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Fig. 1 Schematic of AB diblock copolymer confined in
alternating adsorbed nanopores, where the red patterns
indicate the surfaces attracting the A blocks, and the green
patterns attracting the B blocks. The period of alternating
adsorbed pattern is denoted as w, and the diameter of the
nanopore is D.
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Fig. 2 (a) Phase diagram with respect to w/R, and D/R, for AB diblock copolymer melts with /=0.25 and yN=30 under the
confinement of the nanopore with the alternately adsorbed surfaces. The green filled area represents Dk structure with

biconcave feature; (b) Density plots of the non-spherical equilibrium structures shown in the phase diagram.
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Fig. 3 The appearance (d/h) of the Dk structure varying
with D/R, for fixed w = 5.0R,. The vertical dashed lines are
the phase transition points of Dis;—Dk—T,. The inset shows
the typical appearance (the diameter d and thickness /) of
the Dk structure.
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Fig. 4 (a) Phase diagram with respect to w/R, and D/R, for an AB copolymer melt with D=9.0 and yN=30 under the confinement

of the nanopore with the alternately adsorbed surfaces, the vertical dashed lines indicate the phase transition points of sphere—

cylinder—gyroid—lamella in the bulk. (b) Density plots of the non-spherical equilibrium structures shown in the phase

diagram.
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Fig. 5 Free energies of different phases relative to that of
C,, along the phase sequence in Fig. 4(a) with /=0.45. The
density plots of the target Dk structure and the metastable
DK’ structures are also presented.
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Fig. 6 Phase diagram with respect to w/R, and D/R, for AB diblock copolymer melts with fixed w=5.0 and yN=30 under the
confinement of the nanopore with the alternately adsorbed surfaces, the vertical dashed lines indicate the phase transition
points of sphere—cylinder—gyroid—1lamella in the bulk. The green filled area represents Dk structure with biconcave feature.
(b) Density plots of the non-spherical stable structures shown in the phase diagram.
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Research Article

Theoretical Study on the Self-assembly of Diblock Copolymers under
Cylindrical Confinement with Alternately Adsorbed Surfaces

Peng-jie Xie, Qian-pei Wang, Mei-jiao Liu”
(Key Laboratory of Surface & Interface Science of Polymer Materials of Zhejiang Province,
School of Chemistry and Chemical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018)

Abstract The self-consistent field theory (SCFT) is employed to study the self-assembly behavior of AB diblock
copolymers confined in alternately adsorbed nanopores. Focusing on the emergence and stability of the disk (Dk)
phases, a series of phase diagrams are constructed with respect to the alternating adsorption period (w), size of the
cylindrical pore (D), and the volume fraction of the A block (f). The results indicate a significant enhanced

stability of Dk structure by the alternately adsorbing surface fields. The Dk structure is especially favored, when
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the alternating adsorption period is around 5.0R,. With fixed w = 5.0R,, the appearance of the Dk structure is
tuned by D and £, it forms biconcave shape with negative curvatures within a certain varying ranges of D and f,
otherwise it transforms into ellipsoidal or toroid shapes. Additionally, a number of novel cylinders and regularly
arranged spheres emerged in the nanopores with specific surface fields. The results deepen the understanding of
self-assembly behavior of block copolymers under cylindrical confinements, and provide theoretical guidance for
the experimental preparation of such complex structures.

Keywords Block copolymers, Self-assembly, Cylindrical confinement, Surface field induction, Self-consistent
field theory (SCFT)



