Complex Colloidal Self-Assembly: Towards Designer Materials
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Spontaneous Self-Organization

In nature: spontaneous organization of building blocks occurs
Clear relationship macroscopic structure and microscopic building blocks
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Bottom-up Assembly of Functional Materials

« Many novel building blocks: molecules, nanoparticles, colloids
« Employ spontaneous organization to make new materials

MULTI-SCALE ASSEMBLY/PATTERNING FOR FUNCTIONAL NANOCOMPOSITES
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Colloids

e Sjze: 1-1000 nm

« “Soft, Slow & Seeable”
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Functional Materials of Colloidal Building Blocks

Spontaneous Assembly Biomimicry
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Photonic Crystals & Glasses
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Cubes: a new frontier!

Advances in synthesis: cubic shaped (nano)particles have become available.

Rossi et al. (2011) Soft Matter Zhang et al. (2011) PRL Zhou et al. (2011) PNAS
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Self-Assembled Nanomaterials of Cubes
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Disch et al. Nano Lett. 2011 Chan et al. ACS Nano. 2012

100 nm

(e)

Li et al. Angew.

Chem. 2007 : e
Shape “ Assembly Aghte et al. CrystEng-
Wang et al. Chem Pathway Comm, 2014
Mater 2014
Interactions

Cimada DaSilva et al. Chem.
Mater. 2021

c2mm
P2, y=115°) — o = pdmm

Brunner et al. Adv. Mater. Int. 2017

Jenewein et al. Angew.

: Chem. 2021 TU/e



Superball Self-Assembly - Shape Driven

Confocal Microscopy

SINGLE PARTICLE

v’ Spatial resolution
v" Dynamics

v" Interactions

v’ Self-assembly
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Dense Rhombic Crystals

Small Angle Superball:
X-ray Scattering
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LOCAL & BULK

v Microscopic
v' Macroscopic
v’ Better statistics
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Solid-Solid Phase Transitions Induced by Shape
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Driving Assembly with Solvent Evaporation

Convective Assembly

D=774+35nm

m=4 m=4

Y Ny—lattice N —lattice

. ol

J.M. Meijer et al, Langmuir (2012) Jiao et al. PRL 2008
. TU/e



¥
5

Different Structures in Dense Monolayer Structures
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Single-Particle Characterization of Lattices

Position & Orientation [> Orientational Order Assign lattice
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Characterization of Lattices for different m

Different corner roundness Lattice Frequency
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Superstructures of Attractive Superballs

Depletion attraction
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In-situ Control over Attractions

Critical Casimir force
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Cubes + Critical Casimir force

Anisotropic interactions In-situ control of self-assembly process
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Formation of Different Superstructures
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Lattice Analysis at Different Attraction Strength

Square
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Shape Controlled Switching Structures

Superball:
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Summary: Shape, Interactions & Pathway Matters
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