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Abstract. In this study, we employ molecular dynamics simulations to develop a large model (19,998 atoms)
of liquid SiO, at 3500 K. We construct models at different pressures in the 0-100 GPa range using the
Beest—Kramer—Santen (BKS) potential and periodic boundary conditions. The goal is to detail the structural
transition from the polyamorphic liquid state of SiO; to the crystalline stishovite form, which occurs between
45 and 60 GPa. We analyse the polyamorphic state of liquid SiO; by examining the formation of SiO, clusters
from 2 to 60 GPa. Beyond 60 GPa, the pair radial distribution functions (PRDFs) for Si-O, O-O and Si-Si display
multiple peaks, indicating the crystalline phase. This observation is further supported by examining the bond
angle distribution, the fraction of SiO, units and OSi, linkages, Si—O bond lengths within SiO, units, structural
visualisations and the analysis of ring statistics in the liquid SiO system, all of which underscore the comprehensive

changes in the structure of the system.
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1. Introduction

In recent decades, glass and liquid silica (SiO,) have
garnered significant attention from researchers due to
their diverse applications in engineering materials and
their relevance in earth sciences [1-7]. Grasping the
densification mechanisms within this material is essen-
tial for addressing questions related to crystallisation,
the development of ceramics with enhanced tough-
ness and the composition of the Earth’s upper and
lower mantle boundaries [8,9]. Molecular dynamics
simulations (MDS) are used to explore the equilib-
rium interface between the high-density liquid (HDL)
and low-density liquid (LDL) phases of silica [10].
The investigation reveals a transition from fragile to
strong dynamics across the silica HDL-LDL interface.
Dynamic property analysis uncovers three distinct types
of dynamical heterogeneity merging at this interface.
Furthermore, crossing from the HDL to the LDL side
significantly increases the Si/O coordination number
ratio, marking a narrow zone where there is consid-
erable mixing between the HDL and LDL phases.
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During compression, liquid SiO, simultaneously har-
bours both low-density and high-density phases. The
scale of these phase regions is notably affected by the
degree of compression applied [11]. The polymorphic
phenomenon of liquid systems under compression is not
exclusive to silica; other compounds like beryllium flu-
oride (BeF») [12], germania (GeO;) [12-14], alumina
(Al,O3) [15], boron trioxide (B,O3) [16], the mixture
of yttrium oxide and aluminum oxide (Y,03-Al,03)
[17], etc. also exhibit this behaviour. Besides MDS, the
ab-initio method is an extensively applied tool to anal-
yse microstructural evolution during solidification and
structural phase transformations [18-21].

Despite numerous investigations into the crystallisa-
tion of glass SiO» and the polyamorphism of liquid SiO»,
the detailed mechanism underlying the structural phase
transition from the polyamorphic state of liquid SiO»
to crystalline stishovite SiO; has not yet been clarified.
Especially, the ring statistics of liquid SiO; are still in
question. This study aims to shed light on the complex
transition. Furthermore, by employing MDSs, we have
developed a liquid SiO, model comprising an expan-
sive atomic ensemble of 19,998 atoms. This substantial
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increase in the number of atoms allows for amore refined
and higher quality research model than those limited to
only a few thousand atoms, enhancing our ability to dis-
cern the intricacies of the structural phase transitions in
Si0O;.

2. Methodology

In this work, the MDS is conducted on a model consist-
ing of 19,998 atoms, out of which 6,666 atoms are Si
and 13,332 atoms are O, utilising the Beest—Kramer—
Santen (BKS) potential and periodic boundary condi-
tion. This potential is extensively applied to examine
silica in both liquid and glass states [22-25]. Details
regarding the BKS potential utilised can be found
in [26]. In this study, the Verlet algorithm is employed
with a time-step of 0.48 fs. The process begins with a
random distribution of particles within the simulation
box, which is subsequently heated to 6000 K to elimi-
nate the initial configuration (to ensure that the model
does not depend on the initial configuration). Following
this, the system is sequentially cooled at a cooling rate of
2.5 K/ps to temperatures of 5000, 4500 and 4000 K with
relaxation at each temperature stage and eventually, to
3500 K. When reaching the final temperature of 3500 K,
the system undergoes an extended relaxation phase for
107 MD time-steps within the NPT ensemble, resulting
in the formation of the liquid SiO, model in an equi-
librium state at ambient pressure (0 GPa). The model is
then compressed to achieve the desired pressures from
0 to 100 GPa. Each model is analysed by averaging the
data collected from the last 1000 MD steps. For struc-
tural analysis, calculations are made for Si—O, O-O and
Si-Si bond length distributions, Si—O-Si and O-Si—O
bond angle distributions, the proportions of SiO, units
and OSi, linkages, SiO, cluster formation, formation of
edge- and face-sharing linkages and the statistics of ring
structures under varying pressures.

