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Mixed oxide-ionic and electronic conducting ceramics (MIECS) o -
are attracting much interest as materials for oxygen separation @ -
membrane$.Oxygen can permeate through MIECs membranes ' !
when a gradient of oxygen chemical potential exist80,-based
oxides with INiF4-type structure have extensively been studied
as new mixed ionic-electronic conductdrs,whereA andB are
cations. The development of improved MIECs requires a better
understanding of the mechanism of ionic conduction, and crucial
to this is a comprehensive knowledge of the crystal structite.
was speculated that the oxide ion conduction in AlBO,-based
oxides occurs by diffusion of excess oxide ions along the rock-
salt-typeAO layers3—® However, the diffusion path of oxide ion
has not been determined yet.,RiOs-based oxides have a high
oxygen permeability and high diffusivity of oxide iofg$.Here,
we report for the first time the diffusion path of oxide ions in a
K2NiF,-type mixed conductor, (BsLao,1)2(Nio.74Clo 21G&.05)Os+s
(PLNCG), through a high-temperature neutron powder diffraction
study. We chose this chemical composition, because it exhibits high
oxygen permeability. The present result would give hints for the
design of KkNiF,-type conductors.

A PLNCG sample was prepared by a solid-state reaction method
at 1300°C for 6 h in air.” Neutron powder diffraction data of (a)
PLNCG werein situ measured at 606.6 and 10156 using a Figure 1. (a) Refined crystal structure and isosurface of nuclear density at
furnacé® and a 150 detector system_ HER_M]E$I a neutron 0.05 fm A3 of the mixed oxide-ionic and electronic conductor o&r
wavelength of 1.82646 A. Neutron diffraction patterns at both Lao.1)2(Nio.74C U 2:Ga.09Oa+ s determinedn situ at 1015.6°C. Unit cell:
temperatures indicated a;MiF,-type structure with thé4/mmm Tetragonall4/mmm a = 3.875(3) A andc = 12.738(9) A.
g™ . 6 0.0 uherex = 0666(19) anc = 02230 1 10156

ysis;the 1 Py method ( ). Figures 1b and 2 show the isosurface and distributions of the MEM
and MEM-based pattern fitting (MPFjJ.The computer program

. . . nuclear density of PLNCG. The oxygen atom at the O2 sie2 (4
- 2 -
EIET@N EOIOG V‘{?S m:!.'é.ed for tgev?gt_l\i:l? anqus? art1.d ME]!Vl (0, 0,2); z= 0.1752(4) at 1015.8C) exhibits highly anisotropic
ased whole pattern fitting, an Jor visualization o thermal motion 11 = Uy, = 0.115(3) R andUs; = 0.021(3) &),

nuclear density (scattering-length density) distribution. It is known which leads to the migration of oxide ions to the nearest-neighbor

that MPF makes_lt_ pos§|ble 0 determ_lne nuclt_aar densities in interstitial O3 positions. The striking feature in the nuclear density
c_ompoynds containing disordered chemical species from NeUroN gisyribution is the curved G203 diffusion path as shown in Figures
dlffrgctlon da@'ls . . 1b and 2. This feature is ascribed to the repulsion between (Pr,La)
Rietveld refinements of the neutron diffraction data of PLNCQ and O atoms. In fact, the distance between the (Pr,La) and O atoms
at 606.6 a.nd 1015.8C were sgccessfully performed on the basis is kept approximately constant along the diffusion paths. This fact
of.the KeNiF,-type structure withl4/mmmspace-group symmetry suggests that the large-sized cations such as Pr and La ions at the
(Flgu.re' 1a). It was found that PLNCG has a crystal structure A site in theA,BO,-type conductor are effective in improving the
con§|st|ng of (Ni,Cu,Ga) Qctghedron and (Pr,La)-O layers. oxide-ionic conduction on thé-O layer. The conduction path is
Refined oceupancy factgrs indicated the excess quge@ of along the[100directions near the O2 site and roughly along the
0.0154(3) in (Pgola0.1)2(Ni0.74C U 21G .09 Oao, Which is ascribed  m1Mgirections around the center of the paths (Figure 2b). The
o the interstitial O3 atom. The O3 atom is located at a Sife, nuclear-density distribution also shows the two-dimensional (2D)
network of the O2-03—02 diffusion paths of oxide ions. The 2D
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1&%ﬁm”jgti\‘jéers?yec“”‘)'ogy' feature is consistent with the anisotropic transport of oxide ions
§ National Institute for Materials Science. in LagNiO444.5 The nuclear density on the diffusion path at
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Note Added after ASAP Publication.The version of this paper
published on February 8, 2008 contained errors in Figure 2 and
the Table of Contents graphic. The version published on February
19, 2008 has the correct information.

Supporting Information Available: Neutron powder diffraction
plot and crystallographic data of PLNCG. Figure of the 2D network of
diffusion paths. This material is available free of charge via the Internet
at http://pubs.acs.org.
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Figure 2. Nuclear density distribution on the (100) plane of the mixed
conductor (Pgdlag 1)2(Nio.74CW 21G&.05)0419 at (a) 606.6°C and (b)
1015.6°C. Contour lines from 0.1 to 1.0 by the step of 0.1 fm3A

1015.6°C (Figure 2b) is larger than that at 6066 (Figure 2a),

which is consistent with the improved oxygen permeability at higher

temperatures.

In conclusion, we have presented here the first visualization of

structural disorder and diffusion path of oxide ions isNiF,-type

mixed conductors. We have experimentally confirmed that the
anisotropic thermal motions of the O2 atom and the interstitial O3

atoms are essential for the high oxygen permeability of the K
NiF,-type mixed conductor. To design improveeNdF,-type mixed
conductors with higher oxide-ion diffusivity, it might be useful to
adopt largerA cations andA andB cations with higher valences,
which yields a higher concentration of interstitial O3 atoms.
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