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a b s t r a c t

New amorphous solutions MgySiO2þy-XH2 with the magnesium concentration varying from y¼ 0 to
y¼ 0.88 were synthesized at a hydrogen pressure of 75 kbar and a temperature of 250 �C, followed by
quenching to the temperature of liquid nitrogen. The quenched samples were studied by thermal
desorption, X-ray diffraction and Raman spectroscopy. The X-ray diffraction study showed that all hy-
drogenated samples preserved the amorphous state and had no crystalline inclusions. At the same time,
the positions of the first sharp diffraction peak (FSDP) of the samples with y¼ 0.32 and 0.6 were shifted
by DQ¼ 0.14Å�1 after the hydrogenation thus signaling on changes in the amorphous network and even
its small depolymerization.

According to the thermal desorption analysis, the hydrogen content X of the quenched MgySiO2þy-XH2

samples nonlinearly decreased with increasing concentration y of the magnesium ions Mg2þ from
X¼ 0.600(3) at y¼ 0 to X¼ 0.259(3) at y¼ 0.88. The samples with y� 0.49 evolved a significant portion
of the dissolved hydrogen on heating in vacuum above 0 �C therefore showing a higher thermal stability
than the hydrogenated silica and silicates with low magnesium concentrations. Raman spectroscopy
demonstrated that hydrogen was dissolved in all samples in the form of H2 molecules, and the width of
the H2 stretching line narrowed approximately four-fold with increasing magnesium concentration. Both
this effect and the changes in the H2 desorption kinetics presumably resulted from the decreasing
dispersion in the size of silicate cavities in the amorphous matrix, which changes from the silica glass
structure at y� 0.32e0.49 to the close-packed enstatite glass structure at higher magnesium
concentrations.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Among different types of hydrogenated substances, there is one
that does not have a name yet. In the solid solutions and com-
pounds of this type, hydrogen is present in the form of H2 mole-
cules, which are weakly bound to the host structures by Van der
Waals forces. Earlier, the only representatives of hydrides of this
typewere hydrogen hydrates, such as the sII clathrate phase (5.6wt
% H2) [1] and C2 phase (10wt % H2) [2]. These hydrates were
thoroughly investigated and the sII phase was even proposed as
material for hydrogen storage [3].

Our recent studies revealed a considerable solubility of
hydrogen in amorphous silica reaching 1.8wt % H2 (or a molar ratio
nko).
H2/f.u. of X¼ 0.53) at a hydrogen pressure of 75 kbar and a tem-
perature of 250 �C [4]. Thus, the hydrogenated silica became the
second example of concentrated solid solutions of molecular
hydrogen.

Adding 0.6 mole of MgO to the silica network decreased the
hydrogen solubility at P¼ 75 kbar in the amorphous silicate
Mg0.6SiO2.6 to X¼ 0.31 [5]. On the other hand, the obtained amor-
phous compound Mg0.6SiO2.6-0.31H2 showed a higher thermal
stability in vacuum than SiO2-0.53H2 and evolved most of its
hydrogen only after heating above 0 �C. Our studies by X-ray
diffraction and Raman spectroscopy also showed [5] that the
amorphous silicate network of the hydrogenated Mg0.6SiO2.6 un-
dergoes a phase transition at 55 kbar, whereas the hydrogen dis-
solved in the amorphous silica prevents any changes in its structure
at pressures up to 75 kbar [4]. Additionally, the stretching mode of
H2molecules in the hydrogenatedMg0.6SiO2.6 samples proved to be
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considerably narrowed both before and after the phase transition
compared to that in the hydrogenated silica glass.

It seems worth mentioning here, too, that results of high-
pressure high-temperature studies of the interaction of amor-
phous magnesium silicates with hydrogen could appear important
for planetology and geophysics. For example, the magnesium sili-
cates with Mg/Si from 0.7 to 2.4 in the amorphous formwere found
in the circumstellar dust of the evolved stars [6]. Such an amor-
phous dust compressed and heated by the gravitational forces
together with hydrogen (the most abundant element of the Uni-
verse) could undergo the reactions playing a key role in the birth
and first stages of evolution of planetary systems.

