Microwave Synthesis of Bismuth-Rich Oxyiodide
for Photooxidation of Arsenite (As(l11))
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ApStract

Semiconductor-mediated photocatalysis Is a promising technology for addressing water contamination caused by pollutants. Bismuth oxyiodide (BiOIl) is a notable photocatalytic material due to its unique

layered crystal structure and visible light responsiveness, providing excellent physicochemical and photocatalytic properties. However, the photocatalytic efficiency of BIOI iIs limited by the high
recombination rate of photogenerated electron-hole pairs, resulting from its narrow energy band gap (1.77 eV), which reduces Iits utilization efficiency. Additionally, the low reduction ability of electrons In
the conduction band (CB) and low oxidation ability of hole in the valence band (VB) restrict its broader photocatalytic applications. Bismuth-rich oxyiodide (Bi,O,1,) exhibits tunable elemental ratios and
adjustable electronic band level. Increasing the Bi content leads to more negative CB and more positive VB potentials. In this research, Bi,O, 1, (BIOI, Bi,Ogl;, and Bi;O,l) were successfully synthesized
using a cyclic microwave irradiation method (640 W, 5 cycles). The effect of NaOH contents on the formation of material was investigated. The results demonstrated that the NaOH content influenced the
ratios of x, y and z in BI,O,1,. BIOI was obtained when 0, 2, and 4 mmol NaOH were added to the reaction. In contrast, Bi;Oq4l; and BisO-l were formed when 6 and 8 mmol NaOH were used, respectively.
Among the studied photocatalysts, Bi:O-l exhibited the highest photooxidation efficiency for the highly toxic arsenite (As(l11)), converting it into environmentally safer arsenate (As(V1)). Within 360 min
under visible light, Bi:O-l and Bi,O4l; oxidized 98.80% and 77.90% of As(l1l) (20 ppm), respectively, while BiOI oxidized only 3.20%. The enhanced photocatalytic performance of Bi:O-l and Bi,Ogl,
compared to BIOI was attributed to the efficient separation and migration of photogenerated charge carriers as well as the favorable electronic band positions. These factors improved the redox ability of
the charge carriers, leading to an increasing the generation of active species.
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Fig. 2 Experimental step for the photocatalytic oxidation of As(lII).
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Conclusion

Bismuth-rich oxyiodide (BI1Ol, Bi,Ogl; and Bi:O-l) were successfully synthesized with varying NaOH contents. Bi:O-1 (8 mmol NaOH) catalyst exhibited the greatest photooxidation efficiency; 98.80%
of As(l11) were converted to As(V). Additionally, the photooxidation efficiency was further improved in the basic solutions. The Nyquist plots revealed that the Bi:O-l electrode exhibited the smallest
diameter, indicating the lowest charge-transfer resistance compared to the Bi-Ogl, and BiOI electrodes. Photocurrent response of the BiO-1 electrode exhibited the highest photocurrent density, reflecting
great ability to produce photogenerated of e/h* under visible light irradiation. Recycling experiments demonstrated the excellent recyclability after four successive reactions for As(lll) oxidation. A
schematic of the band potentials of the materials illustrated that the bismuth-rich Bi,O I, showed a higher bandgap energy than BIOI, enhancing oxidation and reduction ability of the photogenerated
electrons and holes. Trapping experiments demonstrated that <O, and *OH were the primary reactive species responsible for the photooxidation of As(III).
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