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2.10. SPECIMEN PREPARATION
tering length consists of a coherent component, which is the
average over all spins, and an incoherent part, which gives the
deviation from this average value. In other words, coherent
scattering describes interference between waves produced by the
scattering of a single neutron from all the neutrons in the nuclei
of the sample. On the other hand, incoherent scattering involves
correlations between the position of an atom j at time zero and
the position of the same atom at time t, and so the scattered
waves from different nuclei no longer interfere. Thus incoherent
scattering provides an excellent tool for studying processes
involving atomic diffusion, but produces large backgrounds for
diffraction experiments. Based on the available ﬂux at the
instrument of choice and the atom% hydrogen present in the
sample, complete or partial deuteration of the sample may be
necessary.
When illuminated by a neutron beam, some nuclei are
converted into other radioactive nuclei (activated). Thus it may
not be possible to return the specimen to the home laboratory,
but it may have to be treated as radioactive waste. A sampleactivation calculator is also available at http://www.ncnr.nist.gov/
resources/activation/.
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2.10.3. Conclusions
Powder diffraction as a technique encompasses a wide range of
possible experimental setups. Diverse though they are, specimenpreparation methods are a key component in obtaining the best
possible data for the best possible analysis. Many issues are
common whether X-rays or neutrons are the probe of choice (e.g.
particle statistics, preferred orientation), but neutrons do pose
some unique issues such as sample activation and isotopedependent scattering behaviour. Given that X-ray and neutron
diffraction are frequently used in a joint analysis, some forethought may be required if the desired situation of the same
sample being used for both is to be achieved.
For the common laboratory setups a recurring theme should be
apparent through this overview – specimens should ideally have
crystallite sizes of the order of a few mm. If this is the case, then
many of the issues mentioned (particle statistics, preferred
orientation, extinction) will either disappear or be signiﬁcantly
reduced. The same is true for microabsorption, except in this case
it is particle as opposed to crystallite sizes that are the issue.
Grinding or milling can easily reduce crystallite size to this range,
but the milling action should be chosen so as to avoid damaging
the crystal structure of the sample or possibly amorphizing it
completely.
Ideally, the in-house laboratory should have the ﬂexibility to
tailor the experiment to the sample, using transmission or
reﬂection geometry depending on the nature of the sample.
Unfortunately, in many instances this is not possible. ‘Coping
strategies’ for non-ideal samples such as diluting samples in
capillaries or using very thin organic specimens on ﬂat plates are
available, but their limitations and compromises should be
understood by the person receiving the data.
In many instances, the experimental conﬁguration at a central
facility, such as a synchrotron or neutron source, can be customized for a particular experiment. However, the need for high
throughput for rapid-access mail-in services may dictate a more
standardized setup.
In summary, specimen preparation is the foundation upon
which powder diffraction measurements are built. Good
specimen preparation will not guarantee excellent data, but poor
preparation can pretty much guarantee poor data.
Copyright © 2018 International Union of Crystallography

221

references