The present paper reports on the hydrogen content (X), network
transformations, hydrogen state (atomic or molecular) and thermal
stability of amorphous compounds MgySiO2þy-XH2 with
y¼ 0e0.88 loaded with hydrogen at P¼ 75 kbar and T¼ 250 �C.
Each hydrogenated sample was rapidly cooled (quenched) from
250 �C to the N2 boiling temperature and only warmed above this
temperature when its hydrogen content was measured by hot
extraction in vacuum. The quenched samples were studied by X-ray
diffraction and Raman spectroscopy at ambient pressure and
T¼�188 �C.
Fig. 1. Thermal desorption curves of the MgySiO2þy-XH2 samples synthesized at
P¼ 75 kbar and T¼ 250 �C and heated in vacuum at a rate of 20 �C/min. The curve for
the hydrogenated amorphous silica (y¼ 0) is from Ref. [4].
2. Materials and methods

The silica glass was purchased from SigmaeAldrich. Powders of
the amorphous magnesium silicates were produced by a sol-gel
method followed by sintering at 700 �C as described in Ref. [7].
According to results of the energy dispersive X-ray spectroscopy
(EDX), the magnesium concentrations in the initial silicate samples
MgySiO2þy thus produced were y¼ 0, 0.136, 0.32, 0.49, 0.6 and 0.88.
These initial samples were examined by X-ray diffraction at room
temperature on the Oxford diffraction equipment using Mo Ka
radiation.

The hydrogenation of the silicates and silica glass was carried
out in a Toroid-type high-pressure apparatus [8] using AlH3 [9] or
NH3BH3 [10] as an internal hydrogen source. The high-pressure cell
was made of Teflon and the silicate and hydrogen source were
separated by a Pd foil. To evolve hydrogen, AlH3 or NH3BH3 was
decomposed at P¼ 15 kbar by heating to T¼ 250 �C. The pressure
was then increased and the silicate sample was exposed to an H2
atmosphere at P¼ 75 kbar and T¼ 250 �C for 24 h and further
rapidly cooled (quenched) to�196 �C to prevent hydrogen losses in
the course of the subsequent pressure release. The molar ratio
X¼H2/f.u. of the samples was determined with an accuracy of
dX¼ 0.03 by hot extraction into a pre-evacuated volume [11].

The hydrogenated samples were stored in liquid nitrogen and
further studied at ambient pressure by Raman spectroscopy at the
liquid N2 temperature and by X-ray diffraction at T¼�188 �C. In
view of the strong luminescence background from the powdered
amorphous silica, we eventually switched to bulk samples of silica
glass.

Raman spectra from the hydrogenated and initial samples were
recorded in back-scattering geometry using a micro-Raman setup
Table 1
Positions (Q), half-widths (D½) and integral intensities (I) of peaks in the X-ray diffractio

MgySiO2þy Q1 Å�1 D½ Å�1 I1 a.u. Q2 Å

y¼ 0 1.579 0.510 1.40 4.92
y¼ 0.136 1.735 0.666 1.08 4.74
y¼ 0.32 1.832 0.811 0.84 4.62
y¼ 0.49 1.815 0.832 0.80 4.52
y¼ 0.6 1.869 0.905 0.75 4.36
y¼ 0.88 1.889 0.978 0.61 4.53
comprised of an Acton SpectraPro-2500i spectrograph and a CCD
Pixis2K detector system cooled down to�70 �C. Themeasurements
were performed near the liquid nitrogen temperature in the
spectral range from 140 to 4500 cm�1. The 532 nm line of a single-
mode YAG CW diode pumped laser was focused on the sample by
an Olympus 50�objective in a ~2 mm diameter spot that was
slightly defocused due to the light refraction in the nitrogen vapors.
The spatial resolution was also ~2 mm and the spectral resolution
varied between 2.3 and 4.1 cm�1. The laser line was suppressed by a
super-notch filter with the optical density OD¼ 6 and bandwidth
~160 cm�1, while the beam intensity before the samplewas ~5mW.

