Mg K-Edge XANES Spectra in Crystals and Oxide Glasses:
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Abstract. Experimental Mg K-edge XANES spectra were obtained for crystals and synthetic glasses. To interpret the
experiments, two different ab initio XANES calculation methods were employed. The first one is based on multiple-
scattering calculations and muffin-tin potentials (FEFF package). The second uses a plane-wave basis set, norm-
conserving pseudo-potentials, periodic boundary conditions. The resulting calculations for reference models with three
different Mg coordinations are used to derive the best way to analyze the experimental XANES spectra for the glasses.
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INTRODUCTION

Magnesium is an earth-alkaline that is often present
in industrial and natural silicate glasses (from a few
wt. % up to 30 wt. %). The presence of magnesium in
the glasses influences significantly properties as
viscosity, glass transition temperature and chemical
durability [1]. It was shown [2] that the weathering
rate of nuclear waste glasses is significantly increased
when Mg is present.

In order to investigate the structural role of Mg in
oxide glasses, X-ray Absorption Near Edge Structure
(XANES) spectroscopy was employed at the Mg K-
edge. XANES provides information about the local
structures of magnesium in glasses, which is otherwise
difficult to study with other methods [3]. The
interpretation of the XANES spectra is not
straightforward and ab initio calculations are needed to
obtain the required information. In this paper, we
present ab initio XANES calculations computed using
two different packages: PARATEC including the
XANES calculation implementation described in
references [4,5] and FEFF [6]. The ab initio
calculations are compared with the experimental

spectra to find the best conditions for simulating the
XANES spectra at the Mg K-edge.

EXPERIMENTAL DETAILS

Synthetic silicate glasses, with composition XMS3
(in which X stands for either Li,O, Na,O, K,O, Rb,O
or Cs,O, M for MgO and S for SiO,) and alumino-
silicate glasses with different Aluminium Saturation
Index (ASI = Al,O3/(Na,O + K,0)) (Table 1) were
prepared from powdered oxides and carbonates. The
starting materials were dried overnight, weighted,
mixed in an agate mortar and placed in a platinum
crucible. The crucible was heated up to 600°C in 30
minutes and held at this temperature for one hour to
start the decarbonatation of the mixture. The
temperature was then elevated at 1550°C in one hour
and maintained at this temperature during one hour to
obtain a homogeneous melt. The bottom of the
crucible was quickly poured into water to quench the
melt into a glass. To ensure ASI glass homogeneity,
the procedure was repeated 2-3 times. Compositions
were checked by electron microprobe analysis
(CAMPARIS, Univ. Paris 6, France). Three natural
crystalline compounds containing Mg in 4-fold, 5-fold



and 6-fold coordination were selected: spinel
(Mg,AlOy) [7], grandidierite ((Mg,Fe)Al;SiBOy) [8]
and diopside (CaMgSi,Oq) [9], respectively.

TABLE 1. Composition of ASI glasses.

Oxides ASI=0.6 ASI=1 ASI=1.2
Al 04 10.77 12.95 14.65
SiO, 72.18 73.79 72.82
K,O 8.26 6.04 5.7
Na,O 5.44 3.92 3.7
MgO 3.35 33 3.14

Mg K-edge XANES spectra were collected on the
LUCIA beamline of the SOLEIL facility [10],
currently located at the Swiss Light Source, with an
injected electron energy and current of 2.4 GeV and
350 mA, respectively. A two-crystal beryl (1010)
monochromator was used as well as KB mirrors to
focus the beam to 10 pm x 15 um (vertical and
horizontal). The first inflection point of the Mg K-edge
of metallic Mg at 1303 eV was used to calibrate the
monochromator in energy. XANES spectra were
recorded between 1280 and 1550 eV with energy steps
of 0.2 eV in the edge region and with a counting time
of 1 second per point. XANES spectra were collected
in the fluorescence mode with a silicon drift diode
detector. To increase the signal to noise ratio, three
spectra per sample were averaged together. Samples
were placed perpendicular to the beam and the detector
was placed at 73° of the beam to minimize as much as
possible  self-absorption effects (found to be
negligible). Spectra were deadtime corrected. Mg K-
edge XANES spectra were normalized in absorbance
using conventional methods (xafs package [11]).

RESULTS AND DISCUSSION

Normalized XANES spectra of glasses and models
are presented in Figures 1 and 2, respectively. The
XANES spectra of the glasses (Fig. 1) can be
described by four features labeled (A’, A, B and C).
When the alkaline ions are substituted, the relative
intensities of these features vary (Fig. 1 (a)). The “pre-
edge” feature A’ is the highest for the smaller alkalis
(Li, Na). Features A and B are almost identical for all
glasses. In contrast, feature C increases with increasing
alkali ionic radius. In CsMS3, feature C is split into 2
components (C; and C,). XANES spectra of glasses
with variable polymerization degree (XMS2 vs
XMS3) do not show any differences (not reported
here). On the contrary, the relative intensities of
features A and B vary with the ASI (Fig. 1 (b)).
Moreover, the feature C varies when the ASI changes
from 0.6 to 1.2 and is more intense for ASI=0.6.
However the “finger print” method is not sufficient to
extract structural information from the XANES spectra

of glasses. Ab initio calculations are needed and should
be tested on model compounds first.

