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The assembly process of nanostructures from nanoparticles in solution is fundamental for 

“bottom-up” fabrication of functional materials and devices. The collective behaviour of these 

nanoparticle assemblies can give rise to new optoelectronic (1), electrochemical (2) and magnetic 

properties (3) different from the bulk or individual nanoparticles. 

Using dynamic in situ TEM imaging (3-6) in liquids, we show the nanoparticle-nanoparticle 

interaction in thin fluid layer. We extend on our recent study (7) of nanoparticle bonding to show the 

effect of attractive hydration and depletion forces (in the case of small molecules in solution) which 

arise due to a single to double layers of water molecules separating these interacting nanoparticles. 

Using a statistical method, we probe the strength of both short-range and long-range inter-particle 

interactions and empirically derive the nanoparticle-nanoparticle interaction potential.  

Furthermore, we will show that interaction of nanoparticles with liquid-liquid interfaces in the 

case of phase separated nandroplets in solution can be used for self-assembly. Our observation of the 

assembly dynamics of nanoparticles at fluid-fluid interface around the dispersed fluid-like 

ethylenediaminetetraacetic acid (EDTA) nanodroplets in solution reveal that particles bind to interface 

irreversible until the interface is fully populated. Our findings reveal that nanoscale capillary force is the 

main driver of nanoparticle arrangement and organization at fluid-fluid interfaces. We find that 

nanoparticles assemble into rings around dispersed nanodroplets in solution through: (i) direct 

attachment to the fluid-fluid interface, (ii) insertion of new nanoparticles between interface-bound 

nanoparticles, and (iii) coalescence of assemblies (Fig. 1). 

Our findings show that the effect of hydration and capillary forces on assembly is one of many 

interactions that need to be understood for assembly of hierarchical nanostructures from nanoparticles 

serving as individual building blocks. 
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Figure 1.  Graphene nanochannel platform. (A) Schematic illustration of binding dynamics of Pt 

nanoparticles to a nanodroplet by direct attachment (yellow arrows) to the circumference and by 

insertion (red arrow) between two closely spaced nanoparticles that are bound to nanodroplet 

circumference (blue arrow) in solution. (B) TEM image time series of binding dynamics of Pt 

nanoparticles to a nanodroplet circumference by direct attachment  in solution. (C) TEM image and 

corresponding segmentation of Pt nanoparticles (yellow) assembled around the EDTA nanodroplet 

(blue) in water.  
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