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Dense cloud conditions
Interstellar medium (ISM):

The fairy (Hubble Heritage Team)

• Density 103 - 106 particles cm-3, 
AV > 5, T≈10 K, mostly H2. 

• Star formation regions. 

• Molecules in gas phase and dust 
grains covered by ice mantles. 

• Chemistry in ice mantles at T≈10K 
due to : 

• Surface reactions 
• Photon and ion processing
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Circum-Stellar medium.

Ice sublimation

H2O ice
CO2 ice
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h𝜐, e-, ions

↑↑T

Hallenbeck et al. 1998
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• Infrared spectroscopy • Mass spectrometry
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Cooling system:
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Experimental set-up

Irradiation sources

• UV lamp • X-ray source

Flux ≈ 3 x 1014 photons s-1 cm-2

Flux ≈109 photons s-1
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ABSTRACT
Subject headings: ISM: molecules — UV: ISM — methods: laboratory

1. INTRODUCTION

It is widely accepted that condensation of gas phase
elements on cold dust grains leads to the formation of
ice mantles where complex molecules can be formed (?
and references therein).
A plethora of laboratory studies have been carried out

in the last few decades aimed at understanding the role of
non-radiative and radiative mechanisms in the formation
of complex molecules.
AAAAA

citare (?),
In this paper we study the chemical evolution of a

methanol (CH3OH) ice deposited onto a ZnSe window
coated with an amorphous silicate and undergoing UV
irradiation. We compare the results with that obtained
for similar ices deposited on a bare ZnSe infrared (IR)
transparent window. In Section ?? we describe the Light
Irradiation Facility for Exochemistry (LIFE) facility used
for this study. The synthesis of the silicate and the irra-
diation experiments are presented in Section ??, the re-
sults of the irradiations are in Section ??. The discussion
is in Section ?? and the relevance for the astrophysical
environments is presented in Section ??

2. THE LIFE FACILITY

The LIFE facility has been designed for studying the
chemical evolution of ices subjected to irradiation of dif-
ferent energies. LIFE includes an Ultra High Vacuum
(UHV) (⇠ 4⇥10�11 mbar) cylindrical chamber of 20 cm
diameter and 30 cm height. The pumping system con-
sists of a turbomolecular pump (BOC-EDWARDS MA-
GLEV 450 l s�1) connected to a primary pumping sys-
tem, made of turbomolecular pump (TXT 76DX - 70 l
s�1) backed up by a diaphragm pump (MPV 015 - 0.25
- 0.3 l s�1). Two cryogenic pumps of 1500 l s�1 and a
Getter pump (SAES D1000 - 1000 l s�1 for H2) are also
present. The pressure in the chamber is monitored by
an Ion Gauge (VG SCIENTIA - IGC3) working in the
range of 10�2 � 10�12 mbar.
The diagnostic instruments are a Mid-InfraRed Fourier

Transform (FTIR) Spectrometer (Bruker - VERTEX 70)
and a Quadrupole Mass Spectrometer (QMS -HIDEN
HAL/3F PIC). The IR beam is driven into the chamber
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by two external mirrors and it is reflected toward an ex-
ternal detector by another mirror placed on the opposite
side of the chamber. Two ZnSe windows are placed on
the chamber ports along the IR beam path. The mirrors
and the detector are placed in two small Plexiglas boxes
in order to keep them clean and in a dry ambient. The
boxes and the spectrometer are exposed to a dry air flux
of 30 and 300 l h�1, respectively
The QMS monitors the gas in the chamber, it covers

the range of masses 1-300 amu with a resolution of 0.5
amu.
A closed cycle Helium cryostat (COOLSTAR COLD

HEADS) which can reach a temperature as low as 10 K
ends with a golden coated sample holder in which an IR
transparent support of 12 mm diameter can be placed.
The cryostat and the sample holder are surrounded by
a copper cylindrical radiation shield. To ensure the best
thermal conductivity, Indium (purity > 99.9 %) is used
between the sample holder and the cryostat. The cryo-
stat is mounted on a rotating platform which allows the
sample holder to rotate towards di↵erent devices, point-
ing the sample toward the capillary for gas injection, the
radiation sources and the IR spectrometer. The tem-
perature is monitored with an accuracy of 0.1 K by two
Silicon Diodes, placed along the cryostat and at the sam-
ple holder. The cryostat, near the sample, is connected
to a Minco HK5321 thermoresistance which can heat the
sample to a fixed temperature while the cryostat is work-
ing. A Lake Shore 331 temperature controller connected
to the diodes and the tunable thermoresistance provides
the temperature control of the sample.
The gas-line system is made of a stainless steel cylin-

