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Kinetics and Structural Investigation of Layered Li9V3(P2O7)3
(PO4)2 as a Cathode Material for Li-Ion Batteries
Prasanth Balasubramanian,[a] Marilena Mancini,*[a] Holger Geßwein,[b] Dorin Geiger,[c]
Peter Axmann,[a] Ute Kaiser,[c] and Margret Wohlfahrt-Mehrens[a]
Cathode materials with improved safety and energy densities
are required for developing next-generation Li-ion battery
technology. Among different phosphate-based materials, layered Li9V3(P2O7)3(PO4)2 (LVPP) has recently been explored as a
high-voltage cathode. We report the feasibility of multi-electron
reactions and the influence of crystallite size on the electrode
kinetics. The mechanism of Li extraction/insertion during charge
and discharge is investigated and the structural transformations

at high voltages are studied by means of in situ and ex situ
analysis. The changes induced by electrochemical Li extraction
are found to be reversible during cycling in the potential
window of 2–4.6 V, whilst voltage profile changes and capacity
fading is observed by charging up to 4.8 V, owing to irreversible
phase transition and reduction of the interlayer distance. The
findings can be applied for optimizing material synthesis as well
as the working conditions in Li-ion battery applications.

1. Introduction

cell volume during Li extraction/insertion with consequent
conductivity loss due to cracking, etc.[7] On the other hand, the
electrochemical instability of most common liquid electrolyte
systems is also a very critical issue at potentials of operation
higher than 4.5 V.[8] It is well-known that the instability of the
electrolyte at high potentials can trigger degradation reactions
between solvents such as propylene carbonate (PC), ethylene
carbonate (EC) and di-methyl carbonate (DMC), ethyl methyl
carbonate (EMC) and active cathode materials. Additional
concern is the reactivity of LiPF6 with trace amounts of H2O to
form HF, which then acts as corrosive agent causing structural
degradation.[9,10] All these phenomena taking place upon high
potentials or during deep de-lithiation of cathode structure can
cause severe capacity fading and voltage drop which limit the
cell cycle life[9,11]
Vanadium-based phosphates have been gaining considerable attention as alternative cathode materials because they
can exchange more than one electron per transition metal at
potentials higher than LiFePO4 and lower than LiCoPO4 or
LiNiPO4. For example, studies on Li3V2(PO4)3, polymorphs of
LiVOPO4, Li2VOPO4, LiVP2O7, and on the analogous sodium
compounds have been recently reported in literature.[12,13,14]
Among the different members of the high voltage phosphates,
Li3V2(PO4)3 (LVP) stands out having an average working
potential of 4.1 V. LVP shows high theoretical capacity of
197 mA h g 1 when three Li ions per formula unit are extracted/
inserted.[12] From a practical point of view, however, only two Li
ions can be reversibly cycled without capacity fading and thus
a maximum specific capacity 131 mA h g 1 is practically
achieved. Cycling to very high potentials such as 4.8 V leads to
rapid capacity fading as well as a voltage drop.[14,15] Various
explanations have been reported for this behavior, such as the
dissolution of vanadium, electronic conductivity change during
Li extraction, modifications in the vanadium environment at
complete de-lithiation and reactivity of the electrolyte with the
unstable de-lithiated structure.[10,14,15,16] Such fundamental

After the development and commercialization of olivine LiFePO4 (LFP), other Li metal phosphates have gained considerable
attention as potential cathode materials for Li-ion battery
applications.[1,2] This is because transition metal phosphates
such as LiMPO4 (M = Ni, Co, Mn) can reach specific energy
values comparable to standard oxides, operate at higher
voltages while concurrently being less expensive.[2,3] Moreover,
the strong covalent bond between phosphorus and oxygen is
expected to provide increased chemical and thermal stability
which makes phosphates suitable candidates to design high
voltage and high capacity cathode materials for Li-ion batteries.[3,4] Despite these advantages, structural degradation and
electrolyte instability affect the electrochemical behavior of
high voltage phosphate-based cathodes such as LiCoPO4 and
LiNiPO4 and thus limiting their practical applications.[5,6] Structural degradation of cathode active materials can occur during
cycling due to different reasons such as the instability of the
de-lithiated phase, structural defects and changes of the unit
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