
Lecture Notes -  Powder Diffraction

• X-ray diffraction by mineral powders is one of the mineral identification and
characteriziation techniques most used by geologists.  Powder diffraction experi-
ments require only a small quantity of a mineral.  As little as 10 mg can yield good
data, although 500 mg is the quantity required for common sample mounts.  Sample
preparation is extremely simple — no crystal faces or cleavages are needed for
crystallographic orientation, because no sample orientation is required.  Reliable,
accurate results are obtained in a relatively short time (10 minutes to 2hours).

• The principle behind the design of powder diffraction experiments is the random
orientation of crystals in a mineral powder.  If the powdered crystals are randomly
oriented, then for all sets of planes (hkl) some of the crystals in the powder will be
in the correct orientation (usually horzontal) with respect to the x-ray source to
satisfy Bragg’s law for the proper angle θ.  In other words, at least a few of the
mineral grains in the powder will diffract for each of the planes (hkl) during a scan
through the angles θ.  The more finely ground the powder, the more likely that all
orientations are present in abundance.  The ideal powder size is 5-10 µm.

• Two main types of powder diffraction experiments are possible at Smith: automated
powder diffractometer experiments yielding (digital) computer output  and Debye-
Sherer experiments providing (analog) film output.  In the Debye-Sherer camera, a
strip of film is wrapped around the powder sample so that diffracted beams from a
fixed x-ray source may be recorded for all values of θ simultaneously.  The powder
diffractometer moves both the x-ray source and an electronic detector through arcs

of θ values and sends to a computer periodic signals proportional to the averaged
diffracted x-ray intensity.  Both experiments provide the intensities for diffracted
beams as a function of the diffraction angle θ (or 2θ).
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• Mineral unknowns may be identified from powder diffraction data using the ICDD
Powder Diffraction File.  Both intensity and 2θ (or dhkl) values are used in the
search.  Computer searchs of the file (on CDROM) may lead to a unique match
with a known powder diffraction pattern.  However, because the chemical composi-
tion of most minerals is variable, because some aspects of a minerals structure may
depend on its history, and because any measurement contains some error, the ob-
served diffraction data may not exactly match the standard data for a given mineral.
This makes identification more challenging and chemical data or other physical
property data may be needed to confirm a result for some samples.

• Once a mineral has been identified, the Powder Diffraction File data card may be
used to index the observed diffraction peaks.  Miller indices along with measured
2θ values (from which dhkl can be calculated using Bragg’s law) may be used to
determine the unit cell parameters of the specimen.  In principle, six measured dhkl
values are sufficient to determine the six unknown unit cell parameters.  However, a
more accurate result will be obtained if more dhkl values are used to "over deter-
mine" the solution.  Various computer programs are available to perform a least
squares data reduction on the over-determined data set to give a “best fit” unit cell.
If the unit cell of a standard is known, values for each dhkl can be calculated and
compared with observed d’s to see how closely the data match the standard unit
cell.
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