3. Results and discussion

3.1 The bond lengths of Si—0, O-0 and Si—Si
under compression

To understand the structural phase transition during the
compression process, this study focusses on the local
structure of the —Si—~O— network, the short-range order
(SRO) and the intermediate-range order (IRO) under
compression. Figure 1 illustrates the variations in the
pair radial distribution functions (PRDFs) of Si-O, O-O
and Si-Si as pressure is applied. The IRO is analysed
based on the formula 277 /Q where Q is the position of the
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first sharp diffraction peak [27]. At ambient pressure, the
first peaks of the Si—O, O—O and Si—Si PRDFs are found
at 1.60,2.63 and 3.11 A, respectively, aligning well with
the findings from prior research [22,28-30]. As pressure
escalates, the first peak of the Si—O PRDF remains rel-
atively stable in position (i.e., location of the first peak
remains relatively stable), yet its height diminishes and
the full-width at half-maximum (FWHM) expands, indi-
cating a reduction in SRO.

Above 60 GPa, the presence of multiple peaks in the
PRDFs for Si—O, O—0O and Si-Si suggests a phase tran-
sition from the polyamorphic state [15] of initial liquid
SiO» to a crystalline phase. As pressure increases, the
first peak in the O—O PRDF shifts to the left continu-
ously, while the first peak in the Si—Si PRDF splits into
two distinct sub-peaks starting at 60 GPa. This division
in the Si—Si PRDF can be attributed to the emergence of
edge-sharing and face-sharing bonds under high pres-
sure (see table 1), alongside changes in the Si—O-Si
angle distribution caused by the formation of OSi3 units.
As both liquid and glass SiO, exhibit a random, con-
tinuous network characteristic of polyamorphism, the
transition from liquid SiO» to glass SiO, with increas-
ing pressure is not delineated by changes in the PRDFs
for Si-O, Si-Si and O-0O. However, during crystallisa-
tion, the IRO of the crystal network markedly diverges
from the continuous random network, enabling the iden-
tification of the crystallisation phase between 45 and
60 GPa in liquid SiO;. The emergence of numerous
peaks in the PRDFs of SiO; also aids in elucidating the

Table 1. Distribution of the number of bonds per one Si**
ion. N, is the number of corner-sharing bonds, N, is the
number of edge-sharing bonds and Ny is the number of
face-sharing bonds

Pressure (GPa) N, N, Ny
0 2.01 0.02 0.00

2 2.13 0.08 0.00

5 2.28 0.19 0.01

7 2.40 0.26 0.01
10 2.50 0.37 0.02
15 2.68 0.54 0.03
20 2.86 0.63 0.05
25 2.96 0.73 0.04
30 3.03 0.82 0.06
45 321 1.00 0.08
60 3.83 1.04 0.02
80 3.93 1.02 0.01
100 3.87 1.07 0.02
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Figure 1. PRDF of Si-O, O-O and Si-Si at different pressures.

crystallisation process of glass SiO», though for glass
Si0;,, crystallisation occurs under significantly lower
pressures which is below 35 GPa [31-34].