der, pumped by a turbomecular pump (Pfei↵er-HiCube
80 ECO) and connected to six empty stainless steel bot-
tles and six inlet ports through which the gasses can be
introduced into the gas line. Partial pressure of the mix-
ture components are measured with an Baratron (MKS
???) gauge and opportunely introduced in the empty
bottles. A quadrupole mass spectrometer (XXXX) is
connected to the mixing chamber through an XXXX
valve. The valve can be open and let the mixture in the
QMS analysis chamber. The gas-line is usually backed
at 120 �C, before preparing the mixtures, reaching typ-
ical vacuum values of XXXXX. In order to regular the
gas flux toward the sample holder a needle valve is con-
nected to the gas-line and to a capillary that, inside the
chamber, is directed towards the sample holder. Another
needle valve is used for corrosive gasses such as NH3.
LIFE includes a UV and an X-ray source. The

UV source is a microwave discharged hydrogen-flow
lamp (MDHL). The lamps is connected to the chamber
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Fig. 1.— Infrared spectrum of the silicate. The spectrum is that
of the layer obtained with 300 µl of solution.

through a MgF2 window. In order to collimate the UV
photons a quartz tube is used inside the chamber be-
tween the MgF2 window and the sample. A nickel mesh
placed at the end of the quartz tube is used to measure
the photon flux.
The X-ray radiation, in the range 0.3 - 10 keV, is pro-

vided by a multi-anode electron impact source.

3. EXPERIMENTS

3.1. Silicate Synthesis: an Analogue of Interstellar Dust

As substrate of the ice we use ZnSe windows coated
with an amorphous silicate that has been prepared
through the sol-gel method (e.g., ?). The procedure is
described by ? and the objective was the synthesis of
forsterite (Mg2SiO4). The infrared spectrum of the sili-
cate in Figure ?? shows the typical Si-O stretching mode
at 9.7 µm, slightly red-shifted with respect to pure SiO2
by the presence of the MgO (?). The magnesium carbon-
ate residual from the synthesis procedure is responsible
for the two bands around 7 µm (1500 cm�1). The CO2�

3
asymmetric bending mode (?) is associated to the band
at 11.6 µ (855 cm�1), see ? for more details. The peak
at about 3700 cm�1 is typical of silicates obtained with
the sol-gel procedure and is related to O-H stretching
vibrations of isolated Si-OH groups (?).
As stated by ? the synthesis of silicate by sol-gel

method produces silicates with proprieties that could
easily be expected in the space. The presence of Si-OH
groups could also be highly probable in space where wa-
ter is the main contributor of oxygen in the formation of
silicate.

3.2. The UV Irradiation Source

The irradiation source is the MDHL UV lamp, con-
nected to the chamber through an MgF2 window. The
lamp is an F type (see ?) running during the experiments
with a gas flow of pure hydrogen (H2) at a pressure of
0.4 mbar. The microwave generator run at 80 W. In this
conditions the flux is ⇠ 3⇥1014 ph cm�2 s�1. This flux is
about 2 times the value obtained by ? as the microwave
generator in our case work at a power two times higher.

TABLE 1
CH3OH Irradiation Experiments

300 µl 600 µl
Exp. N Irr. time Exp. N Irr. time

(1015 cm�2) (minute) (1015 cm�2) (minute)
S1 19.0 60 S7 21.0 100
S2 42.0 60 S8 42.1 100
S3 59.3 60 S9 57.2 100
S4 83.7 60 S10 82.0 100
S5 298.8 60 S11 293.1 100
S6 1187.7 60 S12 1185.7 100

F1 18.1 60 F7 18.7 100
F2 41.0 60 F8 36.8 100
F3 57.5 60 F9 60.5 100
F4 82.2 60 F10 79.4 100
F5 306.7 60 F11 304.9 100
F6 1190.0 60 F12 1220.9 100

