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Single-crystal X-ray diffraction is a powerful technique:
as the technique has developed data collections have been
getting faster and faster, and structure determination is
becoming more routine. There are an increasing number
of non-expert users collecting data, solving and refining
structures before publishing their own results. However,
with the advent of higher intensity laboratory X-ray sourc-
es, easier access to synchrotron radiation and more sen-
sitive detectors, more and more molecular structures are
showing alien features beyond the realms of conventional
crystallography [1].

Though the concept of modulated structures is now fairly
well established in solid state chemistry, the abundance of
reported modulated molecular materials is less than might
be expected. There are a number of probable reasons for
this, including the fact that the synthetic chemist is primar-
ily interested in connectivity and proof of what they have
made, so they are not curious about additional peaks seen in
a diffraction pattern. When tweaking the synthesis and/or
changing crystallisation conditions makes the curious extra
features disappear, this is typically the chosen route and the
original structure is casually swept under the carpet.

When a concerted effort is made to study the appearance of
additional satellite reflection and relating it to changes with-
in the structure, valuable extra information can be gained
concerning molecular packing and the crystalline state. One
such example is found in Barluenga’s reagent, IPy,BF, (Py
= pyridine) [2], which has been shown to exhibit a transient
modulated phase on cooling (see image). Systematic stud-
ies on derivatives of Barluenga’s reagent have been carried
out in which the pyridine is replaced with 2,4,6-trimethyl
pyridine (collidine, Coll), iodine with bromine and the BF,
anion is replaced with other small anions including CIO,
and PF( [3]. Through these changes to the chemistry we
can begin to understand how the crystal structure and the
diffraction pattern are related and why satellite peaks may
appear, with the aim of improving our understanding of the
mechanism governing the appearance of modulation in mo-
lecular materials.
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The concept of symmetry in materials science trascends the
role of being just a mere mathematical or geometrical prop-
erty. In general, the symmetry of a crystal, within a certain
thermodynamical phase, is an intrinsic physical property of
the phase (phase transitions can occur without a symmetry
change, but a symmetry change cannot happen without a
phase transition!). In this sense, the symmetry of a crystal
can be considered a thermodynamical property, which will
be preserved by any possible physical atomistic mecha-
nisms that may be active in the system as long as no phase
transition occurs.

The symmetry of aperiodic crystals (structures that are or-
dered, but lack periodicity), is given by the so called su-
perspace symmetry groups. As required of any well-defined
generalized symmetry, these symmetry groups satisfy the
above mentioned physical condition of being an intrinsic
property that is necessarily preserved within a thermody-
namical phase.This generalized symmetry formalism was
introduced in the seventies to describe the symmetry prop-
erties of incommensurately modulated crystals, and in the
next decade was further extended and applied to quasic-
rystals. Nowadays the formalism is fully established, and
since decades superspace groups are used in a routinary and
systematic way to characterize incommensurate and quasic-
rystalline structures.

Although the superspace formalism is easily extensible
to incommensurate magnetic structures, its application to
magnetic systems has remained scarce until recently. Only
in the last years the development of specially adapted com-
puter tools, and in particular, the extension of the JANA
refinement program to magnetic structures has changed
the situation. Using these freely available tools, superspace
symmetry formalism can now be applied and this allows an
efficient and rigorous description of incommensurate mag-
netic structures making full use of their symmetry. An addi-
tional step in this direction has been the development in the
Bilbao Crystallographic Server of a small database of such
structures (www.cryst.chu.es/magndata), where the magnet-
ic superspace group of each structure have been identified
and their efficient decription using this symmetry group is
shown in detail.

In this talk I will review the concepts of magnetic super-
space symmetry and its application. The relation with the
traditional representation method will be discussed, stress-
ing their complementarity. Some examples retrieved from



