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Fig. 1 Chemical structural formula of betaine moieties.

(a) NC4-CO2, (b) NC3-S03, (¢) NC2-S03, and (d) NC1-0SO3.



Table 1 Numbers of betaine moieties and n-undecane molecules in the simulation cells, n-undecane contents, cell lengths, and
cell densities used in simulation of betaine/n-undecane binary mixtures at 298 K.

Number of Number of n- n-undecane Cubic dimensions Cell density
betaine  undecane molecules content [nm] [g/em’]
Betaine moieties [wt%]
NC4-CO2 405 303 49.96 5.4969x5.5060%5.5042 0.9450
NC3-S03 341 303 49.95 5.3960x5.3865%5.3905 1.0049
NC2-S03 379 303 49.96 5.3572x5.3645%5.3554 1.0027
NCI1-0S03 373 303 49.97 5.4747x5.4703%5.4656 0.9822

Table 2 Numbers of betaine moieties and n-undecane molecules in the simulation cells, n-undecane contents, cell lengths, and
cell densities used in simulation of betaine/n-undecane binary mixtures at 398 K.

Number of Number of n- n-undecane Cubic dimensions Cell density
betaine  undecane molecules content [nm] [g/em’]
Betaine moieties [wt%]
NC4-CO2 405 303 49.96 5.6584x5.6677%5.6659 0.8664
NC3-S03 341 303 49.95 5.5472x5.5374x5.5415 0.9250
NC2-S03 379 303 49.96 5.4971x5.5046x5.4951 0.9436
NC1-0S03 373 303 49.97 5.3802x5.3849%5.3780 1.0101
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Fig. 2 Time dependence of (a) the MSDs of betaine moieties and (b) the MSDs of n-undecane molecules for
the betaine/n-undecane binary mixtures at 298 K.
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Fig. 3 Time dependence of (a) the MSDs of betaine moieties and (b) the MSDs of n-undecane molecules for
the betaine/n-undecane binary mixtures at 398 K.
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Fig. 4 RDF curves for (a) betaine moieties and (b) n-undecane molecules in betaine/n-undecane binary mixtures at 298 K
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Fig. 5 5 RDF curves for (a) betaine moieties and (b) n-undecane molecules in betaine/n-undecane binary mixtures at 398 K
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Fig. 6 Variation in B, with the terminal radius of the integral interval for the betaine/n-undecane binary mixtures at 298 K,
with B, values calculated using the RDF curves (a) for the betaine moieties and (b) for the n-undecane molecules.
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Fig. 7 Variation in B, with the terminal radius of the integral interval for the betaine/n-undecane binary mixtures at 398 K,
with B, values calculated using the RDF curves (a) for the betaine moieties and (b) for the n-undecane molecules.
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Summary

To improve the antifouling properties of reverse osmosis membranes in seawater desalination processes, it is
essential to elucidate the fouling phenomena at the atomistic level. In this study, we evaluated the microscopic
interactions between betaine materials which have excellent antifouling properties and organic foulants, by using
molecular dynamics (MD) simulations. Nonpolar n-undecane molecule was used as a model organic foulant.
Simulation cells of betaine/n-undecane binary mixtures were constructed and the content of n-undecane molecules
was set to approximately 50 wt%. For the equilibrated binary mixture systems, MD simulations were conducted
to evaluate the microscopic interactions between betaine moieties and n-undecane molecules. Here, second virial
coefficients were calculated to assess the aggregation/dispersion properties of the binary mixture systems. Mean
square displacements (MSDs) were also calculated to estimate the molecular mobilities of betaine moieties and n-
undecane molecules.

The elapsed time dependences of the MSDs indicated that the accuracies of statistical samplings become
dramatically higher with an increase in temperature. In addition, the types of betaine moieties which are less
compatible with n-undecane molecules have higher molecular mobilities in the binary mixtures. ~We had expected
that the molecular mobilities of betaine moieties would become lower when they agglomerate, because the robust
ionic interactions between the anionic group and the cationic group are dominant. Intriguingly, the opposite trend
to this expectation was observed in our simulations. ~ Although the effects of the difference in the molecular weights
of betaine moieties should be considered in the future, the qualitative agreement between the order of
aggregation/dispersion properties and that of molecular mobilities certainly indicates the correlation between the
two criteria.

Furthermore, the type of betaine moiety which exhibited the most excellent antifouling property was similar to
the type of betaine moiety which was indicated in a previous study. The optimization of the modeling and the

simulation conditions in MD simulations are certainly promising to elucidate membrane fouling phenomena.