3.3. Irradiation of CH3OH Ice

The experiments we describe in this paper are per-
formed at the LIFE laboratory. We irradiate pure
CH3OH (Fluka, purity > 99.9 %) ices deposited on a
ZnSe IR transparent window with and without a silicate
coating at 10 K. The experiment names, the column den-
sity of the ice samples and the total irradiation times
are summarised in Table ?? for the silicate substrate ob-
tained depositing 300 (from S1 to S6) and 600 (from S7
to S12) µl of silicate solution onto the ZnSe windows.
As comparison we also irradiate CH3OH ices of similar
thicknesses deposited on a bare ZnSe window, experi-
ments from F1 to F12 in Table ??. The column density
is computed using the band at 1026 cm�1 and the band
strength 1.8 ⇥ 10�17 cm molecule�1 (??). The errors
on the column density are of ⇠ 10%, mainly due to the
uncertainty on the band strength. During the irradia-
tion the ice evolution is monitored with the IR and QMS
spectrometers. The latter monitors the composition of
the gas in the chamber during the whole duration of the
experiments. At the end of each irradiation experiment
the ice is warmed up to 300 K at a rate of 2 K min�1.
As Table ?? shows we irradiate ice of thickness from

⇠ 20 up to 1200 ML. With an absorption cross section
for CH3OH ice of 4.4 ⇥ 10�18 cm2 (?), in the emission
range (120 - 160 nm)of the UV lamp, the absorbed en-
ergy ranges from ⇠ 99 to 10% in the 1200 and 20 ML,
respectively.

4. RESULTS

The photo-products of the irradiations are well known
in the literature and are the same for the ices deposited
on the windows with and without the silicate coating.
The behaviour of the two main photo-products, CO2

and CO, after 60 min of irradiation deposited onto the
windows with (solid line) and without (dashed line) sili-
cates is shown in Figure ?? for the 300 (left panel ) and
600 µl (right panel) substrates. In order to take into ac-
count the di↵erences in the sample thickness, each spec-
trum has been normalised to the absorbance peak of its
own CO product. The figure shows a higher production
of CO2 when the ice is deposited in the silicate. The
e↵ect being larger for thinner ices.
In order to evaluate a possible contribution of the

substrate to the CO2 and CO products, the bare

Infrared  spectrum of  the  silicate,  prepared  through  the  sol-gel  method.  This  shows  the 
typical Si-O stretching mode at 9.7 μm. The magnesium carbonate is responsible for the two 
bands around 7 μm (1500 cm−1) and the band at 11.6 μ (855 cm−1). The peak at about 3700 
cm−1 is related to O-H stretching vibrations of isolated Si-OH groups.
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Figure:  IR  spectra  of  20ML 
irradiation experiment normalized to 
the maximum value of CO peak at ≈ 
2130 cm-1
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Fig. 5.— CO2(top symbols) and CO (bottom symbols) integrated
absorbance as function of the irradiation time for the bare silicate
300 (green diamonds) and 600 µl (black diamonds), and 20 ML of
13CH3OH ice deposited onto 600 µl silicate. The 3� error is also
shown.

Fig. 6.— Infrared spectra of the 13CH3OH ice at di↵erent tem-
perature during the warm up procedure after 100 min irradiation.
The thickness of the ice sample is 40 ML.

1) Photo-desorption
2) destruction rate of methanol with and without silicate
3) correction for CO2 from silicate
4) 300 and 600 µl make a di↵erence in the photo-
products???

5. DISCUSSION

6. RELEVANCE IN THE ASTROPHYSICAL CONTEXT

The LIFE laboratory has been built with the contribu-
tion of funds from Regione Sicilia XXXX. We acknowl-
edge support from INAF through the Progetto Premi-
ale: A Way to Other Worlds” of the Italian Ministry
of Education, University, and Research, and by the Au-
tonomous Region of Sardinia, Project CRP 26666 (Re-
gional Law 7/2007, Call 2010).

REFERENCES

Aguiar, H., Serra, J., Gonzlez, P. & León, B. 2009, JNCS, 355, 475
Ciaravella, A., Cecchi-Pestellini, C.,Chen Y.-J., Muñoz Caro,
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Chu, C.-C. , Yih T.-S. , Ip, W.-H. & Wu C.-Y. R., 2014, ApJ,
781, 15
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ABSTRACT

The processing of energetic photons on bare silicate grains was simulated experimentally on silicate films
submitted to soft X-rays of energies up to 1.25 keV. The silicate material was prepared by means of a microwave
assisted sol–gel technique. Its chemical composition reflects the Mg2SiO4 stoichiometry with residual impurities
due to the synthesis method. The experiments were performed using the spherical grating monochromator
beamline at the National Synchrotron Radiation Research Center in Taiwan. We found that soft X-ray irradiation
induces structural changes that can be interpreted as an amorphization of the processed silicate material. The
present results may have relevant implications in the evolution of silicate materials in X-ray-irradiated
protoplanetary disks.

