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Pt nanoparticles: Dynamic structure 

MD @ 165 K 

Librational Motion Brownian-like Motion 

MD @ 573 K 

Vila et al. Physical Review B 78, 121404(R), 2008  

Complex dynamics show: 

 Multiple-time scales 

 Librational motion 

 Fluctuating bonding 

  

Simulations explain: 

 Large structural disorder 

 Negative Thermal Expansion (NTE) 

 Change in electronic structure 



DFT/MD Pt-Pt Radial Distribution Function 

Very good agreement with expt. NTE and disorder 



Need longer simulations 

• Three dynamic regimes: 

• Fast bond vibrations (200-400 fs) 

• Stochastic CM motion (2-4 ps) 

• Slow transient bonding (>8 ps) 

 

• DFT/MD simulations: 

• Computationally demanding 

• Difficult to access slow regime 

 

• Option: Model potential? 



Model potential 

Need to include interaction with surface. 

• Sutton-Chen (SC) potential 

• Effective many-body interaction 

• Good for bulk Pt 

• Needs additional interactions to support 

 

• Pros and Cons: 

• Much faster than DFT/MD 

• Larger/longer simulations possible (ns, ms?) 

• Model interaction  understanding of physics 

 

• Might be unphysical 

• Lack electronic structure 

 



Potential form: 

Pt-Pt interaction 

Surface atoms 
harmonic tethering Pt-O and Pt-Al interaction 



Standard SC Radial Distribution Function 

1st shell: NTE 

2nd shell: Melting signature 

NTE 



Standard SC Mean Pt-Pt NN distance 

NTE: About 0.02 Å (300-800 K) 

NTE 



Standard SC Pt diffusion coefficient 

Increase in mobility at ~ 400 K 



Sutton-Chen modification 

• Standard SC is too structured 

 

• Initial modifications: 

• Reduce “a” scale parameter (to 0.96) 

• Reduce overall attractive part (scale “c”) 



Modified SC: Comparison to DFT/MD 

High T: Good 1st shell, improved long range 

Low T:  Still somewhat structured 



Conclusions 

• Standard Sutton-Chen: 

• Good qualitative properties 

• Easy access to ns regime 

• Needs modification for nanoparticles 

 

• Modified Sutton-Chen 

• Much better at high T 

• Still somewhat structured at low T 
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