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Abstract

Pressure-induced transformations in glassy GeSe, have been studied using the x-ray absorption
spectroscopy. Experiments have been carried out at the scanning-energy beamline BM23
(European Synchrotron Radiation Facility) providing a micrometric x-ray focal spot up to
pressures of about 45 GPa in a diamond anvil cell. Both Se and Ge K-edge experiments were
performed under different hydrostatic conditions identifying the metallization onsets by
accurate determinations of the edge shifts. The semiconductor-metal transition was observed to
be completed around 20 GPa when neon was used as a pressure transmitting medium (PTM),
while this transition was slightly shifted to lower pressures when no PTM was used. Accurate
double-edge extended x-ray absorption fine structure (EXAFS) refinements were carried out
using advanced data-analysis methods. EXAFS data-analysis confirmed the trend shown by the
edge shifts for this disordered material, showing that the transition from tetrahedral to
octahedral coordination for Ge sites is not fully achieved at 45 GPa. Results of present high
pressure EXAFS experiments have shown the absence of significant neon incorporation into the
glass within the pressure range up to 45 GPa.
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1. Introduction

The behavior of amorphous—amorphous transformations
(polyamorphism) has been investigated over the years, mostly
in covalently bonded systems with open local structures, such
as amorphous forms of Si, Ge, SiO;, GeO; and ice [1-5].
Among these systems, amorphous SiO, has been the most
popular subject for studies of pressure induced polyamorph-
ism in network forming glasses, as a simple analogue to the
silicate melts which are one of the major components in the
Earth and other planetary interiors. Pressure-induced changes
in the short and intermediate range structural ordering in
simple network forming glasses have been extensively stud-
ied in the last few decades by means of various experimental
techniques such as x-ray diffraction (XRD), x-ray absorption,
Raman and Brillouin spectroscopy [1-12]. It is well estab-
lished now that the low density amorphous (LDA) to high
density amorphous (HDA) transformations in these glasses
are closely associated with some important changes in the
local and intermediate structures, such as the gradual increase
of nearest neighbor coordination numbers (CNs) (typically
from 4 to 6) and collapse of voids and empty interstitial spaces
[1,3,4,6-12].

Moreover, structure of amorphous SiO, and other geophys-
ical relevant glasses have been studied under high pressure
together with noble gases in order to verify the possible stor-
age and solubility of noble gases in silicate or other oxide melts
[8, 10, 13—19]. On the other hand, noble gases are widely used
as hydrostatic pressure-transmitting mediums (PTMs) for high
pressure experiments with diamond anvil cells (DACs) [20],
thus the effect of noble gas PTMs on the pressure response of
glassy systems needs to be clarified. Indeed, previous experi-
ments have shown that helium (He) can easily penetrate into
the structure of silica glass and strongly alter its compressibil-
ity and rigidity [8, 10, 18]. Experiments on basalt and enstatite
glasses also indicated the incorporation of neon (Ne) into the
glass structure under high pressure [15].

In the context of high-pressure investigation of glasses, the
x-ray absorption spectroscopy (XAS) represents a powerful
element selective probe to identify local structural changes
under extreme conditions (see for example [21] and refer-
ences therein). High pressure XAS investigations about glass
polyamorphism are generally performed on systems of mid-
Z elements (being Z the atomic number), such as amorph-
ous Ge [2, 7], GeO; [4, 22], and NaAlGe3;Og as a structural
analog to SiO; and other structurally complex silicate glasses
[23, 24] as well as chalcogenides [11, 12]. Compatibility of
these systems with high pressure XAS experiments provides
a unique opportunity for element-specific studies of pressure-
induced electronic and structural changes in glassy systems.
XAS spectroscopy provides accurate local structural informa-
tion and can be used to investigate possible effects introduced
by the incorporation of noble gases and other minor trace ele-
ments into the disordered systems (see for example [25, 26]).
Nowadays, high pressure extended x-ray absorption fine struc-
ture (EXAFS) experiments associated with DACs are often
performed using nano-polycrystalline diamond (NPD) anvils
[27, 28] to avoid spurious glitches that can be introduced by the

Bragg reflections from the single crystal diamond anvils. How-
ever, because of the easy diffusion of He into the NPD anvils,
Ne is so far the best PTM of choice for high pressure EXAFS
experiments performed with NPD anvils although possible
side effects due to its diffusion into the glassy materials of
mid-Z elements have never been reported.

