Molecular dynamics simulations of fullerene and silica
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Motivation

Several corrections to the kinetic theory or Stokes-Einstein relation for particle diffusivity have been proposed!ll. However, discrepancies are
often reported!?, even for correlations on the same particle size regime. Here molecular dynamics (MD) simulations are employed to

determine the diffusion coefficient of various fullerene and silica nanoparticles (NPs) in air since MD unravel the fundamentals of processes
dominating aerosol dynamics, thus facilitating the understanding of natural phenomena and accelerating process scale-up and innovationl3!.
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Measured diffusivity coefficients in the transition
to free molecule regime vs. theory/experiments

Diffusion coefficients for
fullerene and silica particles at 298 K
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Diffusion coefficient from our MD and according to the Stokes-Einstein Measured (open symbols) and MD-derived (filled symbols) diffusivities for
eguation without (orange) and with (black) the Cunningham-Millikan (CM) slip | various materials with the Stokes-Einstein w/ & w/o the Cunningham-Millikan
correctionl4, and the equation proposed here (CMy,< wor: green). correction and the present MD-derived correlations (lines) at 298 K & 1 atm.

Diffusivity in the free molecule regime vs. theory Temperature dependence of diffusivity
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MD-derived (green symbols) diffusivities and predictions according to the
kinetic theory and equations proposed in bibliographyl#PH10l de Ja Mora’s eq.
fails as particle approaches the molecular size, since it assumes rigid bodies

and almost specular reflection as a modification of Epstein’s formulaltol,
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The temperature dependence of the MD-derived diffusion coefficients for
fullerenes with d, = 0.4, 0.7, 1.2, 2.5 and 4.8 nm and silica molecule.
Power laws, D ~ Tk, for low and high temperatures 11! are also depicted.

Conclusions

1. Diffusivities of fullerene and silica particles with d, = 0.4-7.0 nm and silica molecule were
determined by MD simulations.

2. A new formulation for the particle diffusion coefficient was proposed all the way from the
continuum to the free molecular regime.

3. Our results provide insights of the diffusion behaviour of NPs with a diameter smaller than 2 nm.

== 4. The diffusivity temperature dependence of the silica molecule and several fullerene particles was

estimated with MD simulations in the temperature range of 100-600 K and provided a scaling

exponent close to 2 and 1.65 for low and high temperatures respectivelyll,
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