Quantitative Analysis Application Note

Quantitative Analysis by XRD
Background
Full quantitative analysis is more
difficult than the sem-quantitative work
frequently performed with X-ray
diffraction. Two methods for quantitative analysis are in common use - the
Rietveld refinement method and the
use of calibration standards. The
Rietveld method is often termed the
Gold Standard of quantitative analysis
with accuracies in the 1% range, but use
of calibration standards can give similar
levels of accuracy. The difference,
however, is that the Rietveld method is
more widely applicable to a mixture of
several phases, while the calibration
standard method is limited to just 2 or
3 phases. Therefore, the Rietveld
method is generally preferred as an allpurpose tool.

Applications
Corrosion products
Forensic analysis
Intermetallics
Contaminants
Mineral assays
Pharmaceuticals

Quantitative multiphase analysis
Amorphous/crystalline contents
Quality control
Phase transformations
Catalysts
Fiber analysis

Example 1
Figure 1 shows a portion of the
experimental diffraction pattern of a
mixture of b-Tricalcium Phosphate (bTCP) mixed with trace amounts of
Hydroxyapetite (HA). Individual data
points are shown as discrete dots and
the computed profile is shown as the
continuous line. At the top of the
Figure is shown the residual error
between the computed and experimental curves. Finally, at the bottom of the
Figure are shown the stick patterns for
the phases identified.

Figure 1 Rietveld refinement of b-TCP with 1.7% HA
Once the phases have been identified and the necessary atomic information extracted
from the database, a computed profile is calculated. Then, by use of a least-squares
technique, the residual error is minimized by modifying the lattice parameters, the scale
factors, atomic parameters such as the thermal vibrations, atomic positions, and
occupancies. When the process is completed, the scale factors then provide the
quantitative analysis.

Example 2
The method described in Example
1 is useful only when all of the details
about the atomic and crystalline
structure are known. In those cases
where such information is not
available, then the use of calibration
standards is often used instead.
In this method, a number of
control samples are made from the

pure materials over a composition
range that overlaps the expected range
in the target. Diffraction patterns are
then prepared for each control sample,
and the intensity ratio is prepared based
upon two unobscured peaks from each
phase. In the example shown in Figure
2, an X-ray diffraction pattern from the
b-TCP/HA 1.5% mixture is shown.

One peak for each phase is highlighted
in the Figure and a ratio of the
intensities is computed. This process is
then repeated for the other synthesized
control samples. All of the data are
used to construct the calibration curve
shown in Figure 3. When an unknown
sample is tested, the curve is used in
reverse to estimate the quantitative
amount through the measured
intensity ratio.
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Figure 2 XRD pattern of TCP/HA 1.5% mixture showing the non-overlapping
peaks for the two phases used to generate to intensity ratio.

Our Pledge

Other Services We Provide

H & M Analytical Services has
over 30 years experience in X-ray
diffraction. With our state-of-theart equipment, we will strive to
apply our experience and knowledge to solve your most challenging problems. In most cases, we
will provide turnaround of 24
hours on phase identification
analyses at no additional cost.
Sample preparation services are
also available. Most samples can
be run on a flat fee basis. For
details, please contact us.

We provide a wide range of X-ray
diffraction services, including:
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residual stress analysis
precision lattice parameter
texture analysis
phase identification
Rietveld analysis
particle size determination
high temperature XRD
analysis of modulated films
misfit strains
fiber analysis
crystal orientation
grazing incidence angle
retained austenite analysis

Figure 3 Calibration curve for TCP/HA
mixtures
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