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Hybrid systems combining metals and two-dimensional (2D) materials provide an exceptional platform for 

exploring nanoscale optical and electronic interactions relevant to nano-optics, quantum plasmonics and 

emerging electronic technologies [1-4]. Monochromated, aberration- corrected scanning transmission electron 

microscopy (STEM) combined with electron energy- loss spectroscopy (EELS) enables direct probing of these 

systems with high spatial and spectral resolution. 

In this talk, I will present a series of studies exploring metal atoms and clusters integrated with 2D materials 

using STEM-EELS. This approach provides simultaneous structural and spectral insight into the plasmonic 

and electronic behavior of diverse metal–graphene hybrid systems. First, I will demonstrate the self-assembly 

and site-specific dynamics of metals atoms and clusters anchored at silicon impurity sites, graphene edges and 

the graphene surface [5-7]. 

Building on these atomic-scale studies, I will then show how the plasmonic response of lithographically 

defined aluminum nanostructures fabricated on suspended graphene membranes can be tuned by controlling 

their geometry and by inducing structural modifications at their junctions using a focused electron beam. [5-6]. 

Finally, I will present the direct observation of electron tunneling from quantum nano-optics under electron-

beam irradiation and the direct real-space mapping of nanoscale polarization dynamics using in-situ 4D-STEM 

[1]. Overall, these results reveal how atomic structure, plasmonic behavior and electrical properties can be 

directly correlated in hybrid metal–2D material systems, providing new insights and strategies for the 

development of nanoscale optoelectronic and plasmonic devices. 
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