Figure 2 presents a comprehensive analysis of the
pressure-dependent variations in the number of SiO, (x
=4, 5, 6) fundamental units and OSi, (x = 2, 3, 4) link-
ages. At ambient conditions, the system predominantly
comprises SiO4 tetrahedral units, which tend to form
networks mainly via bridging oxygen atoms which are
associated with the OSi; linkages. By applying pressure,
a remarkable transition occurs within this network. The
SiO4 units, initially the majority species, experience a
substantial decline in their relative fraction while the
fraction of SiOs and SiOg units increase. In the case of
SiOs, the fraction reaches the maximum value of about
50% at 15-20 GPa, followed by a strong decrease. At
100 GPa, SiOs units are virtually absent from the sys-
tem. Conversely, the fraction of SiO4 units exclusively
decreases and the fraction of SiOg units exclusively
increases. The trends of SiO4 and SiOg are mirrored in
the behaviours of OSiy and OSiy linkages, respectively,
whereas OSi3 linkages consistently remain below 5%
throughout the entire pressure range. The pronounced
change in the gradients of SiOy4, SiOs, SiOg, OSiy and
OSiy4 at 60 GPa is indicative of a significant structural
transformation occurring within the system at this pres-
sure threshold.

Insights into the structure of SiO, are also derived
by analysing bond angle distributions in O-Si—O and
Si—O-Si. These angles illuminate the internal atomic
arrangement and the inter-unit connectivity within SiO,,

respectively. Bond angle distributions under compres-
sion in SiO4, SiO5 and SiOg units are detailed in
figure 3. At ambient pressure, the SiO4 units have a
peak of 109°, which is close to the value of 107 £
2°[22,26]. In SiO, glass, these values are in the range
109.5-109.7° [35-39]. The observation shows that the
0O-Si-O angle in ideal SiO4 tetrahedra forms an ideal
tetrahedrally bonded random network. At higher pres-
sure, the bond angle distribution slightly shifts to the
left, indicating that the tetrahedra distorts due to ten-
sion. For SiO5 and SiOg, the angle distributions peak at
around 90°. However, in SiOg, there is another peak at
around 167°, suggesting distinct structural characteris-
tics. Under compression, the O—Si—O angle distribution
of SiOy4 slightly shifts to the left, reaching the value
of around 105° at 30 GPa. The O-Si—O angle distribu-
tion of SiOs remains unchanged at different pressures.
In SiOg, two peaks are more pronounced from 60 GPa
than their shapes at low pressures and the FWHM is nar-
rower. Along with the PRDF distribution of Si—O, Si—Si
and O-O (see figure 1), the system at 60 GPa primarily
consists of SiOg (see figure 2).

When the structural transitions of liquid SiO, under
different pressures are explored, particularly through the
lens of Si—O-Si bond angles within the OSi, linkages (x
=2, 3,4) as depicted in figure 2b, we observe a nuanced
interplay between pressure, bond angle distribution and
structural transformation. At ambient pressure, the dis-
tribution of Si—O-Si in OSi; linkages manifests Si—O-Si
bond angles around 145°, which is in good agreement
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Figure 2. The fraction of SiO, (x = 4, 5, 6) units (a) and OSiy (x = 2, 3, 4) linkages (b) at different pressures.

with the previous work [22]. This configuration under-
goes a small shift towards 140° at 30 GPa, hinting at the
initial stages of structural rearrangement. Contrastingly,
the Si—O-Si bond angle distributions of OSiz and OSiyq
linkages at similar pressures present a broader spectrum.
The absence of a definitive peak in OSi3 linkages sug-
gests the transition towards more complex geometries
that bridge tetrahedral and higher-coordinated struc-
tures. OSiys linkages, with a notable peak near 100°,
signal a significant emergence of six-fold coordinated
SiOg. The transition observed at pressures exceeding
60 GPa, marked by the shift from a singular to dual
peak distribution in Si—O-Si bond angles at 100° and
131° for OSi3 and OSi4 linkages, underscores a signif-
icant reconfiguration of the SiO, molecular network.
The reduction in the Si—O-Si bond angles contributes
to shorter Si—Si bond lengths, which in turn increases
the Coulomb repulsion force [26] between the two Si
atoms [34]. This escalation in repulsive forces leads to
an elongation of Si—O bond lengths. Consequently, the
Si—O-Si bond angle distribution’s dual peaks in OSi3
and OSiy4 lead to the splitting of the first peek of Si—Si
PRDF into two different sub-peaks (see figure 1).

