Biophysics ZEWI¥IH %, 2016, 4(2), 27-37 Hans XM
Published Online May 2016 in Hans. http://www.hanspub.org/journal/biphy
http://dx.doi.org/10.12677/biphy.2016.42002

Molecular Dynamics Study of Polymer
Brushes with Ring Topology

Wubing Wan12, Holger Merlitz!, Chenxu Wu?1.2*

Ynstitute of Softmatter and Biomimetics, Xiamen University, Xiamen Fujian
%Collaborative Innovation Center of Chemistry for Energy Materials, Xiamen University, Xiamen Fujian

Email: ‘ecxwu@xmu.edu.cn
Received: May Sth, 2016; accepted: May 19'h, 2016; published: May 27“’, 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Static properties of polymer brushes with different topological ring structures are studied by us-
ing molecular dynamics simulation, and a compression of the brushes in isothermal process is
carried out. It is found that the scaling behaviors between the radius of gyration and the chain
length are very different in different directions. The scaling behavior between the gyration radii in
the z-direction and the chain length shows little difference for different topological structures.
While the transverse components reveal a quite different result. Furthermore, as the topological
constraint becomes stronger, one obtains smaller scaling exponent. From the simulation of iso-
thermal compression of the brush, we find that the profile of the monomer density is a step func-
tion rather than a parabolic one without compression. With force increasing, the topological effect
will disappear in the brush system.
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Figure 1. Squared radius of gyration in the z direction (R?,) on

logarithmic scale against chain length N. Grafting density
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Figure 2. Squared radius of gyration parallel to the grafting

plane on logarithmic scale <Rgzxy> against chain length N.
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Figure 3. Monomer sequence of the different topological
structure ring polymer chain
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Figure 4. (cos@,) for i-th monomer along the chain at different grafting densities for chain

length N = 122. (a) Linear polymer brush; (b) Ring polymer brushes with topological constraint
value rn = 1; (c) Ring polymer brushes with topological constraint value rn = 2; (d) Ring poly-
mer brushes with topological constraint value rn =5
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Figure 5. Average bond orientations P,(6) versus the bond sequential number i for chain length N =
122 at different grafting densities. (a) Linear polymer brush; (b) Ring polymer brushes with topologi-
cal constraint value rn = 1; (c) Ring polymer brushes with topological constraint value rn = 2; (d)
Ring polymer brushes with topological constraint value rn = 5
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Figure 6. The model picture of isothermal compression of the brush
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