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Report:

In an effort to develop new positive electrode materials for lithium ion batteries, we are
studying Nasicon-type materials AxM2(XO4)3, with A = Li, M = transition metal, and X = P, S.
Recently, we demonstrated that the electrochemical behavior of the Li/V2(SO4)3 system [1] is
more complex than inferred from previous reports [2]. Through the use of very slow stepwise
potentiodynamic cycling with corresponding XRD studies, we were able to identify the particular
behavior of this system that resulted during cycling: the first reduction involves two electrons per
formula unit and occurs as a two steps process at 2.63 and 2.59V, whereas only a single process,
that begins at 2.75V, is observed throughout the first oxidation. Upon further cycling, the
reduction process remains unchanged, whereas two new oxidation de-intercalation peaks emerge
close to 2.60V at the expense of the 2.75V peak that progressively disappears. In order to probe
the origin of this evolution, we undertook an in-situ XRD study in transmission mode on thin
plastic electrochemical cells, using the synchrotron radiation source at ESRF.

The results demonstrate a strong correlation between the electrochemical and structural behavior:
In-situ studies on the high resolution BM16 line with time resolution on the order of minutes,
show that the first step of the first reduction process (above 2.60V) is a first order transition.
The new phase could not been observed by the use of laboratory X-ray diffractometer due to its
close structural similarity with that of the parent V2(SO4)3. The completion of the first
reduction process below 2.60V corresponds to the formation of a new Li2V2(SO4)3 monoclinic
phase. The phase transition occurs through a reorganization of the polyhedra connectivity such
as pairs of edge-sharing VO6, abscent in the initial V2(SO4)3 appears [3]. Interestingly, lithium
de-intercalation during the first oxidation from 2.75V causes the initial V2(SO4)3 to reform. The
refinement of the corresponding XRD data indicates that some structural defects have been
generated by the reconstructive phase transformations.
The main feature of the second reduction process is that below 2.60V its completion
leads to a mixture of two phases, the monoclinic Li2V2(SO4)3 and a new phase that is
isostructural with V2(SO4)3. We believe that the defects associated with the reconstructive
processes which occur upon the first reduction, could aggregate and form two types of
microdomains: defected and original grains. The defects would prevent the reconstructive
mechanism and drive to the phase isostructural with the initial V2(SO4)3. The nondefected
microdomain should behave the same as during the first cycle and lead to the appearancedisapperance of the monoclinic Li2V2(SO4)3 along with creation of defects. Thus at the end of
the following discharges one can expect the proportion of the monoclinic Li2V2(SO4)3 phase to
decrease. Since in-situ XRD shows that the oxidative deintercalation from the phase isostructural
with V2(SO4)3 begins close to 2.60V, this structural evolution results in the disappearance of the
2.75V oxidation process to the benefit of the one close to 2.60V [4].
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