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Tunable electronic states and optical properties of quantum confined nanomaterials are the most 

enthralling inventions that the nanoscience and nanotechnology subjects countersigned in the recent past, 

which not only convoyed engineered nanomaterials into various disciplines of basic research but also 

transformed our lives in the form of key elements in electro-optical and photovoltaic devices. Among 

various nanomaterials, semiconductor quantum dot is one of the most fascinating pigments for 

fluorescence-based applications – from light emitting devices to biosensing and fluorescence biolabeling. 

An ongoing excitement in our research is the progress of engineered quantum dots towards detection of 

cells and biomolecules.
1
 Formulation of quantum dots into their bioconjugates is prerequisite for labeling of 

biomolecules and cells. The biomolecule recruited to the surface of quantum dots depends on a particular 

application aimed for, such as single-molecule detection, extracellular labeling, gene delivery, intracellular 

delivery, or cell imaging.
2
 On one side, we focus our work on charge carrier dynamics in single quantum 

dots, and correlates such dynamics with oxidation
3
 and blinking

4
 of quantum dots. By turning an ionized 

quantum dot into its neutral state through intrinsic or induced back electron transfer, we formulate methods 

of blinking suppression and oxidation control. At first, we entrap single quantum dots in well-defined 

electron acceptors and accelerate back electron transfer, which suppresses prolonged waiting (OFF) time of 

Auger ionized quantum dots. On the contrary, our studies show the ionized state is preferred over the 

neutral state for minimizing oxidation of quantum dots. On the other side, we formulate quantum dots into 

their bioconjugates capable for clarifying certain biophysical dynamics in living cells. In particular, we 

work on the detection of certain single biomolecules in selected cell lines and analyze the mechanisms of 

protein-protein interactions in cells and intercellular transport of quantum dot bioconjugates. 
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