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Oriented attachment of nanocrystals is a well-known crystal growth process in biological, geologic, and 

synthetic nanomaterials.[1] Recently, some beautiful schemes for synthesizing honeycomb and related 

inorganic structures by epitaxially connecting nanocrystals through oriented attachment have been 

developed.[2] These structures are theorized to have exotic electronic structures such as Dirac cones and 

non-trivial flat bands, but these properties have yet to be realized.  Defects formed during nanocrystal 

attachment may be the culprit preventing the realization of these highly desirable electronic structures. 
 

Oriented attachment is not always perfect, and step edges on the attaching surfaces can cause edge 

dislocations to form in these materials.[3] These defects are undesirable for electronic device 

applications since they often produce mid gap electronic states and understanding how these defects are 

annealed out of a structure would provide design rules for oriented attachment. Here we show the 

dynamics of b=½<110> edge dislocations that result from imperfect oriented attachment of PbTe 

nanocrystals.  We observe b=½<110> edge dislocations as a result from attachment of the particles on 

either the {100} and {110} surface facets (figure 1A and B) using high resolution TEM imaging. Based 

on the Burgers vector and sense vector of the dislocation in the images, we can determine the glide 

plane,  , for each dislocation. For the particles attached on the {110} faces, the glide plane of the 

dislocation is collinear with the attachment direction meaning the dislocation cannot easily travel to the 

surface to be annihilated. For attachment on {100} faces, the glide plane for the dislocation is 

noncolinear with the attachment direction giving the dislocation a short path to the surface for 

annihilation. 

  

We observed these dislocations move in the structures during modest electron beam irradiation (~3000 

e-/Å2s) during high resolution TEM imaging. The position of the dislocations were tracked as the fused 

particles evolved by identifying the discontinuity in the strain field measured from geometric phase 

analysis. The dislocation trajectories for the particles attached on the {110} faces and {100} are 

presented in figure 2 A and B respectively. In these plots, the time domain is represented in the color 

scale of the points. For the particles attached on the {110} faces, the dislocation exhibits a complex 

trajectory that initially is confined to the glide plane of the dislocation. However, it does not, in the 

observation time, annihilate at the surface. For the particles attached on the {100} faces the dislocation 

moves in its glide plane to the surface and quickly annihilates yielding a defect-free material. 
 

The in-situ defect dynamics in imperfectly attached PbTe nanocrystals provides mechanistic insight into 

the defect removal process. We have shown that edge dislocations are much easier to remove when the 



glide plane of the dislocation has a short path to the surface. In the case of PbTe and any material with 

the rock salt structure, attachment of {100} surfaces will yield a dislocation with a glide plane that is 

non-collinear with the attachment direction, whereas attachment of {110} faces can result in dislocations 

with glide planes collinear with the attachment direction which will greatly impede dislocation removal. 

Based on the defect dynamics observed in rock salt nanocrystals, we believe this reveals an important 

design rule for preparing defect free epitaxially attached nanocrystals. Nanocrystals should be attached 

on a facet such that, if a dislocation were to form from step edges, the glide plane of that dislocation is 

not collinear with the attachment direction to facilitate dislocation removal. In the rock salt crystal 

system specifically, this means that oriented attachment should be performed on the {100} faces rather 

than the {110} faces.  In the future, we hope to test this hypothesis for other electronically relevant 

crystal systems such as zinc blende and wurtzite.   
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Figure 1 HRTEM image of imperfect oriented attachment of PbTe nanocrystals by (A) {110} and (B) 

{100} faces. A Burgers circuit shows a b=½ <110> edge dislocation for both attachment directions and 

the glide plane of each dislocation is superimposed.  

 
Figure 2 Dislocation positions as they evolve with time under electron beam irradiation for (A) {110} 

and (B) {100} attachment directions.  The color scale correlates to the time for each dislocation position.   


