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Tab.1 Details of model at 298 K
/ / /
(g* an™’)  (geem ) (10 'nm) /(107 " om)
PDMS 100 1567 8 0. 90 0.969 27.84 27.14
PPM S 90 1667 8 0. 90 0.919 27.10 26.94
POMS 80 2547 8 0. 90 0.892 27.20 27.10
PPhMS 80 1767 8 0. 70 1.121 32.29 27.46
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Tab.2 Calculated and experimental glass transition temperature ( T',) and density at 298 K

PDMS PPMS POMS PPhMS
(Deur)g® em™’ 0.969 0.919 0. 892 1. 121
21Dy, g em™’ 0.971 0.916 0.91 1. 138
T, (K) 148 160 236 252
T,/7 (K) 150 153 n/a 245
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Fig.4 (a) MSD of H, in aPDMS matrix as a function of time, (b) MSD of ethanol in a PDMS matrix as afunction
of time
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Fig.6 (a) Displacement ofH, in a PDMS matrix as a function of the simulation time,
(b) Displacement of ethanol in a PDMS matrix as a function of the simulation time
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Tab.3 Calculated and experimental diffusion coefficients( 298 K) (10-%cm?+ s 1)
PDMS PPMS POMS PPhMS
D Doy Deu™? D’ D . D oy D i D™ Den!V D Doy Dea ™
H, 193 215 161 101 39.7 39 29
He 110 100 119 90 96 60 24 13
0, 34 41 18 33 16 20 5.6 1.1
N, 36 39 12 21 15 10 5 1.4
CO, 24 26 11 17 11 12 6.6 1.98 2 0.8
CH, 12 20 9.4 8.1 8.1 13 2.2 6.5 1.9 1.1 1.2 0.5
H,0 10.8 14.5 13 5.3 1.7 3.1 0.8
ethanol 4.6 4.5 4.4 3.2 0.9 0.7 0.5
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Study of Diffusion of Small Molecules in the Silicone Polymers
Using Molecular Simulation

HUANG Yu, LIU Qinglin"
( Department of Chemical and Biochemical Engineering, College of Chemistry & Chemical Engineering,
Xiamen University, Xiamen 361005, China)

Abstract: Molecular dynamics simulation was used to estimate the diffusion cefficients of H,, He, O,, N,, CO,, CHs, H,0 and

et hanol at 298 K in poly( dimethylsiloxane) (PDMS), poly( propylmet hylsiloxane) ( PPMS), poly( octylmethylsiloxane) ( POMS) and

poly (phenylmethylsiloxane) ( PPhMS) . Atomic simulation techniques have been proven to be a useful tool for the understanding of

structure and dynamics of dense amorphous membrane polymer and of transport processes in these materials. The Condensed-phase

Optimized Molecular Potentials for Atomistic Simulation Studies( COM P ASS) force field was used to construct the silicone polymers.

It is found that the COMPASS force field is good at describing the property of polymers. Molecular dynamics simulation( NPT ensem—

ble) was used to obtain specific volume as a function of temperature. The calculated glass transition tem perature and density after re-

finement are in good agreement with the experimental results. Diffusion cefficients were obtained from molecular dynamics( NVT en-

semble)using up to 1ns simulation times. After molecular dynamic simulation, the trajectories of the small molecules in the polymer

matrix were obtained. T hen diffusion coefficients were calculated from the Einstein relation revealing a considerable agreement be-

tw een simulat ed and calculated data. A ccordingly two types of motions of the small molecules diffusion in the polymers are discussed.

Finally, the effect of the side chain on the diffusion of the small molecules is also presented.

Key words: molecular dynamics; silicone polymers; diffusion coefficients; COMPASS force field



