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Any magnetic ordering presents a modulation of a crystal
structure. This modulation consists in that in the crystal
containing magnetic ions there appears a periodic spatial
distribution of the magnetic moments. It turns out that one can
relate all the magnetic orderings to a certain order parameter
which has properties of a topological invariant. Moreover,
different special values of such an order parameter correspond
to different types of the magnetic ordering. In the present paper
all the magnetic orderings are considered as deformations of
either ferromagnetic or antiferromagnetic ordering. Several
examples of different types of the magnetic ordering are
discussed using this approach.

A general hypothesis has been put forward that particular
condensed matter systems (not only magnetic) can be
distinguished by different values of certain topological
invariants.
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Olivine-type compounds are the subject of great interest as
candidate materials for lithium-ion batteries since the discovery
of insertion-deinsertion properties of lithium in LiFePO4[1].
The ideal formula unit of olivine-type compounds is AA'BO4.
The structure can be described in terms of hexagonal stacking of
closed packed O4 layers with A, A' cations and B cations in two
octahedral sites and one tetrahedral site, respectively.

A solid solution (1-x)LiCdVO4 - xLi1/3Cd1/3�1/3CdVO4 has
been observed for 0 � x � 1. Two domains of the solid solution
have been distinguished. The first one for 0 � x � 0.6
corresponds to the LiCdVO4 sub-structure of the Na2CrO4-type
[2]. For 0.7 � x � 1 satellites peaks are observed which
correspond to a modulated structure.

LiCdVO4 and LiCd4(VO4)3 [3] are isostructural to Na2CrO4

but in the case of the last compound some extra peaks have been
observed in the diffraction pattern. LiCdVO4 (x=0) crystallizes
in Cmcm space group with a=5.911 , b = 8.975 and c=6.513 Å.
In the structure the cadmium atoms occupy the octahedral site,
lithium and vanadium atoms are in tetrahedral sites. The
structures in the domain 0.7 £ x £ 1 have been solved for x= 3,
6/7 and 1. All these phases are modulated with an
one-dimensional incommensurate q-vector q = �c* and � values
of 0.75, 0.733 and 0.703 respectively. The superspace group is
Xmcm(10�) where X stand for (½, ½, 0, ½) centring. A linear
relation between the q-vector and the composition x has been
evidenced (see figure).

According to the general formula Li1-2x/3Cdx/3�x/3CdVO4 of
the solid solution, the structures shows a different distribution of
Li/Cd/� on the tetrahedral A-type position. The main result is a
strong occupation modulation of lithium and cadmium in one
tetrahedral site, which can be described by a crenel function.
This occupancy modulation is associated toappears together
with a displacive modulations.

These two types of modulation induce the
incommensurability of the structure.
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