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4. DIFFUSE SCATTERING AND RELATED TOPICS
for the intensities Il ðRhk Þ from the data IðR; ZÞ on the diffraction
pattern. The parameters llat, laxial and 0 , as well as the cell
constants and possibly other parameters, can also be reﬁned
as part of the proﬁle-ﬁtting procedure using nonlinear
optimization.
A suite of programs for processing ﬁbre diffraction data
is distributed (and often developed) by the Collaborative
Computational Project for Fibre and Polymer Diffraction
(CCP13) in the UK (http://www.ccp13.ac.uk/) (Shotton et al.,
1998).

structure can then be determined by an exhaustive exploration of
the parameter space using molecular model building. The ﬁrst
example above would belong to this class. The second class of
methods is appropriate when the size of the helical repeating unit
is such that its structure is described by too many variable
parameters for the parameter space to be explored a priori. It is
then necessary to phase the ﬁbre diffraction data and construct
an electron-density map into which the molecular structure can
be ﬁtted and then reﬁned. The second example above would
belong to this class. The second class of methods therefore mimics
conventional protein crystallography quite closely. The third class
of problems applies when the structure is large, but there are too
few diffraction data to attempt phasing and the usual determination of atomic coordinates. The solution to such problems
varies from case to case and usually involves modelling and
optimization of some kind.
An important parameter in structure determination by ﬁbre
diffraction is the degree of overlap (that results from the
cylindrical averaging) in the data. This parameter is equal to the
number of signiﬁcant terms in equation (4.5.2.17) or the number
of independent terms in equation (4.5.2.24), and depends on the
position in reciprocal space and, for a polycrystalline ﬁbre, the
space-group symmetry. The number of degrees of freedom in a
particular datum is equal to twice this number (since each
structure factor generally has real and imaginary parts), and is
denoted in this section by m. Determination of the Gnl ðRÞ from
the cylindrically averaged data Il ðRÞ therefore involves separating the m=2 amplitudes jGnl ðRÞj and assigning phases to each.
The electron density can be calculated from the Gnl ðRÞ using
equations (4.5.2.7) and (4.5.2.11).

4.5.2.6. Structure determination
4.5.2.6.1. Overview
Structure determination in ﬁbre diffraction is concerned with
determining atomic coordinates or some other structural parameters, from the measured cylindrically averaged diffraction
data. Fibre diffraction analysis suffers from the phase problem
and low resolution (diffraction data rarely extend beyond 3 Å
resolution), but this is no worse than in protein crystallography
where phases derived from, say, isomorphous replacement or
molecular replacement, coupled with the considerable stereochemical information usually available on the molecule under
study, together contribute enough information to lead to precise
structures. What makes structure determination by ﬁbre diffraction more difﬁcult is the loss of information owing to the
cylindrical averaging of the diffraction data. However, in spite of
these difﬁculties, ﬁbre diffraction has been used to determine,
with high precision, the structures of a wide variety of biological
and synthetic polymers, and other macromolecular assemblies.
Because of the size of the repeating unit and the resolution of the
diffraction data, methods for structure determination in ﬁbre
diffraction tend to mimic those of macromolecular (protein)
crystallography, rather than small-molecule crystallography
(direct methods).
For a noncrystalline ﬁbre one can determine only the molecular structure from the continuous diffraction data, whereas for
a polycrystalline ﬁbre one can determine crystal structures from
the Bragg diffraction data. However, there is little fundamental
difference between methods used for structure determination
with noncrystalline and polycrystalline ﬁbres. For partially crystalline ﬁbres, little has so far been attempted with regard to
rigorous structure determination.
As is the case with protein crystallography, the precise
methods used for structure determination by ﬁbre diffraction
depend on the particular problem at hand. A variety of tools are
available and one selects from these those that are appropriate
given the data available in a particular case. For example, the
structure of a polycrystalline polynucleotide might be determined
by using Patterson functions to determine possible packing
arrangements, molecular model building to deﬁne, reﬁne and
arbitrate between structures, difference Fourier synthesis to
locate ions or solvent molecules, and ﬁnally assessment of the
reliability of the structure. As a second example, to determine the
structure of a helical virus, one might use isomorphous replacement to obtain phase estimates, calculate an electron-density
map, ﬁt a preliminary model and reﬁne it using simulated
annealing alternating with difference Fourier analysis, and assess
the results. The various tools available, together with indications
of where and how they are used, are described in the following
sections.
Although a variety of techniques are used to solve structures
using ﬁbre diffraction, most of the methods do fall broadly into
one of three classes that depend primarily on the size of the
helical repeat unit. The ﬁrst class applies to molecules whose
repeating units are small, i.e. are represented by a relatively small
number of independent parameters or degrees of freedom (after
all stereochemical constraints have been incorporated). The
Copyright © 2010 International Union of Crystallography

4.5.2.6.2. Helix symmetry, cell constants and space-group
symmetry
The ﬁrst step in analysis of any ﬁbre diffraction pattern is
determination of the molecular helix symmetry uv . Only the zeroorder Bessel term contributes diffracted intensity on the meridian, and referring to equation (4.5.2.6) shows that the zero-order
term occurs only on layer lines for which l is a multiple of u.
Therefore, inspection of the distribution of diffraction along the
meridian allows the value of u to be inferred. This procedure is
usually effective, but can be difﬁcult if u is large, because the ﬁrst
meridional maximum may be on a layer line that is difﬁcult to
measure. This difﬁculty was overcome in one case by Franklin &
Holmes (1958) by noting that the second Bessel term on the
equator is n ¼ u, estimating G00 ðRÞ using data from a heavy-atom
derivative (see Section 4.5.2.6.6), subtracting this from I0 ðRÞ, and
using the behaviour of the remaining intensity for small R to infer
the order of the next Bessel term [using equation (4.5.2.14)] and
thence u.
Referring to equations (4.5.2.6) and (4.5.2.14) shows that the
distribution of Rmin for 0 < l < u depends on the value of v.
Therefore, inspection of the intensity distribution close to the
meridian often allows v to be inferred. Note, however, that the
distribution of Rmin does not distinguish between the helix
symmetries uv and uuv . Any remaining ambiguities in the helix
symmetry need to be resolved by steric considerations, or by
detailed testing of models with the different symmetries against
the available data.
For a polycrystalline system, the cell constants are determined
from the ðR; ZÞ coordinates of the spots on the diffraction pattern
as described in Section 4.5.2.6.4. Space-group assignment is based
on analysis of systematic absences, as in conventional crystallography. However, in some cases, because of possible overlap of
systematic absences with other reﬂections, there may be some
ambiguity in space-group assignment. However, the space group
can always be limited to one of a few possibilities, and ambiguities
can usually be resolved during structure determination (Section
4.5.2.6.4).
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