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Lithium-manganese oxides with the spinel structure are of interest as lithium insertion electrodes 
for rechargeable lithium batteries [1]. The stoichiometric LiMn2O4 [2], the lithium-deficient 
Li1-xMn2+xO4 [3] and the lithium-excess Li1-yMn2O4 [4] undergo several temperature phase 
transitions. Moreover, various crystal structures have been observed in the lithium-deficient 
Li1-xMn2+xO4 series and in the lithium-deficient iron-substituted series [5]. 

The energy-dispersive X-ray diffraction experiments were undertook at synchrotron beamline F2.1 
(DESY/HASYLAB) to compare the structural phase transition of LiMn2O4 and Li1.025Mn1.975O4 at 
high-pressure conditions. 

Samples were obtained by conventional solid state reaction of Li2CO3 with α-Mn2O3 (Ia3 , bixbyite 
structure) at 923 K. The samples were mounted in a boron nitride (h-BN) cylinder in the middle of 
cube of boron-epoxy mixture with the edge length 8 mm. The cube was located in between six 
anvils of the MAX80 press. The samples were diluted with h-BN in order to get quasihydrostatic 
conditions. The measurements were carried out at room temperature in the pressure range ambient 
to 2.8 GPa. The characteristic feature of the experimental setup applied was the use of white 
synchrotron radiation combined with a diffraction angle fixed at θ = 4.5035°. 

Le Bail fitting, implemented in FullProf program [6], was applied to constrain peak numbers and 
shifts by unit-cells and space groups. The energy-dispersive X-ray diffraction patterns varied with 
applied pressure. Even for as low pressure as 0.2 GPa one can observe in diffractograms the 
additional diffraction peaks. We indexed them with the tetragonal space group F41/ddm. The 
standard space group I41/amd appeared less suitable for comparison of the spinel structure 
deformation. 

While LiMn2O4 and Li1.025Mn1.975O4 were compressed, the evolution of the diffraction spectra was 
significantly affected with pressure (Fig. 2). No significant differences in the unit cell parameters, 
the c/a axial ratio and pressure dependence of phase transformation were observed. 

 
 

Figure 1:  An example of profile fitting with the Le Bail method. 
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Figure 2: Comparison of high-pressure energy-dispersive X-ray diffraction patterns of LiMn2O4 and 
Li1.025Mn1.975O4.  T – tetragonal phase (F41/ddm); C – cubic spinel (Fd3m); # - h-BN; Ι - NaCl applied for 
pressure determination. 
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