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must be sufficiently large to avoid graininess problems in the
diffracted rings; second, several diffraction patterns collected
with the sample in different orientations must be recorded.
Even if the samples have different grain sizes, with the Al thin
film showing grains larger than 100 nm (see Fig. 1), both
samples require the largest selected area diaphragm to obtain
complete diffraction rings with good statistics. The largest
aperture mounted on our microscope gives an illuminated

Figure 1
Bright-field images of the Al film (top) and of the !-MnS nanocrystals

etermioftware,
electron
ount the
model

exturing
e strong
ormally
squared
e dyna(1939)
size as
cing the
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work when the kinematic approximation for electron diffraction is satisfied (i.e. when the sample thickness is very small).
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analysed simultaneously was 319 (29 valid profiles for each
aperture mounted on our microscope gives an illuminated
one of the 11 diffraction images taken at different tilt angles).
The PF coverage obtained in this way is displayed in Fig. 2.
Each data point corresponds to a diffraction profile. Those
diffraction profiles integrated on the same pattern are
arranged on maximum circles. The centre of the figure
contains no data because of the limited tilt and the empty area
on the right is due to the beam-stop shadow. The patterns
collected on the Al thin film and on the !-MnS nanocrystals
are shown in Figs. 3 and 4, respectively. The patterns display an
LPO, which becomes more and more evident at high tilt
angles, where a strong azimuth-dependent variation of intensities is clearly visible.

5. Data analysis
The basic concepts of the texture data analysis are the same as
those used in transmission geometry with synchrotron radiation [see e.g. Lonardelli et al. (2005) and Voltolini et al. (2009),
where the instrumental setup geometry, for synchrotron

Figure 1
Bright-field images of the Al film (top) and of the !-MnS nanocrystals
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work when the kinematic approximation for electron diffraction is satisfied (i.e. when the sample thickness is very small).

Patterns taken on the Al thin film. The tilt angles of each pattern are
displayed at the top left. All the patterns are rotated around the

Figure 3
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analysis community.
For both samples the size of the cell for the EWIMV
algorithm has been chosen equal to the azimuthal integration
angle (10! ). These values are a good compromise for moderately strong textures, while keeping computational times at a
reasonable value.
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arise when performing measurements with very small probes,
hence the importance of choosing the correct probe size
considering the sample coherent diffraction domain size. In
our case the two data sets are taken with the same probe size,
given by the size of the SAED diaphragm. However, because
of the larger grain size, the Al film is closer to the lower probe
size limit, while for !-MnS the size of the diaphragm can be
decreased further. This means that, in the case of nanocrystals,
texture analysis using this method can be pushed beyond the
180 mm2 limit, allowing the investigation of very localized
textures.

Figure 6

Al Film

symmetry, as confirmed in the Al film case by the similarity
between the unconstrained analysis and that with an ideal
cylindrical symmetry imposed. In such samples imposing this
symmetry speeds up significantly the computation time and
gives a better sample average, since the number of cells in the
ODF is considerably smaller. Another factor that is worth
mentioning is how well the procedure is able to retrieve the
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Bright-field images of the Al film (top) and of the !-MnS nanocrystals
(bottom). In the Al film the grain size is quite variable, with grains larger
than 100 nm, while the !-MnS nanocrystals have a median diameter of
26 nm and a diameter standard deviation of 3 nm (12% size dispersion).
Mauro Gemmi et al.
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shape function parameters (the pseudo-Voigt function was
chosen, to allow better flexibility in correctly fitting the peaks,
and both the Gaussian and Lorentzian parameters were
refined) and finally texture (see Fig. 5). The Al sample was

Gemmi et al., 2011 (J. Apply. Cryst. 44, 454)

MnS
Figure 1
nanocrystals

!

