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Designing of Binary-Ternary Dual Semiconductor Nanostructures for Efficient Photo-electrochemical Splitting of Water

                                            Gyanaranjan Prusty
Department of Materials Science, Indian Association for the Cultivation of Science, Kolkata, India
Semiconductor nanomaterials having wide window tunable absorption and high excitonic coefficients are being extensively studied as photocatalysts for conversion of solar energy to chemical energy. Beyond the main group (II-VI, III-V etc) leading semiconductors, recently, different modulated heterostructures of semiconductor-semiconductor, semiconductor-metal and dual semiconductor-metal coupled structures including multinary nanostructures are developed and some of those have also explored as photocatalysts. Herein, we have adopted a generic modulated synthetic strategy with a dual-mode growth mechanism for coupling group II-VI and I-III-VI semiconductor nanostructures. Using Ag2Se as a sacrificial seed, and employing the superionic conductor catalytic as well as diffusion control growths, four binary–ternary heterostructures, CdSe-AgInSe2, CdSe-AgGaSe2, ZnSe-AgInSe2, and ZnSe-AgGaSe2, were designed without common cations.  We have also studied the photocatalytic activity using standard procedures. Interestingly, while compared with CdSe, AgGaSe2 and AgInSe2 individually, their coupled structures showed multifold enhancements of hydrogen evolution under identical conditions (from 100–200 to 1600 µmol/gm). Similarly, the heterostructures of CdSe-AgGaSe2 performed better in comparison to their individual counterpart.
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Fig.1.(a-c) The modular synthesis schemes for architecting binary-ternary dual semiconductor nanostructures. a) Superionic conductor catalytic growth using Ag2Se seeds and resulting binary-binary heterostructures where Ag2Se seeds remain intact. b) Diffusion control growth forming ternary tadpole structures where seed Ag2Se is scarified. c) A combined growth of both catalytic and diffusion leading to series of binary-ternary heterostructures. d-g) Representative TEM images for CdSe-AgGaSe2, CdSe-AgInSe2, ZnSe-AgGaSe2 and ZnSe-AgInSe2 respectively. h) HAADF-STEM image of a single heterostructure of ZnSe-AgGaSe2 and the elemental mapping for elements Ag, Ga, Se and Zn. i) HAADF-STEM image of a pair of CdSe-AgGaSe2 heterostructures and the elemental mapping of elements Ag, Ga, Se and Cd. 
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