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SCFT Study of Microphase Separation in Mixed Polymer Brushes Grafted on
Cylindrical Surface

Ma, Xin Chen, Cangyi Tang, Ping Qiu, Feng*
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Fudan University, Shanghai 200433)

Abstract We report on microphase separation behaviors of mixed polymer brushes grafted onto an infinitely long cylindri-
cal rod by performing polymer self-consistent field theory (SCFT) calculation with “masking” technique. The “masking”
technique is especially suitable to deal with systems of confined polymers grafted onto curved surfaces. We have developed a
method to solve the morphology of block copolymers confined into complicated topographic surfaces with SCFT. In this
paper, this unique technique is extended to solve the SCFT for nanorod grafted by mixed polymer brushes. Furthermore, the
use of simple Cartesian grids in a cubic computational cell with periodic boundary conditions makes it possible to solve dif-
fusion equations in SCFT by utilizing an efficient and highly accurate pseudo-spectral method involving fast Fourier trans-
form. Both parallel rippled phase and ring-shaped phase are predicted. We have investigated the influences of the cylinder
radius, grafting density and interaction between the two incompatible grafting polymers on the stability of the two typical
phases. Our results show that the system prefers the ring-shaped phase with the increase of the cylinder radius, grafting den-
sity and interaction between the two grafting polymers. Phase diagrams involving these parameters are constructed, and we
explain the reason of the transition between the parallel rippled phase and ring-shaped phase in terms of the degree of phase
segregation. Again, the degree of phase segregation is higher with larger cylinder radius, grafting density and interaction
between the two grafting polymers. By comparing the degree of phase segregation and free energy of the parallel rippled and
ring-shaped phases at the same condition, we found that the ring-shaped phase favors the entropic part of the free energy
while the parallel rippled phase significantly reduces the enthalpy. Therefore, when the degree of phase segregation is low,
the free energy of the system is dominated by the enthalpy, leading to the parallel rippled phase; when the degree of phase
segregation is high, the free energy of the system is dominated by the entropic part and the ring-shaped phase is stable. We
also found that the domain numbers of parallel rippled phase and the period of alternating ring-shaped phase vary with the
radius of cylinder. These predictions are expected to be helpful in rational design and fabrication of such novel polymer
brushes.

Keywords mixed polymer brush; cylindrical surface; self-consistent field theory; parallel rippled-phase; ring-shaped phase;
“masking” technique
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Figure 1 Schemes of the cross section on xy-plane (left) and xz-plane
(right) of the binary mixed brush-rod model. The red areas, blue and
green curves represent the nanorod, the grafted A and B polymers, re-
spectively. R represents the rod radius
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Figure 2 (a) Two typical morphologies of the brush-rod systems: paral-
lel rippled phase R (left) and ring-shaped phase Rin (right); (b) Domain
structure on the cross section perpendicular to the z-axis for the parallel
rippled phase (left) and that includes the z-axis for the ring-shaped phase

(right). The red, blue and green areas represent the nanorod, the compo-
nent A and B, respectively
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Figure 3 Domain structures with increasing nanorod radius with N=30,
yN=40, 6=0.1. In (a)~(f) the nanorod radius R is 0.5, 2, 3, 3.5, 5, 7,
respectively. Domain structure on the cross section perpendicular to the
z-axis for the parallel rippled phase and that includes the z-axis for the
ring-shaped phase are shown. The red, blue and green areas represent the
nanorod, the component A and B, respectively
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Figure 4 (a) The density profiles along the circle of radius =7 in the
plane perpendicular to the z-axis for the parallel rippled phase Rg with R
=3,0=0.2, yN=40; (b) The density profiles along the line parallel to the
z-axis with the distance of 0=7 for the ring-shaped phase with R=3, o=
0.2, yN=40
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Figure 5 Dependence of the segregation order parameter S on the dis-
tance 0 to the z-axis for various nanorod radius with 6=0.1, yN=40. For
R=2~3, the parallel rippled phase is stable while for R=3.5~7 the
ring-shaped phase stable
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Figure 6 Dependence of the segregation order parameter S on the dis-
tance o to the z-axis for the parallel rippled and ring-shaped phases with
the same nanorod radius with 6=0.1, yN=40. The red and blue curves
represents the parallel rippled and ring-shaped phases, respectively
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Figure 7 The phase diagram of the mixed brush-nanorod system in
terms of the nanorod radius R and grafting density o with N=30, yN=40.
The black square, blue triangle and rod dot represent the parallel rippled
Re, Rg and ring-shaped Rin phases, respectively
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=30, 0=0.2, yN=20. (b) Dependence of the optimized period Pr;, along
the z-axis for the ring-shaped phase on the nanorod radius with N=30, o
=0.1, yN=40
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