The quenched samples were also studied by powder X-ray
diffraction at ambient pressure and �188 �C using a Siemens D500
diffractometer equipped with a home-designed nitrogen cryostat
that permitted loading metastable powder samples without their
intermediate warming.
3. Results

The initial samples were shown to be amorphous and contain no
crystalline inclusions. The positions, half-widths and integral in-
tensities of the observed diffraction peaks are shown in Table 1. The
obtained parameters vary from sample to sample, which indicates
significant changes in the amorphous structure of the silicates
caused by the varying Mg concentration. The first sharp diffraction
peak (FSDP) gradually shifts from Q¼ 1.58Å�1 for pure SiO2 to
1.89Å�1 for Mg0.88SiO2.88 due to the structural changes in the
amorphous matrix of the samples with increasing magnesium
concentration.

Fig. 1 depicts thermal desorption curves of the MgySiO2þy-XH2
samples hydrogenated at P¼ 75 kbar. All samples start evolving
hydrogen at a temperature near �187 �C. The pressure of the
n patterns of the initial MgySiO2þy samples. Room temperature, Mo Ka radiation.

�1 D½ Å�1 I2 a.u. Q3 Å�1 D½ Å�1

0 1.416 0.124 6.55 e

3 1.357 0.173 6.5 e

0 1.417 0.181 6.4 e

4 1.297 0.191 6.35 e

0 1.296 0.170 6.2 0.76
0 1.176 0.240 6.35 e
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released gas gradually increases with increasing temperature
within the whole studied interval of T� 500 �C. A few percent of
the resulting pressure is however due to the evaporation of water
and other gases condensed inside the quartz ampule in the course
of loading the sample in the measuring system at the N2 temper-
ature. To eliminate this unwanted effect, the final value of the
hydrogen content was calculated from the gas pressure remaining
in the measuring system after condensing the impurity gases by
cooling the ampoule with the sample to the liquid nitrogen
temperature.

The shape of the desorption curves for the MgySiO2þyeXH2
samples depends on the magnesium concentration (y). The curves
for the samples with y¼ 0.136 and 0.32 look similar to the curve for
SiO2-H2. Most of the hydrogen is released from these samples at
temperatures below 0 �C. In contrast, the MgySiO2þy-H samples
with higher magnesium concentrations y¼ 0.49, 0.6 and 0.88
release most their hydrogen at temperatures well above 0 �C.

The total amount of hydrogen released from each MgySiO2þy-
XH2 sample heated in vacuum to 500 �C is presented in Fig. 2 as a
function of the magnesium concentration y. The horizontal error
bars indicate the inaccuracy in determining the magnesium con-
centrations by EDX.

As seen from Fig. 2, the hydrogen content of the bulk sample of
silica glass (X¼ 0.60) is higher than that of the powder one
(X¼ 0.53). Most likely, this is because the concentration of the
larger interstitial voids accessible for hydrogen is higher in the bulk
silica glass produced by quenching from the melt than in the
powder of amorphous silica produced by the sol-gel method. Such
an assumption agrees with results of earlier Raman studies [12],
which established different type distributions of the Si-O-Si rings in
the samples of amorphous silica produced by the above methods.

As one can also see from Fig. 2, the X(y) dependence for the
MgySiO2þy-XH2 samples steeply decreases in the concentration
interval 0.32< y< 0.49. Our further studies of the quenched sam-
ples by Raman spectroscopy showed that the amorphous states of
the MgySiO2þy-XH2 silicates with y� 0.32 and y� 0.49 were
significantly different.

