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Materials exhibiting nonlinear optical (NLO) properties are key components for the generation of entangled photons through spontaneous parametric down-conversion (SPDC), a process in which a high-energy photon is converted into two lower-energy, quantum-correlated photons. This mechanism underpins a wide range of applications in quantum optics, including secure communication technologies.[1] Among the most promising candidates for NLO applications are push–pull metal complexes, characterized by the presence of electron-donating (push) and electron-withdrawing (pull) groups bridged by a metal center.[2] This electronic asymmetry promotes efficient intramolecular charge transfer, enhancing optical nonlinearity. In particular, square-planar transition metal centers such as Ni(II), Pd(II), and Pt(II) facilitate charge delocalization through metal–ligand backbonding and extended π-conjugation, improving frequency conversion efficiency in processes such as second harmonic generation (SHG) and SPDC.
In this work, we report the synthesis and characterization of heteroleptic Pt(II) complexes featuring a bipyridine ligand as the electron-withdrawing unit and either benzene-1,2-dithiolate or 1,3-dithiol-2-thione-4,5-dithiolate as electron-donating ligands. The complexes were characterized by UV–Vis, IR, and NMR spectroscopies, complemented by electrochemical analysis and density functional theory (DFT) calculations to investigate their structural and electronic properties.


Figure 1: Scheme of the synthesized complex


UV–Vis absorption spectroscopy revealed characteristic bands attributable to mixed metal-to-ligand and ligand-to-ligand charge transfer (MLCT/LLCT) transitions, as well as intraligand π–π* excitations. Solvatochromic studies conducted in solvents of varying polarity showed significant shifts in absorption maxima, indicating strong sensitivity of the electronic structure to the surrounding environment. This behavior confirms the pronounced push–pull character of the complexes and [image: ][image: ]supports their suitability for NLO applications.Figure 2 UV–Vis-NIR absorption spectrum and solvatochromism of the synthesized Pt(DCEtBPY)(DMIT) complex


To further elucidate their electronic features, DFT calculations at the B3LYP level were performed on selected compounds.[3] These calculations provided insight into the frontier molecular orbitals (HOMO and LUMO), their spatial distribution, and associated energy levels. In addition, static polarizability (α) and first hyperpolarizability (β) values were determined, revealing significant NLO responses. In addition, the second-order NLO response was quantified by Hyper-Rayleigh Scattering (HRS) experiments, from which the first-order molecular hyperpolarizability  was extracted, confirming the presence of strong second-order NLO properties in the investigated complexes. The combination of experimental and computational results highlights that these complexes are strong candidates as active materials for integrated quantum photonic devices.
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