Bright-field images of the Al film (top) and of the !-MnS nanocrystals
(bottom). In the Al film the grain size is quite variable, with grains larger
than 100 nm, while the !-MnS nanocrystals have a median diameter of
26 nm and a diameter standard deviation of 3 nm (12% size dispersion).
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For the texture fit we used the EWIMValgorithm, which has
proved to be very reliable for this kind of analysis (Matthies &
Vinel, 1982). EWIMV (for details about this approach see
Lutterotti et al., 2004) is an extended version of the WIMV
(Williams–Imhof–Matthies–Vinel) method (Matthies & Vinel,
1982; Matthies & Wenk, 1985) implemented in the MAUD
Rietveld analysis software. The refinement of the orientation
distribution function (ODF) can be easily realized as an
iterative procedure based on the entropy maximization. It also
uses tube projections, instead of one-dimensional paths as in
WIMV, to recalculate PFs from the ODF, and this results in a
better general smoothing. EWIMV proved to be a reliable
method to extract preferred orientation information, in
particular for sharp textures and in data sets with a partial
pole-figure coverage; these are useful characteristics when
using diffraction data. These features make MAUD one of the
most consolidated programs for LPO analysis in the texture
analysis community.
For both samples the size of the cell for the EWIMV
algorithm has been chosen equal to the azimuthal integration
angle (10! ). These values are a good compromise for moderately strong textures, while keeping computational times at a
reasonable value.
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Rietveld fit of two different azimuthal integrations of the ! = +40! tilt
pattern taken on the Al film. The calculated (thin line), observed (thick
line) and residual profile (at the bottom) are reported. The difference
between the experimental and the best-fit profile is mainly due to
graininess problems.

Figure 5

MnS nanocrystals

indistinguishable, confirming that the MAUD algorithms work
properly even if the structure factors are externally supplied.
The Rietveld analysis was straightforward, mostly because
the investigated materials are chemically and structurally
simple. The refinement was carried out by refining background
(six-parameter polynomial function) and scale factors first,
then geometrical parameters (sample–detector distance and
distortion, in case the distortion correction used within Fit2D
during data integration was not perfect; in the event, no
significant changes of the parameters were found), profile
shape function parameters (the pseudo-Voigt function was
chosen, to allow better flexibility in correctly fitting the peaks,
and both the Gaussian and Lorentzian parameters were
refined) and finally texture (see Fig. 5). The Al sample was

Figure 4
Patterns taken on the !-MnS nanocrystals. The tilt angle of each pattern
is displayed at the top left. All the patterns are rotated around the
horizontal axis (! axis) except that in the bottom right, which is tilted
around the vertical axis (" axis). In order to make visible also the weak
rings at high angles, the grey levels have been set differently in the central
region with respect to the outer region of the patterns.
J. Appl. Cryst. (2011). 44, 454–461

For the texture fit we used the EWIMValgorithm, which has
proved to be very reliable for this kind of analysis (Matthies &
Vinel, 1982). EWIMV (for details about this approach see
Lutterotti et al., 2004) is an extended version of the WIMV
(Williams–Imhof–Matthies–Vinel) method (Matthies & Vinel,
1982; Matthies & Wenk, 1985) implemented in the MAUD
Rietveld analysis software. The refinement of the orientation
distribution function (ODF) can be easily realized as an
iterative procedure based on the entropy maximization. It also
uses tube projections, instead of one-dimensional paths as in
WIMV, to recalculate PFs from the ODF, and this results in a
better general smoothing. EWIMV proved to be a reliable
method to extract preferred orientation information, in
particular for sharp textures and in data sets with a partial
pole-figure coverage; these are useful characteristics when
using diffraction data. These features make MAUD one of the
most consolidated programs for LPO analysis in the texture
analysis community.
For both samples the size of the cell for the EWIMV
algorithm has been chosen equal to the azimuthal integration
angle (10! ). These values are a good compromise for moderately strong textures, while keeping computational times at a
reasonable value.

The results of the Rietveld fit of the Al film data are shown for
three different tilt orientations (0, +20, +40! ) in Fig. 6. Since
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Rietveld fit of two different azimuthal integrations of the ! = +40! tilt
pattern taken on the Al film. The calculated (thin line), observed (thick
line) and residual profile (at the bottom) are reported. The difference
between the experimental and the best-fit profile is mainly due to
graininess problems.

bottom stripes, respectively. It must be noted that the intensity
scale is set in order to better highlight the azimuthal variation
within each data set. Therefore, the absolute intensities of
each reflection in different orientations cannot be directly
compared. The analogous plots for the !-MnS nanocrystal

Figure 7

MnS nanocrystals

6. Results

!-MnS the structure of Chihung & Van Vlack (1979).
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Azimuthal variation of the diffraction intensity plotted versus the

(111) and (100) pole figures for (a) Al thin film, (b) Al thin film with
cylindrical symmetry imposed and (c)
!-MnS
nanocrystals.
Figure
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standard functions in texture analysis

