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Optoelectronic properties of semiconducting nanostructures have attracted much attention due to 

their applications in photovoltaics and photocatalysis. Transition metal nanoclusters show 

fascinating optical and chemical properties that depend on the size, shape, and composition of the 

clusters. Deposition of transition metal clusters onto semiconductor surfaces leads to stronger 

absorption of light and additional pathways for charge transfer compared to pure surfaces.  In this 

work, we study relaxation dynamics of electron-hole pairs following photoexcitations for various 

Agn (n=0, 3, 7 and 10) cluster monolayers adsorbed on Si(111)/H surfaces. We first carry out 

density functional theory (DFT) calculations to obtain electronic structures. Results are presented 

in the form of density of states, band gaps, and light absorption, which allow for the investigation 

of the interaction of Ag clusters with Si. Different behavior can be expected depending on the size 

of the deposited Ag clusters. We then compute dynamics of electron-hole pairs using the combined 

electronic structure and reduced density matrix (RDM) treatment.1-3 Specifically, we compute on-

the-fly nonadiabatic couplings from DFT and process them using the RDM approach within the 

Redfield formalism. Nonradiative relaxation rates are noticeably different for various structures 

and transitions. One observes smaller relaxation rates for surfaces with adsorbates than pure Si 

surfaces due to charge transfer events with the contribution of Ag orbitals. Thus, introduction of 

adsorbates is advantageous for applications to photovoltaics and photocatalysis. 
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