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Direct observations of solution-phase nanoparticle growth using in situ liquid transmission electron 

microscopy (TEM) have demonstrated the importance of mesoscale interactions, such as aggregation 

and coalescence, on the growth and final morphology of nanocrystals at the atomic and single 

nanoparticle scales [1, 2]. To date, groups have quantitatively interpreted the mean growth rate of 

nanoparticles in terms of the Lifshitz-Slyozov-Wagner (LSW) model for Ostwald ripening [1, 3], but 

less attention has been paid to modeling the corresponding particle size distribution. 
 

We used in situ liquid scanning TEM (STEM) to stimulate growth of hundreds of silver nanoparticles 

from a liquid precursor [4]. We measured the mean growth rate and particle size distribution of the 

nanoparticles during growth using custom image analysis algorithms [5]. The silver nanoparticles were 

observed to grow by monomer attachment, and remained mobile on the surface of the fluid cell window 

often aggregating with neighboring particles. The total number of nanoparticles after nucleation 

occurred decreased by ~30% over a few minutes due to aggregation. 

Here we demonstrate that silver nanoparticles grow by a length-scale dependent mechanism, where 

single particles grow by monomer attachment but ensemble-scale growth is dominated by aggregation. 

Although the observed mean nanoparticle growth rate is consistent with the LSW model, we show that 

the corresponding particle size distribution is broader and more symmetric than predicted by LSW. 

Following direct observations of aggregation, we interpret the ensemble-scale growth using 

Smoluchowski kinetics and demonstrate that the Smoluchowski model quantitatively captures the mean 

growth rate and particle size distribution. Likewise, our observations of length-scale dependent 

nanoparticle growth emphasize the need to quantify and correlate the contributions of growth 

mechanisms at different length scales to help tune the overall properties of functional nanostructures, 

biomineralized nanocrystals, heterogeneous catalysts, and other complex nanoscale ensembles formed 

by mesoscale interactions [6]. 
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Figure 1. (a)-(c) Time lapsed series of BF-STEM images showing growth of an ensemble of silver 

nanoparticles starting at 25 seconds from the initial irradiation (20 pA beam current). The scale bar in 

(c) is 200 nm. (d) Particle size distribution (PSD) of the ensemble for various times; the PSD’s are 

normalized by their total integral to yield a probability density function. (e) Mean nanoparticle radius as 

a function of time. The black line is the result of a power law fit of the form <r> = Kt
<β>

, where linear 

regression yielded <β> = 0.31 ± 0.01. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The scaled nanoparticle PSD measured for all times from t = 15 - 105 s. The dashed blue 

curve is the LSW PSD (sum of squared errors SSE = 1550), and the solid black curve is the 

Smoluchowski PSD with <βPSD> = <β> = 0.31 (SSE = 78). Nanoparticle radii are normalized to the 

respective mean nanoparticle radius for that time. 
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