At ambient pressure, the liquid SiO» consists of
SiO4 units connected to others by corner-sharing bonds.
When pressure increases, the edge-sharing and face-
sharing bonds appear (see table 1) and contribute to form
the —Si—O- network and the relative fractions of those
bonds also depend on pressure. At pressures exceed-
ing 60 GPa, the first peak of the Si—Si PRDF split into
two distinct sub-peaks, located at 2.59 A and 3.05 A, as
depicted in figure 1. This is attributed to the emergence
of edge- and face-sharing bonds under high-pressure
conditions. The interplay between the average bond
lengths of edge- and face-sharing linkages and the split-
ting of the first peak is corroborated by many works,
ranging from SiO; [40] to GeO; [41] and other various
SiO;-based materials [42—44]. Figure 4 illustrates the

bond length distribution across the three types of bonds.
At 100 GPa, the mean bond lengths of corner-sharing,
edge-sharing and face-sharing bonds are determined to
be 3.12, 2.72 and 2.53 A, respectively. These measure-
ments reveal a direct correlation between bond lengths
and the splitting of the Si—Si PRDF first peak in high-
pressure environments. In particular, the lengths of the
edge- and face-sharing bonds correspond to the first sub-
peak, whereas the length of corner-sharing bonds aligns
with the second sub-peak. The slight deviation of the
second sub-peak from the peak position associated with
corner-sharing bond lengths is attributed to the super-
position of bond length distributions among these three
bond types.

Stishovite, a highly studied phase of silica, features
a distinctive SiOg octahedral structure, setting it apart
from other silica polymorphs with its denser silicon and
oxygen atom arrangement [32]. This tetragonal struc-
ture is notable for its six-coordination of Si atoms [34],
a contrast to the four-coordination observed in quartz
and similar silica forms, presenting a more compact
formation. In liquid SiO;, the proportion of SiOg units
significantly increases as pressure rises (see figure 2).
The distribution of Si—O distances within SiOg, shown
in figure 5, centres around 1.69 A. It is observed that
with increasing pressure, the peak of the Si—O distance
distribution becomes more pronounced. The Si—O bond
lengths within SiOg at pressure in a range of 60—100 GPa
are more stable than those at lower pressures, contribut-
ing to the formation of a more orderly stishovite crystal
structure. The emergence of SiOg units plays a crucial
role in the crystallisation of SiO, under compression, as
evidenced in studies [45,46]. In [47], a SiO; glass sam-
ple is compressed across a range of 0—100 GPa [47]. The
coordination number of Si in the glass transitions from
4 to 6 at pressures between 20 and 35 GPa, maintaining
this six-fold coordination up to 100 GPa. This change
aligns with observations of six-coordinated SiO, under
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Figure 3. O-Si—O bond angle distributions in SiO4, SiOs and SiOg units (left) and Si—~O-Si bond angle distributions in OSij,
OSi3 and OSiy (right).
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compression, suggesting that the stishovite crystallisa-
tion phase initiates at 35 GPa [48]. Notably, the Si-O
distance in SiO; glass at this pressure is approximately
1.71 £ 0.2 A, which is closely in agreement with the
Si—O distance in SiOg units at 60 GPa of liquid SiO;
in this study. Due to the higher pressure applied, the
Si—O distances in SiOg units of liquid SiO» at the phase
transition pressure are longer than those in glass SiO».
Based on these observations, we propose that the initial
liquid SiO, system transforms into a polymorphic state
and subsequently transitions into a stishovite structure
at 60 GPa.

