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INTRODUCTION


Stoichiometric Li1Mn2O4 spinel, a cathode material for Li-ion batteries, shows a structural transition at 290 K due to the Jahn-Teller distortion of the Mn+3 ions.  The phase transition  from cubic (Fd3m) to orthorhombic (Fddd) structure is accompanied by simultaneous charge ordering within the manganese sublattice [1]. There is a common opinion that the phase transition worsens the properties of the cathode material, however there is no experimental proof for it.  There is also no data on the dependence of the phase transition on deintercalation degree x of Li1‑x Mn2O4 cathode. 

A cathode material should exhibit good electrical conductivity but in manganese spinel electron transport at room temperature is particularly poor, as compared with other widely used cathodes.  Polaron conduction mechanism with activation energy of 0.2-0.3eV cannot explain observed high efficiency of lithium intercalation process. The topic is what are the physicochemical properties of deintercalated spinel and what is the real electron transport mechanism in operating spinel cathode.  Investigations on electrical properties of the Li1-xMn2O4 (0.4 ( 1-x ( 1) system and structural and thermal characterisation at subsequent stages of deintercalation process were undertaken.

Electronic, THERMAL and Transport properties of the spinel cathode 

Samples were deintercalated in Li/Li+/Li1‑xMn2O4 cells.  In  the electrical conductivity, thermoelectric power and DSC measurements for the compositions xLi=0.98; 0.96; 0.94; 0.75 and 0.40  sharp maxima with values as high as 600 – 8000(V/K in Seebeck coefficient, stepwise changes in the electrical conductivity and corresponding thermal effects on DSC curves were observed.  Measured peak values of ( of the order of 10mV/K cannot be ascribed to any conventional mechanism. It can originate from a two-phase system occurring in the measurement procedure. The applied temperature gradient can cause the beginning of a phase transition at one end. The instability in phonon spectrum (acoustic mode softening) of the arising phase can lead to the appearance of an additional charge carrier concentration gradient. The obtained DSC results can be ascribed to an order–disorder transition.  

All observed phenomena can be ascribed to localised polaron condensation:  an appearance of a short and a long distance orders of “molecular polarons”.  A dynamical Jahn-Teller active cluster composed of four 16d manganese positions and four neighbouring oxygens plays role of a self- trapped small polaron.  Below the “phase transition temperature” the interaction between such  “molecular polarons” becomes dominant resulting in observed long distance charge ordering accompanied by small lattice distortions.  Within the cluster charge density fluctuations related with lattice distortion are present (a vibronic state of molecular polaron in which the motion of the electron and atomic displacements are dynamically coupled). In Mn sublattice every 16d site belongs to two tetrahedrons, so the charge at the corners should be divided equally between them.  A condition that the charge of the tetrahedron is constant all over the crystal is called Anderson’s condition and is a basis for electronic structure of spinel type oxides. But there is no charge transport over 16d sites in the crystal if all the tetrahedrons fulfil Anderson’s condition.  If a Mn3+ - Mn4+ pair belongs to the same tetrahedron an electron jump does not change the total charge of it.  A finite energy is necessary to violate Anderson’s condition and thus to make an electron to move from one atom to another.  Clearly different situation is created when Li+ ion leaves the 8a position in working spinel cathode.  Lithium cation leaves an electron, locally violates the Anderson’s condition and the left charge can easily flow within manganese sublattice as a sequence of Mn3+ - Mn4+ electron jumps.   

CONCLUSIONS

Good operation of the Li+/Li1‑xMn2O4 cathode may be related to the proposed alternative charge transport mechanism present in working manganese spinel cathode.  This mechanism permits easier electron transport and being present in a wide range of compositions xLi ensures observed high efficiency of the deintercalation process.  A sophisticated nature of the observed phase transition as well as the appearance of this mechanism should be ascribed to the complicated, mixed-valency manganospinel structure.   

Reference

1.
J. Rodriguez-Carvajal, G. Rousse, C. Masquelier, M. Hervieu, Phys. Rev. Letters 81(1998)4660

