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Research Progress 

 
Chapter 1: Biomolecule-Assisted Circularly Polarized Thermally Activated Delayed 

Luminescence in Copper Iodide Hybrid Clusters 

We report the synthesis and chiral analysis of enantiomerically pure copper-iodide clusters 

exhibiting strong optical activity in both ground and excited states. Using L- and D-isomers of 

a chiral ligand yielded metal clusters with mirror-image circular dichroism and circularly 

polarized luminescence signals. Structural validation through single-crystal XRD, powder 

XRD, and XPS, supported by chiroptical and computational studies, established a distinct 

structure–property relationship. Photoluminescence studies revealed long excited-state 

lifetimes, with the rare occurrence of circularly polarized thermally activated delayed 

luminescence. These chiral emissive properties were demonstrated in free-standing polymeric 

films, highlighting potential applications in data encryption, security tags, and polarized light-

emitting devices. This work also offers key insights into excited-state chirality in copper 

clusters, encouraging further exploration of similar effects in other metal systems.  

 



Scheme illustrating circularly polarized thermally activated delayed luminescence in copper iodide clusters. 

 

Chapter 2: Optically Active Dual-emissive Gold Nanoclusters Featuring Circularly 

Polarized Phosphorescence 

Enantiomerically pure gold nanoclusters with dual-emission properties, encompassing both 

fluorescence and phosphorescence, were synthesized using a straightforward and efficient 

method. Detailed investigations revealed that the triplet-state emission exhibited chiral 

luminescence, leading to circularly polarized phosphorescence observable in both solution and 

solid states. The nanoclusters also demonstrated aggregation-induced emission (AIE), where 

the emission intensity was significantly enhanced upon aggregation. Notably, the aggregated 

nanoclusters retained and amplified their chiral characteristics, resulting in pronounced 

circularly polarized phosphorescence. These findings highlight the potential of such 

nanoclusters for applications in chiral optoelectronics, sensing, and display technologies. 

 

Scheme illustrating circularly polarised phosphorescence in monomeric and aggregated states of gold clusters. 

 

Chapter 3: Intrinsically Chiral Nanocluster Assemblies with Enhanced Emission and 

Optical Activity 

A straightforward approach has been performed for the synthesis of inherently chiral 

nanocluster assemblies by the incorporation of a chiral dopant during the synthesis of 

negatively charged achiral clusters, exhibiting improved luminescence and optical activity.  
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