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Fig. 1 Schematic diagram of dynamic covalent bond reaction.
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Fig. 2 Radial density p(r) profiles and the corresponding cross-sectional snapshots (insets) of typical self-assembled

structures. Panels show (a) large compound micelle (LCM, a,5=30, ags=90), (b) multicompartment vesicle (MV, a,5=40, ags=

90), (c) vesicle (V, a,g=50, ag=90), and (d) micelle (M, a,p=70, ags=90). r denotes the distance from the center of mass of

the aggregate. The red solid, green dashed, and blue dash-dotted lines represent the local number densities of the hydrophobic

blocks (B), hydrophilic blocks (A), and solvent (S), respectively. The radial density profile, p(r), is defined as the number of

particles within a spherical shell at a distance » from the aggregate center of mass divided by the shell volume. p(r) = N, (r)/V},

Here, N,(r;) is the number of particles of component « located within the &™ spherical shell, and ¥, is the volume of the shell.
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Fig. 3 Morphological phase diagram of the self-assembled
structures as a function of the interaction parameters a,g

and apg.
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Fig. 4 (a, b) Time evolution of the dynamic bond conversion ratio p at fixed hydrophobic interaction parameters (a) ags=50

and (b) ags=130; (c) Typical simulation snapshots illustrating the morphological evolution of the system at different time steps

for ags=50 (top) and ags=130 (bottom) when a,5=50.
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Fig. 5 Effects of hydrophilic block length (N,) and
concentration (m) on self-assembly and dynamic bonding
behavior; (a) Morphological phase diagram in the m-Nj
plane; (b) Time evolution of the dynamic bond conversion p
at different concentrations (m); (c) Dependence of the
cluster number (n,4.;) on the hydrophilic block length (N,)
at different concentrations (m).
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Fig. 6 Morphological phase diagram of the self-assembled

structures using pre-connected block copolymers as the initial

model.
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Fig. 7 (a) Typical simulation snapshots showing the
morphological evolution of the systems with different initial
models at a,z=60 and agg=70. The top row corresponds to
the free initial model, and the bottom row corresponds to
the block initial model. (b) Time evolution of the dynamic
bond conversion, p, for the free and block initial models.
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Formation and Self-assembly of Amphiphilic Block Copolymers with

Dynamic Covalent Bonds

Zhao-lei Zhang, Hao Tang, Xian-deng Qiu, Zi-xuan Zhang, Shu-yue Fang, Rong Wang"
(Department of Polymer Science and Engineering, State Key Laboratory of Coordination Chemistry,
Key Laboratory of High Performance Polymer Materials and Technology of Ministry of Education,
School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210023)

Abstract Dissipative particle dynamics (DPD) simulations were employed to investigate the self-assembly
behavior of amphiphilic block copolymers with dynamic covalent bonds. The results showed that in the presence of
dynamic covalent bonds, multicompartment vesicles, vesicles, large compound micelles, and spherical micelles
can be obtained by tuning the hydrophobic interaction and the interaction between blocks. Hydrophobic
interactions served as the primary driving force for self-assembly, whereas the interaction between blocks regulated
the interfacial curvature, thereby further controlling the aggregate morphology. With increasing repulsion between
the blocks, the aggregate morphology underwent a sequential transition from large compound micelles to
multicompartment vesicles, vesicles, and micelles. From a kinetic perspective, the system concentration exerted a
non-monotonic effect on the bond fraction of the dynamic bonds. At low concentrations, the reaction was
diffusion-controlled, and the bond fraction increased with increasing concentration. When the concentration
further increased, the enhanced excluded-volume effects and spatial confinement suppressed subsequent bond
formation, resulting in an optimal concentration window for bond formation. In addition, a comparison of the
assembly pathways between the free-chain and pre-connected block models revealed that the initial topological
connectivity significantly affects the assembly evolution process. Compared with the free-chain system, the
region for single-compartment vesicle formation was markedly enlarged in the preconnected block system. These

results provide a theoretical basis for the morphological design of polymer aggregates regulated by dynamic

covalent bonds.
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