In this work, we present a new Ge and Se K-edge XAS
study on the pressure behavior of glassy GeSe, (g-GeSe;) up
to ~45 GPa under different experimental conditions (with and
without Ne PTM). The main building blocks of the network
in these glasses are the covalently bonded GeSey tetrahedra,
which are connected either by edge or corners, as in case of its
ambient pressure crystalline phase (see figure 1). This partic-
ular composition of the Ge-Se chalcogenide glass systems has
been studied previously under high pressure by means of first
principle molecular dynamics (up to 80 GPa) [29], x-ray and
neutron diffraction (up to 16 GPa) [30, 31], and acoustic meas-
urements (up to 9.6 GPa) [32]. Experimental investigations on
the properties of g-GeSe, above 16 GPa were performed so
far only by our group using XAS measurements up to 30 GPa
[33]. In that previous study, high pressure XAS data have been
collected using dispersive geometry (at the ODE beamline of
Synchrotron SOLEIL), so with limited useful EXAFS range
and signal to noise ratio as compared to standard scanning
energy beamlines. Analysis of those dispersive XAS data have
shown two compression stages, first decrease of the first neigh-
bor Ge-Se distances up to 10 GPa then a subsequent increase
of the Ge-Se distances, bond disorder and CNs [11]. How-
ever, the expected gradual conversion from tetrahedral to octa-
hedral configuration (suggested by MD simulations in [29])
was not completed at 30 GPa. For this work, we performed
our experiments at the BM23 scanning-energy beamline at the
ESRF (European Synchrotron Radiation Facility) exploiting
its micrometer focusing capabilities for high-pressure exper-
iments with DACs. The new high-quality data allowed us to
perform a careful EXAFS double-edge analysis with the aim
of measuring the evolution of the local structure beyond the
previously investigated pressure ranges. We also compared the
pressure behavior of the g-GeSe; under different experimental
conditions, in order to assess the possible side effects of the Ne
PTM on the local structure of g-GeSe, under high pressures.

2. Experiments

Fine powders of g-GeSe, samples have been purchased from
Sigma-Aldrich (CAS number 12065-11-1, 99.999% purity).
High pressure EXAFS experiments on g-GeSe; have been per-
formed using a membrane DAC equipped with NPD anvils
[27, 28] to obtain glitch-free EXAFS spectra. Two compres-
sion runs (with and without PTM) have been performed. For
the first compression run, NPD anvils with 300 um culet size
were used. A rhenium gasket with 200 pm initial thickness was
pre-indented to a final thickness of ~45 um and laser drilled
to obtain a sample chamber of about ~170 um diameter. A
small piece of a uniform g-GeSe, pellet (with lateral dimen-
sion of about ~50 um and thickness of about ~25 um, made
by compressing the fine powders) has been placed at the center
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Figure 1. Structure of the ambient pressure crystalline phase
(monoclinic, spacegroup: P21/c) of GeSe,. Red and green balls
represent Ge and Se atoms, respectively.

of the sample chamber together with a tiny piece of gold (Au).
The sample chamber was then filled with Ne as PTM. For the
second run, NPD anvils with 150 um culet size were used. A
200 pem thick rhenium gasket was pre-indented to a final thick-
ness of ~30 um and laser drilled to obtain a sample chamber
of about ~75pum diameter. The sample chamber was filled
entirely with amorphous GeSe, powders, without any PTM
but with a small piece of gold (Au). Pressures were meas-
ured using the equation of state of Au [34]. Pressure measure-
ments using standard ruby fluorescence technique have been
avoided during the entire experimental procedures for pre-
venting the possible laser induced crystallization of the GeSe;
glass. Before each measurement, pressure was stabilized for
about 10 min.

After the sample loading into the DAC, EXAFS data have
been measured at room temperature under increasing static
pressures up to 45 GPa at the BM23 beamline of the European
Synchrotron Radiation Facility (ESRF, France) [35]. A double
crystal monochromator equipped with two Si(111) crystals
in fixed exit geometry was employed for monochromatizing
the incoming beam. The x-ray beam was focused down to
3 x 3um? using two Pt coated mirrors inclined to 4.0 mrad
in Kirkpatrick—Baez (KB) geometry that served also for har-
monic rejection. EXAFS data have been measured in trans-
mission mode (in axial geometry through the diamond anvils)
scanning through both Ge and Se K-edges at each pressure

point. Reference spectra of a g-GeSe; pellet at ambient condi-
tions have been also simultaneously measured for each XAFS
data for the purpose of edge energy calibration. XRD patterns
have also been collected for measuring the pressure from the
Au calibrant, but also to monitor sample status (amorphous or
crystal) at selected pressures. XRD measurements were per-
formed using a Pilatus 1 M detector by fixing the monochro-
mator energy at 18.0keV (0.6888 A). The sample to detector
distance, detector tilt and incident beam position were calib-
rated using a cerium oxide powder standard. No sign of crys-
tallization has been evidenced during our compression runs.

