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PANNAWIT TIPSAWAT : POINT-DEFECT EQUILIBRIA OF DONORS-
TYPE DEFECTS IN CERIUM (IV) OXIDE. THESIS ADVISOR : ASSOC.

PROF. SIRICHOK JUNGTHAWAN, Ph.D. 81 PP.

CERIUM DIOXIDE/ SMALL POLARON/ POINT-DEFECT/DONORS/

LOCALIZATION/ TRANSPORT PROPERTIES

This work is aiming to understand electron transport and localization of n-type
CeO; where the small polaron theory mainly contributes to charge transport mechanism.
N-type CeO> was achieved by donor impurities doping. The donors (Ta and W) doped
CeO; were prepared by solid-state reaction route with doping concentration limited to

dilute regime 0.005 < x < 0.004.

The purity of obtained ceramic samples was identified using x-ray diffraction
while the result showed no observable diffraction of secondary phase. The lattice
parameter from x-ray diffraction was compared with the calculated lattice parameter
from defect compensation mechanism. The experiment and calculated parameter were
in good agreement where Ta doped ceria is distorted as increasing doping concentration
and W doped ceria showed expansion trend. This is because the presence of impurities
and defect compensation play a role in lattice evolution. However, the deviation of
lattice parameter may due to the lack of Ce*" concentration. This is supported by the
analysis of Ce*" where both Ta and W doped ceria have ratio between Ce*" and donor

impurities lower than expected value from our model. We suggested that the Ce** ions



IV

are partially compensated with other effective positive defect species such as oxygen

interstitial.

The defect formation showed that small polaron localizes at nearest neighbor of
Ta as (Cege — Tag,)” while two small polarons are sitting near each other at nearest
position to W ions as (2Ceg, — Wee)’. This clarifies the existence of small polaron in
n-type CeO, and emphasizes the hypothesis of interaction between small polaron and
donor impurities. In conductivity analysis, donor doped ceria exhibited thermally
activated conductivity. Ta doped ceria’s conductivity is linear line with two slopes mean
two different thermally activated process where the low and high temperature regimes
are impurity conduction and small polaron hopping, respectively. The individually
activation energy of small polaron is obtained by the linear fitting of activation energy
against effective charge of donor where the upper bound for hopping energy of small
polaron is 66 + 20 meV. Moreover, the binding energy between small polaron and
donor impurities is dominant as effective charge increasing. Eventually, all results
support the hypothesis that small polaron itinerant is strongly affecting by Coulomb

interaction between small polaron and donor impurities.
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