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Growth in utilizing nanomaterials in an ever-increasing list of applications has led to 

concerns about their environmental impact.  To date, most of these environmental studies 

have focused on the very simple particle morphology, which is particularly true in the 

case of studying silver nanomaterials exposed to the environment.  However, recent 

advances in nanosynthesis have made possible a wide array of varying morphologies, 

each with their own unique properties and feasibly distinctive environmental risk profiles.  

In studying how shape will affect the environmental the lifetime of silver nanomaterials, 

we chose to compare the nanocube (NC) with its exposed <110> faces and nanoparticles 

(NP) with exposed <111>, <110> and <100> facets. These nanocrystals were placed into 

the aquatic media of pond water, salt water and synthetic hard water.  To determine their 

respective aging profiles, we utilized UV-Vis spectroscopy, which showed a steep 

decrease in the maximum peak after one day of aging. This eventually leveled off after 

four days of aging across all aquatic media independent of morphology; although in 

every case the NCs had enhanced stability of their nanosize domain in comparison to 

NPs.  We then collected samples for electron microscopy analysis after 1 day and 4 days 

of aging in the aquatic media and viewed how the shape of a nanostructure effected its 

aggregation and dissolution in aquatic environs to determine the mechanism of the 

destruction in the UV-Vis peak intensity.   Specifically, S/TEM analysis allowed us to 

quickly determine that the silver NCs do not undergo aggregation but instead maintain 

their nano-size domain until the silver atoms have undergone complete dissolution from 

the NC in all of our test waters (Figure 1).  Moreover, we could observe that in the cases 

of NCs aging in either the pond water or synthetic hard water that dissolution would 

occur primarily from the edges and corners of the cubes leading to a rounding of the 

cubic nanostructure.  When aged in salt water the cubes also underwent oxidative etching 

of the silver atoms to silver ions on the faces of the NCs as well.  These results related to 

the nanocube morphology run counter to what takes place in the case of silver NPs, 

which simply aggregate into large agglomerates as expected across all environmental test 

media.  Further HR-TEM analysis clearly details that the exposed <100> surface facets of 

the NCs caused their enhanced robustness.  Importantly, the enhanced robustness imbued 

by the <110> facet of the Ag NCs allows them to maintain their nano size domain for an 

extremely long period of time in aquatic environs and potentially makes them more 

environmentally harmful than their NP analogues. 
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Figure 1.  Comparison of aging Ag Nanocubes and Nanoparticles in synthetic hard water 

for one day via TEM analysis 