3. Results

Traditionally, the XAS spectrum is divided into two regions.
The structure in the vicinity of the edge is referred to as x-ray
absorption near-edge structure (XANES). While the oscilla-
tions above the edge, which can extend for several hundred eV
or more, are often referred to as EXAFS. These two sections
of the XAS spectra have different degrees of sensitivity to the
short and medium range structural ordering and are comple-
mentary to each other. We will present and analyze the high
pressure XAS data sets step by step, starting with the XANES
section which will be followed by the quantitative analysis of
EXAFS signals in the subsequent sections.

3.1 XANES analysis

Ge and Se K-edge XANES spectra measured along two
compression runs (with and without PTM) are compared
for selected pressure points in figures 2(a) and (b), respect-
ively. We can see that XANES spectra of both edges show
clear changes under high pressure. In both Ge and Se K-
edges, features above the white line peak (indicated by ver-
tical arrows) become broadened and gradually disappear at
about 28 GPa in substantial agreement with the trend previ-
ously observed in [11]. Because of the larger mean free path
of the low energy photo-electrons and relevance of higher
order many body multiple scattering signals, XANES fea-
tures are known to be sensitive to the pressure induced modi-
fications in the 3D atomic configurations beyond the nearest
coordination shell [36-43]. Therefore, such changes in the
XANES spectra reflect the occurrence of modifications in the
short and intermediate range structural ordering of the glass
network along the gradual LDA-HDA transformation which
takes place in the 10-30 GPa pressure range (see the next
sections). As shown in figure 2(b), Se K-edge XANES meas-
ured with and without PTM (Ne) are nearly identical in this
pressure range. At the Ge K as well, XANES data of ini-
tial (4.0-4.7 GPa) and final (44-46 GPa) pressure points are
very similar for the two different experimental conditions,
while there are minor spectral differences at intermediate pres-
sures (around 18 and 28 GPa). Similarity of the Ge K-edge
data at the initial and final pressure points indicate that the
short and intermediate range structural ordering in LDA and
HDA forms of g-GeSe, glass are the same for both exper-
imental conditions (with and without Ne PTM), suggesting
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Figure 2. Comparison of XANES spectra measured with (blue
lines) and without PTM (red lines) at few selected pressure points.
(a) Ge K-edge XANES. (b) Se K-edge XANES. Minor energy shits
of the edge energy (see figure 3) in the individual spectra are aligned
for better comparing the spectra line shapes.

the absence of observable amount of Ne in the glass struc-
ture. Minor differences in the Ge K-edge XANES at inter-
mediate pressures (18 and 28 GPa) are possibly due to small
variations in the effective pressure for the two cases, since
those are the rapidly evolving spectral features in that pres-
sure range. The observed negligible spectral differences at the
Se K-edge also excludes the presence of significant amounts
of Ne in g-GeSe, glass within the investigated pressure
ranges.

The pressure dependencies of the edge energy shift (AE,)
at Ge and Se K-edges have been evaluated for both experi-
mental runs and compared in figure 3. Here, the edge energy
(E.) is defined as usual, as the energy position of the first max-
imum in the first derivative of the corresponding XANES spec-
tra. As we can see in figure 3, Ge K-edge E. exhibits a clear
shift towards lower energies upon pressurization, while the Se
K-edge E. is constant within the estimated error bars in the
whole pressure range, in substantial agreement with what was
observed by Properzi et al in a previous study [11]. The energy
red-shift of the Ge K-edge is rather gradual in the 10-20 GPa
range, reaching typical 1.3-1.5eV values above 30 GPa. This
does not suggest a change in the oxidation state of Ge, but
rather reflects the gradual gap closure and eventual metalliz-
ation process above 10—15 GPa which was also predicted by
theoretical calculations in [29]. Behavior of the edge ener-
gies suggest that the projected density of delocalized states
near the Fermi energy has a significant overlap at the Ge sites

following the metallization accompanying the LDA to HDA
transformation.

