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The project:

Combined analysis: state of  the art (already assessed)
• Microstructure: phase analysis, size-strain, texture, residual stresses
• Thin films, grazing angle and reflectivity
• Crystal structure, fragments, algorithms
• X-ray, neutron, electron (kinematic)

Combined analysis: actual work (under testing)
• Energy minimization / DFT (Density Functional Theory)
• Debye/PDF (Pair Distribution Function)
• X-ray fluorescence, EDXS
• Magnetic structure/texture
• Dynamical scattering (electron)

Combined analysis: future work (to do)
• Raman, EXAFS, NMR, IR....

MgSiO3 at 43 GPa (Texture and Stresses)

Deformation textures produced in diamond anvil experiments, analysed in radial diffraction geometry S937

Figure 4. Rietveld method applied to diffraction image of perovskite (figure 2(a)). (a) Two
experimental and fitted spectra parallel (top) and perpendicular to compression direction (bottom).
(b) Map plot of stacked normalized spectra, experimental at bottom and calculated at top.
Compression direction indicated by arrow.

diffraction lines and the deviations between experiment and fit. The two spectra correspond
to different slices and represent different orientations relative to the compression direction. In
the spectrum on top the lattice planes are perpendicular to the compression direction and in the
bottom spectrum they are parallel. An overall assessment of the quality of the Rietveld fit is
displayed in a ‘map plot’ (figure 4(b)) that compares a stack of experimental spectra (bottom)
with recalculated spectra (top), expressed as grey shades. Note that not only peak intensities,
but also background variations, are well reproduced.

The pole figure coverage of a Debye ring from a diffraction image with 5◦ integration is
shown in figure 2(b). The pole figure is in the same orientation as the image (figure 2(a)) and the
coverage is a ring near the periphery. Clearly this coverage is very sparse, extending roughly
from parallel to perpendicular to the compression direction and, if axial symmetry (around the
compression axis) is assumed, contains all information required to reconstruct a quantitative
model of the orientation distribution (OD).

Often it is useful to establish if axial symmetry is indeed satisfied in an experiment and
that sample rotations in the Rietveld program have been done correctly. It has been shown that
a single 2D image (figure 2(a)) with a sparse coverage (figure 2(b)) can be sufficient to derive
an approximate 3D OD [22]. From the OD, pole figures can be generated. In the case of the
image in figure 2(a), and without imposing any sample symmetry, we obtain a (100) pole figure
for perovskite with (100) lattice planes parallel to the compression direction and a (001) pole
figure with (001) lattice planes perpendicular to the compression direction (figure 5(a)). Note
that the sample has been rotated with respect to figure 2, to bring the compression direction into
the centre. The rotated coverage is shown in figure 5(b) (compare with figure 2(b)). We verify
that the pole figure symmetry is roughly axially symmetric about the diamond axis, as would be
expected from the DAC geometry, and thus, in a next step of the analysis, axial symmetry can be
imposed on the measured data (figure 5(c)) and the OD calculation can be refined. A compact
method to represent axially symmetric textures is with inverse pole figures of the compression
direction relative to crystal coordinates, as shown in figure 5(d). The (001) pole figure displays
a maximum in the compression direction (figures 5(a) and (c)). This is expressed in the inverse
pole figure with a maximum near (001) (figure 5(d)). In the following section we will illustrate
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Figure 1. Schematic of a radial DAC cell that is used a deformation apparatus. (a) Initial
dimensions, (b) deformed dimensions and diffraction geometry.

Figure 2. (a) Diffraction image of MgSiO3 perovskite transformed from enstatite, collected in situ
at 43 GPa with an image plate detector at APS-HPCAT. Strong intensity spots are due to diffractions
from diamond. The compression direction is indicated with an arrow. (b) Pole figure coverage for a
Debye ring.

In radial diffraction geometry, the beam passes through the DAC perpendicular to the
axis (figure 1(b)) and in this case Debye rings in diffraction patterns record a whole range
of orientations, with lattice planes from parallel to nearly perpendicular to the DAC axis. The
diffraction pattern illustrates elastic deformation effects expressed in elliptical distortions of
Debye rings and intensity variations that signify texture, as for MgSiO3 perovskite at 42 GPa
in figure 2(a) (the compression direction is indicated with an arrow). Both the elliptical
distortion and the intensity variations are best seen if we ‘cake’ the diffraction pattern by
‘unrolling’ it, e.g. in Fit2D (figure 3). Elastic deformation appears as sinusoidal variations in
d-spacings that are smaller (and correspondingly diffraction angles θ are larger) perpendicular
to the compression direction (arrow). The changes in d-spacings depend upon the applied
compressive stress and elastic properties. In the case of MgO, where elastic properties are well
known, deviatoric stresses ranging from 5 to 9 GPa (above 10 GPa confining pressure) have
been observed [17]. This value depends on material and gasket type. Plastic deformation
is expressed in intensity variations that signify preferred orientation, attained e.g. through
dislocation glide.

In contrast to the axial geometry, in radial geometry x-rays not only pass through diamond
and sample but also through a gasket that maintains the pressure (figure 1(b)). The diffraction
pattern shown in figure 2(a) not only contains diffraction from the sample but from the gasket
and diamonds as well. Diamond diffractions are visible as high intensity spots. In figure 2(a),
diffraction from the confining Kapton gasket produces diffuse rings at low scattering angles.
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