination numbers. The higher degrees of connectivity associated with more network-
modifying cations [e.g., 34, 35] may lead to progressively less anomalous rigidities as more
highly-coordinated cations are incorporated into the glass. This continuum is likely also
relevant to tendencies in thermal expansions as well: silicate glasses with larger proportions

15
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of network-modifying cations have larger thermal expansions than the low thermal
expansion associated with fully polymerized silica, or silica-titania, glasses [36-39]. This
interpretation of velocity depression as being induced by a trade-off between connectivity
and floppy connections may also illuminate the role of irreversible densification of glasses
in eliminating these velocity minima within glasses with notably different degrees of
polymerization [2,4,7,8]. For densified glasses, it is possible that ‘floppy’ connections are
suppressed by the narrowed T-O-T angles within the irreversibly densified glasses. In this
perspective, irreversible densification may alter not only the bond angles between rigid
polymerized units, but also the interactions between the network-modifying cations and
the rigid units. Indeed, a shift in the structural role of network-modifying cations in the
pressure range in which irreversible densification occurs has been observed in MgSiOs and
CaSiOs glasses [40].

One notable aspect of Figure 10 is that it incorporates data on a wide suite of compositions
of glasses (spanning from natural alkaline earth-dominated aluminous silicate
compositions to multi-component synthetic alkali-rich compositions with silica as the sole
network former), and a number of separate high-pressure investigations with variable
densities of data sampling (for which coarser data sampling would cause a potential
underestimate in the maximum value of velocity depression). As such, despite the broad
range of compositions and studies, a gross trend of decreasing velocity anomaly with the
relative amount of non-network forming cations is observed. Clearly, the identity of
substituted cations also play a role in the magnitude of velocity depression: large alkali
cations (such as K) clearly induce smaller velocity depressions than divalent cations [13];
yet, this effect appears to be smaller than the normalized number of network modifiers
present within the glass. Thus, Figure 10 provides guidelines for, when advantageous,
tuning the composition of glasses to produce differing degrees of pressure-induced shear-
velocity depression. As an aside, although all the glasses in Figure 10 show decreased
compressional velocity slopes at low pressure, only silica, obsidian, and the two chemically
complex basalts show clearly negative initial ¥, slopes, implying that either complex
natural compositions and/or the presence of Al is critical in producing negative shifts in
the compressional velocity.
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Figure 10. Dependence of the maximum amount of shear velocity depression
(normalized to the ambient pressure shear velocity) observed in a range of silicate
glasses under compression on the number of network modifying cations (Mg, Ca,
Na, K) relative to network formers (Si, Al, Fe**) within the glass. Data for silica [2],
silica-titania glasses [12] (2 compositions), obsidian [3], water-white glass (WWG)
[5], a float glass [6], basalt [9], MgSiOs [9], and Mgo.79Feo.1Al0.1S10.9603 [9]
compositions, an oxidized Columbia River (BCR) basalt [11], a Mgo.96S11.0203
composition [7], Mg3Al2Si601s, CazAl2Si601s, NazAlSi309, K3AlSi309 compositions
[13] (MASi, CASi, NASi and KASi) and NaxFeSi30s.5 composition (this study) are
shown. The results of [10] are excluded because they did not measure ambient
pressure velocities of their samples, with their measurements initiating between 0.8
and 1.4 GPa. Where present, the oxidized Fe2O3 component is treated as a network
former in all cases. The line is an exponential fit to the data and is intended to guide
the eye. The first-order trend is associated with the network-modifier/network-
former ratio, while the horizontal variability in the plot appears to be associated with
the effect of different cations on the depression of the shear velocity [13]: the zero-
velocity depression of K3AlISi309 (KAS) relative to the depressions of the Mg-
silicate glasses illustrates this effect. The range at the top illustrates the approximate
magnitude of this cation-induced effect.
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4. CONCLUSIONS

The elastic properties of Na:FeSi3Os.s glass have been measured to pressures of 12 GPa
using Brillouin spectroscopy: our ambient pressure results incorporate both
measurements in platelet and backscattered geometry, while our high-pressure results
deploy the platelet geometry. The results demonstrate that there is a substantial decrease
in shear velocity and modulus that reaches a minimum at ~2.2 GPa. The corresponding
compressional velocity and bulk modulus (as well as the Young’s modulus) show
anomalously low positive increases up to this pressure. Hence, abundant trivalent iron (as
a network former) within this glass does not appear to markedly affect the anomalous
elastic behavior of silicate glasses under compression. The systematics of the elasticity of
a wide range of silicate glasses under pressure indicate that such anomalous decreases in
the shear velocity and modulus are correlated primarily with the ratio of the number of
network-modifiers to network-forming cations, but with substantial effects associated
with the identity of network modifying cations. This general correlation likely arises from
the effect of network-modifying cations in restricting the flexibility of the polymerized
Si-O-Si(Al) bond angles within the amorphous structures. Prospectively, this correlation
can be deployed as a guide for determining the likely magnitude of anomalous elastic
behavior within compositionally variable silicate glasses.
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