According to [4], the incorporation of hydrogen molecules into
Fig. 2. The total hydrogen content X of the MgySiO2þy-XH2 samples as a function of the
magnesium concentration y. The open blue circle shows the hydrogen content of the
bulk silica glass. The solid red circles stand for the hydrogen contents of the powder
samples. The data for the powder sample of hydrogenated amorphous silica (y¼ 0) is
taken from Ref. [4]. The horizontal error bars shows the inaccuracy in the magnesium
concentrations determined by EDX. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)
the amorphous network of SiO2 reduced its compressibility and
prevented the collapse of the voids at pressures up to 75 kbar. This
effect manifested itself in the absence of any detectable shift of the
first sharp diffraction peak FSDP in the X-ray spectra of a sample of
silica glass after its hydrogenation at high pressures. In contrast,
hydrogenation of amorphous Mg0.6SiO2.6 at hydrogen pressures
above 55 kbar resulted in a considerable shift of its FSDP from 1.84
A to 2 Å�1, and this shift was mostly caused by an irreversible
densification of the silicate. A similar shift of FSDP was also
observed for the amorphous Mg0.6SiO2.6 compound pressurized in
Teflon without hydrogen.

The present X-ray diffraction study (Fig. 3) showed that the
FSDP in the structure factor S(Q) of the quenched Mg0.32SiO2.32-
0.5H2 sample is also shifted by DQ¼ 0.14Å�1 relative to its position
in the initial compound. The shift is approximately the same as in
the hydrogenated Mg0.6SiO2.6 compound [5], while the hydrogen
content of Mg0.32SiO2.32-0.5H2 is close to that of the hydrogenated
amorphous silica, which demonstrated no shift [4].

The incorporation of magnesium cations is known to lead to
destruction of the Si-O-Si chemical bonds, thus depolymerizing the
three-dimensional silica network and changing its elastic moduli.
We therefore expect that even a small addition of magnesium
cations should noticeably reduce the stability of silica glass under
pressure and outweigh the effect of dissolved hydrogen on the
compressibility of the silica network.

The influence of depolymertization of the silica network on the
dissolved hydrogen was studied by Raman spectroscopy. Fig. 4
shows the collected Raman spectra of the hydrogenated silicates
MgySiO2þy-XH2 measured at frequencies from 200 to 4400 cm�1 at
ambient pressure on the samples submerged in liquid nitrogen.

The increase in the magnesium concentration reduces the in-
tensities of the wide band at 350e500 cm�1 and a band at
800 cm�1. In contrast, the intensity of the band at 800e1200 cm�1

strongly increases in the samples with high magnesium concen-
trations y� 0.49. None of the spectra shows noticeable Raman in-
tensity in the frequency range 1200e1400 cm�1, where an
unidentified vibrational band was earlier observed in the spectrum
of amorphous Mg0.6SiO2.6-0.31H2 [5]. Presumably, that band could
result from the boron nitride condensed on the surface of the hy-
drogenated sample after decomposing NH3BH3 [13] used as the
Fig. 3. Structure factors S(Q) for the amorphous silicate Mg0.32SiO2.32 before (dashed
blue line) and after (solid black line) its hydrogenation to X¼ 0.5 at 75 kbar and 250 �C.
The presented X-ray data were collected at ambient pressure and T¼�188 �C using Cu
Ka radiation. (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)



Fig. 4. Raman spectra for the MgySiO2þy-XH2 samples loaded with hydrogen under a hydrogen pressure of 75 kbar and T¼ 250 �C. The black thick lines represent the experimental
spectra collected at T¼�196 �C and ambient pressure. The thin green lines show the peaks produced by decomposition of the H-H stretching bands into Gaussians or Lorentzians.
The thick red lines embody the resulting groups of Gaussians or Lorentzians. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 5. Relative integral intensities of the Lorentzians and Gaussians resulting from the
decomposition of the H2 stretching bands in the Raman spectra of the quenched
MgySiO2þy-XH2 samples. The symbols indicate the frequencies and relative areas (in-
tegral intensities) of the Lorentzians and Gaussians. The horizontal bars show the full
width at half peak (FWHP) of the corresponding Lorentzians and Gaussians. The ver-
tical dashed line indicates the average frequency of the narrow peaks (see text).
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hydrogen source in Ref. 5.
The presence of a band in the frequency range 4150e4250 cm�1

(right panel of Fig. 4) characteristic of stretching H-H vibrations
shows that hydrogen was dissolved in the form of H2 molecules in
all investigated samples. The measured Raman spectra also include
rotational lines of the H2 molecules at 326 and 597 cm�1 in the
hydrogenated silica glass and at 348 and 586 cm�1 in the magne-
sium silicates (left panel of Fig. 4).

