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Figure 1 Different types of polymer brushes with hierarchical
architectures. (a) Evenly distributed diblock copolymer brushes; (b)
two-layer bimodal polymer brushes; (c¢) two-layer gradient block
copolymer brushes (color online).
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Figure 2 Representative preparation strategies for the hierarchical
polymer brushes. (a) Grafting to approach; (b) Grafting from approach
(color online).
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Figure 3 The mechanism of living radical graft polymerization of the
hierarchical polymer brushes (color online).
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Table 1 Comparison of hierarchical polymer brush construction methods
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Figure 4 Idealized schematic of an ideal diblock copolymer brushes
with a very sharp interface between the two lamellar domains on the
self-assembled monolayer (SAM) [28] (color online).
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Figure S Schematic diagram of conformational changes of double-
layer polymer brush at different temperatures [29] (color online).
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Figure 6 Elastic modulus of polymer brush anchored on the silica
surface at two different pH values [31] (color online).
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Figure 7 AFM images of tethered Si/SiO,//PS-b-PMMA brush. (a)
After treatment with dichloromethane; (b) after gradual treatment with
cyclohexane [35] (color online).
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Figure 8 Synthesis procedure for POEGMA-b-PMMA copolymer
brushes on silicon wafer via SI-ATRP [37] (color online).
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Figure 9 Schematic illustration of solvent response of diblock
copolymer brushes with different B block length. The length of A
block is fixed. Blue lines: A block. Red lines: B block. A likes solvent,
while B does not. The illustration shows all possible morphology of
copolymer brushes immersed in explicit solvent: (a) mixed; (b)
collapsed; (c) partial-exposed; (d) exposed [38] (color online).
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Figure 10 Schematic illustration of three regions of the block
copolymer brushes after hexane treatment. Black segments represent
PBMA, blue segments represent PDMAEM [36] (color online).
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Figure 11 The multi-stage wettability of PNIPMAM-b-(PNIPAM-co-
PMAEDP) film following temperature (24-56 °C) and pH (1.0-12.4) [41]
(color online).
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Figure 12 Film thickness of polyHEAA, polyDVBAPS1/polyHEAA,
polyDVBAPS2/polyHEAA, and poly(DVBAPS-b-HEAA) in a dry
state, water solution, and 1 M NaCl solution [42] (color online).
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online).
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[68] (color online).
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Figure 18 Self-assembly of biodegradable gold vesicles (BGVs)
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PCL)-tethered GNPs through the dot-line-plane-vesicle mode during
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effect are superior photoacoustic imaging and photothermal therapy
agents [46] (color online).
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Figure 20 The biofunctional block-copolymer brush (PAAm/bi-
SAAm-b-PAA) architecture. The crosslinking is implemented in the
initially polymerized PAAm block, while the adhesion peptide RGD,
conjugated to the subsequently polymerized PAA block, affords the
signaling [83] (color online).
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as “+X” direction [84] (color online).
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Abstract: Surface modification is one of the best ways to impart the biological functions and properties to the surface

of biomedical material. Surface modification with polymer brushes has been developed rapidly due to the advantages of

simple preparation, controllable surface chemistry, good durability and stability. Among them, the hierarchical polymer

brushes have aroused great interests due to the characteristic that the different grafted chain segments are constructed on

different spatial layers, which largely reduce the mutual interferences (e.g., grafted density, biological functions)

between the different grafted chain segments. More importantly, by rational structure and composition design, the

different responses of the different grafted chain segments to external environments (e.g., temperature, solvent, pH) have

been used to facilely obtain biological adaptability, which is difficult to be provided by the single-layer polymer brushes.

In this review, we present a descriptive review of the construction method of hierarchical polymer brush and the

relationship between surface structure and performances. Furthermore, based on our group’s work, the research progress

of hierarchical polymer brush in the biomedical application is summarized, and the related prospect is highlighted as

well.

Keywords: hierarchical polymer brush, living grafting polymerization, surface structure and performances,
antibacterial, biomedical detection
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