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Report:
Low-dimensional spin systems with s = Ω and a singlet ground state are of interest because of their
fundamental quantum nature. These systems have been discovered mainly in copper and nickel compounds,
[1, 2] however, since the discovery of spin-gap in CaV4O9 [3] (the first realisation of a two-dimensional spinplaquette system), more attention has been focused on low-dimensional magnetic systems with s = Ω V4+
ions. The potential analogy between d1 (s = Ω) and d9 (s = Ω) high temperature superconductors also makes
these systems of interest. Compounds of the vanadate family containing VO5 square pyramids are examples
of such systems; vanadium ternary oxides and bronzes with unfilled 3d orbitals often have phase transitions
from paramagnetic to spin-singlet states [4] as seen, for example in the quasi-one-dimensional β-NaxV2O5 (x
≈ 1/3), which exhibits a kind of charge-density-wave associated with a V4+-V4+ bonded pair [5].

Figure 1 - LaSrNiO4 showing
ì charge stripesî of Ni2+ and Ni3+

We were allocated time on beam line BM01B to study compounds with
the general formula LixV2O5. The system can adopt many structural
phases depending on temperature and lithium concentration, x, as well as
the method of preparation. The amount of lithium intercalated into these
compounds was selected to promote charge ordering ñ the localisation
of different oxidation states onto crystallographically distinct sites within
a single compound ñ within the crystal structures. In seriesí such as La2xSrxNiO4, an arrangement of charge stripes was observed with certain
ì magicî values of x that produce the correct ratio of Ni2+:Ni3+, in other
words, an integer ratio of d0:d1 ions is observed where charge ordering
occurs i.e. x = 0.25, 0.5, 0.66, 1Ö ñ the ì magic numbersî . We
controlled the ratio of magnetic to non-magnetic ions with the aim of
producing crystal structures containing chains of magnetic (d1) V4+O5
square pyramids separated by chains of non-magnetic (d0) V5+O5 square
pyramids i.e. a low-dimensional magnetic system.

High quality x-ray diffraction data were essential to complement neutron diffraction experiments previously
carried out and allow full structural characterisation. Data were collected on eight samples with various
compositions over a range of temperatures from 15-300K. Lithium vanadates have a layered structure, shown
in figure 2. At room temperature there is an increase in strain and distortion in the layers of VO5 square

pyramids, measured by the puckering angle, µ, as the lithium content increases, up to a boundary composition
where a phase transition occurs allowing coordination of lithium in a different site and a decrease in distortion
of the V2O5 layers (figure 3). It seems that when the lithium content is low, it is energetically favourable to
have a relatively unstable lithium site within less distorted host lattice layers; as the lithium content increases,
there comes a point when the distortions in the host lattice are outweighed by the stability of the lithium site
and the structure is thus driven ultimately towards a layer shift enabling more stable coordination of lithium.
The intercalation of lithium into this system therefore has an implicit strain effect for the host lattice layers.
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Figure 2 ñ Structures of a) α-Li0.13V2O5 and b) δ-Li0.95V2O5 from refined diffraction data.
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Figure 3 ñ Variation of puckering angle with lithium content.
Refinement of high resolution x-ray diffraction data not only allowed elucidation of the main structure for
each composition, but also showed the presence of extra, much weaker peaks for certain compositions and
temperatures (see figures 4 and 5).
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Figure 4 ñ Refined room temperature x-ray data from BM1B, ESRF for Li0.50V2O5: intensity as a
function of 2ϑ.
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Figure 5 ñ Raw diffraction data, intensity as a function of 2ϑ, showing increasing intensity of satellite
peaks in Li0.50V2O5 as temperature is decreased from room temperature (blue), through 200K (green)
and 50K (red) to 15K (black).
These additional peaks, although thought to be due to ordering of vanadium ions in the crystal structure, were
not reflections from a commensurate supercell, but from incommensurately modulated ordering of vanadium
ions, defined by a modulation vector, which is dependent on composition and temperature:
qT = xa* + yb* + zc*
With this modulation vector, all the reflections may be indexed by four integers (h, k, l, m) according to:
S = ha* + kb* + lc* + mqrt
This is consistent with magnetic data collected using a SQUID MPMS-7 and muon spin relaxation
experiments, which were indicative of antiferromagnetic correlations but no long range magnetic order in the
series.
The compositions for which satellite peaks are observed at room temperature all belong to the ε-phase, where
there is a medium lithium content. There is no phase transition in this compositional range to minimise
distortion of the vanadium oxide layers; therefore from the results of our high resolution x-ray diffraction
experiments at ESRF, we can speculate that charge ordering occurs in this phase to reduce intralayer strain
through an as yet undetermined mechanism.
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