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Fig.1 Chemical structures of polymers used in this study. Polyl: poly ((£)-2-((3- (3,4-dihydroxyphenyl)
acryloyl) oxy) ethyl acrylate-co—2-ethylhexylmethacrylate) ; Poly2: poly (/V-(3,4-dihydroxyphenethyl)
methacrylamide—co—2-ethylhexylmethacrylate); Poly3: poly (2-(cinnamoyloxy) ethyl acrylate-co—
2-ethylhexylmethacrylate); Poly4: poly ((E)-2-((3-(3,4-bis ((tert-butoxycarbonyl) oxy)phenyl)
acryloyl) oxy) ethyl acrylate-co—2-ethylhexylmethacrylate) Reproduced from the original publication

under the CC BY4.0 licence”

Table 1 Properties of polymers used in this study.

Sample Composition ratio Molecular Polydispersity Apparent
(mol%) * weight (M) (D) feature
Polyla 9.4 (M1) 90.6 (EHMA) 64,000 2.76 Solid
Polylb 9.3 (M1) 90.7 (EHMA) 25,000 2.01 Solid
Polyle 9.3 (M1) 90.7 (EHMA) 14,000 1.25 Solid
Polyld 9.1 (M1) 90.9 (EHMA) 12,000 1.19 Sticky
Polyle 9.3 (M1) 90.7 (EHMA) 8,000 1.31 Viscous
Polylf 9.2 (M1) 90.8 (EHMA) 7,000 1.34 Viscous
Polylg 8.9 (M1) 91.1 (EHMA) 6,000 1.21 Viscous
Polylh 8.8 (M1) 91.2 (EHMA) 5,000 1.19 Viscous
Polyli 100.0 (M1) 0.0 9,400 3.52 Powder
Poly2 9.1 (M2) 90.9 (EHMA) 7,000 1.23 Viscous
Poly3 9.2 (M3) 90.8 (EHMA) 8,000 1.32 Viscous
Poly4 9.4 (M4) 90.6 (EHMA) 7,000 1.26 Viscous

#Determined by '"H NMR

Reproduced from the original publication under the CC BY4.0 licenceV.
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(A) Chemical reaction mechanism of photocrosslinking-decrosslinking reaction using reversible photodimerisation of caffeic acid
and (B) Preparation and recycling mechanism of RORM-type adhesives. Reproduced from the original work by CC BY4.0 licence'
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Fig. 3 RORM mode demonstration using Polylf. Aluminium substrate was used for the test. Reproduced

from original work under CC BY4.0 licence”
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Fig. 4 (A) Correlation of adhesion strength with UV, irradiation time and molecular weight; (B) Correlation of glass transition temperature
of Polyla with UV, irradiation time. (C) Correlation between molecular weight of Polylf and maximum adhesion strength, and

correlation between molecular weight and UV, irradiation time.
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Fig. 5 (A) Adhesive strength of Polyl—4 before and after light irradiation (B) Comparison of tensile shear adhesive strength with and
without UV,, treatment. (C) Comparison of adhesive strength of Polylf by UV, with that of biomimetic adhesives containing
catechol and other substances (literature values). (D) Comparison of adhesive strength of Polylf after UV, treatment with that of
conventional commercial adhesives on PP substrates. (PE: polyethylene, PMMA: polymethyl methacrylate, PP: polypropylene, PVC:

polyvinyl chloride, Fe: stainless steel, Cu: copper) Reproduced from original work under CC BY4.0 licence”
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Fig. 7 Remote manipulation of adhesion in water by combining UV and induction heating (A) Viscous Polyl with
magnetite nanoparticles is applied to a PP substrate immersed in water, (B) Polyl layer is formed by UV,
irradiation. (C) Selective heating of the Polyl layer by induction heating (D) Return to room temperature to

develop adhesive strength Reproduced from original work under CC BY4.0 licence’
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Abstract

The development of tough, reusable adhesives is important but remains a major challenge, especially in
water. A tough, reusable adhesive that fully returns to its original state when needed is reported using caffeic
acid. Here, caffeic acid is used as an adhesive moiety to achieve these functions due to its dual properties:
an adhesive moiety derived from mussel-inspired catechol and a photo-reversible crosslinking agent derived
from cinnamic acid. Adhesion is a two—step process. First, the caffeic acid functionalised polymer is applied
to the adherend, followed by UV irradiation at 365 nm to form a durable pre—applied adhesive (PAA) layer
through cross-linking between the caffeic acid moieties. Secondly, thermal activation of the PAA layer ensures
repeated adhesion to a variety of adherends (reuse-many mode). The cyclic dimer of the caffeic acid moi-
ety is decrosslinked by UV irradiation at 254 nm. This allows complete removal of adhesive residues from the
adherends when the adhesive is no longer required (reset-on-demand mode). Furthermore, the caffeic acid
functionalised polymer can be remotely activated under water by magnetic induction heating using magnetic
nanoparticles. This study paves the way for the rational design of bio—inspired adhesives that outperform na-
ture using plant-based raw materials.

Key words : Adhesive, Bioinspired, Underwater adhesive, Recycle