As seen from Fig. 4, the stretching H-H band of the SiO2-H2
sample can be well approximated by twowide Gaussian peaks. The
bands from the magnesium-containing samples have a more
complicated shape and obviously contain a few lines with different
frequencies and widths. The green lines in Fig. 4 show the Lorentz
or Gaussian peaks obtained by decomposition of the H-H stretching
bands. The bands in the spectra of the samples with y¼ 0.136 and
0.32 were decomposed into Gaussians as those for the silica glass.
In the case of the samples with y� 0.49, the Lorentzian expansion
was more appropriate. The H-H stretching peak of the sample with
the highest magnesium concentration y¼ 0.88 could not be accu-
rately fitted by any combination of Gaussians or Lorentzians andwe
approximated it by one Lorentz dominating line at 4169 cm�1.

Fig. 5 shows relative intensities vs. frequencies for the Lor-
entzians and Gaussians obtained by fitting the experimental H-H
stretching lines. The Lorentzians and Gaussians can roughly be
divided into two groups: wide peaks with the average width
D¼ 44± 15 cm�1 and narrow peaks with D¼ 10± 2 cm�1. As seen
from Fig. 5, the frequencies of the wide peaks significantly change
with increasing magnesium concentration, while their intensities
gradually decrease until these peaks nearly vanish at y¼ 0.88. The
narrow peaks are absent in the Raman spectra of hydrogenated
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silica glass. They appear at 4169 and 4178 cm�1 in the spectrum of
the hydrogenated silicate with the minimal Mg concentration
y¼ 0.136 (see right panel of Fig. 4) and their positions nearly do not
change in the spectra of the silicates with higher y. The average
frequency 4174 cm�1of these peaks is shown by the vertical dashed
line in Fig. 5.

The sums of the relative intensities of the wide and, separately,
of the narrow peaks are shown in Fig. 6 as functions of the mag-
nesium concentration in the hydrogenated silicates. As seen in
Fig. 6, the integral intensities of the wide peaks gradually decrease
with increasing Mg concentration, while the integral intensities of
the narrow peaks increase, so that only one narrow peak remains at
4169 cm�1 in the spectrum of the sample with the maximal
y¼ 0.88.

It is worth noting that these effects are concomitant with the
gradual disappearance of the band of bending vibrations of the SiO2
network at 300e500 cm�1 and rising intensity of the Si-O-Si
stretching band at 800e1200 cm�1. According to the literature
data [7], cations of alkaline earth elements incorporated into the
silica network depolymerize it by breaking or weakening oxygen
bridges between the SiO4 tetrahedrons. The resulting inhomoge-
neous framework contains both isolated SiO4 clusters and clusters
partly linked by one, two, three or four oxygen atoms. Corre-
spondingly, the Raman stretching band of the MgySiO2þy amor-
phous compounds is wide and includes frequencies from 850 cm�1

for the isolated SiO4 tetrahedrons (Mg2SiO4 glass) to 1200 cm�1 for
the continuous SiO4 network (pure silica glass) [14].

4. Discussion

The amorphous network of the silica glass is known to consist of
different types of voids accessible for hydrogen molecules [15].
Earlier Raman investigations performed on the silica glass samples
with low hydrogen concentrations (X¼ 0.03) showed that the
interaction of the H2 molecules with the silica “walls” of interstices
leads to the appearance of one broad Lorentz stretching band at
4142± 2 cm�1 with the width D ~ 25 cm�1 [16]. Using the width of
this band, the size of H2 molecules and their thermal velocity, the
authors of [16] made an estimate of 7 Å for the average dimensions
of the voids occupied by hydrogen.