Figure 6 shows the partial snapshot of the SiO, system
under compression. In the range 0—45 GPa, the structure
of the system appears disordered. However, a signifi-
cant transformation is observed as the pressure increases
from 60 to 100 GPa, where the system exhibits a marked
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increase in orderliness. This transition underscores the
progression towards the crystalline formation, serving
as acompelling piece of evidence that supports the emer-
gence of a more structured and organised phase within
the SiO, system under high-pressure conditions. This
sequence of changes effectively illustrates the dramatic
shift from a disordered to an ordered state, reinforcing
the understanding of how pressure influences the struc-
tural dynamics and crystallisation process of SiO».
The distribution of SiO, cluster sizes plays a pivotal
role in the investigation of polymorphism within a given
system [49,50]. Table 2 illustrates how the SiO, cluster
sizes vary across pressures ranging from 2 to 60 GPa.
At 2 GPa, the majority of SiO4 units are interconnected,
forming a large cluster comprising 18,447 atoms, along
four isolated SiOy4 units (five atoms each). The SiOs
clusters are relatively smaller, with a maximum size of
100 atoms. Twenty-one isolated SiOg units are present at
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Table 2. Distribution of SiO,-cluster size at different pressures. N is the number of clusters and Ny is the number of atoms

per one cluster.

2 GPa 5 GPa 10 GPa 15 GPa 30 GPa 60 GPa
N Nat Nei Nat Nei Nat Nei Nat Nei Nat N Nat
Distribution of SiO4 cluster size
4 5 34 5-10 282 5-10 486 5-10 391 5-10 14 5
1 18,447 2 11-20 35 11-20 93 11-20 18 11-20
1 16,064 15 21-30 42 21-30 5 21-30
1 33 11 31-40
1 41 11 41-50
1 52 23 51-100
1 168 5 101-300
1 9537
Distribution of SiOs cluster size
269 6-10 181 6-10 49 6-10 13 6 32 6-10 115 6-10
89 11-20 72 11-20 8 11-20 1 11 7 11-20 31 11-20
26 21-30 21 21-30 3140 1 14,398 1 13,328 2 21-30
15 31-40 13 31-40 12,417 2 41-50
8 41-50 4 41-50
6 51-100 13 51-100
8 101-700
1 2678
Distribution of SiOg cluster size
21 7 116 7 231 7 165 7 16 7 1 19,718
20 11-20 86 11-20 80 11-20 1 11
1 24 21 21-30 31 21-30 5 13
12 31-40 14 31-40 1 13,319
1 47 18 41-50
1 50 14 51-100
1 66 12 101-300

2 GPa. With an increase in pressure, the large SiO4 clus-
ters fragment into smaller parts, leading to the formation
of larger SiOs and SiOg clusters. The largest SiO4 cluster
diminishes significantly in size with increasing pressure,
from 16,064 atoms at 5 GPa to just 30 atoms at 30 GPa.
By 60 GPa, SiOy4 clusters are absent, leaving behind 14
isolated SiO4 units. For SiOs clusters, the size peaks at
14,398 atoms at 15 GPa, indicating the highest relative
fraction of SiOs in the system, as depicted in figure 2,
before sharply declining to 50 atoms at 60 GPa. The
maximum size of SiOg clusters shows a small increase at
pressures up to 15 GPa. At 30 GPa, the largest SiO5 clus-
ter consists of 13,319 atoms. The pronounced change
in the sizes of SiO4, SiO5 and SiOg units under pres-
sures from 2 to 60 GPa and their non-uniform spatial

distribution contribute to the system’s polymorphism.
Intriguingly, at 60 GPa, all the SiOg units are inter-
connected to form a single cluster, which supports the
notion that the crystallisation process concludes at this
pressure.

3.2 Phase transition determined by density

Liquid SiO, comprises two distinct states, or phases: a
low-density phase and a high-density phase [51-53].
The low-density phase features a network structure
primarily formed through OSi; linkages and the high-
density phase features a network structure built around
OSi3 linkages. As pressure increases, there is a
notable increase in OSi3 linkages, leading to more
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Figure 7. The density of SiO; is calculated based on (i) sim-
ulation data (size of simulation box and the number of atoms),
(ii) eq. (1).

edge-shared links within the structure. This pressure-
induced increase in edge-sharing linkages causes
changes in the intermediate-range order (IRO) of the
network structure of the liquid SiO».

