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Ultrasonic in-situ preparation of hydrangea-like Vs-ZnIn,S, composite
hollow Vo-TiO, bifunctional S-type catalyst and its photo-thermal

synergistic catalytic performance
Lei Kaihui, Lei Jinsi, Xu Yueyue, Chen Lianging’
(South-Central Minzu University, a. School of Chemistry and Materials Science ; b. Key Laboratory of Catalysis and Energy
Materials Chemistry of Ministry of Education, Wuhan 430074, Hubei China)

Abstract Hollow cube-shaped Vo-TiO, was synthesized via an ultrasonic solvothermal approach, and a bifunctional
S-scheme photothermal ~catalyst, comprising hydrangea-like Vs-ZnIn,S, (Vs-ZIS) composited with Vo-TiO,, was
subsequently fabricated through ultrasonic in-situ growth. Characterizations of SEM, TEM and EDS verified that hydrangea-
like VS-ZIS was uniformly immobilized on the surface of hollow cube-shaped VO-TiO,, thereby constructing a compact S-
scheme heterojunction. Morphology engineering notably expanded the visible-light absorption spectrum of the composite
material. Under simulated irradiation, the photothermal catalytic performance was comprehensively assessed through the
photocatalytic degradation of three representative dyes and tetracycline (TC), coupled with the photocatalytic reduction of
Cr(VI) and CO,. The findings indicated that 20-DV-ZTiO, displayed the most superior catalytic activity: the degradation

efficiency of TC attained 95% within 60 minutes and was further augmented under heating conditions without cooling
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water; the reduction efficiency of Cr(VI) approached 99% within 20 minutes; the yield of CO was 80 pmol-g™+h™ and
that of CH, was 12 pmol-g"'+h™", with their cumulative yield exceeding threefold that of the individual components,
underscoring exceptional photothermal synergistic catalysis. ESR measurements confirmed the generation of -O2" and -OH
active radicals during the reaction. TC was effectively degraded through a stepwise mechanism involving functional group
elimination, and ring-opening, driven by the attack of reactive radicals. In conjunction with HRTEM, XPS, and ESR
analyses, an S-scheme heterojunction was confirmed at the Vs-ZIS/Vo-TiO, interface, which markedly facilitated charge
transfer and impeded the recombination of photogenerated carriers, thereby substantially enhancing the photothermal
catalytic performance. The fabrication of S-scheme heterojunctions via ultrasonic in-situ growth integrated with morphology
modulation constitutes an efficacious strategy to optimize the photocatalytic performance of Vs-ZIS/Vo-TiO,, which offers a

solid theoretical and experimental foundation for optimizing photocatalysts through dual-vacancy engineering and interface
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modification, and promotes their practical application in water pollution remediation and clean energy conversion.

Keywords ultrasonic in—situ growth; hydrangea-like ZnIn,S,; double vacancies; photothermal synergistic catalysis
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