The stretching band of the SiO2-XH2 sample with X¼ 0.6
measured in the present work (see Fig. 5) is well approximated by
Fig. 6. Sums of the integral intensities of the narrow (open diamonds) and wide (solid
squares) decomposed H-H lines vs. the magnesium concentration in the MgySiO2þy-
XH2 samples.
two Gauss peaks with the frequencies 4176 and 4195 cm�1 and
widths D¼ 32.5 and 40.4 cm�1, respectively. The increase of these
widths in comparison with D ~25 cm�1 for the SiO2-XH2 sample
with a much lower X¼ 0.03 studied earlier [16] is likely to be due to
the penetration of hydrogenmolecules into new types of voids with
different H2-SiO2 interaction. In view of the high hydrogen content
of our sample, broadening of its vibrational bands due to the
interaction between hydrogenmolecules cannot be excluded either
because of the possible multiple occupancy of some voids by two or
more closely located H2 molecules. Multiple occupancy of large
voids by H2 molecules was earlier observed in the sII clathrate
structure of hydrogen hydrates [1].

We can think of two possible explanations of the abrupt nar-
rowing of the H-H stretching band at the magnesium concentra-
tions exceeding y> 0.32 in the MgySiO2þy-XH2 samples. One
possibility is that a considerable part of the dissolved hydrogen
formed strong chemical bonds with the host network, so that only
vibrations of the H2 molecules occupying large voids and loosely
bound to the matrix could form the H-H stretching band. However,
the Raman spectra showed no bands of the Si-H, Si-OH or Mg-OH
stretching vibrations in the corresponding frequency regions. This
suggests that the concentrations of these species in the quenched
samples were below the detection limit of 2e3mol. % of the
spectroscopic technique used.

Another and a more likely explanation can be deduced from the
fact that the abrupt narrowing of the H2 stretching band is
accompanied by the abrupt decrease in the hydrogen content of the
MgySiO2þy-XH2 samples fromX ~0.5 at y� 0.32 to X ~0.3 at y� 0.49
(see Fig. 2). This signals on strong qualitative changes in the
amorphous network of the initial MgySiO2þy samples in the con-
centration interval 0.32� y� 0.49.

It is known [17] that silica glass has voids constructed of 3e12
membered Si-O-Si rings. The distribution of the rings over different
fractions has amaximum for the 6-membered rings. In contrast, the
amorphous network of the enstatite glass MgSiO3 has only voids
constructed by two, three, four, five and small amount of six-
membered Si(Mg)-O-Si(Mg) rings [17]. The distribution of the
rings in MgSiO3 is much narrower than in silica glass and has a
maximum at the 4-membered rings. The voids constructed of the
3- or less-membered rings are inaccessible for hydrogen because
their diameter is smaller than that of the H2 molecule (2.5 Å) [15].
Consequently, only voids formed by the 4, 5 and 6-membered rings
are accessible for H2 molecules in the structure of MgSiO3. Such a
limitation should reduce the hydrogen solubility and lead to a
smaller width of the H-H stretching band in the Raman spectrum of
this compound because the interaction of hydrogenmolecules with
the walls of interstices in MgSiO3 should be less variable than in the
silica glass.

Additionally, the small volume of the most abundant voids
formed by the 4-membered rings in MgSiO3 does not allow them to
accommodate more than one H2 molecule. This kills the H2-H2
interaction because the interaction between the hydrogen mole-
cules located in different voids is effectively screened by the silicate
neighborhood. As a result, the width of the H-H stretching band is
further reduced.

The steep increase in the integral intensity of the narrow H-H
stretching peak at y> 0.32 (see Fig. 7) also points to qualitative
changes in the amorphous network of the MgySiO2þy compounds.
To show this, consider a simple model of amorphous hydrogen
solutions MgySiO2þy-XH2 consisting of clusters of the two limiting
compounds, SiO2H1.2 and Mg0.88SiO2.88H0.52. Among the silicates
studied in the present work, Mg0.88SiO2.88 has the composition
closest to the enstatite glass and should therefore have a similar
voids distribution. Assuming the intensity I of the narrow peak to
be proportional to the total amount of H2 molecules in the



