Nanoparticle Growth Dominated by Aggregation at the Mesoscale
We devised a quantitative approach to study mesoscale nanoparticle growth and demonstrated that nanoparticles and ensembles follow different growth patterns. The new approach involved directly observing solution-phase nanoparticle growth using in situ fluid stage scanning transmission electron microscopy. For decades, scientists have quantitatively interpreted the average growth rate of nanoparticles in terms of the Lifshitz−Slyozov−Wagner model. This model addresses the dissolution of small crystals and deposition of the dissolved material onto larger crystals in a process called Ostwald ripening. But until now, little attention has been paid to modeling both the individual growth characteristics and the corresponding whole population particle size distribution (a global property that often dictates important functional properties, such as catalytic activity). We found that silver nanoparticles grow via a length-scale dependent mechanism, where individual nanoparticles grow by single atom attachment. However, when the particles reach a certain size, they aggregate, creating larger-scale ensembles. We demonstrated that the Smoluchowski model quantitatively captures the mean growth rate and particle size distribution of the ensemble in better agreement than Ostwald ripening. This seemingly simple result has shifted a long-held scientific paradigm that did not incorporate kinetic models when explaining how nanoparticle ensembles formed.
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