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Photocatalytic water splitting is a promising platform for clean and renewable energy generation from
solar energy. Metal mixed anion compounds such as oxynitrides, oxysulphides, and oxyhalides have
emerged as promising photocatalysts for water splitting, owing to their negative valence band maximum
(VBM) compared to conventional oxides [1, 2]. Substantial mixing of the p-orbitals from the non-oxide
anions (e.g., N-2p, CI-3p) with the O-2p orbitals cause a negative shift in the VBM. Unfortunately, most
mixed-anion compounds undergo self-oxidation of non-oxide anions by photogenerated holes, thereby
imposing surface modifications to overcome the oxidative photo-corrosion [3, 4]. Herein, we present the
structural and compositional nanoscale characterization of new tantalum-gadolinium (Ta-Gd) based

layered intergrowth perovskite oxychloride, BiaTaOsCl-Bi2GdO4Cl, as a stable material under visible

light for photocatalysis. It is revealed that the VBMs of BiaTaOsCl and Bi2GdO4Cl consist mainly of O-
2p orbitals, instead of CI-3p, with a negative shift in the VBM [4]. Thus, they possess narrow bandgaps
for visible light absorption and photogenerated holes populated at the O-2p orbitals will not lead to
photooxidation but to oxidize water.

BisTaOsCl is a Sillén—Aurivillius perovskite phase consisting of single-layer TaO4 perovskite blocks that

are separated by (Bi202)2Cl blocks, while Bi2GdO4Cl presents a P4/mmm structure. Two different
projections, along the [110] and c-axes, of these structures are shown in Fig. 1. The new intergrowth
materials were prepared by molten flux syntheses using halide fluxes to enhance reaction rates by
increasing rate of diffusion, enhanced contact area between reactants and reduce halogen defects on the
surface. We have systematically varied the Ta:Gd molar ratio in the intergrowths to rationalize the effect
of charge separation and band structure changes towards photocatalytic water splitting.

In addition, we used aberration corrected scanning transmission electron microscopy (STEM) and energy
dispersive X-Ray spectroscopy (EDX) to achieve a complete picture of the final structure and
composition. Fig. 1(e) presents STEM-EDX maps accompanied with simultaneously acquired high-angle
annular dark field (HAADF) taken from the sample with Ta:Gd molar ration of 1:1. It shows the nanoscale
homogeneity within the acquired region with the expected molar Ta:Gd molar ratio, which suggests the
formation of intergrowths.

HAADF and annular bright-field (ABF) images were taken from different zone axes to obtain local
crystallographic information. Fig. 3(a) and 3(b) show, respectively, HAADF and ABF images taken along
[100] pseudocubic axis. In the HAADF image, one can observe the projected A-sites, comprised by Bi/Cl,
and the B-sites, comprised by the intercalation between Bi/Ta/Gd, whereas in the ABF, O-sites are
highlighted. In HAADF the contrast is based on scattering amplitude whose sensitivity depends on the
scattering power of the relevant atoms (so called Z-contrast images). Therefore, A-sites show lower

intensity contrast due to the lower atomic number average (Zgi =83, Zc1=17) in comparison to the B-sites
(ZBi =83, Z1a=73, Zcd = 64). Fig. 3(c) and (d) shows, respectively, HAADF and ABF images from the

same sample along [110] zone axis. Through this projection, one can observe two distinct layers in the
HAADF image contrast, Bi-rich and Ta/Gd/Cl (pointed out by the arrows).
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The nanoscale structural and compositional investigations provide a better understanding for the high
apparent quantum efficiency for the oxygen evolution reaction that is demonstrated when this
photocatalyst is loaded with 1 wt % RuO2 co-catalyst and irradiated with visible light. These results could

provide new strategies for designing durable photocatalysts by tuning the electrostatic interaction between
Gr-VA elements and O-2p orbitals [5].
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Flgu re 1. Crystal structures of (a, ¢) Sillén—Aurivillius layered perovskite-Bi4TaO8Cl (P21cn) and (b, d)
Bi2GdO4ClI (P4/mmm) viewed along two projections [110] and [001]; (€) EDX maps from sample with
Ta:Gd molar ratio of 1:1. Mapping shows the nanoscale homogeneity of the elements.
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g two different zone
axes. (a) and (b) are, respectively, ADF and ABF taken along [001] axis. Layered aspect of the
Sillén—Aurivillius structure is depicted in (c) and (d) that are, respectively, ADF and ABF images taken
along [110] axis. Mean unit cells averages are shown as inset to emphasize the intensity contrast in each
of the micrographs. Arrows and labels point the most likely site atomic occupancy.
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