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Analysis of nano-materials
Crystal structure solution

•

Crystal structure refinement

•

Quantitative Phase Analysis

•

Size-Strain and Defects

•

Texture/Stress/Strain Analysis

•

Amorphous/Disordered/Nano:

XRD
SAD

Rw=4.8%

Crystallite size
ND & shape:
00l

128 Å

•

hk0

82 Å

•

Pseudo-amorphous approximation

•

Debye computation (like the PDF but in the real space)

•

PDF (Pair Distribution
Function)
Problems
with the PDF:
•
•
•
•

requires single phase
normalization and background removal
difficult to get domains info
how to get structural informations out of it

PDF in the real or reciprocal space?
228

Underneath the Bragg Peaks

The Rietveld method (Rietveld, 1969) was motivated by the fact that in a powder
measurement many of the Bragg-peaks are overlapped especially in the high-Q (small dspacing) region of the pattern. Apart from the inherent loss of directional information in a
powder measurement, this fact severely limited the set of data-points that could be
obtained by integrating the intensity of separated Bragg-peaks to obtain the crystallographic structure factors needed for crystal structure solution. The Rietveld approach
was to calculate the complete set of crystallographic structure factors, and therefore the
Bragg-peak intensities and positions, for a trial structure. These were then convoluted with
profile functions to account for the instrument resolution and sample-dependent peak
broadening effects. The intensities were modulated with experimental effects such as
absorption, extinction, incident flux, background intensities and so on and sample
dependent effects such as Debye-Waller factors. In this way the entire experimental dataset was simulated and compared to the measured one. All of the above mentioned effects
are parameterized and the parameters are allowed to vary until a best-fit is obtained,
traditionally, using a least-squares approach. The sample dependent parameters thus
derived include the unit cell parameters (unit cell lengths and angles), atomic positions in
the unit cell expressed in fractional coordinates, anisotropic thermal ellipsoids for each
atom and the average atomic occupancy of each site.
This approach has been applied, in exact analogy, to the PDF (Proffen and Billinge,
1999; Billinge, 1998) in the program PDFFIT. We highlight here the similarities and
differences with conventional Rietveld. The main similarity is that the model is defined in a
small unit cell with atom positions specified in terms of fractional coordinates. The refined
structural parameters are exactly the same as those obtained from Rietveld. The main
difference from conventional Rietveld is that the local structure is being fit which contains
information about short-range atomic correlations. There is additional information in the
data, which is not present in the average structure, about disordered and short-range
ordered atomic displacements. To successfully model these displacements it is often
necessary to utilize a 'unit cell' which is larger than the crystallographic one. It is also a
common strategy to introduce disorder in an average sense without increasing the unit cell.
For example, in the case where an atom is sitting in one of two displaced minima in the
atomic potential, its probability of being in either well is random, can be modeled as a split
atomic position with 50% occupancy in each well. This is not a perfect, but a very good,
approximation of the real situation and is very useful as a first order attempt at modeling
the data.
This 'Real-space Rietveld' approach is proving to be very useful and an important first

PDF with the Rietveld (reciprocal space)?
•

Use large range in Q (10 Å-1 or larger)

•

Use proper statistic modifiers during refinement

•

More sensitivity to light atoms and small distorsions (like PDF)

•

Add diffuse computation (?)

PdfgetX3 examples by Maud: Ni
83% Ni with 99 nm mean size
17% Ni with 1.4 nm mean size

PdfgetX3 examples: Ni

Plotting sqrt(I)*Q vs Q

PdfgetX3 examples: Ni

Plotting sqrt(I)*Q2 vs Q

PdfgetX3 examples: Ni

See discussions, stats, and author profiles for this publication at: http://www.researchgate.net/publication/243474702

High real-space resolution measurement of the local structure of Ga1−x Inx As using
x-ray diﬀraction
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High real-space resolution atomic pair distribution functions (PDF)s from the alloy series
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as previously observed using XAFS. The widths of nearest, and higher, neighbor pairs are analyzed
by separating the strain broadening from the thermal motion. The strain broadening is five times
larger for distant atomic neighbors as compared to nearest neighbors. The results are in agreement
with model calculations.
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PdfgetX3 examples: InGaAs in Maud

Rwp = 3.14%

PdfgetX3 examples: InGaAs

All 3 atoms displaced

Rwp = 3.05%

We are not limited to one phase

INEL CPS 120˚ Ag Kα, capillary sample holder

Works with electron diffraction

We can apply the Blackman dynamical correction

TiO2 @ MARS-Soleil

Pseudo-amorphous approximation

Corundum+amorphous silica mixed
Validation of the method testing with know amount of silica-alumina

Lutterotti L., Ceccato R., Dal Maschio R., Pagani E.: Quantitative analysis of silicate glass in
ceramic materials by the Rietveld method. Mater. Sci. Forum, 278-281, 87-92 (1998)

Crystalline fraction for polypropylene
•

Same crystal structure for amorphous and crystalline

•

Results: 43(1) % crystalline - 57(1) % amorphous

Application: Nifedipine/PVP composite
•

Nifedipine is used to treat high blood pressure and
to control chest pain

•

To control activity and release we study the
dispersion of nifedipine inside a polymer (PVP)

•

By ball milling we aim at stabilize the nifedipine up
to a molecular level (amorphous) inside the PVP

•

We need to characterize the crystallization state of
the nifedipine inside the polymer after milling at
different times and energies -> PXRD

Milling of the composite
•

Planetary milling system: Fritsch Pulverisette 7

•

Carrier/drug weight ratio 50:50 %

•

Milling times (minutes): 0, 5, 10 15, 20, 25, 30, 45, 60

Nifedipine refinement
•

Image plate (IPD 3000) data, high intensity

•

The Nifedipine has a tendency to orient 100

The PVP amorphous pseudo-structure by MEEM
•

Rw = 0.58%, Rw(no bkg) = 0.64%, linear bkg

•

Crystallites = 15 Angstrom, microstrain = 0.02

PVP MEEM fit and calibration
•

The spectrum was fitted by knowing the nifedipine
structure and performing a focused indexing and
MEEM refinement for the PVP (phases quantities
imposed for the 50-50 wt% as prepared sample)

Amorphization results
0 min

30 min

10 min

60 min