The pressure dependencies of the edge energies follow sim-
ilar trends along both compression runs with and without Ne
PTM, suggesting the absence of significant effect from the
presence of a PTM. The measured different XANES spec-
tral line shapes at the initial and final pressure points and the
extent of the edge energy shift of the Ge K-edge (correspond-
ing roughly to the energy gap in semiconducting g-GeSe;)
are the clear manifestation of the existence of distinct polya-
morphic states in g-GeSe,, namely the semi-conducting LDA
and metallic HDA amorphous phases.

3.2. EXAFS analysis

EXAFS signals are extremely sensitive to the local atomic
structure and have been widely used as a powerful probe
for studying the short range structure of disordered systems
(glasses and liquids, see for example [21, 44]). Thanks to
the application of NPD anvils and the highly stable scanning
energy setup of the BM23 beamline, extracted EXAFS signals
were of good quality, allowing us to perform reliable struc-
tural refinements. Experimental EXAFS signals were analyzed
using standard procedures based on ab initio calculations of
the x-ray absorption cross-section within the framework of the
GNXAS method [45-47]. Taking advantage of the advanced
multi-edge refinement features of the GNXAS package [48],
Ge and Se K-edge EXAFS spectra of each pressure point have
been simultaneously analyzed by including a single Ge-Se
coordination shell in the model. Fitting parameters such as
mean atomic distances (R) and variance (0%) were obviously
constrained to be the same for both edges. Energy shift (Ey)
was floated in a narrow range (since edge energies can shift
with pressure), but fixing a lower limit for it to be above the
edge energy. S% is a quantity which takes into account many
factors, it may also change depending on the changes in the
sample (e.g. thickness, density etc). Thus, parameter S% was
also floated in a very narrow range (£0.01) around the value
which was obtained with the highest quality data at the ambi-
ent pressure. The CN of the Se was fixed to be half of the CN
of Ge, according to the known stoichiometry.

Several anomalous features in the EXAFS signal back-
ground which originate from multi-electron excitations and
imperfect absorption compensations at the platinum (coat-
ing of the KB mirrors) L-edges (where the incoming photon
flux decrease sharply) have been identified, and accounted
for within the standard GNXAS refinement procedure using
model functions [47].

An exemplary double-edge EXAFS refinement on a pair
of Ge and Se K-edge EXAFS signals measured at 15.2 GPa
is displayed in figure 4. As one can see, a good agreement
between the experimental and best-fit calculated signals is
achieved, demonstrating that reliable quantitative information
about the first-neighbor distance distribution can be obtained
from our high pressure EXAFS data. The best-fit signal here
was obtained using a Gaussian first neighbor distribution
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Figure 3. Shift of Ge and Se K-edge energies as a function of pressure measured in this work is compared with the Ge K-edge data of a
previous work [11] (green stars in figure). The pressure dependence of the edge energy shift AE.(P) = E.(P) — Ec(Py) was evaluated with
respect to the Ge and Se K-edge energies at the ambient pressure (Py). Data are reported for different pressure transmitting media (PTM) at
Ge K-edge (square and pentagons) and Se K-edge (diamonds and circles). Experiments without PTM are reported in red color while those
using Ne as a PTM in blue. Previous data (green color) of Properzi et al were collected using silicon oil as PTM [11].

function determined by three parameters, the average Ge-Se
distance Rgese, the distance variance oéeSe and the CN. The
residual signals are mainly assigned to the weak contributions
of the chemical disorder (Ge-Ge and Se—Se ‘wrong’ bonds)
which is known to be present in g-GeSe, [11]. Minor con-
tributions increasing the residual are also assigned to slightly
imperfect background modelling and to farther distance cor-
relations in the 3—4 A region. More detailed EXAFS analysis
including also the contributions due to chemical disorder are
currently in progress using the relatively higher quality data-
sets measured along the compression run without PTM and
will be reported elsewhere.

Above mentioned refinement procedures were applied for
the rest of the high pressure EXAFS data, achieving satisfact-
ory agreements between the experiment and best-fit calculated
signals, as one can see from the Fourier transforms reported
in figure 5. Note that Fourier transforms shown in figure 5
are mostly to demonstrate the goodness of the refinements,
are not necessarily instructive of the structure. (intensities and
width of the peaks in the Fourier transform depends on sev-
eral factors, such as the structural disorder, noise, interference
of the individual signals in the original EXAFS data). After
the refinements, reliable estimates for the structural paramet-
ers Rgese, aéeSe and CN were obtained, as reported in figure 6.

