
Journal of Electroceramics, 7, 169–177, 2001
C© 2002 Kluwer Academic Publishers. Manufactured in The Netherlands.

Grain Size Dependence of Electrical Conductivity
in Polycrystalline Cerium Oxide
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Abstract. The magnitude and activation energy of electrical conductivity in nanocrystalline cerium oxide exhibit
a clear grain size dependence. Experimental results compiled from the literature were analyzed using a space charge
model, which takes into account the deviation of point defect concentrations from their bulk values in the vicinity
of grain boundaries. The consequences on conductivity arising from such space charge layers were calculated using
the brick-layer model (BLM) for grain sizes L large compared to the screening length λ. The obtained results
were supplemented by the calculated conductivity in the flat-band limit for L � λ. This combination allowed for
a quantitative comparison with experimental values, which were obtained in the mesoscopic regime of grain sizes
from 10–40 nm. The analysis yielded a value for the space charge potential in cerium oxide of 0.55 V. This space
charge potential is caused by a reduced standard chemical potential of oxygen vacancies in the grain boundary core
as compared to the bulk phase.
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1. Introduction

Metal oxides of the fluorite crystal structure, such as
cubic zirconia or ceria, are known to be fast oxygen
ion conductors [1, 2]. Unlike zirconia, cerium oxide
does not require the addition of dopants for stabiliza-
tion of the cubic structure and has therefore been used
as a model system for investigations of electrical con-
ductivity at low doping concentrations. Cerium oxide
is prone to deviation from the stoichiometric compo-
sition by the release of oxygen to the gas phase. This
propensity to reduction gives rise to an enhanced elec-
tronic charge carrier density and renders cerium oxide
a mixed ionic/electronic conductor (MIEC) [3]. In ther-
modynamic equilibrium, the total electrical conductiv-
ity can be related to the temperature T , oxygen partial
pressure pO2 in the surrounding gas atmosphere and to
the concentration of low-valent cation impurities which
act as acceptor ions [A′

Ce] [1, 3, 4].
Recent studies on the electrical conductivity of

nanocrystalline cerium oxide demonstrate that the
grain size also has a significant effect on electrical

conductivity. Under conditions in terms of T , pO2

and [A′
Ce], at which microcrystalline cerium oxide

exhibits predominantly ionic conductivity, nanocrys-
talline cerium oxide was found to be electronic con-
ductive [5–10]. The magnitude of electronic conduc-
tivity was higher if compared to the corresponding
partial conductivity of microcrystalline or single
crystalline cerium oxide and was associated with an
enhanced non-stoichiometry of the nanocrystalline ma-
terials. This interpretation was supported by the obser-
vation of a much lower activation energy for the tem-
perature dependence of electronic conductity which
indicated a lower heat of reduction in this material
[5, 7–9]. As noticed in all studies, the enhanced non-
stoichiometry of nanocrystalline cerium oxide may be
related to the large grain boundary area per unit volume
in these materials and reflects the difference in re-
ducibility (i.e. defect chemistry) at the grain bound-
aries as compared to the crystal lattice. It is important
to notice, that such a difference in defect chemistry
between grain boundary core and lattice is the ori-
gin of long range space charge potentials which are
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established to equilibrate the electrochemical poten-
tials of the various defects [11]. The defect chemistry
of a polycrystalline material, in which space charge
layers exist along grain boundaries, is no longer sub-
jected to the requirement of local charge neutrality.
This is particularly important, if the grain size is small
and the space charge layers take up a significant vol-
ume fraction of the whole crystallite. As a conse-
quence, the application of relationships which were
derived for the volume phase under the assumption of
charge neutrality may not be appropriate for a quantita-
tive analysis of experimental results on polycrystalline
materials.

Since space charge layers are not included in the
point defect chemistry of the volume phase, a refined
model for polycrystalline ionic solids was introduced
by Maier [12]. Space charge layers along grain bound-
aries, characterized by their space charge potential,
were incorporated into the brick-layer model to cal-
culate the electrical conductivity for a given grain size.
This space charge model was recently applied to poly-
crystalline cerium oxide and the calculated results were
in qualitative agreement with experimental data [13].
In principle, the space charge potential, which is a
priori unknown, could be determined by a quantita-
tive comparison of experimental and theoretical re-
sults. However, such a comparison was not possible
so far because the space charge model was limited to
large grain sizes (>80 nm) whereas the experimental
results were obtained with samples of grain sizes less
than 40 nm.

