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The TSNP thrust  works to understand and predict  the behavior of 
systems  of  nanoparticles  embedded  in  diverse  environments.  Our 
efforts  focus  on  calculating  the  interactions  in  such  systems  and 
understanding how to control their structure and properties. In order 
to  study  these  complex  systems,  we  are  using  state-of-the-art 
classical  atomistic  and  coarse-grained  molecular  dynamics  (MD) 
simulations and statistical mechanics methods, particularly classical 
density functional theory (c-DFT). Here, three examples of the work 
are  presented.  MD  is  being  used  to  study  the  organization  of 
nanoparticles  at  the  interface  between  polymers  and  solvent, 
especially after evaporation. Atomistic MD simulations show that the 
interplay between the coating on the nanoparticle and the solvent has 
strong  effects  on  the  individual  nanoparticle  shape  and  on  the 
interactions between nanoparticles. Using classical density functional 
theory,  nanorods  coated  with  a  polymer  brush  are  studied  to 
determine when they will  will  aggregate or  disperse in a polymer 
melt.	
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Nanoparticle Organization in Polymer/Solvent Mixtures�

This	
  work	
  was	
  performed,	
  in	
  part,	
  at	
  the	
  Center	
  for	
  Integrated	
  Nanotechnologies,	
  an	
  Office	
  of	
  Science	
  User	
  Facility	
  operated	
  for	
  the	
  U.S.	
  Department	
  of	
  Energy	
  (DOE)	
  Office	
  of	
  Science.	
  Sandia	
  NaDonal	
  Laboratories	
  is	
  a	
  mulD-­‐program	
  
laboratory	
  managed	
  and	
  operated	
  by	
  Sandia	
  CorporaDon,	
  a	
  wholly	
  owned	
  subsidiary	
  of	
  Lockheed	
  MarDn	
  CorporaDon,	
  for	
  the	
  U.S.	
  Department	
  of	
  Energy's	
  NaDonal	
  Nuclear	
  Security	
  AdministraDon	
  under	
  contract	
  DE-­‐AC04-­‐94AL85000. �

Results: Aggregate morphologies�
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Well ordered arrays of nanoparticle formed at nanoparticle-polymer 
brush interface when brush density is high and nanoparticle/brush 
interaction is weak.	
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Solvent Evaporation!

Solvent!
Polymer!
Nanoparticle!

Atomis5c	
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    Symmetry	
  and	
  Size	
  Effects	
  in	
  Coated	
  NanoparDcles	
  
     – Symmetric Coating Leads to Asymmetric Shapes	


    – Small changes affect  structure → change potential activity/solubility 	
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S(CH2)17COOH	



CoaDngs	
  DistorDon	
  and	
  OrientaDon	
  at	
  Liquid/Vapor	
  Interface	
  

Self-­‐Assembly	
  into	
  2	
  Films	
  at	
  Water/Vapor	
  Interface	
  	
  

Dry films are mechanically stable	



4 nm diameter Au nanoparticles with alkanethiol ligands	


in decane (left) and water (right) 	
  

water	



  S(CH2)17CH3 	

           S(CH2)17COOH	



Many 4 nm Au	


nanoparticles with 
coating of  
S(CH2)17CH3  at 
water/vapor interface.	


	


Top and side views.	



Dispersion	
  of	
  Polymer-­‐GraEed	
  Nanorods	
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dispersed

Polymer brushes on gold nanorods (NRs)	


mixed in a homopolymer melt film.	


	
  

What determines dispersion/aggregation?	


• molecular weights of brush (N), matrix (P)	


•  grafting densities	


• NR radius Rrod	


	
  

TEM	
  of	
  aggregated	
  rods	
  

Classical Density Functional Theory	


•  freely-jointed chains	


•  calculate interaction energy between 2 

parallel rods	
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•  repulsion at short distances	


•  attractive well at intermediate distances	



•  leads to aggregation	


•  depth of well increases with α = P/N	



• NRs will aggregate for energies 
> 5 kT 	



• good agreement with 
experiment	



•  circles = c-DFT	


•  squares = experiment	



• dispersion state determines 
optical properties	
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MD simulations of nanoparticles (gold spheres), 
polymers (green) and solvent (blue) after 
evaporation show	


• Polymer density increases at liquid/vapor interface	


• Organization of nanoparticles depends on polymer-

nanoparticle interaction:	


• Strong interaction: nanoparticles form layers near 

interface	


• Weak interaction: most nanoparticles reside below 

skin layer	


	



We will continue to address fundamental issues concerning the 
structure of nanoparticles coatings and the structure of ensembles of 
nanoparticles. Using molecular simulations at different scales and 
molecular theories, we will investigate how the molecular 
interactions yield the observed structures and what the material 
properties are. 	
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