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Abstract:

In this research project, local structural configuration and formation energy of
ferroelectric lead-based compounds in perovskite phase i.e. XxPbZrysTips605-
(1-x)PbZng 33Nby;O5 (x = 0.1, 0.2 and 0.3) or PZT-PZN, 0.07BaTiOs-
0.93PbZng 33Nbj 6705 or 0.07BT-0.93PZN and AuNPs 0.07BaTiO53-0.93PbZn, 33Nbg 6,03
or AuNPs 0.07BT-0.93PZN were investigated using density functional theory (DFT)
calculation and x-ray absorption spectroscopy (XAS) analysis both the x-ray absorption
near-edge structure (XANES) and the extended x-ray absorption fine structure (EXAFS).

In the study of pyrochlore phase to perovskite phase formation behavior of PZT
- PZN compounds in various chemical compositions and calcination temperatures, the
structural models of Zn substitution on B-site in PZT - PZN both pyrochlore phase and
perovskite phase were calculated using density functional theory, and used to simulated
Zn K-edge XANES spectra. The comparison between simulated and measured Zn
K-edge XANES spectra shows Zn atom in PZN pyrochlore phase was formed to
perovskite phase with increasing PZT compositions, while Zn atom was substituted in

PZT perovskite phase with increasing calcination temperatures. The result indicates



0.1PZT - 0.9PZN compound at calcination temperature 850°C is optimized condition of
100% vyield of perovskite phase.

In the study of structural configuration and formation energy of perovskite
0.07BT - 0.93PZN compound, the structural models of Ba and Ti substitution in PZN
perovskite phase were calculated using density functional theory, and used to simulated
Zn K-edge XANES spectra. The comparison between simulated and measured Zn
K-edge XANES spectra shows Ba2+ was replaceing Pb2+ in A-site with Zn2+ in B-site of
Pb(Zn,;Nb,3)O3, while in the neighboring structure, Ti4+ was replacing Nb5+ in B-site
with Pb2+ in A-site. With the substitution of BT in PZN structure, the bond length
between zn”" and Pb2+ of 0.07BT - 0.93PZN was longer than that of the typical
perovskite phase of PZN. Therefore, The substitution of spherical shape Ba2+ cation in
Pb2+ cation on A-site and the substitution of smaller ionic radius Ti4+ cation in Zn2+
cation on B-site can be increased the bond length between Pb2+ and Zn2+, the steric
hindrance of Pb2+ lone pair and the mutual interaction between Pb2+ lone pair and Zn2+
cation. The formation energy of 0.07BT - 0.93PZN with perovskite was then decreased.

In the study of structural configuration and electrical properties of perovskite
AuNPs 0.07BT - 0.93PZN compounds, the comparison of Au M5-edge XANES spectra
between Au standand and AuNPs 0.07BT - 0.93PZN compounds shows AuNPs are not
substituted into 0.07BT - 0.93PZN structure. The dielectric constants and dielectric loss
of AuNPs 0.07BT - 0.93PZN compounds higher and lower than that of 0.07BT -
0.93PZN compounds without AuNPs, respectively, which can be described by assuming
the connectivity series between the ceramics and the metal phases.

The fundamental understanding of local structure configuration and electrical
properties relationship can be used alongside with appropriate synthesis techniques as
a guideline to prepare perovskite lead zinc niobate ceramics with exceptional electrical

properties.

Keywords: Local structure, Lead zine niobate, X-ray absorption spectroscopy, Density

functional theory
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