In the regime of applied compressive forces, SiO2
exhibits a continuous phase transition from a lower-
density configuration predominated by OSi, linkages
to a higher-density configuration predominated by OSi3
linkages [15,54]. In the system, OSi4 linkages account
for a small percentage (see figure 2). Therefore, to sim-
plify the calculation, we ignore the existence of OSiy
linkages. Figure 7 shows the variation of the density
of the model with pressures. The density of SiO; is
about 2.4 g/cm® at 0 GPa and around 4.9 g/cm’ at
100 GPa. In the previous work [55,56], for the melt SiO;
at the temperature range 1900-2200 g/cm?, the density
of Si0», p =2.508—2.13 x 10* T (g/cm?), in which T
is measured in Celsius. The structural constitution of lig-
uid SiO; is an admixture of both low and high-density
motifs within the interval. The density-specific struc-
tural networks are characterised by the predominance
of either OSiy or OSis linkages, with OSi, indicative
of the low-density phase and OSi3 of the high-density
phase. The density (p) of the SiO, system at a given
pressure is quantifiable via the ratio of OSi; and OSi3
linkages as given in the following relation:

Psystem = C2po1L + C3pH, (D

where C, and C3 represent the fractional presence of
OSi, and OSi3 linkages, respectively and p; and pg
correspond to the densities intrinsic to the low- and high-
density states [15]. The density of the system depends
not only on the respective fraction of OSip and OSij3
but also on the arrangement of SiO, (x = 4, 5, 6) basic
units in the network [57]. The fit of the simulation data
to eq. (1) is accurate, effectively capturing the phase
transition of the system. The density of SiO; at 60 GPa
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is approximately 4.6 g/cm? in the simulation, closely
aligned with a value of 4.7 g/cm? from the fitting data.
These densities approach the value 4.9 g/cm? observed
at 100 GPa, indicating the completion of the phase tran-
sition from polyamorphic to crystalline state at around
60 GPa.

3.3 Ring statistics of the —Si—O— network

To have a better understanding of the structural trans-
formation of the —Si—O— network, we also analysed the
ring statistics of the system under compression. The net-
work is conceptualised as an undirected graph, with each
atom representing a node. This framework allows for
a detailed examination of the network’s connectivity,
identifying paths as sequences of nodes and bonds con-
nected in succession without overlaps [44]. The study of
rings within such networks utilises a variety of defini-
tions [58-65], each offering a distinct perspective on the
network’s structure and properties. These methodolo-
gies differ in their approach to identifying and counting
rings, which can lead to small variations in the cal-
culated ring statistics. For this study, we employ the
no-shortcut path criterion and its associated algorithm
as introduced by Matsumoto et al [64]. This criterion is
selected for its effectiveness in discerning ring structures
within the —Si—O- network, defining an n-fold ring as
a configuration consisting of nSi atoms and nO atoms.
This methodological choice facilitates a targeted analy-
sis of the network’s ring structures, allowing for a deeper
understanding of its geometric and physical characteris-
tics. By adopting this approach, we contribute to a more
comprehensive understanding of the network’s struc-
tural intricacies.

Figure 8 presents an in-depth analysis of the Si-Oring
statistics in liquid SiO, under compression, focussing
on rings up to a maximum size of 12, comprising 24
atoms (12 oxygen and 12 silicon atoms). At ambient
pressure, the predominance of sixfold rings is notably
high. This observation is consistent with the findings in
vitreous SiO, systems [63—-66]. The predominance of
the six-fold rings in both liquid and glass states can be
attributed to the continuous random network structure
formed by the fundamental SiOy4 tetrahedral units that
characterise both the glass and liquid states of SiO,.
The distribution of Si—O ring sizes exhibits a Gaus-
sian shape at ambient pressure, which is closely tied
to the distribution of Si—O-Si and O-Si—O bond angles
within the structure. These angles play a crucial role in
the system’s energy minimisation, influencing the over-
all shape of the ring statistics. The formation of twofold
rings (or edge-sharing bonds) and threefold rings occurs
through the shortening of the Si—Si distance, elongation
of the Si—O bond and adjustments in the Si—O-Si and
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Figure 8. Si—O ring statistics under compression.

