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1.1 Introduction

Reversible interaction between molecules plays a crucial role in nature.1 Due to their intrinsic 
dynamic behavior, molecules constantly generate a series of assemblies and semi-stable 
intermediates, sustaining life.1-4 For example, the DNA strands are first separated and then 
used as a template for the new double-stranded helix structure during replication.5 Another 
well-known example is oxygen transport: hemoglobin bonds and carries O2 from the lungs 
and releases O2 in the rest of the body to provide energy to power the functions of the 
organism in the process called metabolism.6 

Inspired by nature, scientists utilized reversible interactions in polymers to design materials to 
mimic organisms.7, 8 A classic example is the development of materials to recover instinctively 
after damage; they are self-healing. However, the majority of dynamic interaction is based 
on non-covalent bonding, including hydrogen bonding,9 metal coordination,10 hydrophobic 
forces,11 van der Waals forces,12 pi–pi interactions,13 and electrostatic effects.14 Generally, 
those interactions are weaker than covalent bonding and fragile which hinder their future 
application in specific fields such as structural materials.15

In contrast with weak non-covalent bonding interaction, covalent bonds endow a stable and 
strong link between atoms, which is crucial for polymer formation.16 Polymeric materials 
are roughly divided into two families, thermoplastics and thermosets. The thermoplastic 
polymer, as the name implies, melts as the temperature rises because the polymer chains 
solely physically interact with each other, e.g. by entanglements or crystallization (Fig. 1.1).17 

Different from thermoplastics, thermosets are a class of polymer obtained by irreversibly 
crosslinking reactions, and cannot be molten by heating.18 Thermosets play a key role in the 
modern polymer industry due to their high density of covalent crosslinking, forming a strong 
network once cured.18 However, the strong and rigid crosslinking sacrifices flexibility of 
the network, which not only limits the mimicking of organism functions like self-healing or 
stimuli-response but also causes serious environmental problems.19

Figure 1.1 Three classes of polymers and their morphologies.

To address these shortcomings, vitrimers, a class of dynamic covalent polymer networks 
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(DCPN), became a scientific focus for researchers in recent years.20-23 Unlike conventional 
covalent crosslinked networks, vitrimers not only show good mechanical properties but 
can also rearrange their topology by bond exchange reactions (BERs) to achieve specific 
structures and functions. Notably, whereas conventional thermosets come at the expense of 
degradability and recyclability, materials based on dynamic covalent bonds exhibit a great 
potential in polymer recycling to face the growing environmental pollution.20 

1.2 Scope of this Thesis

DCPN have consistently caught the interest of researchers due to their unique role in chemical 
recycling and self-healing, which are both crucial for sustainable society development.24 
Owing to the new development of dynamic covalent chemistry, efforts in these fields have 
accelerated in the last decade, including unique material design and emerging applications 
such as energy and electronic devices.25-27 As their unique characteristic properties are not 
available in traditional thermoplastic and thermoset polymers, DCPN have demonstrated 
outstanding design flexibility in fields such as shape-shifting devices, artificial muscles, and 
microfabrication.24

Figure 1.2 Different applications for vitrimers in this thesis

Acyl (C(O)-X) bonds are relatively fragile and therefore, are potentially broken when X 
is an electronegative fragment (O, S, or N).28 As a prominent example, transesterification 
under thermodynamic control has been extensively studied in polymer chemistry, focusing 
in particular on the conversion of macrocycles into linear polymers. On the other hand, 
transesterification is a common side reaction of polyesters and leads to their degradation, 
particularly in biodegradable poly(lactide) derivatives.29, 30 However, through utilizing 
intensive transesterification at high temperatures with catalysts, Leibler et al. demonstrated 
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that polyester-based epoxy networks have mechanical properties comparable to traditional 
epoxy resins but can be injection-molded after curing and reprocessed to yield materials 
with similar properties to the original material.23 Due to the robustness and ease with which 
ester-based networks can be synthesized using common feedstocks, vitrimers based on 
transesterification have received much attention over the last decade.26, 31-38 

In this thesis, transesterification was widely used as a BER to construct vitrimer materials. 
A number of different monomers have been investigated with the goal of offering unique 
characteristics to meet the requirements of a wide-range of applications, while ensuring a 
sustainable consumption and production pattern.39 The following themes will be presented 
and explored in depth in this thesis. (Fig. 1.2)

In Chapter 2, dynamic polymer networks, especially DCPN, are briefly reviewed including 
their characteristics and chemical roots. On the basis of this fundamental dynamic 
interaction, numerous molecular mechanisms for manipulating network topologies (i.e. 
topological transformation) have resulted in the capability of recycling, healing, and 
even programming polymers, including remarkable concepts such as living networks and 
topological isomerization. In addition, a wide variety of applications involving dynamic 
polymer networks are presented.

In Chapter 3, a robust superamphiphilic membrane was developed from a bio-based vitrimer 
by a straightforward ball milling and sintering process. The polymer is produced via base-
catalyzed ring-opening polymerization between pristine and epoxy-modified biobased malic 
acid, a natural monomer. Owing to its strong dynamic covalent bond, this novel biomembrane 
exhibits not only mechanochemical robustness but also recyclability, which simultaneously 
solves the three main obstacles — robustness, fouling, and sophisticated manufacturing — 
in superamphiphilic membrane fabrication, allowing researchers to explore new avenues in 
designing a closed-loop superamphiphilic materials life cycle.

In Chapter 4, a novel polydimethylsiloxane (PDMS)-based vitrimer was synthesized bearing 
a low Tg. In combination with MXenes, a new class of 2D materials, a soft electromechanical 
sensor has been designed to show a high strain sensitivity. As DCBN, the vitrimer not only 
exhibits self-healing when damaged but also prevents the MXene from oxidation, which 
has been unavoidable in the previously reported hydrogel-based self-healing systems. In 
addition, the dispersed MXene in the vitrimer composites can efficiently generate enough 
heat under microwave radiation, leading to extremely fast self-healing behavior.

In Chapter 5, a vitrimer-based energy-harvesting triboelectric nanogenerator that is self-
healable, stretchable, and transparent was created as a soft electrical power source. Due to the 
integration of dynamic bonds and catalysis, our PDMS vitrimer (VPDMS) features positive 
electrifying properties, which are completely different from pristine PDMS but retain a 
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similar elasticity. Basing on the VPDMS system, a healable and stretchable triboelectric 
nanogenerator was developed, which offers a promising approach for the next-generation 
soft power sources.

In Chapter 6, a novel hydrophilic methacrylate monomer bearing dynamic covalent bonds 
was synthesized through a green route in high yield. Combined with the use of a mono-
functional methacrylate phosphate, a 3D printable vitrimer photoresin was developed to 
overcome the challenges of poor solubility and low curing rate caused by traditionally used 
transesterification catalysts. The resin enables effective additive manufacturing of accurate 
3D objects with features of 50 µm via bottom-up digital light processing (DLP). Furthermore,  
thermal reparability in the post printing process was demonstrated, related to the innovative 
molecular design, contributing to a more sustainable environment.
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