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PbTe nanoparticles (NPs) with narrow band gaps (~0.3 eV) present excellent thermoelectric 

properties, with potential applications for light harvesting and heat-to-electricity energy 

conversion.[1] However, their performance in these applications can be enhanced with higher 

aspect ratio, e.g. nanowires, nanorods etc. Consequently, there have been multiple efforts to 

understand the growth of PbTe NPs so as to control their size, morphology, and distribution. The 

use of an in situ liquid cell transmission electron microscope (TEM) provides a powerful tool in 

these efforts by allowing direct observation of dynamics and growth of such NPs as they happen 

in their native state.[2] In this report, we present direct visualization of dynamics of oleic acid 

(OA) capped PbTe NPs suspended in different organic solvents using in situ liquid cell TEM. 

The observation is performed using static liquid cell in a bright-field TEM (JEOL JEM2200FS) 

operating at 200 kV and a high-speed camera (Gatan OneView camera). We observe several 

types of beam-driven effects, and we discuss their dependence on electron dose rates, radiolysis, 

capping ligands, and particle concentrations. 

Figure 1 compares TEM images of monodispersed (uniform shape and size) OA-capped PbTe 

NPs. Figure 1a shows a dried sample on a SiN window; while Fig. 1b shows PbTe NPs in a static 

liquid cell TEM. Upon initial electron beam exposure, the NPs have a similar size distribution as 

shown by histograms (insets in Fig. 1a and b). The average particle size is between 6.3±1.2 nm 

(for dried sample) and 6.7±1.6 nm (for liquid sample). Having shown that both wet and dried 

NPs are similar in size and shape, we move to dynamics of PbTe NPs.  

To probe the effects of electron dose rate on their behavior, PbTe NPs were exposed to different 

electron dose rates. For ‘high’ electron dose rates (~ 10 e-/Å2/s), the particles quickly dissolve, 

while ‘low’ electron dose rate (< 1 e-/Å2/s) show no dissolution after extended exposure. An 

illustration of high electron dose dissolution is presented in Fig. 2. Figure 2a shows NPs after 

initially being exposed to the electron beam (1st frame). NPs of interest including neighboring 

NPs are labeled by dotted circles/ovals and are monitored in all frames. Figures 2b, 2c and 2d 

represents the snapshots for dynamics of PbTe NPs obtained for frame 30, 60 and 90, 

respectively. The NPs shown inside the dotted circles in Fig. 2a fuse together to form the 

structure in Fig. 2b. Beginning in Fig. 2c, the shrinking or dissolution of particles is observed, 

and continues until the NPs are no longer seen as indicated in Fig. 2d. The dotted region shown 

in Fig. 2a is indicated by the arrows in Fig. 2d, showing no NPs. Also, in areas with higher 

concentrations of NPs, we observe nearby particles coalescing, forming larger particles, and 

losing crystallinity. This effect was not observed for areas with low concentrations of NPs. We 

hypothesize that this behavior may follow from radiolysis of toluene which evolves hydrogen 

which removes the OA ligands which in turn changes the solubility of PbTe in toluene. This 

beam-driven effects is suggested to be the combined effects of radiolysis of solvent, and its 



interaction with oleic acid ligands and PbTe NPs. We further identify how this effect can be used 

to control the growth of NPs with anisotropic morphologies.  
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Figure 1. TEM images of PbTe NPs a) dried and b) in toluene in liquid cell. Insets show 

histograms with 6.3±1.2 and 6.7±1.6 nm diameter NPs for dried and toluene case, respectively. 

Figure 2. Stills from video frames (a) 1, (b) 30, (c) 60, and (d) 90. Nearby particles are labelled 

with circles/oval in Fig. 2a and monitored in each frame. Nearby particles come closer and fuse 

and starts to shrink in size and dissolute (b-d). The dotted region in (a) is shown by arrows in (d), 

showing that there are no particles present.  


