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Chalcogenide lead-based compounds, AgPbisSbTe20 (LAST-18), is one of the most promising bulk
thermoelectric materials. The ZT value of LAST-18 was reported to be ~2.1 at 800K, which
outperforms the other bulk thermoelectric materials [1]. The LAST-18 compounds possess an
average NaCl structure with Ag, Sb and Pb randomly occupying at Cl sites and Te at Na site. Recent
studies using x-ray diffraction and high resolution transmission electron microscopy (HRTEM)
reveal that LAST-18 is inhomogeneous with nanoparticles coherently embedded in the matrix [2].
The enhanced thermoelectric properties of LAST-18 were attributed to the presence of the
nanoparticles [1-2]. However, information about the nanoparticles, e.g. atomic arrangements of Pb
and Ag-Sb, defects inside the nanoparticle and strain field induced by the nanoparticles, are still
lacking. Here, we report our extensive studies about nanoparticles using HRTEM, nano-electron
diffraction, energy dispersive spectrum (EDS) and electron energy-loss spectrum (EELS).

An overall observation indicates that the sample consists of NaCl-type matrix and Ag-Sb rich
nanoparticles. We observed a range of nanoparticles with different size (from less than 1 nm to more
than 10 nm), shape (sphere, ellipse, square, etc.) and lattice parameters. Fig. 1a is a high-resolution
image, showing an elliptical-like nanoparticle coherently embedded in the matrix. Comparing to the
matrix which has fcc lattice, the nanoparticle has a primitive tetragonal lattice with Pb and Pb/Ag/Sb
ordering along c direction. The nanoparticle is Ag-Sb rich and its lattice parameter is measured to be
c=0.64 nm, slightly smaller than that of the matrix. Nanoparticles with large lattice parameter
difference (up to 6%) are also observed (Fig. 1b). Fig. 1c¢ shows a square-shape nanoparticle with
tetragonal structure. Three twin variants with their ¢ direction pointing to ¢;, ¢z and c¢; exist in the
nanoparticle. Careful observations reveal that there are tiny plate-like nanoprecipitates, as indicated
by the arrows in Fig. 1b. Their dimension is only 0.64 nm (two atomic layers) in one dimension and
varies from 1.22 nm to 3.86nm in the other two dimensions.

Strain contrast around the nanoparticles is observed for most of the nanoparticles. An example is
given in Fig. 2. We use geometric phase analysis (GPA) to retrieve the distribution of the strain field
from HRTEM image. Fig. 2b and 2c show the strain map & and &y, retrieved from Fig. 2a with
2/=200 and g,=002, and x- and y-axis pointing to the [100] and [001] direction. The &x map
basically shows negative strain in both matrix and nanoparticle. The &,, map shows positive and
negative strain in the nanoparticle area, indicating a phase separation in this nanoparticle. The strain
in the matrix, however, is quite different from that generated by an isotropic misfitting spherical
inclusion in an infinite isotropic matrix. First, the strain amplitude does not decrease with the
increase of the distance from the nanoparticle at least in the range of the measurement (~20nm). The
bright-field image (inset in Fig. 2a) shows that the strain contrast extends to the area about 55 nm
away from the nanoparticle. Second, the &,y strain around nanoparticle is not symmetric, e.g. &y, at
bottom-left is larger than that at top-right. Near the nanoparticle, there is a small region showing
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positive €,y. We consider that the strain-field around the nanoparticle is not only caused by the misfit
between the nanoparticle and the matrix, but also by the local fluctuation in the composition.
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Fig. 1. (a) HRTEM image of LAST-18 single crystal sample, showing a nanoparticle coherently embedded in
the matrix. The insets at top-right and bottom-left are the diffractogram and the structure model of the
nanoparticle, respectively. A calculated HRTEM image is also included (rectangular region). (b) HRTEM
image of AgSbTe, nanoparticle in PbTe matrix. The inset is the diffractogram of the whole image, showing
that the reflections of the matrix and nanoparticle are well separated. Morié pattern presents due to the overlap
of the nanoparticle and the matrix in the projection. Interfacial dislocations and plate-like nanoprecipitates
with two atomic layers thickness are also present as indicated by the circle and arrows, respectively. (c)
Twinning in square shape nanoparticle.

Fig. 2. (a) HRTEM image of an elliptical nanoparticle. The inset is the low-magnification bright field image,
showing strain field contrast. (b-c) Strain-map of (b) &« and (c) &,y calculated from (a). The ellipses in the
figures outline the nanoparticles.
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