NMR study of Nasicon type materials  Li1+xM2-xNx(PO4)3, (M, N =Ti, Zr, Al)
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Abstract

Materials with nominal composition Li1+xM2-xNx(PO4)3, M=Ti, Zr and N= Al, Ga, Sc, In, have been prepared by ceramic method and studied with Nuclear Magnetic Resonance (NMR) techniques. Substitution of Ti4+ by trivalent (Al3+) or tetravalent (Zr4+) cations changes the unit cell dimensions and affects the Li occupancy in the Nasicon framework.

Structural sites occupied by lithium in LiTi2-xZrx(PO4)3 series have been investigated by 7Li NMR spectroscopy. At room temperature, end-members of the series display rhombohedral 
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 symmetry in LiTi2(PO4)3 and triclinic 
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 in LiZr2(PO4)3. The first order  transition detected at 310K has been followed by NMR (31P and 7Li) techniques. In the LiTi2(PO4)3  compound, Li ions occupy M1 sites; however in the LiZr2(PO4)3, Li occupy intermediate M1/2 sites. From the temperature dependence of 7Li NMR quadrupole constant (CQ) of the two compounds, the evolution of M1 and M1/2 sites occupancy in the Nasicon conduction network has been deduced. From relaxation NMR data, a microscopic activation energy of Em = 0.43 eV was measured in the triclinic phase. Above the  phase transition a strong delocalisation of Li over structural sites disposed along conduction paths was detected.

From the analysis of the 7Li, 27Al  and 31P NMR spectra of Li1+xTi2-xAlx(PO4)3 series, the samples composition and the occupancy of M1 and M1/2 sites by lithium has been deduced. For high Al3+ content (x>0.3),  detection of new broad peaks in 31P and 27Al MAS-NMR spectra supports the formation of secondary phases (AlPO4, Li4P2O7). In  Li1.2Ti1.8Al0.2(PO4)3 compound, the analysis of the quadrupole constant (CQ) and spin-spin relaxation rate (
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) deduced from 7Li NMR spectra of, two regimes associated with local and long-range motions of lithium have been identified. From the analysis of 
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 as a function of reciprocal temperature, the residence times of lithium at structural sites and their dependence on temperature have been estimated. 
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