4. Discussion

Now we start discussing the results of the EXAFS data-
analysis. As we can see from in figure 6, evolution of the
structural parameters suggest the existence of three distinct
stages along the compression process: (i) a first stage in the
0-~11 GPa range in which the LDA local structure is com-
pressed but retained; (ii) a second transitional stage in the 11—
~30 GPa range in which a transformation from LDA to HDA
phase takes place; (iii) a third stage (30-~45 GPa) limited by
the present maximal pressure in which we observed the stabil-
ization of the HDA phase and further compression.

In particular, we have found that at the initial compres-
sion stage up to ~11GPa, the CNs of the first neighbor Ge-
Se distribution are stable around 4, while the Ge-Se aver-
age distance Rgese shows a clear decrease for increasing
pressures. Slight shortening of Rgese in this initial compres-
sion stage is a consequence of maintaining a local tetrahed-
ral ordering (around Ge atoms) while changes are expec-
ted at intermediate distances like the compaction of the
empty voids and inter-layer spacing in the glass. This pro-
cess is anyway accompanied by a slight increase of the dis-
order, as indicated by the slight rise of aéeSe as shown in
figure 6(a).
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Figure 4. Exemplary double-edge refinement for the pair of Ge (a)
and Se (b) K-edge EXAFS data measured at 15.2 GPa (data is from
the compression run with Ne PTM). Fourier transforms of
experimental and best-fit theoretical signals at the Ge and Se
K-edges were shown in panel (c) and (d), respectively.

Within the 11-30 GPa range (second stage), the average
distance Rgese is observed to elongate rapidly. Such a beha-
vior is usually regarded as an important signature of LDA
to HDA transformation process accompanied by the rapid
increase of CNs [2, 7, 23, 49], due to the fact that the average
distance needs to be larger to accommodate more atoms within
the first-shell of neighbors. Indeed, we have allowed changes
of CNs and best-fit results are reported in figure 6(c) also
showing a rapid increase within this pressure range. As can
be expected, 03, also increased simultaneously, reflecting
the drastic increase of the disorder resulting from the break-
down of a more symmetric fourfold tetrahedral coordination
into a distorted local configurations characterized by an in-
homogeneous penetration of the second neighbor atoms into
the first shell.

In the 30-45 GPa pressure range (third stage), the average
distance Rges. is observed to decrease slowly for increasing
pressures, while CNs and 0., are found to be almost stable
around their maximum values, within the estimated error bars.
Interestingly, average CNs above 30 GPa is around 5 instead
of the expected value of 6 for a fully octahedral configuration

Figure 5. Fourier transforms (k-range 4.2-9.6 A1 of the
experimental (red dots) and best-fit calculated (blue lines) EXAFS
signals at selected pressures (data are from the compression run
with Ne PTM). (a) Fourier transforms at the Ge K-edge. (b) Fourier
transforms at the Se K-edge.

at high pressures. This suggests that the glass structure in this
stage is composed of a mixture of 4, 5 and 6 fold coordinated
units. Nevertheless, saturation of 02, and gradual decrease
of the atomic distance Rgese indicates the dominance of HDA
component in the glass.

The results obtained by EXAFS data-analysis are accom-
panied by similar trends of the Ge and Se K-edge energy
shown in figure 3. in which the LDA-HDA transition is clearly
associated with a ~1.5eV red-shift of the Ge K-edge. This
value roughly corresponds to the semiconductor energy gap in
this material which is obviously absent in a metal, so confirm
the semiconductor-metal transition in this glass. On the other
hand, the observation of a stable Se K-edge energy requires
deeper investigations that will be discussed elsewhere.

As we can see in figure 6, pressure induced changes of
local structural parameters (CN, Rgese and O’éese) have similar
trends along the two compression runs (with or without PTM)
and are in qualitative agreement with previous results obtained
using silicon oil as PTM [11]. The only visible effect, espe-
cially in the trend of the Rges. distances, is a slight pressure
shift in the onset of the LDA-HDA transformation occurring
in the 10-20 GPa range between compression runs using Ne as
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Figure 6. Best-fit structural parameters obtained by EXAFS
data-analysis as a function of pressure related to the first-neighbor
distribution: O’éese (a), Rgese (b), and CN (c). Refined structural
parameters obtained in the present work without (red points,
diamonds) or with Ne (blue points, circles) as pressure transmitting
medium (PTM) are also compared to those reported by Properzi

et al in [11] (green points, stars).