Fig. 7. The experimental (symbols) and calculated (dashed line) relative integral in-
tensities of the narrow H-H stretching lines vs. the magnesium concentration in the
MgySiO2þy-XH2 samples. The thick solid line is a guide for the eyes. The horizontal
error bars shows the inaccuracy in the magnesium concentrations. The inaccuracy in
the relative integral intensity of the narrow peaks is less than the symbol size.
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enstatite-like Mg0.88SiO2.88H0.52 clusters, this gives:

IðyÞ ¼
�
1þ Xs

Xe
$
1� Ye
Ye

��1
; (1)

where Xs¼ 0.6 and Xe¼ 0.26 are the hydrogen contents of the
silica-like and enstatite-like clusters; Ye¼ y/0.88 is the concentra-
tion of the enstatite-like clusters.

Dependence (1) is shown in Fig. 7 by the dashed line. The
calculated curve satisfactorily agrees with experiment at y� 0.49.
The negative difference between the calculated and experimental
values can easily be explained under the assumption that the for-
mation of the Mg0.88SiO2.88H0.52 clusters is accompanied by an in-
crease in the concentration of magnesium cations in the silica glass
network. The latter decreases the number of the enstatite-like
clusters and does not induce significant structural changes in the
silica matrix, because at low concentrations, the cations predomi-
nantly occupy large voids in it and sit on the positions most distant
from the oxygen atoms [17].

However, at y> 0.32, the experimental I(y) values begin to
rapidly increase, so that the I(0.6) point appears much above the
calculated curve. Such a steep increase in the intensity of the nar-
row peak could only occur if the amorphous structure of the
samples as a whole undergoes a transition to the enstatite-like
structure at 0.32< y< 06. Such a transition also explains the
steep decrease of the hydrogen solubility in amorphous MgySiO2þy
silicates from X ~0.5 at y� 0.32 to X ~0.3 at y� 0.49 (Fig. 2).

Thus, both Raman spectroscopy and hydrogen solubility mea-
surements demonstrate that the MgySiO2þy-XH2 amorphous com-
pounds with the low (y� 0.32) and high (y� 0.49) magnesium
concentrations have significantly different structures, which are
similar to the initial structures of the silica glass and enstatite glass,
respectively. The different thermal stability of the hydrogenated
silicates with y� 0.32 and y� 0.49 (see Fig. 1) also corroborates the
conclusion about the qualitatively different structures of these two
groups of amorphous silicates.
5. Conclusions

Newamorphous solid solutionsMgySiO2þy-XH2with y¼ 0e0.88
are synthesized at a hydrogen pressure of 75 kbar and studied by
thermal desorption, X-ray diffraction and Raman spectroscopy. The
hydrogen content of the hydrogenated powder samples decreases
from X¼ 0.60 at y¼ 0 (pure SiO2 glass) to X¼ 0.26 at y¼ 0.88. The
decrease in the X(y) dependence is most steep in the interval
0.32< y< 0.49 that divides the samples into two groups, which
have lower and higher magnesium concentrations and differ from
each other by thermal stability and Raman spectra. The behaviors of
the samples with y� 0.32 are similar to those of the H2 solid so-
lutions in pure silica glass. The samples with y� 0.49 all behave
similar to the solid solutions with the maximal magnesium con-
centration y¼ 0.88. As discussed in the paper, the differences in the
properties of the two groups of hydrogenated silicates could be
attributed to the different structures of the initial amorphous
compounds MgySiO2þy. Namely, the compounds with y� 0.32 are
similar to silica glass, whereas the compounds with y� 0.49 have
structures characteristic of the enstatite glass MgSiO3.

A common property of the solid solutions MgySiO2þy-XH2 with
y� 0.32 is their irreversible densification at a hydrogen pressure of
75 kbar and T¼ 250 �C. This distinguishes magnesium silicates
from pure silica glass, which is irreversibly compacted under these
pressure and temperature if compressed in a large-molecule me-
dium [18], but experiences no irreversible structural changes in a
hydrogen atmosphere [4]. Most likely, this is a partial depolymer-
ization of the silica glass structure caused by the dissolved mag-
nesium cations, whichmakes the structure of the silicates and their
hydrides less resistant to pressure.
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