
DYNAMICS OF 2D COLLOIDAL CRYSTALS IN THE
PRESENCE OF LOCALIZED INTERNAL STRESSES

CREATED BY ACTIVE PARTICLES

Jacob John and Giovanniantonio Natale

Department of Chemical and Petroleum Engineering, Schulich School of Engineering,
University of Calgary, Canada

8TH PACIFIC RIM CONFERENCE ON RHEOLOGY, May 15-19, 2023

Structured interfaces such as 2D colloidal crystals are model systems to study the mechanics
of various natural and engineered systems. Active colloidal particles exhibit self-propelling motion
by exploiting chemical, temperature, or force gradients around individual particles. The presence
of active particles as impurities in 2D colloidal crystals can be considered as simplified models to
understand the motion of bacterial cells in biofilms1, stability of Pickering emulsion microreactors2

, human crowd behavior3 and the motion of molecular motors at cell membranes4. In this work,
we report the dynamics and rheology of 2D colloidal crystals formed using spherical polystyrene
(PS) particles at oil-water interfaces in the presence of active PS-Platinum Janus particles. The
particle dynamics is studied using video microscopy and image analysis. The rheological behavior
of the interface is investigated using interfacial shear rheology and microrheology. At high surface
coverage of the particles and low ionic strength, the passive particles form a two-dimensional crystal
with a hexagonal lattice structure due to dipole-dipole repulsive interactions. These interfaces exhibit
a viscoelastic solid-like behavior in linear regimes and reversible structural rearrangements at large
strains. However, with an increase in the number of active particles, the crystal loses its orientational
and spatial order and forms multiple domains of crystals separated by grain boundaries, even in
the absence of activity. In the presence of activity, the overall crystal becomes more dynamic and
heterogeneous and loses its hexagonal order. Particle tracking microrheology and interfacial shear
rheology quantify the transition to the liquid-like nature of the interface due to the presence of
active impurities. We show how local perturbations can have long-range effects on the dynamics
of particles in 2D colloidal crystals and their overall viscoelasticity. We identify the electrostatic
repulsion between particles and the propagation of internal stress as two competing forces that exist
in the crystal in the presence of activity. This work provides insights into the motion of bacterial
cells in crowded biofilms, how stress relaxation occurs in crystals with defects and internal stresses
and how particle arrangements at interfaces of Pickering emulsion microreactors are affected by
interfacial chemical reactions.
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