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2.5. TWO-DIMENSIONAL POWDER DIFFRACTION

Figure 2.5.17
Defocusing effects: (a) cylindrical detector; (b) ﬂat detector at various incident angles and detector swing angles; (c) comparison of defocusing factors.

cient for B-B geometry, and  is the linear absorption coefﬁcient.
For 2D-XRD, the effective volume is given as

statistics). Sampling statistics are determined by both the structure of the sample and the instrumentation. For a powder sample
in which the crystallites are perfectly randomly oriented, the
number of contributing crystallites for a diffraction peak can be
given as
Ns ¼ phkl

Vfi
;
vi 4

V ¼ Ao A ¼ Ao T=2;

where A is the transmission coefﬁcient and T is the transmission
coefﬁcient with B-B normalization for either transmission or
reﬂection as given previously.
The angular window is given as a solid angle. The incident
beam has a divergence angle of 1 within the diffraction plane
and 2 in the perpendicular direction. The angular window
corresponding to the incident-beam divergence is given by

ð2:5:47Þ

where phkl is the multiplicity of the diffracting planes, V is the
effective sampling volume, fi is the volume fraction of the
measuring crystallites (fi = 1 for single-phase materials), vi is
the volume of individual crystallites and is the angular window
of the instrument (given as a solid angle). The multiplicity term,
phkl, effectively increases the number of crystallites contributing
to the integrated intensity from a particular set of (hkl) planes.
The volume of individual crystallites, vi, is an average of various
crystallite sizes. The combination of the effective sampling
volume and the angular window makes up the instrumental
window, which determines the total volume of polycrystalline
material making a contribution to a Bragg reﬂection. For 2DXRD, the instrumental window is not only determined by the
incident beam size and divergence, but also by the detective area
and the sample-to-detector distance ( angular coverage).
In B-B geometry, the effective irradiated volume is a constant,
VBB ¼ Ao ABB ¼ Ao =2;

¼ 1 2 = sin  or

¼ 2 = sin  if  ¼ 1 ¼ 2 :

ð2:5:50Þ

For 2D-XRD, the angular window is not only determined by
the incident-beam divergence, but also signiﬁcantly increased by
 integration. When  integration is used to generate the
diffraction proﬁle, it actually integrates the data collected over a
range of various diffraction vectors. Since the effect of  integration on sampling statistics is equivalent to the angular oscillation on the axis in a conventional diffractometer, the effect is
referred to as virtual oscillation and  is the virtual oscillation
angle. In conventional oscillation, mechanical movement may
result in some sample-position error. Since there is no actual
physical movement of the sample stage during data collection,
virtual oscillation can avoid this error. This is crucial for microdiffraction. The angular window with the contributions of both
the incident-beam divergence and the virtual oscillation is

ð2:5:48Þ

where Ao is the cross-section area of the incident beam measured
on the sample surface, ABB ¼ 1=ð2Þ is the transmission coefﬁCopyright © 2018 International Union of Crystallography

ð2:5:49Þ

¼  ¼ 2 arcsin½cos  sinð=2Þ;
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ð2:5:51Þ
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