Key words: evolution – methods: laboratory: solid state – X-rays: ISM

1. INTRODUCTION

From circumstellar regions of relatively high density where
they form, dust grains are ejected into the general interstellar
medium. There, they may evolve in response to the interstellar
radiation and particle fields and to chemical reactions with
interstellar atoms and molecules, changing their chemical
composition and physical structure. Clues about the nature of
dust grains are obtained by the numerous astrophysical spectra
that invariably identify metal (primarily magnesium and iron)
silicate compounds and carbonaceous matter. Silicate grains,
whichtend to dominate dust emission in many astrophysical
environments, are observed in the cold neutral medium, in
comets and protoplanetary disks, and perhaps even in the far
distant universe (e.g., Dwek et al. 2014). In the diffuse
interstellar medium, silicate materials are predominantly
amorphous, while crystalline silicates, whose composition is
mostly magnesium-rich—forsterite (e.g., Juhász et al. 2010)—
represent less than 2% in terms of mass (e.g., Min et al. 2007).
Crystalline silicates are frequently observed toward young
stars, indicating that in situ formation by thermal annealing or
shocks may have occurred (Ábrahám et al. 2009).

The dust grains that are originally incorporated into
protoplanetary disks are essentially of interstellar nature, but
have been severely modified by the filter of star formation.
Silicate evolution in disks is obviously determined by the
changing physical conditions during the evolving disk lifetime.
A key question is the extent of such processing that is
imprinted in growth, crystallization, and settling of dust grains.
Surprisingly, as derived from Spitzer observations, no correla-
tion between the degree of crystallinity in silicate dust and
either stellar or disk characteristics hasbeen evidenced (e.g.,
Oliveira et al. 2013). However, a few years ago Glauser et al.
(2009) showed the existence of an anticorrelation between the
stellar X-ray activity and the dust crystalline mass fraction,
implying dust amorphization in the disk atmospheres. In fact, if
the processes affecting the dust within disks have short
timescalesand occur constantly,other relations between

crystallinity and disk/star parameters could be washed out.
According to Glauser et al. (2009),the inferred amorphization
of silicate dust cannot be ascribed straightforwardly to X-rays,
but demands an indirect explanation because X-rays carry too
little momentum to damage the crystalline structure of the
solid. These authors pointed out that stellar wind ions at the
disk surface may dominate the whole process.
To validate such a scenario, we consider the effects induced

by soft X-ray irradiation on iron-free magnesium silicate
materials produced through a sol–gel technique. In the sol–gel
process, microparticles or molecules in a solution (sol)
agglomerate and under controlled conditions eventually link
together to form a coherent network (gel). Generally sol–gel
samples are more highly ordered than vapor condensates. We
choose to irradiate not pure crystalline solids in order to
preserve the interstellar nature of silicates. Other mechanisms
acting on the structure of cosmic silicate analogs are thermal
annealing (Hallenbeck et al. 1998), and exposure to ultraviolet
radiation, electrons, and ions (Yen et al. 1999; Demyk
et al. 2001, 2004; Carrez et al. 2002; Bringa et al. 2007).
We used synchrotron light at the National Synchrotron

Radiation Research Center (NSRRC) in Taiwan. Synchrotron
sources are ideal because of their high intensity and wide
wavelength coverage. In Section 2 we describe the synthesis of
the silicate, its characteristics, and the irradiation experimental
setup. The changes in the solid due to the irradiationand the
response to such changes in the infrared spectrum are
describedin Section 3. The last section contains a discussion
of the results in the astrophysical contextand our conclusions.

2. SYNTHESIS AND IRRADIATION OF SILICATES

The silicate material was prepared by means of a sol–gel
method (e.g., Hench & West 1990). In order to obtain forsterite
silicates (Mg2SiO4), the appropriate amount of the two
precursors, hydrated magnesium nitrate ( )Mg NO 6H O3 2 2 and
the tetraethyl orthosilicate (TEOS) Si(OC2H5)4,was dissolved
in ethanol. The hydrolysis of the TEOS and the precipitation of

The Astrophysical Journal, 828:29 (5pp), 2016 September 1 doi:10.3847/0004-637X/828/1/29
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the mixed oxide started upon dropwise addition of a 10M
(moles per liter) solution of NaOH. To speed up the
condensation process,the mixture underwent 50 s of micro-
wave irradiation using a conventional 180W microwave oven.
Filtering and washing with distilled water was performed to
remove Na+ and -NO3 ions.

