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Fig. 1 Hierarchical chirality in polymers: molecular chirality,
conformational chirality, object chirality.
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Fig. 2 Characteristic VCD spectra of chiral polyesters with
left-handed helical conformation (a) and right-handed helical
conformation (b), respectively.
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Fig. 3 (a) Chemical structures of L-LA, D-LA, PLLA, PDLA, and PLA. ECD and corresponding UV-Vis absorption spectra
of L-LA, D-LA, and D,L-LA (b), and PLLA, PDLA, and PLA in dilute acetonitrile solution (c). Concentration of the solution
is 0.1 wt%. VCD and corresponding FTIR absorption spectra of L-LA, D-LA, and D,L-LA (d), and PLLA, PDLA, and PLA in
dilute dichloromethane solution (e). Concentration of the solution is 2 wt%. (Adapted with permission from Ref.[25]; Copyright

(2012) American Chemical Society).
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Fig. 4 (a) The left-handed helix and the right-handed helix have the same 2D projection. (b) The principle of reconstruction
by TEMT. (c) Determining the twisting handedness of the lamellae in the spherulite by the tilting method.
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Fig. 5 (a) TEM micrograph of helical structures self-
assembled by the PS-PB-PMMA triblock copolymer (Adapted
with permission from Ref.[37]. Copyright (1995) American
Chemical Society). (b) SEM micrograph of helical structures
self-assembled by the PS-P2VP-PrfBMA triblock copolymer
(Adapted with permission from Ref.[39]. Copyright (2002)
American Chemical Society). (c, d) TEM micrographs of
microtomed PS-PLLA with different thickness. (¢) 3D TEM
visualization of helical structures self-assembled by PS-PLLA.
(f) Schematic helical phase in which the helical microdomains
are packed in a hexagonal lattice with an interdigitated
character (Adapted with permission from Ref.[46]; Copyright
(2009) American Chemical Society).
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Fig. 6 Schematic illustration of the hypothetical mechanism of transfer of chirality from molecular chirality into phase chirality

in the self-assembly of chiral block copolymer (Adapted with permission from Ref.[25]; Copyright (2012) American Chemical

Society).
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Fig. 7 Schematic illustration of chiral transfer in the self-assembly of chiral block copolymers: PS-PEO-PLLA and PS-P4VP-PLLA
(Adapted with permission from Ref.[59]; Copyright (2023) John Wiley and Sons).
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Fig. 8 (a) Phase diagram for fixed segregation strength, yN=14, and phase diagram for a fixed degree of chirality, g = 3.6
(Adapted with permission from Ref.[60]; Copyright (2013) American Physical Society). (b) oSCF solution of equilibrium H*
morphology of chiral block copolymer melts (Adapted with permission from Ref.[61]; Copyright (2015) American Chemical Society).
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Fig. 9 (a) The definition of torsion angle in the gyroid network for positive chirality (right-handed, red) and negative chirality

(left-handed, blue), respectively. The yellow arrows indicate the vectors of three consecutive edges. (b) 3D imaging of the PI

network and SEM images of Ni network fabricated from templating of the polylactide network (Adapted with permission from
Ref.[80]; Copyright (2020) The American Association for the Advancement of Science).
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Feature Article

Chiral Self-assemblies of Block Copolymers in Bulk

Tao Wen"

(School of Emergent Soft Matter, Guangdong Provincial Key Laboratory of Functional and Intelligent Hybrid
Materials and Devices, South China University of Technology, Guangzhou 510640)

Abstract Chirality plays a significant role not only in various natural substances and biological systems but also
as a critical structural feature in synthetic polymers. In polymers, hierarchical chirality encompasses molecular
chirality, conformational chirality, and object chirality. The microphase separation of block copolymers offers a
pathway for the cross-level transfer and expression of chiral bias. This review provides an overview of recent
studies on the chiral self-assembly of block copolymers in bulk. It begins with a brief introduction to the methods
used for characterizing chiral structures across different levels. The review then discusses the formation
mechanisms, structural characteristics, and potential applications of two types of chiral self-assemblies in block
copolymers, i.e., helical phase and chiral double gyroid. Finally, the challenges and open questions in the study of
chirality transfer in block copolymers are addressed.

Hierarchical chirality in block copolymers
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