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Fig. 1. (color online) A sketch of the polymer model and the periodical channel used in the simulation:

(a) The side view of the channel; (b) the cross-sectional view of the channel. The copolymer chain is

composed by block A and block B. The channel with radius R and periodical length I, is periodically

patterned by a and g parts with the same length I, /2. Both the two parts are formed by rings with inside

radius R — bmax/2 and outside radius R + bmax/2.
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Fig. 2. (color online) Log-log plot of the mean square
displacement of the center of mass of the polymer
((Az)?) versus time ¢t for five different Nps. The solid
line with slope 1.0 is guide for eyes. The parameters
are: N =052,1p=10,ep, =1, R=1.
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Fig. 3. (color online) The diffusion constant D as a
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N = 52, epq = 1, R = 1. The inset presents the
dependence of D on the raito N /(1.71p).
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Fig. 5. (color online) The dependence of polymer-
channel interaction Epp on 2z for different Nps at
N =52,1, =10, R=1,and ep, = 1.
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Fig. 7. The evolution of the position of the head
monomer of the polymer with length Ny = 26 during
the diffusion process, where N = 52, [, = 10, R =1,

and ep, = 1.
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Abstract

In recent years, the static and the dynamical properties of polymer confined in nano-channels have become a hot
topic due to its potential applications in technology, such as genome mapping, DNA controlling and sequencing, DNA
separation, etc. From the viewpoint of polymer physics, the properties of polymer confined in nano-channels are affected
by many factors, such as the channel size, the channel geometry, the polymer-channel interaction, etc. Consequently,
many researches have been extensively performed to uncover the underlying physical mechanisms of the static and the
dynamical properties of polymer confined in nano-channels.

Although many conformations are forbidden as polymer is confined in channels, the static properties of polymer are
found to be still complicated. For the simplest case, i.e., homo-polymer confined in homogeneous solid channels, there
are several scaling regimes, in which polymer adopts different conformation modes and the extension of polymer shows
different scaling relations with the channel diameter, the polymer length, the persistence length, etc. In addition, the
dynamical properties of polymer, such as the diffusivity and the relaxation, have also been extensively studied.

Though the properties of polymer confined in homogeneous channels have been well studied, we know little about
those of polymer inside compound channels. It is found that the dynamics of polymer in compound channels is quite
different from that of polymer in homogeneous channels, and compound channel could be useful for DNA separation and
DNA controlled movement.

In this work, the diffusion of diblock copolymer (An,Bng) in periodical channels patterned alternately by part o
and part 8 with the same length I, /2 is studied by using Monte Carlo simulation. The interaction between monomer A
and channel « is attractive, while all other interactions are purely repulsive. Results show that the diffusion of polymer
is remarkably affected by the length of block A (Na), and the diffusion constant D changes periodically with Na. Near
the peaks of D, the projected length of block A along the channel is an even multiple of I,/2, and the diffusion is in
consistence with that of homo-polymer in homogenous channels. While near the valleys of D, the projected length of
block A is an odd multiple of I,/2, and polymer is in a state with long time trapping and rapid jumping to other trapped
regions in the diffusion process. The physical mechanisms are discussed from the view of polymer-channel interaction

energy landscape.

Keywords: diblock copolymer, diffusion, periodical channel, Monte Carlo simulation
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