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Colloidal semiconductor nanocrystals have many impressive size-tunable properties when considered as 
individual isolated materials. Building on this, interesting emergent properties may arise if the electronic 
states in the individual quantum dots are strongly and controllably coupled. This is difficult because the 
native organic ligands on colloidal nanocrystals present a large (>1eV) tunneling barrier preventing 
strong optical or electronic coupling between quantum dots. Groups have successfully lowered these 
barriers by removing the organic ligands and letting the inorganic cores crystallographically fuse. [1] 
While crystallographically coherent interfaces are desirable, it can also lead to the formation of 
structural defects such as dislocations, [2] which are difficult to remove and can have deleterious 
electronic consequences. Thus, there is a need to develop comprehensive strategies to prepare defect free 
or defect tolerant atomically coherent attachment of individual nanocrystals. 
 
Considerable research has been done on attaching lead chalcogenide (PbX X=S, Se, Te) nanocrystals 
since crystallographic attachment is easily achieved because the surface ligands are weakly bound.  
Recently we have carefully studied dislocation removal dynamics and kinetics from PbX materials using 
in-situ HRTEM and proposed design rules to minimize dislocations resulting from imperfect attachment.  
In this case the attachment of the particles on the {100} facets greatly facilitates dislocation removal due 
to the favorable orientation of the glide plane of dislocations with the attachment direction. [3] The 
mechanistic understanding of the dislocation removal points to several design rules for oriented 
attachment of nanocrystals into ordered arrays 
 
Expanding on this, in this poster, we explore the dislocation formation and dynamics in wurtzite CdSe 
nanocrystals which have considerably more complicated crystal structure and dislocation phase space.  
The overarching aim of this work is to identify the ideal nanocrystal attachment geometry which will 
minimize deleterious dislocations or geometries such that those dislocations can easily be annealed out 
of the material.  To this end, we have studied the atomic attachment of wurtzite CdSe nanocrystals on 
the {1100} and {1120} prismatic facets to determine ideal attachment geometries for minimizing defects 
or facilitating defect removal. In the case of imperfect attachment on {1100} facets (figure 1A), we 
observe the formation of edge dislocations which have an unfavorable glide plane for dislocation 
removal. The case of imperfect attachment on {1120} facets is more complicated (Figure 1B and C). In 
this case, we again observe b=1/3<1120> edge dislocations, but with one specific geometry providing a 
favorable glide plane for removal, and in another case a very unfavorable glide plane. Attaching on 
{1120} also leads to the formation of b=1/2<1011> partial dislocations bound by prismatic stacking 
faults. Next using dose rate controlled HRTEM imaging, we explore the electron beam stimulated 
annealing of the dislocations and measure the relative ease of removal for each type of dislocation. 
Based on insights from these mechanistic studies, we can provide guidelines for minimizing the number 



of dislocations formed during attachment processes, or if they are formed, providing the easiest path 
towards removal. These studies pave the way to preparation of epitaxially joined arrays of tetrahedrally 
coordinated wurtzite semiconductors with low defect densities.   
 
References:  
 
[1] M. P. Boneschanscher et al., Science. 344, 1377–1380 (2014). 
[2] R. L. Penn, J. F. Banfield, Science. 281, 969–971 (1998).  
[3] J. C. Ondry, M. R. Hauwiller, A. P. Alivisatos, ACS Nano. 12, 3178–3189 (2018). 

 

 
Figure 1.  (A) Defective attachment scenario for {1100} attachment of wurtzite CdSe leading to a  
b=1/3<1120> edge dislocation.  (B) Defective attachment scenarios for {1120} attachment which lead to 
two types of b=1/3<1120> edge dislocations one with a favorable glide plane for removal, and one 
which is unfavorable. (C) Defective attachment scenarios for {1120} attachment which lead to prismatic 
stacking faults.   
 


