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Abstract: 

I employ a topotactic method called cation exchange to produce semiconductor 
nanocrystals (NCs) in novel morphologies, compositions, and crystallographic phases. 
My dissertation research focuses on the understanding of the physical properties and 
phase transitions of these new nanomaterials prepared by cation exchange1–3. In this 
talk, I shall describe the countless possibilities of the exploration of physicochemical 
properties and applications of molecularly precise semiconductor nanoclusters, a class 
of materials that we were able to expand with the help of cation exchange. In 
particular, I shall discuss how ultrasmall copper selenide (Cu2-xSe) NCs prepared by 
cation exchange of cadmium selenide NCs exhibit a disordered cationic sub-lattice 
under ambient conditions1. Known superionic materials, such as AgI, Cu2Se etc. in their 
bulk form, display this phase transition at high temperatures and/or pressures, making 
them unsuitable for many applications. As a follow-up to this study, I shall describe my 
investigations of Li-doping of Cu2-xSe NCs and how this doping influences the crystal 
structure and consequently the phase transition behavior2. We are extending this 
work to investigate the possible mechanism of ionic transport in these NCs using AC 
impedance measurements. We are investigating size and dimensionality effects on the 
transport behavior of cations and the superionic phase transition. We will also 



investigate the effect of cation vacancies in terms of their profile and density on the 
phase transition behavior and ionic conductance. This study will pave the way to 
fundamental understanding on ion transport behavior in solids, and applications as 
solid-state electrolytes, thermoelectric and ultrafast electronic switches. If time 
permits, I shall explain on the basis of optical spectra measurements and density 
functional theory (DFT) calculations how HgSe NCs3, prepared using cation exchange 
is found to have an inverted band structure along with a finite band-gap, making it a 
potential 3D topological insulator. 
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