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Report:
In the present work we demonstrate that IXS powdeasurements in combination with quantum

mechanical calculations can provide the compleserigtion of lattice dynamics (LD) by investigatittie
stishovite, a high pressure Sifolymorph Bosak et al.2009]. Stishovite has been chosen as a benchmark
case, since (i) its geophysical relevance is ctigreliscussed in relation to the seismic signatfréhe X-
discontinuity at a depth about 300 kwvi[liams et al.,2005] and hence we anticipate a renewed discussion
of its thermodynamic properties, and (ii) theradascomplete experimental data set for its LD.

The polycrystalline stishovite was synthesized framorphous Si@at 12 GPa and 1200, using
the USSA-2000 high-pressure apparatus at the Mir@mgsics Institute, Stony Brook University. No
preferred orientation was revealed by x-ray diffiam. The single crystal of 0xD.15<0.25 mni size was
grown hydrothermally in the system $i,0. The instrument was operated at 15816 eV and4l&Yd
providing an energy resolution of 6.0 meV and 3éWvnfull-width-half-maximum (FWHM), respectively.
The single crystal measurements below 20 meV ahatystalline measurements were performed with 3
meV resolution. Phonons of the single crystal vatiergies above 20 meV were explored with 6 meV
resolution.

Representative experimental data obtained fronptveder measurements are shown in Fig. 1 in
comparison to the DFT-predicted values. An outstanadgreement between the datasets is achieved by
applying a scaling factor 1.05 to the calculatedrun energies. The necessity of scaling was exgpeate
DFT-GGA calculations generally give too low phonfsaquencies. The major deviations are observed
below 20 meV and are fully explained by the conitiidn of elastic scattering due to the grain bouiega
and the proximity of Debye-Scherrer rings. No npitbnon contributions have been taken into account.
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The agreement between the experimer’
and rescaled theoretical data is retained in
whole accessibl&-range. Thus, the validity of
the model is proven forny crystallographic
direction, as orientation averaging probes the Ic
symmetry directions as well. Relative intensiti
of phonons are naturally embedded in t
experimental spectra thus providing tt
instrument to check the consistency of the phor
eigenvectors within the model. The phon
dispersion for high symmetry directions appe:
as a by-product. As a decisive test, we he
confronted the polycrystalline results with da
obtained from a single crystal in the “conventior
fashion”. Fig. 2 displays the phonon dispersio
along the three main high-symmetry directior
Excellent agreement between the experimental
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FIG. 1. Representative polycrystalline IXS spectfa stishovite
recorded at: Q =5.4 Al 20.4 nnt, 36.9 nM, and 53.8 nnl
(circles with error bars) compared &b initio calculations (solid
lines). A scale factor of 1.05 has been appliectht® energies
obtained by DF-GGA calculations

alullated dispersion is restored after the theoaétic

phonon energies scaling by the same factor of E€faplished from the polycrystalline experiment.
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FIG. 2. a) Dispersion relations for stishovite gdmgh symmetry

directions. Single crystal IXS data (points) arenpared tab initio
calculations (lines). A scaling factor of 1.05 ipphed to the

calculated energy sca

Once the (rescaled) LD model is validated,
it provides immediately the VDOS. Derived
temperature dependences of such macroscopic
parameters as specific heat, entropy, and
Helmholtz free energy agree very well with
available experimental data. The elastic moduli
derived from the DFT-GGA calculation by the
stress-strain methodWjinkler et al., 2001] and
properly rescaled are in excellent agreement with
those obtained experimentally from Brillouin light
scattering (BLS)\Veidner et al.1982,Brazhkin et
al.,, 2005, Jiang et al, 2009]. A significant
deviation (~20%) remains fori& while all other
moduli and the integral properties (bulk modulus
and Debye velocity) converge very well, thus

confirming the predictive power of DFT-GGA stressam calculations.
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