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Figure S1. UV-vis extinction spectrum of colloidal PbSe QDs dispersed in 
tetrachloroethylene. The average QD diameter (6.4 nm) and standard deviation (0.3 nm) 
was determined using the empirical relationship by Moreels et al.1 
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Figure S2. Steps of FIB tomography needle preparation. (a) The region of interest (ROI) 
is selected. (b) After carbon and platinum deposition, a wedge is FIB milled and attached 
to a lift-out probe by ion beam welding. (c) The wedge is transferred to the tip of a sample 
holder for needle tomography samples. (d-e) The wedge is FIB milled into a needle shape. 
(f) HAADF-STEM image of the finished needle, with layers labeled.2-4
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Figure S3. Six of the 181 images of the HAADF-STEM tilt-series, with tilt angles labeled.
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Figure S4. The entire projection tilt series set is obtained by merging two separately 
acquired tilt series. Since the ex-situ rotation angle of the holder is not precisely controlled, 
there is a redundant portion in tilt series 2 that repeats some of the tilt angles that are already 
sampled in tilt series 1. This overlapped portion is determined by monitoring the standard 
deviation of the intensity distribution of each image. This value varies as the sample is 
projected at different tilt angles. The overlapped portion is removed from series 2 and the 
non-redundant images are attached after series 1 to make the whole tilt series for 
tomographic reconstruction. The two sharp peaks occur at tilt angles for which the SL axes 
are inadvertently aligned along the electron beam direction.
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Figure S5. (a) To conduct Fourier Shell Correlation, the 2D projection images are split 
into two subsets, with odd-indexed images in one set and even-indexed images in the other. 
This is to ensure that both subsets are mutually exclusive but still cover the entire tilt angle 
range. The halves are independently aligned and reconstructed using SIRT and the spatial 
frequency information is extracted through 3D Discrete Fourier Transformation of the half 
reconstructions for evaluating correlation.4 (b) Fourier Shell Correlation data between the 
two reconstructed halves as illustrated in Fig. S5a. In the “masked” data, the voxel intensity 
is set to zero if it is ≥2σ from the mean of the Gaussian-fit intensity distribution of the QDs 
in the reconstruction. The FSC threshold value is selected to be 0.143.6 When the 
correlation is above the threshold, the orthogonal reconstructions share common structural 
features that stand out from random noise at the corresponding spatial frequency fc = 0.77 
nm-1. Thus the resolution of the half reconstruction is rc = 1/fc = 1.3 nm. The other set was 
reconstructed using the non-linear anisotropic diffusion filter and does not exhibit 
significant decrease of the resolution. The resolution of the full data set with both odd and 
even indexed images evaluated to be rc = 1/(2fc) = 0.65 nm.5
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Figure S6. The diameter of the QDs is determined by analyzing conventional STEM 
images of the SLs. (a) A program is used to isolate each QD from its connected neighbors 
and calculate the effective diameter of the dot. The scale bar is 20 nm. (b) The result of QD 
size distribution from image analysis. The red line is a Gaussian fit to the histogram.
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Figure S7. (a) Grazing incidence small-angle X-ray scattering pattern of the film used in 

this study, overlaid with calculated diffraction patterns from (100)- and -oriented (011̅)

epi-SL planes (the most prominent SL orientations) with SL unit cell lattice parameters a 
= 6.6 nm and α = 99˚. (b) Model of the epi-SL showing fusion along PbSe{100}. Additional 
details of the structure can be found in Ref 6.
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Figure S8. Proposed mechanism for SL structure transition from grain II to grain I. The 
SL structure in the far left end (region 1) undergoes a slight tilt of 15 degrees from near-
perfect (011)SL orientation as the structure propagates to the right into region 2. A glide of 
(100)SL plane occurs in between region 2 and 3 that can be effectively considered as if the 
orientation of SL changes 90 degrees counter-clockwise. Such process may potentially also 
alter the β angle, explaining our statistics shown in Table 1.
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Figure S9. Plan-view SEM images of grain boundaries of the SL sample, showing the 
structure of these GBs. (a) A tricrystalline region that is similar to the tomography sample. 

(b) Corrugated grain boundaries between (100)SL-oriented and SL-oriented grains. (011̅)

Scale bars are 100 nm.
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Figure S10. Regional slices of the tomogram showing arrangements of the QDs and the 
necks in grain I (i,ii) and II (iii,iv). The bisecting planes are annotated as plane (i-iv) which 
indicated the position of the respective slices and also represent different lattice planes 
indexed in the corresponding small panels for different grains. Plane (i) and (iii) are parallel 
to each other, as well as plane (ii) and (iv). All panels share the same scale bar. 
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Figure S11. The epi-SL can be reconstructed with QDs represented by spheres of identical 
size positioned according to the CoM data. (b) Perspective and (c) cross-sectional views of 
the sample with the QDs represented by perfect spheres. (a,d) Labeling conventions for 
assigning lattice parameters to grain I and II, respectively. Red planes correspond to the 
{100} facets.
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Figure S12. Histograms of SL lattice parameters in grain I, including (a-c) lattice angles 
α, β and γ, and (d-f) lattice spacing a, b and c.
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Figure S13. Histograms of SL lattice parameters in grain II, including (a-c) lattice angles 
α, β and γ, and (d-f) lattice spacing a, b and c.

Figure S14. An illustration of how the neck diameter is determined. In (a), two necked 
QDs are shown in iso-surface form. A plane is generated such that it is perpendicular to 
the vector between the centers of mass of the necked QDs. This plane is then allowed to 
slide along this vector to locate the minimum area of the neck. (b) Image of this plane at 
the neck minimum. Using a threshold value (the same value for the masking reconstruction 
in Fig. S5), (b) is reduced to (c) to estimate the neck shape and area. The neck diameter is 
calculated as the effective diameter of the neck area.
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Figure S15. Histograms of diameters of each individual neck characterized from each of 
the three grains. Zero diameter represents a “missing neck”. 
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Figure S16. Heat maps of the neck number for each QD in the sample. Each circle 
represents a QD in L1-7.
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Figure S17. Heat maps of the average neck diameter for each QD in the sample. Each 
circle represents a QD in L1-7.



19

Figure S18. (a) Average neck diameter as a function of neck number for each QD in grains 
I, II, and III. Error bars denote one standard deviation. (b) Average neck number for each 
QD layer in the tomogram. Layer 1 is the top of the epi-SL (QD/gas interface) and Layer 
7 is the bottom of the epi-SL (QD/liquid interface). (c) Average neck diameter for each QD 
layer.
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Figure S19. (a-c) Separate 3D Fourier transformations of (a) grain I, (b) grain II and (c) 
grain III. (d) Fourier Shell Intensity comparison between the three grains. Both grain I and 
grain II show structural features at high spatial frequency, while grain III lacks fine feature 
at sub-QD length scales (<6 nm).
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Figure S20. Radial distribution of (a) average neck diameter and (b) average neck number. 
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