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Li1+xV3O8 is an attractive cathode material for lithium secondary batteries because of 
its high specific capacity, long lifetime and the stability of crystal structure vs. lithium content. 
Evidently its electrochemical behaviour is closely related to the crystallinity, particle 
morphology and other properties defined by the preparation technique. The freeze-drying 
technique has been successfully used for the production of various complex oxides with 
advanced properties [1], but rarely for the cathode materials [2]. This work is devoted to the 
freeze-drying synthesis of LiV3O8 from different salt precursors and to the investigation of the 
phase formation, microstructure and electrochemical properties of the final materials. Aqueous 
solutions of the mixtures of NH4VO3 with LiNO3, CH3COOLi and HCOOLi (Li/V molar ratio 
1.2/3) are used as salt precursors (further denoted as LV1, LV2 and LV3, respectively). The 
pH of the starting solution is varied from 3 to 9. In the case of LV1 precursor obtained at pH=3 
NH4V3O8?0,5H2? , (NH4)0.38V2O5 and NH4NO3 are detected by XRD. The presence of 
NH4NO3 can be related to the trimerisation of VO3

- into V3O8
-, accompanied by the formation 

of additional ammonium cations and ? ? - ions, neutralised then by nitric acid.  
 
The similarity of NH4V3O8 and LiV3O8 crystal structures favours the formation of 

lithium trivanadate from LV1 precursor obtained at pH=3. Due to the particularities of solid 
state metathesis reactions [3], the melting of NH4NO3 drastically accelerates the NH4

+ ?  Li+ 
exchange. LiV3O8 is mainly formed at 250-300°C, but its formation from (NH4)0.38V2O5, 
which is also present in the freeze-dried precursor at pH=3, is apparently rather difficult that 
results in a higher temperature of the completion of LiV3O8 phase formation. However, single 
phase LiV3O8 is obtained at 400°C for 6 hours for all the freeze-dried precursors. In spite of 
the difference in the phase composition of freeze-dried precursors, lattice parameters and IR-
spectra of obtained LiV3O8 materials are the same irrespectively of the anion composition and 
pH of initial aqueous solution. However, even at the same pH value the anion prehistory 
influences the morphology of final powders. Taking into account the high anisotropy of 
Li1+xV3O8 crystal structure and, hence, the different orientation of lithium diffusion pathways 
for the materials with different morphology, the form-factor of LiV3O8 materials is crucial for 
their electrochemical properties. Platelike crystallites of nitrate-based LV1 - LiV3O8 are 
loosely packed so that good contact with electrolyte is ensured for almost any particle of 
lithium trivanadate. LV2 - LiV3O8 crystallites are packed more closely while large shapeless 
LV3 - LiV3O8 crystallites form large dense flakes with severely reduced electrode-electrolyte 
interface. Such features of the particle packing might be rather important for electrochemical 
cycling at high discharge rates. 

 
The measurements of specific capacity, its fade rate and open circuit voltage (OCV) are 

then performed in coin cells with Li anode (potential range 3.8-1.2 V vs. Li/Li+). Comparative 
study of several liquid electrolytes reveals that 1M LiClO4 solution in the mixture of 
EC:PC:DME (1:2:2) ensures the highest initial capacity and good reversibility of charge-
discharge processes. The initial discharge capacity values (C/10 charge-discharge rate) 
correspond to the intercalation of about 3 moles of Li per LiV3O8 formula unit. 



Concerning OCV measurements, a two-phase 
plateau appears for x=1.4-2.3 for all the 
investigated samples This plateau corresponds 
to the co-existence of low-lithiated (I) and 
high-lithiated form (II) of Li1+xV3O8 [4]. It is 
possible to calculate the cathode polarisation 
by the difference between the cell potential 
and OCV for the given lithium content. Such a 
dependence for LiV3O8  obtained from nitrate-
containing precursors is shown at Fig. 1. It 
should be pointed out that in the I? II phase 
transition region for Li1+xV3O8  obtained at 
pH=3 the cathode polarisation is more 
substantial than for other materials obtained 
from LV1 precursors. It can be related to the 
micromorphology of LiV3O8 powders. For the 
materials obtained at pH 3 the particles are 
platelike (Fig. 2). 
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Figure 1. Non-ohmic voltage drop of the
lithium cells with Li1.2V3O8 cathode. 

Figure 2. SEM micrograph of LiV3O8 powder 
obtained from LiNO3 + NH4VO3 freeze-dried 
precursor at 400°C. 

At the XRD pattern at 400°C sample the (100) 
peak is the most intense. Hence, one can 
assume that the particles are oriented along the 
VO6 octahedra layers. Then (100) texture 
leads to blocking favourably oriented 
crystallite zones and, hence, to a decrease in a 
lithium intercalation rate which results in a 
more significant polarisation. Due to this low 
diffusion rate, the I? II phase transition is 
rather slow and almost frozen during further 
cycling which is confirmed by galvanostatic 
measurements. The materials obtained from 
nitrate freeze-dried precursors at pH=3 also 
turn out to be the best in terms of rate 
capability. 

At C/5 discharge rate the discharge capacity for the 20th cycle remains 190 mAh/g. At pH=4 
the texture is absent, the lithium transport is easier that results in decreasing the cell 
polarisation. It means that the phase transition is not so complicated as for pH=3. During 
cycling, the rearrangement of crystallographic domains, resulting from the phase transition, 
causes blocking lithium diffusion pathways. Obviously, such a rearrangement is more 
difficult for the LV1-LiV3O8 obtained at pH 8. That can explain an important decrease in 
discharge capacity observed upon cycling. Concerning the materials obtained from acetate 
and formate containing precursors, the morphology remains the key factor for their 
electrochemical performance. The authors are indebted to Russian Foundation for Basic 
Research (RFBR) (grant No. 02-03-33263) for partial financial support. 
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