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The oxide ionic, eledron and hole conductivity as well as
the surfacereadion rate in yttria stabili zed zirconia, yttria
doped ceria and their solid solutions (Zr;4Ce,)Y 92019 (X =
00 — 10) have been discused in terms of the
thermodynamic properties  and the  observed
physicochemicad properties. Focus will be placel on the
comparison between the maaoscopic thermodynamic

description and the microscopic defed chemica description.

The microscopic thermodynamic properties have been
derived from the phase diagram information together with
emf and ather thermodynamic properties. The microscopic
properties were based on the ionic configuration of oxide
vacacies reported in literatures.  Fig. 1 indicates that the
small deviation from the lineaity can be interpreted in
terms of the difference in the locaion of vacancy. From
the macaoscopic properties, the dedron and the hole
conductivity has been correlated with the chemica potential
and its related concentration of cerium trivalent ions and the
concentration of the hypotheticd spedes, YOO, which is
determined from the chemical potential of YO;5. The
proton solubility has been correlated with the chemicd
potentiadl of YO;5 in a similar manner as the hole
conductivity, that is, chemicd spedes, YOOH, was used to
represent the protons in solid solutions. Fig. 2 compares
the composition dependence of the proton solubility and
hole conductivity together with the adivity of YO, 5 which
was derived from the phase diagram cdculation. The
excdlent agreement is obtained. The chemicd potential of
YO,5 was discussed in terms of the ionic configuration,
that is, the oxide ion vacancy formation in the location of
the neaest neighbor (NN) or the nest neaest neighbor
(NNN). In YSZ, the vacancy is formed around Zr*" and is
located at the NNN position from the dopant, Y**. In
yttria doped ceria (YDC), the vacaicy is formed around
Ce". Thismakesit possible to correlate among the proton
solubility and the hole @nductivity from the microscopic
point of view. As down in Fig. 3, proton solubility is
small when the vacancy is formed in the NNN pasition and
large when the vacancy is formed in the NN pasition.
This is reasonable from the chemicd considerations that
water has strong affinity with the basic oxide, YO;5. The
change in the ionic configuration of the oxide ion vacacies
gives the explanation for the deaease in the ionic
conductivity in the middle of the mncentration. On the
other hand, the maximum value in the surfacereadion rate
for the oxygen isotope exchange readion in the middie can
be acribed partly to the dedron behavior even in the
oxidative amosphere, although to understand fully the
behavior of the surface readion rate, more experimental
datawill be required on the dfed of water vapor etc.
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Fig. 1 The deviation of lattice onstant from the lineaity
obtained in the ZrO,-rich region indicates that the lattice
constant is related with the difference in the ionic
configuration, that is, the location of vacancy around Y**
or Zr**(or Ce™).
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Fig. 2 Comparison of composition dependence among the
observed proton solubility, hole cnductivity and

cdculated adivity of YOs.
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Fig. 3 The proton solubility in solid solutions and its
comparison with the deviation of lattice mnstants from
the lineaity in the ZrO,-rich region (seeFig. 1). The
solid line is evaluated from the cdculated p(YO;s)
together  with  p°(YOOH) in the Raoult
approximation.