•
•
•
•

•
•

Ideal for polymer fiber textures

Requires an analytical model
Suitable only for simple well defined textures

Cons

Texture described in analytical form by refinable
parameters
Can be used for very sharp textures
Smooth texture in output (easy to understand)
Quick computation

Pro:

standard functions in texture analysis
•

•

•

Fe0.75Al0.25 nanostructured

• Fe and Al powders mixed by ball milling
• Sintering by Spark Plasma Sintering
• Characterization by XRD and TEM
•

XRD: after milling the powder is a
nanostructured solid solution of Fe & Al;
after sintering there is no (macro)texture

Fe0.75Al0.25 by SPS sintering

Fe0.75Al0.25 (SPS)

SAD (Electron Diffraction)

SAD (Electron Diffraction)

Texture analysis by Rietveld

•F
hkl

ODF

Recalculated pole figures

for electron diffraction?

1. Cinematic model (requires precession stage)

2. Le Bail method (texture factors are not correlated
with structure factors)

3. Dynamic model: Blackman or 2 beam approximation

After sintering

ODF

Pole figures recalculated

ODF

Pole figures recalculated
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Flax fibers

P. Fratzl / Current Opinion in Colloid and Interface Science 8 (2003) 32–39

Research on cellulose biosynthesis is very active and
progress has been reviewed recently from different
perspectives, e.g. in w1●●,25●,26●● x. One of the key
features is that membrane bound protein complexes
(rosettes) are operational in catalysing the chain elongation. Recent work indicates that these rosettes may be
stabilised by zinc-binding domains connecting the pro-

Helical texture: fiber component + planar symmetry
2.3. Cellulose biosynthesis
Planar defects

Fig. 2. X-Ray microdiffraction experiment with a 2-mm-thick section of spruce wood embedded in resin (from w7●● x). Left: typical XRD-patterns
from the crystalline part of the cellulose fibrils. Each pattern has been taken with a 2-mm-wide X-ray beam (at the European Synchrotron Radiation
Source, beamline ID13, Grenoble). The diffraction patterns are drawn side by side as they were measured. They reproduce several wood cells in
cross-section. Note the asymmetry of the patterns in the enlargement (far left) which can be used to determine the local orientation of cellulose
fibrils in the cell wall (arrows) w7●● x. The arrows are plotted in the right image with the convention that they represent the projection of a vector
parallel to the fibrils onto the plane of the cross-section. The picture clearly shows that all cells are right-handed helices.

Cellulose fiber, S. Eve, ESCTM

•
•

factor w4,10●x. A large effort has been undertaken to
model the mechanical properties taking into account the
composite character of the cell wall of wood
w11●●,12●,13x or other plants such as flax w14x. A highly
non-linear elastic behaviour is experimentally observed
in plant tissues in general w15●● x and even during tensile
testing of individual wood cells w16●x. The microfibril
angle and the detailed structure of the cell wall not only
influence the mechanical properties but also the shrink-
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cross-section. Note the asymmetry of the patterns in the enlargement (far left) which can be used to determine the local orientation of cellulose
fibrils in the cell wall (arrows) w7●● x. The arrows are plotted in the right image with the convention that they represent the projection of a vector
parallel to the fibrils onto the plane of the cross-section. The picture clearly shows that all cells are right-handed helices.

Cellulose fiber, S. Eve, ESCTM

•
•

factor w4,10●x. A large effort has been undertaken to
model the mechanical properties taking into account the
composite character of the cell wall of wood
w11●●,12●,13x or other plants such as flax w14x. A highly
non-linear elastic behaviour is experimentally observed
in plant tissues in general w15●● x and even during tensile
testing of individual wood cells w16●x. The microfibril
angle and the detailed structure of the cell wall not only
influence the mechanical properties but also the shrink-
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Note: the creep at ambient temperature does not change significantly the texture.
The DMTA at high temperature increase the fiber alignment by 3 times
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Area detector at synchrotrons

ID13: microbeam and a CCD detector
for quick image acquisition

Dinosaur tendon and salmon scale
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In this communication we are emphasizing methodological

a)

b)

issues. The biological significance will be discussed elsewhere.
Measurements
(CCD
camera)
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Wenk et al., Powder Diffraction 2014

MgSiO3 perovskite at 43 GPa
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Deformation textures produced in diamond anvil experiments,
analysed in radial diffraction geometry
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