In the present study, a first approach towards a
quantitative comparison of experimental and theoreti-
cal results is reported. The experimental data base was
extended by compiling all results reported in litera-
ture on the grain size dependence of electrical con-
ductivity in cerium oxide. Despite of differences in
sample preparation and characterization, it was pos-
sible to derive the general trend which stands out
against the scattering in quantities obtained from sin-
gle measurements. Furthermore, the electrical con-
ductivity in the flat-band limit was included in the
space charge model which allowed for a more re-
liable extrapolation of the electrical conductivity in
the mesoscopic size range. The major objective of
this study was to analyze the experimental data by
means of the space charge model in order to derive the
value of the space charge potential in polycrystalline
cerium oxide.

2. Experimental Results

Various methods for synthesis and characterization of
nanocrystalline cerium oxide were employed in the
studies, from which experimental results were com-
piled for the present work. Nanocrystalline cerium ox-
ide was prepared by decomposition of chemical pre-
cursors [5, 8, 14] or gas condensation [5, 7, 9, 10].
Except for the measurements on spin-coated films [8],
nanocrystalline powders were obtained and consoli-
dated by uniaxial pressing either at room temperature,
followed by a sintering treatment [7, 9], or by hot-
pressing [5, 10]. The grain size of the nanocrystalline
specimens were characterized by an analysis of X-
ray diffraction peak broadening [8–10], transmission-
electron microscopy [5] or field emission scanning-
electron microscopy [7]. Unfortunately, there is no
information available in most studies on the concen-
tration of typical acceptor ion impurities such as lan-
thanum or yttrium.

In all studies, the electrical conductivity was de-
termined by an analysis of ac-impedance spectra. A
common observation was, that the impedance spectra
of nanocrystalline cerium oxide exhibited essentially a
single semi-circle associated with the impedance of the
bulk phase. Coarse grained cerium oxide, to the con-
trary, showed a large second arc in addition to the bulk
semi-circle, due to the contribution from grain bound-
aries of high resistivity. Taking into account the large
number of grain boundary intercepts per unit length, an
analysis based on the brick-layer model suggested that
the excess resistance per grain boundary was almost
negligible in nanocrystalline cerium oxide.

Reported values for the electrical conductivity of
nanocrystalline cerium oxide are shown as function
of grain size in Fig. 1. Despite the scattering in the
data, a clear trend is discernible indicating that the
conductivity increases with decreasing grain size.
The observation of a significant oxygen partial pres-
sure dependence (not further discussed in the present
paper) has led to the interpretation that the measured
total conductivity in nanocrystalline cerium oxide is
dominated by the electronic contribution. A possibility
to assess the absolute values of conductivity is a com-
parison with the electronic conductivity of undoped
single crystalline cerium oxide. This conductivity, cal-
culated for a temperature of 500◦C as 1 × 10−7 S/cm
[10] characterizes the cross-over between acceptor-
and donor doped cerium oxide. If the concentration
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Fig. 1. Experimental results on the electrical conductivity of
nanocrystalline cerium oxide as function of grain size, compiled
from the given literature. Where necessary, measured conductivities
were extrapolated to T = 500◦C and pO2 = 0.21 atm.

of penta- or hexa-valent donor-type impurities can be
neglected, this value represents the upper limit for the
partial electronic conductivity of cerium oxide. At the
smallest grain size of 10 nm, the measured conductiv-
ities were up to three orders of magnitude larger than
this upper limit, Fig. 1. Since the grain boundary den-
sity also increases with decreasing grain size, the en-
hancement may be interpreted as a donor effect of the
grain boundaries. However, it should be noticed that
this increase in conductivity by more than two orders
of magnitude was due to a reduction in grain size by
a factor of only four, therefore indicating that this en-
hancement does not scale linearly with the total grain
boundary area, which is inversely proportional to the
grain size.

The second quantity, compiled from the various
studies, is the activation energy, characterizing the tem-
perature dependence of electrical conductivity, as a
function of grain size, Fig. 2. With decreasing grain
size, a steep decrease of the activation energy is ob-
served. For the cerium oxide volume phase, the acti-
vation energy of electronic conductivity is related to
the activation energy of electron hopping EA,µ and the
heat of reduction �HR. Depending on the ratio of elec-
tron density n to the acceptor concentration [A′

Ce], the
activation energy is given as

EA = EA,µ + 1

3
�HR for n 
 [A′

Ce], (1a)

EA = EA,µ + 1

2
�HR for n � [A′

Ce]. (1b)

Fig. 2. Activation energy of electrical conductivity in nanocrystalline
cerium oxide as function of grain size, compiled from the given
literature. The lower and upper bounds for cerium oxide volume
phase are marked as dashed lines.