0-Si-O angles, aimed at reducing the system’s energy.
Consequently, these smaller rings represent only a minor
fraction of the total. Larger rings, specifically those with
5, 6 and 7 members, display peak O—-Si—O bond angle
distributions approaching 109°, indicative of nearly per-
fect tetrahedral configurations. Therefore, the five-, six-
and seven-fold rings have the highest distribution in the
system [66]. As pressure escalates, the large rings break
down into small rings. There is a marked increase in the
number of edge-sharing linkages (see table 2), leading
to a significant rise in the prevalence of twofold rings
between 0 and 15 GPa. Between 15 and 45 GPa, fivefold
rings become predominant, while threefold rings dom-
inate the range 60—100 GPa, accounting for 50-60%
of the observed structures. The maximum ring size
decreases from 12-fold at 0 GPa to sixfold at pressures
exceeding 60 GPa. The dramatic change in ring statis-
tics, particularly between 45 and 60 GPa, underscores a
strong structural phase transition from polyamorphism

to the crystalline stishovite phase of the initial liquid
Si0, model.

In the context of glass SiO,, experimental data indi-
cate a significant structural evolution with pressure,
highlighted by the predicted and observed increases
in the occurrence of two-, three- and four-fold rings
[67,68]. Raman spectroscopy studies of glassy SiO»
under pressures ranging from 8 to 30 GPa [68] signifies
a notable shift in the structural topology of the mate-
rial. Comparatively, in crystalline stishovite [69], the
dominance of two-, three- and four-fold rings mirrors
the Si—O ring statistics observed in the high-pressure
liquid SiO, system of this study. From this compre-
hensive analysis, we deduce a crystallisation process
occurring between 45 and 60 GPa, marking a transi-
tion from polyamorphism to the crystalline structure of
stishovite in the initial liquid SiO, model, thus highlight-
ing a critical pathway in the understanding of SiO;’s
behaviour under extreme conditions.
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4. Conclusion

This study advances our understanding of the struc-
tural transformations and crystallisation mechanisms
in liquid SiO; under high-pressure conditions. Signifi-
cant insights have been obtained by closely examining
the local —Si—O- network structure and IRO through
MDS. The investigation reveals a complex transition
from polyamorphic liquid SiO; to crystalline stishovite,
highlighted by the evolution of Si-O, O-O and Si-Si
PRDFs under varying pressures. Notably, the structural
transformation is most apparent in the pressure range
of 5-60 GPa, where the system transitions through
phases characterised by SiO4, SiOs and SiOg units,
eventually stabilising in an octahedral network indica-
tive of stishovite formation beyond 60 GPa. The analysis
of bond lengths, bond angles and coordination num-
bers under compression sheds light on the underlying
mechanisms of silica’s phase transition. The emergence
of SiOg units and the corresponding changes in the
Si—O-Si and O-Si—O bond angle distributions provide
comprehensive evidence of silica’s transition towards
a more ordered and crystalline phase under high pres-
sure. The ring statistics of SiO, under compression
reveal a clear transition in the structural configuration of
—Si—O- network, emphasising the dominance of sixfold
rings at ambient pressure due to the continuous random
network formed by SiOy4 tetrahedral units. Upon com-
pression, a notable shift towards fivefold rings up to
15 GPa and subsequently threefold rings dominating
at pressure from 60 to 100 GPa, indicates a signifi-
cant structural phase transition. This shift is especially
pronounced between 45 and 60 GPa, marking the tran-
sition from polyamorphism to a crystalline stishovite
phase. The polyamorphic state of liquid SiO» is analysed
by the formation of SiO, clusters at a pressure below
60 GPa. Experimental data further support this crys-
tallisation process, highlighting a crucial understanding
of behaviour of SiO; liquid under extreme pressure con-
ditions. This insight into the pressure-driven structural
phase transitions provides a deeper comprehension of
the crystallisation dynamics and the intricate behaviour
of liquid SiO,. MDS and explorer discover analysis in
this work can be applied to other glassy oxide systems
such as germania and glassy silicate systems.
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