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ABSTRACT

New lithium ion conductors of M-doped LiScO, (M = Zr, Nb, and Ta) were synthesized by a solid-state reaction
method. Peak shifts of the X-ray diffraction patterns revealed the formation of solid solutions with aliovalent

cation doping. In addition, increase in the ionic conductivity by the M doping is indicated. The highest total

conductivity of 7.94 x 10° S cm ' at 623 K with an activation energy of 88 = 5 kJ mol ' was observed for the Zr*"

doped sample in the systems. The Zr*" doped system showed the largest solid solution limit in Li,_ Sc,_Zr,0,

(x~0.1) and continuous increase of the conductivity with increasing x. Structural analysis by Rietveld refinement

indicated that the lattice expansion and lithium-ion vacancy formation by the Zr doping in the structure, which

could contribute to the increase in the ionic conductivity.
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Fig. 1 X-ray diffraction patterns (a) and observed shift of the 211 reflection (b) for LiScO, and aliovalent cation doped Li,,Sc¢, . M,0, system (M = Zr*, Nb™*

or Ta’", x=0.1).
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Fig. 2
system (M = Zr*", Nb*" or Ta™").
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Representative impedance plots at 623 K (a) and Arrhenius plots showing the temperature dependences of the conductivity for the doped Li, ,Sc, .M. O,

Tonic conductivities at 573 K and activation energies of the doped

Li,,Sc, ,M,0, system (M = Zr*', Nb*" or Ta™"). Those values of
the LiScO, are also indicated from previous report”.

Doped Composition Total conduct1V1ty Activation energy
element P p/Sem’' @573 K E,/%J mol
— LiScO, 4.2 x 107 [ref] 101 [ref]
Ta LiysScooTay,0, 579 x 107 57+11
Nb LiysSceoNby, 0, 6.01 x 107 85+3
Zr LigeScooZr,,0, 9.73 x 107 88+ 5
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Fig. 3
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Tonic conductivities of the Li,_Sc, ,Zr,0, at 573 K as a function of

composition x. LiScO, (x = 0) value is plotted from previous report.
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Fig.4 Observed (+), calculated (solid dark green line) and different plots
(solid blue line) for Rietveld refinement of synchrotron X-ray data
of LiScO, (a) and Li,_(Sc,_Zr,)O, (x = 0.1) (b) obtained at room
temperature. Vertical markers below the patterns indicate positions
of possible Bragg reflections of space group /4,/amd(141) for LiScO,.

Table 2 Refined structural parameters for LiScO,.

Atom Site g X y z B/ A’
Li 4b 1.0 0.0 0.25 0.375 2.0
Sc 4a 1.0 0.0 0.75 0.125 0.135(7)
(¢} 8e 1.0 0.0 0.25  0.09895(3) 1.352(6)

Unit Cell: tetragonal /4,/amd(141); a=b=4.1791(18) A, and ¢ = 9.3610(4)
A;R,,=11.55.

Table 3 Refined structural parameters for Li, ,(Sc, Zr,)O, (x =0.1).

Atom Site g X y z B/ A’
Li 4b 1-[g(Zr)] 0.0 0.25 0.375 2.0
Sc 4a 1-[g(Zr)] 0.0 0.75 0.125 0.240(6)
Zr 4a  0.0968(7) 0.0 0.75 0.125 0.240(6)
(¢} 8e 1.0 0.0 0.25  0.09793(3) 1.116(6)

Unit Cell: tetragonal /4,/amd(141); a = b =4.1804(16) A, and ¢ = 9.4186(3)
A;R,,=7.28.
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