These two quantities are lower and upper bounds for the
activation energy of electronic conduction in the vol-
ume phase. Based on literature data EA,µ = 0.4 eV [15]
and �HR = 4.67 eV [3], these boundary values were
calculated and marked in Fig. 2. Obviously, the activa-
tion energy of nanocrystalline cerium oxide decreased
well below the lower limit for the volume phase. It
is tempting to use Eqs. (1a) and (1b) to analyze the
measured data, which would result in correspondingly
small values for �HR. However, the derivation of these
equations is based on the assumption of local charge
neutrality and they are therefore not appropriate for a
quantitative analysis if space charge effects are signif-
icant. In fact, the consequences of the inhomogeneous
distribution of charge carriers on the overall electrical
conductivity cannot be described by such simple rela-
tionships. Instead, the space charge model for the con-
ductivity of polycrystalline ionic materials, described
by Maier [12] and adapted for application on cerium
oxide [13] will be employed in the following section
to analyze the experimental results.

3. Space Charge Model

The existence of space charge layers along extended
structural defects in ionic solids is a consequence of
thermodynamic equilibrium [16, 17]. The space charge
potential is related to differences in the defect chem-
istry between the core of a grain/phase boundary and
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the volume phase [11]. Each point defect is associated
with a standard chemical potential, which is identical to
the molar free energy of formation. In thermodynamic
equilibrium, local defect concentrations and electrical
potential are established such that the electrochemical
potential of each defect is constant throughout the ma-
terial. The resulting spatial variation of the electrical
potential is a solution of the Poisson-Boltzmann differ-
ential equation.

∇2�(�r) = − e0

εε0

∑
i

zi exp

(
− µ0

i (�r) + zi e0�(�r)

kBT

)

(2)

Notice, that the standard chemical potentials µ0
i are as-

sumed to be different in the grain boundary core and
the bulk lattice. For given values of µ0

i , Eq. (2) can be
solved to derive the electrical potential �(�r). The result
of a numerical solution for a planar grain boundary is
shown in Fig. 3. It can be shown that for pure cerium
oxide, a significant positive space charge potential can
only be due to a reduced standard chemical potential
of oxygen vacancies µ0

VÖ
in the grain boundary core

as compared to the bulk value. Furthermore, the mag-
nitude of the space charge potential is essentially de-
termined by the difference �µ0

VÖ
= µ0

VÖ,gb
− µ0

VÖ,bulk

but almost independent of the absolute values of µ0
i .

As shown in the example of Fig. 3, a difference of
�µ0

VÖ
= −1.8 eV result is a space charge potential

Fig. 3. Variation of the electrical potential across a grain boundary,
obtained by numerical solution of Eq. (2) assuming a width for the
grain boundary core of 1 nm and µ0

VÖ,gb
− µ0

VÖ,bulk
= −1.8 eV.

�� = 0.55 V [18]. This space charge potential can be
regarded as a new material parameter, characteristic of
the grain boundary defect chemistry. The magnitude of
this quantity, which is generally unknown, may be ob-
tained by comparing experimental results and theoreti-
cal predictions with �� as an adjustable parameter. In
the following, the electrical conductivity of polycrys-
talline cerium oxide will be calculated as function of
grain size and compared with the experimental results
presented above.

The most important implication of the space charge
potential is the corresponding concentration profile
of point defects perpendicular to the interface. Under
some simplifying assumptions, an analytic expression
for the defect concentration at distance x from the grain
boundary can be derived [19],

ci (x)

ci0
=

(
1 + � exp(−x/λ)

1 − � exp(−x/λ)

)2zi

, (3)

with ci0 being the bulk concentrations of the defect
species and two characteristic parameters, the screen-
ing length

λ =
(

εε0kBT∑
i (zi e0)2ci0

)1/2

(4)

and a profile parameter

� = tanh

(
ze0��

4kBT

)
. (5)

In thermodynamic equilibrium, the bulk defect con-
centrations and the screening length λ are completely
determined by T , pO2 and [A′