PTM and those with no PTM. A similar effect is also present
in the shift of Ge K-edge shown in figure 3. Such a difference
could be mainly assigned to systematic errors in the pressure
measurements affecting especially those without PTM or with
silicon oil where non-hydrostaticity is significant. In fact, for
the compression run without PTM, the x-ray beam for EXAFS
measurements was always aligned to the center of the sample
chamber, but the pressure marker (tiny Au piece) was placed
at one side of the sample chamber. In such non-hydrostatic
conditions, it is very likely that measured pressures are sys-
tematically lower than those obtained using Ne as a PTM (vari-
ations up to 10% are quite normal). Considering those system-
atic errors of pressure measurements, the actual differences

(among different runs) in the evolution of relevant quantities
as a function of pressure can be assumed to be negligible. The
same arguments can be used also for comparing present Rgese
and CN results with those reported by Properzi et al [11] using
silicon oil as PTM, with the additional point that larger errors
in the refinements (especially on CN values) can be assigned
to the lower k-range and higher noise level typical of XAFS
data collected in dispersive geometry.

Generally speaking, the trend of the structural parameters
observed in the present work is in agreement with those in
[11], and analogous to the behavior of other glasses such as
Si0;, GeO, and GeS,; [49-51]. As one can see from figure 6,
pressure induced changes in the short range structural order-
ing in the g-GeSe, glass are similar under different experi-
mental conditions (with or without Ne PTM), supporting what
was observed from the XANES data. If there were signific-
ant amount of Ne penetration into voids and empty intersti-
tial sites, the pressure behavior of g-GeSe, in the Ne pressure
medium would be clearly different from the results obtained
without PTM, as in case of the silica glass loaded together with
He which show huge differences in the structure and compres-
sion behavior [8, 18, 52]. Moreover, presence of considerable
amounts of Ne within the glass network would change both
the XANES spectral profile and EXAFS signals, a Ne induced
contribution would be visible in both Se and Ge K-edge data.
Even if the possibility of a very minor diffusion of Ne cannot
be excluded, results of the present high pressure XAS experi-
ments confirms the absence of a significant Ne incorporation
into the g-GeSe, glass within pressure ranges up to 45 GPa.
Even though the effects of using Ne as PTM on the pressure
behavior of glasses have to be verified for individual cases, our
findings suggest that Ne can be used as PTM for high pres-
sure EXAFS experiments at least for some glasses including
g-GeSe;.

5. Conclusions

A detailed high-pressure x-ray absorption investigation of
glassy GeSe, has been presented in this work. Experiments
have been performed up to 45 GPa under different conditions,
without using PTM and using Ne as pressure medium. The
observed edge shifts at the Se and Ge K-edges for increasing
pressures allowed us to identify the metallization onsets by dir-
ect observation of a 1.5 eV red-shift at the Ge K-edge, which
occur smoothly in the 10-20 GPa range. The semiconductor—
metal transition was thus observed to happen gradually within
the 10-20 GPa, forming a stable metallic form above 20 GPa.

We also performed accurate double-edge EXAFS refine-
ments using advanced data-analysis methods (GNXAS) to
evaluate the pressure induced modifications of the first-
neighbor distribution. The observed trend in the structural
parameters is characterized by three stages of compression:
(1) a first stage up to about 11 GPa in which the tetrahedral
coordination around Ge atoms is substantially preserved; (2) a
transition stage between 11 and 30 GPa in which we observed
an elongation of the first-neighbor distances and a an increase
of coordination from 4 to about 5; (3) a third stage in which
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the local structure is substantially stable with a slight increase
in coordination.

Our EXAFS analysis added useful information to the edge-
shift determination and showed that the transition from tetra-
hedral to octahedral coordination around Ge sites is not fully
achieved even at 45 GPa. Present experiments also show that
the structural behavior of g-GeSe, under pressure is not notice-
ably affected by the presence of Ne PTM, confirming the
absence of a significant Ne incorporation into the GeSe, glass
within pressure range up to 45 GPa.
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