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“Bridge” Makes Differences to the Self-assembly of Block Copolymers

Weihua Li*

(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
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Abstract To form “bridge” via the self-assembly of block copolymer provides a useful way for the fabrication of network
structures of excellent mechanical properties, which is promising in applications. However, previous work has hardly paid
attention to the impact of “bridge” on the self-assembly behavior of block copolymers. This account provides a review of a
recent progress about the control of the self-assembly behaviors of block copolymers via the stretching degree of the bridging
block. Accordingly, we have purposely designed BABCB linear multiblock copolymer. When BABCB copolymer
self-assembles into binary mesocrystal structures (sphere or cylinder), the middle B-block connects a pair of A and C domains
(“macromolecular atom” aggregated by blocks) naturally forming bridge. The stretching degree of the middle bridging
B-block can be increased by reducing its length relative to the other two B-blocks, lowering the coordination numbers (CNs)
of mesocrystal. Moreover, the asymmetry of CNs between A and C “macromolecular atoms” can be tuned by the asymmetry
between the two end B-blocks. Abiding by the two principles, using self-consistent field theory (SCFT) we have predicted
rich binary mesocrystals of equal and unequal CNs. Furthermore, we have extent the concept of “stretched bridge” into
AB-type block copolymers. We have proposed the effect of combinatorial entropy to realize high-ratio bridging configura-
tions in the self-assembled structures by AB-type block copolymers. By increasing the stretching degree of bridging blocks,
we have successfully predicted nonclassical square array and graphene-like array of cylinders instead of the usual hexagonal
array of cylinders. In future, it is hopeful to recast most of known atomic/ionic binary crystal structures or even beyond by
considering topology and blending during the design of ABC-type block copolymers.
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Figure 1 Schematics demonstrating the effect of stretching bridging
block on the formation of binary mesocrystals from the self-assembly of
ABC-type block copolymers. The left panel presents a typical chain con-
figuration of ABC linear triblock copolymer in the tetragonal binary
mesocrystal, where the middle bridging B-block forms a large loop. The
right panel shows a typical configuration of BABCB pentablock copoly-
mer in the three-coordinated mesocrystal, where the middle bridging
B-block is highly stretched.
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Figure 2 Free-energy comparison as well as the transition sequence of
different mesocrystals in BABCB block copolymers with yapN=jyscN=
xacN=280, fa=fc=fand fs1=/p; (Reproduced from Ref. [15]. Copyright

2020. American Chemical Society).
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Figure 3 Schematics illustrating that A-sphere (red) is larger than
C-sphere (blue) in the binary mesocrystal formed by ABCB tetrablock
copolymer with yasN=jscN=yacN and fA=/c.
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Figure 4 Phase diagram with respect to f and fz, of AB,CB; tetrablock
copolymer with yagN=yscN=yxacN=80 and fa=fc=f, as well as the
schematic plots for some typical ordered structures (Reproduced from
Ref. [15]. Copyright 2020. American Chemical Society).
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Figure 5 Phase diagram with respect to fz, and y=/g,/fs; of BjAB,CB;
block copolymer with yagN=yscN=yacN=280 and fi=fc=/ (Repro-
duced from Ref. [15]. Copyright 2020. American Chemical Society).
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Figure 6 Schematics illustrating the bridging or looping configuration
formed by ABA linear and (AB), star block copolymer architectures
(Reproduced from Ref. [36]. Copyright 2020. American Chemical Socie-
ty).
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Figure 7 Left: schematic plot of the architectures of two designed
AB-type multiblock copolymers, M1 and M2. Center: illustrative plot of
chain configurations in three typical cylindrical morphologies with dif-
ferent coordination numbers demonstrating the formation of bridges
among neighboring domains and their impact on the domain arrangement
(i.e., packing lattice). Right: density profiles of the stable morphologies
self-assembled from the two block copolymers (Reproduced from Ref.
[35]. Copyright 2020. American Physical Society).
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Figure 8 “Effect of stretched bridge” and “effect of released packing
frustration” are realized simultaneously in the ordered morphologies
self-assembled by a purposely designed AB-type block copolymer melt,
leading to the formation of a number of low-coordinated single meso-
crystal structures. It is necessary to point out that B,-block can also form-
ing a looping configuration in addition to the bridging one, that is, Ai/A,-
and Aj-blocks are located within the same A-domain. The looping con-
figuration of B,-block is not shown in the schematic (Reproduced from
Ref. [45]. Copyright 2020. American Chemical Society).
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