Ce], whereas � is depend-
ing on the space charge potential and temperature. The
calculated concentration profiles of electrons, oxygen
vacancies and acceptor ions are shown in Fig. 4. The ef-
fect of the space charge potential on the distribution of
point defects depends on the sign of the defect charge.
Given a value of �� = 0.55 V, negatively charged
defects, i.e. electrons and acceptor ions, will be accu-
mulated and positively charged oxygen vacancies will
be depleted in the space charge layer. Two important
consequences arise from this space charge segregation
of point defects. First, the redistribution of acceptor
ions, leading on the one hand to an accumulation in
the space charge layer, results on the other hand in a
corresponding depletion of the volume phase since the
total acceptor concentration is constant [20] and can
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Fig. 4. Local concentration of the various point defects as function
of the normalized distance from the grain boundary, calculated for a
space charge potential of �� = 0.55 V and a total acceptor concen-
tration of 1000 ppm.

be expressed for a polycrystalline material with grain
size D in terms of their bulk concentration, the screen-
ing length λ and the profile parameter θ [13]. This re-
lationship can be used to calculate the residual bulk
concentration [A′

Ce]0 for a given total acceptor concen-
tration [A′

Ce]tot,

[A′
Ce]0 = [A′

Ce]tot

(
(1 − ψsc) + ψsc

1 − �

1 + �

)−1

. (6)

The quantity ψsc depicts the effective volume fraction
of space charge layers of thickness kλ in the polycrys-
talline material of grain size D,

ψsc = 6
kλ

D
. (7)

The prefactor k depends on the charge of the major-
ity defect which is accumulated in the space charge
layer under the given conditions with k = 2 for |z| = 1
and k = 8

3 for |z| = 2 [13]. It should be noticed that the
screening length also depends on the bulk concentra-
tion of the acceptor ions. Therefore, Eq. (6) is only im-
plicit and [A′

Ce]0 has to be calculated by iteration. The
effect of acceptor segregation on the residual bulk con-
centration and the screening length is shown in Fig. 5.
The redistribution of acceptor ions has two important
consequences.

First, the decrease in the bulk concentration of ac-
ceptor ions directly affects the bulk concentrations of
the mobile charge carriers in such a way that the ionic

Fig. 5. Residual bulk concentration of acceptor ions and screening
length λ as function of grain size for a space charge potential �� =
0.55 V and a total acceptor concentration of 1000 ppm.

Fig. 6. Local ionic and electronic partial conductivities as function
of the normalized distance from the grain boundary, calculated for a
space charge potential of �� = 0.55 V and a total acceptor concen-
tration of 1000 ppm.

bulk conductivity decreases and the electronic bulk
conductivity increases. The second consequence is the
variation of local ionic and electronic conductivity in
the vicinity of grain boundaries, Fig. 6 [12]. Depend-
ing on the magnitude of the space charge potential, this
effect may even lead to an inversion layer as indicated
in Fig. 6. Obviously, the accumulation of electrons and
depletion of oxygen vacancies in the space charge layer
will result in an enhanced electronic and reduced ionic
conductivity in the boundary layer. In order to quantify
this effect, it is necessary to incorporate the calculated
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Fig. 7. Concentration profiles for oxygen vacancies and electrons across an infinite plate of cerium oxide with thickness (a) L = 10 λ, (b) L = λ,
and (c) L = 0.1 λ, obtained by numerical solution of Eq. (2).

concentration profiles into a structural model represen-
tative of a polycrystalline material.

As long as the grain size is large compared to the
screening length λ, the brick-layer model (BLM) can
be employed for this purpose [12]. If the grains are at
least one order of magnitude larger than the screen-
ing length, the center part of the crystal is essentially
charge neutral and the defect concentrations are de-
termined by the volume defect chemistry. The con-
centration profiles in the boundary layers can be ap-
proximated by the solution for planar interfaces given
above, Fig. 7(a). The total electrical conductivity is cal-
culated according to the equivalent cirquit for the BLM.
Details on the mathematical treatment can be found in
[12, 13]. With regards to the constraint L 
 λ and the
grain size dependence of λ, shown in Fig. 5, the brick-
layer model described above can be applied to calculate
the electrical conductivity for grain sizes above 80 nm.

