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Abstract | Photoluminescent (PL) colloidal semiconductor quantum dots (QDs) have received a 

worldwide interest in the past forty years. Significant efforts have been made to improve their 

syntheses and applications. However, the QD synthesis has been performed as an empirical art, 

lacking of fundamental understanding, especially regarding the pre-nucleation stage also called 

the induction period (IP). Colloidal semiconductor magic-sized clusters (MSCs) have been 

reported as a side product during the QD production. Meanwhile, the growth relationship between 

QDs and MSCs has been addressed only in a limited fashion, with no consensus reached in the 

literature. Here, I will present our latest advances towards the fundamental understanding of the 

prenucleation stage. Based on our experimental results, we propose that there are two individual 

pathways in the prenucleation stage of the QDs. Pathway 1 can be depicted by the self-assembly 

of metal (M) and chalcogenide (E) precursors which results in the formation of binary II-VI ME 

MSCs. The LaMer model of the classical nucleation theory (CNT) can be used to describe 

Pathway 2, which leads to QDs via monomers and fragments. The two pathways are inter-

connected via a special intermediate, called the precursor compound (PC) of MSCs. MSCs exhibit 

characteristic optical absorption at specific wavelengths, and their counterpart PCs do not absorb 

at these and longer wavelengths. MSCs and their PCs are quasi isomers and able to transform 

reversibly from each other via intramolecular reorganization. Following this two-pathway model 

(Yu), I will introduce our latest advances on the PC-enabled pathway (with monomer substitution 

or addition) for transformations among various MSCs, as well as on the PC-enabled synthesis of 

various nano-species, which include PL CdSe helical nanostructures and ultrasmall CdS QDs with 

enhanced particle yield. Hopefully, this presentation brings a deeper understanding into the 

prenucleation stage of QDs. With the two-pathway model (Yu) proposed for the growth of binary 

ME MSCs and corresponding quantum dots (QDs), the synthesis of colloidal nanocrystals could 

move one step forward to transform from an empirical art to science. 
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