To investigate the structure of the silicate, a portion of the
obtained powder was calcinated at 800°C and analyzed through
X-ray diffraction (XRD) that showed a pattern attributable to
forsterite (Mg2SiO4) and enstatite (MgSiO3) with a perovskite
structure;see Figure 1. The original silicate suspension was
deposited on a ZnSe window of 2.5 cm diameter with a spin-
coater devise. The silicate on the window is non-homoge-
neously distributed, as is clear in the scanning electron
microscopy (SEM) picture shown in Figure 2. The maximum
thickness of the silicate film over the ZnSe window is
about ∼10 μm.

In Figure 3 the infrared spectra of the silicate deposited on
the ZnSe window shows the frequency of the Si–O stretching
mode to be at 9.7 μm, slightly redshifted with respect to pure
SiO2. As shown by Jäger et al. (2003), the shift increases with
the MgO content. The bands around 7 μm are related to
magnesium carbonate (Jäger et al. 2003) residual from the
synthesis procedure, whichinvolves an organic precursor
being subsequently dried in air. Its presence was ascertained
by the X-ray photoelectron spectroscopy of the material
showing a C 1s peak at around 290 eV. The amount of this
contamination was not enough to be detected by XRD analysis.
The band at 11.6 μm can be ascribed to the -CO3

2 asymmetric
bending mode (Aguiar et al. 2009),consistent with the
presence of the 7 μm band. In silicates produced through gas-
phase condensation methods in the presence of water traces, the
O–Si–H groups can be responsible for 4.5 and 11.6μm bands
(Sabri et al. 2014 and references therein). The lack of the
4.5 μm band in our sample implies that the 11.6 μm cannot be
associated with the O–Si–H groups. Alternatively, such a band
has been assigned to Si2O3 (Nuth & Donn 1982 and references
therein). However, the formation of Si2O3 requires specific
conditions that are not present in the sol–gel method exploited
in this work. Synthesis of Si2O3 may occur through precursors
such as Si2Cl6 (e.g., Belot et al. 1991) or from controlled

oxidation of silicon nanowires (Bashauti et al. 2012). The
shoulder at∼2.7 μm (∼3670 cm−1) is due to non-associated
Si–OH contaminants (Morimoto et al. 1999).
The experiments were performed in 2015 November at the

NSRRC, using the soft X-ray BL08B beamline providing the
broadband (250–1250 eV) emission spectrum reported in
Figure 4. The window coated with silicates was placed in the
ultrahigh vacuum chamber Interstellar Photo-process System

Figure 1. X-ray diffraction peak intensities of the silicate after calcination
at 800°C.

Figure 2. SEM image of the synthesized silicate. The region marked by the
vertical arrow is the ZnSe window onto which the material has been deposited.

Figure 3. Infrared spectra of the silicate at 100 K before the irradiation.

Figure 4. X-ray emission spectrum in the range 250–1200 eV. The photon rate
in the figure is that for the high flux irradiation.
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Figure.  SEM  image  of  the  synthesized 
silicate.  The  region  marked  by  the  vertical 
arrow is  the  ZnSe  window onto  which  the 
material has been deposited. 

Figure. Infrared spectra of the silicate 
at 100 K before the irradiation. 
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(see Chen et al. 2014 for details), inside the sample holder in
contact with a closed-cycle He cryostat (CTI-M350). We
performed the experiments twice with different samples of the
same synthesized material. The first sample was irradiated
using three different photon rates, weak (W, 1.67×1013

photons s−1), medium (M, 6.88× 1014 photons s−1),and high
(H, 1.39×1015 photons s−1), while the second was processed
using only the H rate for the same total energy dose. Table 1 lists
the irradiation sequence for the first window. The three columns
give the irradiation step, the total irradiation time(in minutes),
and the total impinging energy(in eV)at the end of each
irradiation step. The penetration depth of the X-ray photons
depends on their energy. If we consider a pure forsterite, photons
of 400, 700, and 1200 eV penetrate ∼0.27, 0.31, and 1.3μm,
respectively. Thus, the impinging spectrum is totally absorbed
within the first 1.3μm.