If the grain size and screening length are on the same
order of magnitude, the space charge layers from op-
posite grain boundaries overlap and the solution given
in Eq. (3) is not applicable, Fig. 7(b). Analytical solu-
tions can still be found for two parallel plates at dis-
tance L ≈ λ and applied to describe the space charge
potential in thin films [21]. However, no solutions are
available for the three-dimensional problem of a cu-
bic crystal. Furthermore, the contribution to conductiv-
ity stemming from volume elements in the vicinity of
edges and corners with their specific geometry may no
longer be negligible. In this mesoscopic size range, the
equations describing the defect chemistry and trans-
port properties must be solved numerically, which is
not further elucidated in the present study.

If the grain size finally becomes small as compared
to λ, the whole crystal volume is occupied by space

charge and the defect concentrations become constant
throughout the cross section of the crystallite, Fig. 7(c).
This flat band situation defines the upper limit to which
the electrical conductivity will increase upon reduction
of grain size. The electronic conductivity in the flat
band limit is given as,

σel,fb = σel,0 exp

(
e0��

kBT

)
, (8)

with σel,0 being the bulk conductivity at the same tem-
perature, oxygen partial pressure and [A′

Ce] = 0.
In summary, two analytic expressions for the con-

ductivity of polycrystalline cerium oxide were derived.
Depending on the relative magnitude of grain size and
screening length, the electrical conductivity could cal-
culated either using the space charge model based on
Eq. (3) for L 
 λ or using the flat-band result for
L � λ.

The grain sizes of the measured samples, ranging
from 10–40 nm, lie in between the size ranges in which
either the brick-layer model or the flat band limit is
valid. As mentioned above, the electrical conductiv-
ity in this mesoscopic regime might be modeled by
numerical calculations, as will be shown in a follow-
ing paper. An alternative approach is to extrapolate
the results derived from the space charge model for
L 
 λ to small grain sizes. It is safe to assume that the
conductivity will change continuously and monotoni-
cally with grain size and will approach to the flat-band
value at grain sizes L � λ. Following this strategy,
the grain size dependence of electrical conductivity
was calculated using different values for the space
charge potential and compared with experimental
results.
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Fig. 8. Electrical conductivity of polycrystalline cerium oxide as
function of grain size. The result of the space charge model (solid
lines) for σel is extrapolated (dotted line) based on the flat band limit.
The best agreement with the experimental results, as presented in
Fig. 1, was obtained for �� = 0.55 V.

4. Results and Discussion

The following calculations were performed for T =
500◦C, pO2 = 0.21 atm and [A′

Ce] = 1000 ppm. The for-
mer two values are given by experimental conditions
whereas the latter value was assumed to be a typical im-
purity concentration (the scattering in the experimental
results may originate to some degree from deviations
of this quantity in the individual samples). In Fig. 8,
theoretical and experimental results on the electrical
conductivity of polycrystalline cerium oxide as func-
tion of grain size are compared. As discussed above,
calculations based on the brick-layer model were lim-
ited to grain sizes larger than 80 nm. Under the given
conditions, the electrical conductivity of cerium ox-
ide with large grain size is dominated by the ionic
contribution. As a consequence of defect accumula-
tion/depletion in space charge layers, the ionic par-
tial conductivity decreases with decreasing grain size
whereas the electronic conductivity incrases, resulting
in a transition from predominantly ionic to electronic
conductivity at a grain size of about 60 nm. The extrap-
olated increase of electronic conductivity beyond the
size range of the BLM-calculation is justified by the
flat-band value, to which the electronic conductivity
should approach at small grain sizes. Based on this ex-
trapolation, the best agreement between calculated and
experimental results was achieved for a space charge

potential of �� = 0.55 V. The space charge model cor-
rectly predicts absolute values of electronic conduc-
tivity larger than the acceptor/donor cross-over values
of 1 × 10−7 S/cm. Electronic conductivity above this
value could be achieved in the volume phase of cerium
oxide only by doping with penta- or hexavalent donor
ions. Furthermore, a rather steep increase of conductiv-
ity with decreasing grain size, characterized by a slope
of ≈−3 in Fig. 8, is consistent with the experimen-
tal results and indicates that the grain size effect does
not scale linearly with the grain boundary area per unit
volume.

The second experimental result, which exhibited a
large grain size effect was the activation energy, Fig. 2.
The space charge model was used to calculate the elec-
trical conductivity of polycrystalline cerium oxide at
different temperatures. An Arrhenius analysis of the
calculated conductivities provided the activation ener-
gies of the partial conductivities as function of grain
size. The results are shown in Fig. 9 for an oxygen
partial pressure of pO2 = 10−20 atm. The choice of this
very low oxygen partial pressure involves two aspects
which will be elucidated in the following.