Two methods were used to simulate the XANES
spectra for the spinel, grandidierite and diopside. The
first method is a self-consistent full-potential
approach: it uses a plane wave basis set, norm-
conserving Trouillier-Martins pseudo-potentials and
periodic boundary conditions. It reconstructs the all-
electron wave function using the Projector Augmented
Wave method [12] and computes the cross section as a
continued fraction [4,5]. The second method uses the
more widely used full multiple scattering formalism,

based on self-consistent muffin-tin potentials
(FEFF8.2 code) [6].
1T 'B‘ T T L L L '(a')‘ ]

LiMS3 |

normalized absorbance (arb. units)

normalized absorbance (arb. units)

1300 1320 1340 1360
Energy (eV)

FIGURE 1. Normalized Mg K-edge XANES spectra of
silicate glasses of composition XMS3 (a) and alumino-
silicate glasses with variable ASI (b).

In the plane-wave method, supercells were built,
including a Is core-hole on one of the Mg atom: a
2x2x2 trigonal supercell for spinel, a 1xIx2
orthorhombic supercell for grandidierite and a 1x1x2
monoclinic supercell for diopside (containing 112, 120



and 80 atoms, respectively). The self-consistent
potential was obtained in the local density
approximation [13] with an energy cut-off of 60 Ry for
the plane-wave expansion of the wave-functions, and a
2x2x2 k-point grid. The cross section was calculated
using a 4x4x4 k-point grid. The continued fraction was
calculated with a constant broadening parameter of 0.5
eV.

In FEFF8.2, muffin-tin exchange and correlation
Hedin-Lundqvist  potentials were used. Self-
consistency calculations were refined with a radius of
4.0 A around the central Mg. For the Full Multiple-
Scattering calculations, we have chosen a radius of
~6.5 A to obtain about 100 atoms in the simulated
cluster. To simulate the central exited atom we used

the Z+1 approximation (otherwise FEFF fails to
reproduce adequately the spectra).

Figure 2 shows the experimental and calculated
XANES spectra for the three crystalline models and
the two packages. For the three structures, the full-
potential computed spectra (Fig. 2a) are in good
agreement with experiment. Relative positions and
intensities for the various features present in the three
compounds modeled are reproduced. The results
obtained with FEFF are in relatively fair agreement
with the experimental spectra (Fig. 2b), for the spinel
and the diopside, despite some high-energy shift. But,
the calculation for the grandidierite is not in agreement
with the experiment.
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FIGURE 2. Comparison between experimental (dotted line) and calculated (full line) Mg K-edge XANES spectra of spinel (4-
fold coordinated Mg), grandidierite (5-fold coordinated Mg) and diopside (6-fold coordinated Mg): (a) full-potential plane-wave

approach, (b) full multiple-scattering approach.

CONCLUSION

We have presented two different approaches to
simulate the XANES spectra for reference models with
the aim to understand the XANES collected for the
oxide glasses. The most promising approach appears
to be the plane-wave approach. Molecular dynamics
simulations are underway to provide 3D models of the
Mg-bearing glasses. Ab initio XANES -calculations
from these MD simulations will then be compared to
the experimental spectra in order to better understand
the influence of the alkali size and ASI on the XANES
spectra.

REFERENCES

1. D. B. Dingwell, Rev. Mineral. 32, 21-66 (1995).
2. E. Curti, Glass, Nagra Technical Report NTB 02-21
(2003).

3. G.E. Brown Jr., F. Farges and G. Calas, Rev. Mineral.
32, 317-410 (1995).

4. M. Taillefumier, D. Cabaret, A.-M. Flank and F. Mauri,
Phys. Rev. B 66, 195107(1-8) (2002).

5. D. Cabaret, E. Gaudry, M. Taillefumier, P. Sainctavit
and F. Mauri, Phys. Scr. T115, 131-133 (2005)

6. A. L. Ankudinov, B. Ravel, J. J. Rehr and S. D.
Conradson, Phys. Rev. B 58, 7565-7576 (1998).

7. T. Yamanaka and Y. Takeuchi, Z. Kristall. 165, 65-78
(1983).

8. D.A. Stephenson and P. B. Moore, Acta Cryst. B 24,
1518-1522 (1968).

9. M. Cameron, S. Sueno and C.T. Prewitt, Amer. Min. 58,
594-618 (1973).

10. A.-M. Flank, G. Cauchon, P. Lagarde, S. Bac, M.
Janousch, R. Wetter, J.-M. Dubuisson, M. Idir, F.
Langlois, T. Moreno and D. Vantelon, Nucl. Instrum.
Meth. B 246, 269-274 (2006).

11. M. Winterer, J. Physique 1V 7, C2, 243-244 (1997).

12. P. Blochl, Phys. Rev. B 50, 17953-17979 (1994).

13. D. M. Ceperley and B. J. Alder, Phys. Rev. Lett. 45,
566-569 (1980).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




