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Program Scope
The objectives of this project are to provide, by working 

closely with experimentalists, a fundamental understanding 
of the structure-property relationships of a novel class of 
highly electronegative clusters in the gas phase, study their 
interaction with support and counter ions, and explore 
their potential as building blocks of materials with tailored 
properties. The project deals with four inter-related thematic 
areas of bare and supported clusters with rather uncommon 
properties. (1) Using first principles theory, we design new, 
highly electronegative clusters whose electron affinities 
far exceed that of chlorine and validate their properties by 
working closely with experimentalists. These species, called 
superhalogens and hyperhalogens, usually consist of a metal 
atom at the core surrounded by halogen or oxygen atoms. 
Our goal is to create superhalogens and hyperhalogens 
without a metal, halogen, or oxygen atom by tailoring their 
size and composition and to push their electron affinities to 
values even higher than that currently known. (2) By suitably 
identifying counter ions, we explore the ability of their 
corresponding salts to store hydrogen. (3) Superhalogens with 
magnetic moments are designed using transition metal atoms 
as key components. Their magnetic coupling is then studied 
by assembling them on graphene and noble metal substrates. 
(4) Using electronegative species as building blocks, we 
explore the potential of multifunctional nanoparticles with 
Janus anisotropy for application in light harvesting. The 
computations are carried out using multiscale theoretical 
approach based on density functional theory (DFT) with 
hybrid and generalized gradient approximation based 
exchange-correlation functionals. When needed, quantum 
chemical methods such as Moller-Plesset perturbation 
theory and coupled cluster CCSD(T) (coupled cluster single 
double [triple]) are used to test the accuracy of the DFT 
based results.
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Thirty papers were published in peer reviewed journals. Space does 
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Presentations

Eleven invited talks were delivered at conferences and academic 
institutes. One student was awarded a PhD. 
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