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ABSTRACT

Most polymeric materials are subject to thermal, mechanical as well as chemical degradation and
destruction during their lifetime. As new materials are designed, the quest for materials with self-
healing properties (i.e.: those which can regenerate similar to living matter, especially after mechanical
deformation and crack-formation) is increasing, culminating in the need for self-healing polymers
after mechano-deformation[1]. First steps towards this endeavor have been accomplished by a variety
of different concepts, among them encapsulation[2] of reactive components.

polymer matrix (polyisobutylene), M, = 250,000 g/mol

catalyst Cu'Br(PPhs);

B A 2) rupture event
3) “click”-reaction

/ ' = /" ]
Q\JN ) 1) shear force
L J
L

N3

Figure 1: Concept of the self-healing materials based on liquid polymers. Crosslinking is achieved via
the azide/alkyne-"click"-reaction.

In capsule-based self-healing systems a chemical reaction (i.e.: cycloaddition reaction[3],
cycloreversion[4-7], crosslinking reaction via epoxides[8-10], mechanochemical catalyst
activation[11]) is taking place, based on the separate embedding of two reactive components (such as
dicyclopentadiene (DCPD)[2, 12] in a capsule. Mechanistically an important requirement lies in the
use of ("reactive") components displaying sufficient (high) molecular mobility to allow subsequent
formation of a supramolecular or covalent network. Thus usually liquid components (DCPD or
derivatives, liquid epoxides) or molecules with low molecular weights (corresponding to high
mobility) are used, so that the time-scale of the diffusion is sufficiently low as to allow physical
contact between the interacting molecules.

We report [13]Jon a chemical self-healing polymer (see Figure 1), where two reactive liquid
(polymeric) components are embedded into separate capsules, subsequently reacting after rupture of
the capsule by mechanical deformation and destruction. In contrast to similar reported systems, our
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approach uses (a) the azide/alkyne-"click"-reaction[14-16] as the underlying chemical "addition"
reaction to effect crosslinking between a trivalent alkyne (A, B) and a trivalent azide C and (b) uses an
encapsulated liquid polymer (three-arm star azido-telchelic-poly(isobutylene) C) as one of the reactive
components. To effect the encapsulation of polymer C an emulsion method was developed, generating
urea/formaldehyde-capsules with embedded (fluorescently) labeled polymer (see Figure 1). The two
different capsules were then embedded into a polymeric matrix of high molecular weight (PIB, M, ~
100 000 g.mol”, containing added Cu(I)-catalyst), leading to effect a separate location of the capsules
in the matrix, which release their contents after mechanically induced rupture and subsequent
crosslinking reaction. The "click"-reaction leads to a reasonable, but small reaction rate of several days
at temperatures of 40 °C as proven by DMTA- and rheology-measurements. Further structurally
related polymers bearing multivalent azide/alkyne-units are discussed in terms of crosslinking
efficiency and self-healing effects.
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