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A2BB/06 double perovskite oxides earned remarkable praise in obtaining
good quality performance of solar light conversion efficiency. The large
option to choose elements on A and B positions in this structure and
their hybridization provides versatile scope 1in designing a unique
photocatalyst. Numerous photocatalysts with strong photocatalytic
activities have been reported. However, the charge separation mechanism
related to band gap energy and the right band energy location to support
photocatalytic electrochemical reactions (oxidation and reduction
reactions) made them less effective as catalysts. To get an effective
photocatalyst, other aspects such as surface characteristics and
structural stability are also important. In this research, these
important factors were considerably taken into account and the effect of
Sb substitution on the structural, optical, and photocatalytic properties
of Ba2Tb(Bil-xSbx)06 double perovskite was investigated. Using the
citrate pyrolysis technique, high—quality Ba2Tb(Bil-xSbx)06 powder
sample was successfully prepared. Rietveld refinement of X-ray

diffraction pattern analysis confirmed the formation of single



crystallite monoclinic (x = 0.0 and 0.1) and cubic (0.5<x<1.0) phases.
The presence of Tb mixed valence states (Tb3+ and Tb4+), a typical feature
of lanthanoids (Ln), was confirmed by magnetic measurement. The
structural stability of the investigated Ba2Tb (Bil-xSbx)06 compounds was
properly analyzed through tolerance factor estimation and found to be
good stability under Sb substitution. The effect of Sb substitution on
B-site ordering in the Ba2Tb (Bil-xSbx) 06 double perovskite oxide analyzed
through least square fitted X-ray diffraction data suggested partial
disordering phenomenon. Optical properties were investigated through the
band gap estimation by applying Kubelka-Munk function revealed band gap
is a function of Sb concentrations. A band gap widening effect was seen
as a result of partial Sb substitution at the Bi site, which can be
attributed to the relativistic effect of the Sb bs electronic state
having a relatively higher energy than the Bi 6s electronic state. A
comprehensive study was made based on the theoretical inquiry of density
functional analysis suggested that increasing Sb values in Ba2Tb(Bil-
xSbx) 06 caused a substantial shift of the bottom portion of the conduction
band toward higher potentials. The replacement of bottom part of
conduction band associated with Bi5+(6s) by the higher Sb5+(5s) reflected
to this result. Finally, the catalytic activities of Ba2Tb (Bil-xSbx)06
was carried out from visible light facilitated reductive methylene blue
(MB) degradation. The former research on Pr-based Ba2Pr (Bi, Sb)06 double
perovskite also considered in this research to make an analytical
comparison. The MB degradation spectra showed effectively better
performance in the heavily Sb substituted region while relatively poor
performance for smaller Sb regions. In addition to MB, further catalytic
properties were examined by performing catalytic oxidative IPA
decomposition. However, IPA decomposition result showed a controversial
relation to the MB degradation. Using band edge potential calculation in
the normal hydrogen electrode potential scale (NHE), these typical
behaviors was elucidated. According to NHE, it was observed that the CB
edge position of heavily substituted Sb samples promoted a more efficient
reduction process. As a result, higher Sb content samples exhibited
better photocatalytic MB degradation. In contrast, the lower Sb
substitute samples band edge positions were found to be suitably promoted
more holes to the VB due to the smaller band gap contributed to the IPA
decomposition result. Furthermore, comparatively higher CB edge
potentials for Ba2TbBi0.4Sb0.606 (x=0.6) and Ba2PrSb06 reflected in



obtaining maximum (100%) MB degradation performances. The findings
indisputably emphasized the effectiveness of band edge position in
promoting more reduction processes for excellent photocatalytic MB
degradation. Another important finding of this research is to utilize
machine learning program, recommended to prepare the Ba2TbBi0. 4Sb0. 606
catalyst and satisfactorily obtained highest performance. Moreover,
present observation of photocatalytic performances was compared with the
previously reported perovskite compounds. Ba2 (Pr, Tb) (Bi, Sb) 06
photocatalyst found to be even better than others perovskite based
catalyst. This research conveys a clear message of Sb substitution
dependent possibility to tunning oxidative to reductive photocatalyst in

the preparation of a unique photocatalyst.
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