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2.10. SPECIMEN PREPARATION
resulting diffraction patterns will not look the same. This
becomes very apparent when comparing the foil transmission
and reﬂection patterns from the micronized mica in Fig. 2.10.41.
Foil transmission specimens are usually rotated in a similar
fashion to a reﬂection sample, but the improvement in statistics
falls short of that found in the capillary geometry described in the
next section.
One thing worth considering is that there is an inherent
angular intensity aberration due to the plate transmission
geometry. Owing to geometrical considerations, the path length
through the specimen (and support) increases with angle with a
resulting increase in absorption. For reﬁnement work, a 1/cos 
correction can be applied.

Table 2.10.3
Absorption and physical characteristics of the capillaries whose data are
shown in Fig. 2.10.46

Material
Quartz (Hampton Research)
Soda lime glass (Hampton
Research)
PET (Advanced Polymers)
Polyimide (Cole-Palmer)

Wall
thickness
(mm)

Outside
diameter
(mm)

76
126

10
10

0.50
0.50

10
9

19
25

0.58
0.55

ultrasonic baths, test-tube vibrators and nail ﬁles can be used. A
common strategy is to drop the capillary down a vertical 50 cm
glass tube, and allow the bouncing when the capillary hits the
bottom to vibrate the sample. However, with very small and/or
valuable samples the risk of the sample being vibrated out of
the funnel may be too great to use automated techniques. In
this case, very gently stroking the capillary using a ﬁngernail to
induce a low-frequency vibration may be the best option,
changing the position at which the capillary is held to alter the
vibration frequency as required. Agglomerates blocking a capillary can be very difﬁcult to break up by vibrating the capillary
manually, but an ultrasonic bath can often break up loosely
bound agglomerates. Using a smaller-diameter quartz capillary or
wire to tamp down a clog is possible, but riskier than using an
ultrasonic bath.
The most commonly used capillaries range between 0.3 and
0.8 mm in diameter. Capillaries with a diameter less than 0.3 mm
are extremely difﬁcult to ﬁll and very large ones can cause
unwanted artifacts. For moisture-sensitive materials it is worth
noting that signiﬁcant moisture can adhere to the interior surface
of commercial glass and quartz capillaries, so heating them in an
oven prior to use is recommended.
The interplay between the sample absorption, radiation and
optics can make the choice of capillary material and diameter a
dynamic one. The capillary absorption is measured using the term
R, where  is the effective linear absorption coefﬁcient (taking
account of the sample density) and R is the capillary radius. A
convenient tool for estimating capillary absorption is available on
the 11-BM web site (http://11bm.xray.aps.anl.gov). Ideally, the
value of R should be less than 3 for the absorption corrections
in most software packages to adequately cope with the effect of
absorption. A recent analytical correction has been shown to be
effective to R = 10 (Lobanov & Alte de Viega, 1998), but is not
yet implemented in all current analysis software. A pre-analysis
correction is always possible but not ideal. The effect of high
capillary absorption can be seen visually by a reduction in peak
intensity at lower angles, which correlates with the displacement
parameters in a structure reﬁnement. The easiest way to change
R is by changing the capillary diameter. More heavily absorbing
samples usually require smaller capillaries, although using an
alternative radiation such as Mo K to change the linear
absorption coefﬁcient is a possible alternative. Determining an
accurate sample packing density experimentally can be tricky.
There can be signiﬁcant variability between supposedly identical
capillaries, so ideally the empty portion of the actual capillary
being used should be measured. The packing density generally
ranges from 20–50% depending on the morphology of the crystallites and the amount of energy applied in vibrating the sample
into the capillary (e.g. sonicating the sample will increase the
packing density).

2.10.1.4.2.2. Capillaries
Capillaries are particularly suitable for small samples, air- and
moisture-sensitive samples and organics where the absorption is
low enough to cause transparency effects in reﬂection data. They
are also commonly used for materials with platy morphologies
such as clays to eliminate or greatly reduce preferred-orientation
effects. They are less effective at reducing preferred orientation
in materials with needle-like morphologies but are still useful, a
possible analogy being that the crystallites pack into the capillary
like a handful of pencils in a glass. The extent of the problems
with needles depends on the aspect ratio of the needles and the
diameter of the capillary used – smaller diameter capillaries
usually being more problematic. Figs. 2.10.27 and 2.10.28 show
the example of wollastonite powder mounted in 0.3 and 0.2 mm
capillaries, respectively, where orientation effects become
pronounced in the 0.2 mm capillary. Fortunately, needle-like
morphology is observed more often in organic crystallites, where
larger-diameter capillaries can be tolerated.
Glass and fused silica (‘quartz’) capillaries can be bought
commercially in a range of diameters between 0.1 and 2 mm.
Different compositions of glass are available that have varying
absorption characteristics (Table 2.10.3). The softer glass has a
greater tendency to splinter but can be heat-sealed very easily by
melting. Quartz tends to be stiffer and often breaks more cleanly
when scored using a cutting stone, but requires a hydrogen ﬂame
for heat-sealing because of its high melting point. Alternative
methods of sealing the open end of capillaries include using
molten wax, epoxy and nail varnish. The choice may be restricted
by the environment in which the capillary is being ﬁlled. In an
argon-ﬁlled glove box the use of a ﬂame or solvent-based method
may not be feasible or desirable, whereas wax sealing with a
heated ﬁlament is acceptable.
The small size and delicate nature of capillaries can make them
extremely frustrating to ﬁll, especially in environments such as
glove boxes. Patience is an absolute must, especially with valuable or small samples where capillary breakage and sample loss
are unacceptable. It is very important to make sure that the
sample is ﬁne enough to pass into the capillary without jamming.
Even if it is ﬁne enough, different powders can vary considerably
in their tendency to aggregate. For example, NIST 640d silicon
contains ﬁne crystallites and ﬂows extremely well, making it very
easy to load into a capillary. However, some rutile powders can
be very ﬁne but don’t ﬂow well, making them difﬁcult to load into
smaller capillaries.
Once the small amount of material is in the capillary funnel
(assuming it is a commercial capillary), it must be coaxed to
drop to the bottom. This is usually done using some form of
vibration. Anything from dedicated capillary-ﬁlling machines to
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