A wide X-ray spot was obtained locating the sample about
1m away from the X-ray focus. A copper mask with a central
hole of the same size as the X-ray spot provided infrared
spectra of the irradiated portion only. Since the X-ray-
illuminated area is 0.06 cm2, the exploited maximum dose is
∼1023 eV cm−2.

The samples were placed at 45° from the X-ray and infrared
beams, cooled to 100 K (to simulate an intermediate position
within a protoplanetary disk),and kept at constant temperature
during the irradiation. The vacuum inside the chamber during
the irradiations was 3×10−10 mbar. Infrared spectra of the
silicates were taken at the end of each irradiation step. After the
irradiation, the sample was warmed up to 300 K at a rate of
2 K minute−1.

3. RESULTS

Figure 5 shows the evolution of the infrared spectrum of the
material at 100 K during the irradiation experiment. The black
curve is the spectrum of the unprocessed sample (as in
Figure 3).

The spectra in blue, orange, and green are those obtained
after the irradiation with weak, medium, and high fluxes,
respectively,as listed in Table 1. The spectra for the second
silicate sample show a similar behavior. X-ray irradiation
affects more severely the bands at 2.7 and 9.7 μm. A significant
decrease of the first is most probably due to the loss of the OH
group, as suggested by the photodesorption of the masses 1 and
16 detected by thequadrupole mass spectrometerduring the
irradiation. The Si–O stretching mode profile becomes weaker
and broader. The band peak position also shows a redshift

displacement of about 0.2 μm. The effects of the X-rays on the
silicate band increase with the deposited energy. The largest
jump between the bottom blue and the top yellow profiles
corresponds to the largest difference (about a factor of6) in the
deposited energy;see Table 1. Figure 5 shows a saturation of
the profile modifications with the deposited X-ray energy. The
modifications of the line profile caused by the X-rays are
permanent.

4. ANALYSIS OF THE SILICATE EVOLUTION

The difference between the infrared spectrum after each
irradiation step and the sample spectrum for the Si–O stretching
band is shown in Figure 6. Blue, orange, and green, as in
Figure 5, correspond to weak, medium, and high X-ray rate
irradiations, respectively. While the peak at 9.7 μm decreases,
its shoulder around 10.7 μm increases with the irradiation. The
drop at 11.6 μm indicates a small decrease in the carbonate
feature as well.

Table 1
Irradiation Sequence at 100 K

Exp. Total Irr. Time Total Energy
(minutes) (1020 eV)

W1 10 0.2
W2 20 0.3
W3 30 0.4
M1 40 2.5
M2 70 9.6
M3 100 16.2
H1 110 21.3
H2 120 26.6
H3 150 42.2
H4 170 55.7

Figure 5. Infrared spectra of the silicate. The black line is the silicate spectrum
before irradiation. The blue, orange,and green lines are the spectra after the
irradiations with weak, medium, and high X-ray rates, respectively.

Figure 6. Infrared difference spectra obtained subtracting from the spectra after
each irradiation step the spectrum of the silicate sample. The blue, orange,and
green lines are the difference spectra for the irradiations with weak, medium,
and high X-ray rates, respectively.
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The black line is the silicate spectrum 
before  irradiation.  The  blue,  orange, 
and green lines  are  the  spectra  after 
the  irradiations  with  weak,  medium, 
and high X-ray rates, respectively. 

Infrared  difference  spectra  obtained 
subtracting from the spectra after each 
irradiation  step  the  spectrum  of  the 
silicate sample.
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• Sample • After Irradiation

The best fit of the 9.7μm band was obtained with six components. The components at 
∼9 and 9.5 μm decrease with the irradiation time, while those at ∼9.9 and 10.9μm 
increase, becoming about 25% wider at the end of the irradiation.
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•An increment of CO2 formation was observed over Mg2SiO4 substrate.  

•Part of this CO2 excess could be justified by MgCO3 decomposition  

•   MgO + CO2       ————>      MgCO3  

•   MgCO3 + h𝛎      ————>      CO2 + MgO 

•Catalytic effect of Mg2SiO4? 

•  Soft X-ray irradiation does modify the structure of the silicate sample. We thus 
interpret the variations as a loss of the residual order of the silicate sample rather 
than a local ordering due to thermal annealing. 

•The observed effect is not related to the occurrence of overlarge local electron 
densities. We explored two orders of magnitude in the X-ray photon rate and we 
did detect changes in the band profile even for the lowest irradiation step.