Given a space charge potential of �� = 0.55 V, the
activation energy in the flat band limit,

EA,el,fb = EA,µ + 1

3
�HR − e0��, (9)

can be calculated as 1.41 eV. In analogy to the flat
band value of electronic conductivity, the activation

Fig. 9. Activation energy of ionic and electronic partial conductivity
as function of grain size for pO2 = 10−20 atm. Notice the decrease
of EA,el below the flat band limit and the increases of EA,ion at small
grain sizes.
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energy should approach to this value as the grain size
becomes much smaller than the screening length λ.
This would agree with the experimental observation of
activation energies below the lower limit of 1.98 eV for
the volume phase. However, some experimental results
were even lower than the flat band value of 1.41 eV.
This apparent inconsistency is due to the fact, that the
flat band limit for the activation energy is not a lower
bound. As evident from Eq. (9), the flat band value of
1.41 eV is independent of the oxygen partial pressure.
Therefore, we may calculated the grain size dependent
activation energy for any value of pO2 and compare
these activation energies with the flat band limit without
loss of generality.

The second aspect is related to the limitation of the
space charge model to grain sizes L 
 λ. By chos-
ing a low oxygen partial pressure, it was possible to
demonstrate the steep decrease of the activation energy
within the valid range of grain sizes for the brick-layer
model. As shown in Fig. 9, the activation energy EA,el

at pO2 = 10−20 atm and grain sizes below 100 nm be-
came smaller than the flat band value. The additional
reduction of EA,el is caused by the temperature depen-
dence of acceptor segregation and this contribution is
most significant in the mesoscopic regime.

This consideration shows, that the flat-band value
for the activation energy is not a lower bound and the
extrapolation of activation energies into the size range
between the BLM and the flat band limit and thus a di-
rect comparison of theoretical and experimental results
is not reasonable as long as numerical calculations in
the mesoscopic regime are not available. Nevertheless,
the qualitative result of a steep decrease in activation
energy EA,el with smaller grain size is in qualitative
agreement with experimental results. It is also interest-
ing to notice, that the space charge model predicts an
increasing activation energy for the ionic partial con-
ductivity, which may explain the unusually high value
of 1.6 eV reported in [22].

As mentioned above, the activation energy of the
cerium oxide volume phase EA,el may be analyzed ac-
cording to Eq. (1a) and (1b). If the activation energy
of electron mobility is not significantly affected by the
grain size [22], the application of this analysis to the
experimental results from nanocrystalline cerium ox-
ide would imply a grain size dependent enthalpy of the
oxygen exchange equilibrium �HR [8]. However, this
effective enthalpy is not an average of bulk and grain
boundary contributions following a simple rule of mix-
ing. It is reasonable to assume that the grain boundary

core in polycrystalline cerium oxide is more reduced
than the bulk phase, based on the enhanced reduction of
the cerium oxide surface [23, 24]. As shown in Fig. 3,
a space charge potential of 0.55 V is established if the
standard chemical potential for oxygen vacancies in
the grain boundary core is reduced by 1.8 eV as com-
pared to the bulk value. If the electronic structure in the
grain boundary core is not too different from the bulk
phase, this decrease translates into a correspondingly
lower value for �HR,gb = 4.67 eV − 1.8 eV ≈ 2.9 eV
in the grain boundary core. The enhanced propensity to
reduction at the grain boundary core, characterized by
this value of �HR,gb, and the consequences on the dis-
tribution of point defects, as described by the space
charge model, are consistent with the experimental
results.

5. Summary

The grain size of nanocrystalline cerium oxide has a
significant impact on the magnitude and activation en-
ergy of electrical conductivity. Both effects were con-
sistently described by a model, which takes into ac-
count space charge layers along grain boundaries. As a
consequence of space charge segregation of point de-
fects, the ionic partial conductivity in cerium oxide de-
creases and the electronic conductivity increases with
decreasing grain size for positive space charge poten-
tials. The best quantitative agreement between experi-
mental and theoretical results was obtained for a space
charge potential of 0.55 V. The analysis of equilibrium
between grain boundary core and bulk phase revealed,
that this space charge potential was caused by the stan-
dard chemical potential of oxygen vacancies, which is
reduced by ca. 1.8 eV in the core of grain boundaries
as compared to the bulk.
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