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Abstract: Self-oscillating polymer brushes have unique applications in enclosed spaces, but there has been a lack of
theoretical model to reveal their physical mechanisms systematically and profoundly and predict new structures.
Based on diffusion dynamics, we establish a new theoretical model to study the self-oscillation of switching for
polymer brushes. Firstly, we quantitatively determine the dynamic characteristics of self-oscillation switching of
polymer brush as well as the important role of the Belousov Zhabotinsky (BZ) reaction of polymer monomers in
inducing polymer brush self-oscillation. Then, the chemical wave characteristics of the conformational transition of
the polymer brush are obtained, revealing that this chemical wave largely originated from the BZ reaction. The

theoretical results reveal that the BZ reaction lead to chemical oscillations, and the diffusion within the polymer
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brush also propagates in the form of chemical waves. Moreover, the self-oscillating polymer brush can also change

the reaction mode of BZ. The research results confirm that the self-oscillating characteristics of the conformational

transition of the polymer brush follow diffusion dynamics. Based on the model, it can be predicted that the spatial

fluctuation of the volume fraction of polymer brushes will lead to the spatial non-uniformity of volume distribution of

polymer monomers in the brushes, and then a nodular structure will appear in the polymer brushes. The results of

this paper can provide useful reference for designing intelligent polymer surface materials.
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Fig. 1 Schematic diagram of self-oscillation of polymer

brushes.
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Fig. 2 Spatial and temporal distribution of polymer brush volume fraction and FH potential function. The initial conditions are
(0, z) = 0. 35, X (0, z) = 0. 01, and the boundary conditions are ¢(t, 0) = 0. 35, X (1, 0)=0, (¢, L.)/dz = 0, 9x(t, L)/dz = 0. (a) The
spatio-temporal distribution of volume fraction of polymer brushes. (b) The spatio-temporal distribution of FH potential function. (c) The
volume fraction of polymer brushes exhibits periodic oscillations over time at z = 20 nm and z = 36 nm. (d) The FH potential function
exhibits periodic oscillations over time at z =20 nm and z = 36 nm. (e) Spatial distribution of volume fraction of polymer brushes at

t=20s and ¢t = 36 s. (f) Spatial distribution of volume fraction of FH potential function at ¢ =20 s and ¢ = 36 s.
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Fig. 3 The time evolution of height of the polymer brushes (All
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(b) L = 600 nm.
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Fig. 4 The spatial and temporal distribution of polymer brush volume fraction and FH potential function shows a chemical wave
oscillation mode. (The initial conditions are ¢(0,z) = 0. 01, X(0,z) = 0. 01, and the boundary conditions are ¢(z,0) = 0. 01,
X(t,0)=0,¢(t,L)=0.5x(t,L) =0.5.) (a) The spatiotemporal distribution of volume fraction of polymer brushes. (b) The
spatiotemporal distribution of FH potential function. (c) The volume fraction of polymer brushes exhibits periodic oscillations over time
at z=200 nm. (d) The FH potential function exhibits periodic oscillations over time at z =200 nm. (e) Spatial distribution of volume

fraction of polymer brushes at ¢ = 20 s. (f) Spatial distribution of volume fraction of FH potential function at ¢ = 20 s.
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Fig. 5 The time-space distribution of catalytic chemical
reaction, 6(t, z). The characteristics of polymer monomers
presents a chemical wave oscillation mode. (All parameters are
the same as those in Fig. 4.)  (a) Temporal evolution of the
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