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Fig. 1. Schematic diagram of spatial modulation field and

an active polymer (d = 320, L, = 1920 ).
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Fig. 2. Schematic diagram of active force.
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Fig. 3. Snapshots of the conformation of the flexible chain
at different region widths (Yellow particles represent the
head of polymer chain, while blue particles represent the
tail of polymer chain): (a) d = 32, stable helical state in the
active region and random coil state in the inactive region;
(b)—(f) d = 8, helical state in the active region, stretched
random coil state and various cross-regional instantaneous
conformations in the inactive region; (g), (h) d = 3, cross-
regional stretched and curled collapsed conformations.
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Fig. 4. Snapshots of cross region motion of the flexible chain
(d=8). (a)—(c) The first mode of cross region motion: the
head enters active region from the passive region, rapidly
forms spiral and eventually returns to the passive region.
(d)—(f) The second mode of cross region motion: the head
enters active region from the passive region, forms spiral
after most of the chain segments have entered active region
and eventually forms complete spiral in the active region.
(g)—(i) The third cross regional motion mode: the head enters
active region from the passive region and crosses the entire
active region to the next passive region. (j)—(1) The fourth
mode of crosss region motion: the middle segments enter
active region from the passive zone causing significant
stretch (longitudinal, i.e. y-direction) of the chain seg-

ments behind it.
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Fig. 5. Mean square displacement (center-of-mass) of the
flexible chain under different regional widths (Different
color curves correspond to different regional widths, and the

broken line indicates different diffusion coefficients).
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Fig. 6. In the periodic external field of the flexible chain with different regional widths, the position change of the center of the mass

moving along (a) z direction and (b) y direction with time. Different color curves represent different regional widths d respectively.

At d = 3, 4, 5, the position changes in the z direction appear platform and jump. The chain corresponding to platform is restricted

to the passive region, while the chain corresponding to jump crosses the active region. The change of position in the y direction

shows normal fluctuation. At d = 10, 20, the movement of the chain is relatively small.
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ment is pushed forward to form buckling.
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Dynamic behavior of active polymer chain in
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Gao Yi-Wen  Wang Ying Tian Wen-De! Chen Kang?

(Center for Soft Condensed Matter Physics & Interdisciplinary Research, School of Physical Science and
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Abstract

Active polymers exhibit very rich dynamic behaviors due to their deformable long-chain architecture. In
this work, we perform Langevin dynamics simulations to study the behavior of a single self-propelled polymer
chain in a plane (two dimensions) whose activity can be tuned by external field. We consider a spatially on-off
periodic field along the z direction, i.e. the plane is patterned into stripes of alternating active region and
passive region. The width d of the stripe (half period length) plays a key role in determining the kinetic
behavior of a flexible polymer chain. When d > 2Ry ( Ry is the radius of gyration of the passive flexible chain
in the random coil state), the polymer chain can stay for a long time in either the active region or the passive
region and moves mainly by slow Brownian diffusion; when 2Ry < d < 2Ry (Ry is the radius of the spiral
formed by the self-propelled polymer chain), the polymer chain could stay entirely in one region but cross-
regional motion happens frequently; when d < 2R;, the polymer chain does not stay entirely in one region but
keeps moving cross-regionally accompanied by the stretching of the parts in active regions. With the kinetic
behavior of the polymer chain changing as d varies, the long-time diffusive coefficient changes by as great as
two orders of magnitude and other statistical quantities such as spatial density distribution, mean total
propelling force, characteristic size and orientation all show non-monotonic variations. In addition, we find four
typical processes of the cross-regional motion of a flexible chain. For a semiflexible polymer chain, the cross-
regional motion is accompanied by buckling behavior and the width d affects greatly the degree of buckling and
the continuity of the motion. Our work suggests a new idea for tuning and controlling the dynamic behavior of
active polymers and provides a reference for the design and the potential applications of chain-like active

materials.
Keywords: active matter, active polymer, nonequilibrium system, dynamics
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