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Introduction
Recently, lithium transition metal olivine LiMPO4 (M=Fe, Mn, Co, Ni) compounds are becoming
the most effective positive cathode materials for secondary lithium ion batteries that can be used
as plug-in hybrid electric vehicles (PHEVs) [1]. Among these olivine-structured materials, LiFe-
PO4 are usually located as the attractive materials because of their specific capacity (170 mAh/g),
operating voltage (3.4 V), chemical stability and environment-friendly. To improve the electro-
chemical performances of LiFePO4, the multi-component olivine compounds have been explored
to enhance the electro-chemical properties such as higher operating voltage and energy density [2].
The lithium deintercalation of LixMPO4 have been used extensively to investigated the charge/dis-
charge mechanism of Li-battery which is induced M2+/M3+ valence transition of transition metal.
In this paper, we have prepared LixFe1/3Co1/3Ni1/3PO4 compounds and studied the structural phase
transformation by lithium deintercalation. Also, we have reported the magnetic hyperfine interac-
tions and valence transition of iron ions in FeO6 site by Mössbauer analysis.
Experiments
Stoichiometric LiFe1/3Co1/3Ni1/3PO4 compound was synthesized by the following vacuum-sealed
solid-state reaction method. Li2CO3 (99.997 %), Fe(II)C2O4H2O (99.99 %), Co(II)O (99.99 %),
Ni(II)O (99.9 %) and NH4H2PO4 (99.99 %) were used as raw materials for the compound. The mix-
ture of raw materials was calcined at 300 °C under Ar for 3h. Then, it was thoroughly sealed in into
an evacuated quartz-tube and sintered at 700 °C for 10 h.
Fully deintercalated compounds are produced in the chemical oxidation of LiFe1/3Co1/3Ni1/3PO4.
The mixture solution of LiFe1/3Co1/3Ni1/3PO4 and NO2BF4 in acetonitrile was stirred for 24 h at
room temperature. Then, they were dried in a primary vacuum at 60 °C.
Structure analysis of LixFe1/3Co1/3Ni1/3PO4 powders was carried out with the x-ray diffractometer
(XRD) and Rietveld refinement program. The temperature-dependent Mössbauer spectra were
taken in a temperature range from 4.2 K to 295 K by RDK-cold head and conventional spectrom-
eter with a 57Co/Rh γ-ray source.
Results and discussion
The crystal structure of the LixFe1/3Co1/3Ni1/3PO4 (x=0, 1) revealed that both samples were deter-
mined to be olivine-type orthorhombic structure (Space group: Pnma). It is noticeable that the com-
plete solid-solution phase between LixFePO4, LixCoPO4 and LixNiPO4 existed as show in Fig.1.
The lattice parameter of LixFe1/3Co1/3Ni1/3PO4 from the Rietveld analysis are a0= 10.0498 Å, b0=
5.8648 Å and c0= 4.7333 Å for x=0 and a0= 10.1994 Å, b0= 5.9396 Å and c0= 4.6957 Å for x=1,
respectively. The unit cell volume of LiFe1/3Co1/3Ni1/3PO4 (V= 284.47 Å3) is larger than that of
Fe1/3Co1/3Ni1/3PO4 (V= 278.98 Å3) which can be expected extraction of Li ions from olivine struc-
ture. 
Fig.2 shows the temperature-dependent Mössbauer spectra of LixFe1/3Co1/3Ni1/3PO4 which indi-
cates that there are different antiferromagnetic ordering with different TN= 51 K and 35 K for x=0,
1, respectively. In all temperature ranges, the isomer shift values of LiFe1/3Co1/3Ni1/3PO4 (δ= 1.21
mm/s) is larger than that for the Fe1/3Co1/3Ni1/3PO4 (δ= 0.43 mm/s) which is indicate the valence
transition of Fe2+/Fe3+ due to the Li ion migration. The spectra of below TN were analyzed with
eight Lorentzian lines due to the magnetic dipole and electric quadrupole interactions. Asymmet-

ric shape of Mössbauer spectrum for LiFe1/3Co1/3Ni1/3PO4 can be observed with strong electric
quadrupole interaction. However, in case of fully deintercalated sample, more symmetrical absorp-
tion line can be observed with smaller value of electric quadrupole splitting. These results indicate
that lithium deintercalation in olivine structure, enhances the lattice symmetry, charge distribution
and valence transition of FeO6 octahedral sites.
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