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INTRODUCTION

Core—shell microgels are soft, thermoresponsive particles whose internal architecture
strongly influences their mechanical and collective behaviour [1]. Traditional models often
neglect the heterogeneity between the dense core and softer shell, limiting predictions under
compression [2,3]. Here, we develop a coarse-grained framework that captures the distinct
mechanical properties of core and shell regions, enabling self-consistent modelling of
swelling, compressibility, and particle—particle interactions. This approach provides a
foundation to understand how particle softness and internal structure govern the phase
behaviour and microstructure of concentrated microgel suspensions [4].
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Polymer distribution of a swollen microgel
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Pair interaction between core-shell microgels
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CONCLUSIONS

We developed a coarse-grained framework capturing the heterogeneous core-shell structure and
mechanical response of microgels, enabling self-consistent modeling of swelling, compressibility,
and particle interactions. Simulations with a responsive multi-Hertzian potential reproduce key
features of concentrated suspensions, including size distribution evolution, effective packing
fraction, and structural correlations. Our results show that particle-level softness and internal
heterogeneity critically govern collective behavior and phase transitions, highlighting the need for
models beyond fixed-shape or single-modulus descriptions. This framework provides a versatile
basis for studying microgels under confinement, crowding, or external stimuli and can extend to
\interfacial or multicomponent systems. p
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OBIJECTIVES

e Developing a coarse-grained framework that distinguishes core and shell contributions to
microgel mechanics

* Modelling swelling, compressibility, and internal mechanical equilibrium under thermal and
mechanical stimuli.

* |Implementing a responsive multi-Hertzian pair potential to capture particle—particle
interactions in concentrated suspensions.

* |nvestigating how particle-level heterogeneity and softness influence microstructure, packing,
and phase behaviour.
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<’ Simulation Setup © Simulation Procedure
- Monte Carlo (MC) simulations in NPT ensemble - Each MC cycle: N trial moves
- Cubic box with periodic boundaries - Random particle:
- N = 1000 spherical particles - Displaced (r — r + Ar)
- Interaction: multi-Hertzian potential - Resized (R — R+ AR)
e e - Box volume change: (Vi — Vp + AV)
cT* =T /Trosr = 0.9487 - Move probabilities:
. P* = 8(Ryy)*P/(kpTrcsr) = 0.05-13, 000 - 80% displacement

- 20% size change

Volume Fractions 20 : o ‘," |

» The nominal volume fraction ( : ;1= G
* Is the volume fraction if all particles were fully swolle 1'5_. 1 1
« Based on the parent size distribution p(R)

» The effective volume fraction n < 1.0—: y
» Reflects instantaneous particle sizes
» Captures the system'’s size polydispersity 0.5 1 1

: \ Particle compression negligible
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Crystalline Order at Different Volume Fractions

* [Intermediate volume fractions:
e Mixed HCP and FCC domains with defects
 Example at( = 3.57:

» ~47% of particles in HCP environments

e ~41% in FCC environments

e <1% in BCC environments

» Remaining particles show no identifiable crystalline order

 Higher volume fractions:
e (=5.88and( = 9.52
e >80% of particles adopt BCC environments
 Remaining particles mostly disordered

» Negligible fraction exhibits HCP or FCC order
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