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ABSTRACT: Manipulating the way in which colloidal particles
self-organize is a central challenge in the design of functional soft
materials. Meeting this challenge requires the use of building blocks
that interact with one another in a highly speci�c manner. Their
fabrication, however, is limited by the complexity of the available
synthesis procedures. Here, we demonstrate that, starting from
experimentally available magnetic colloids, we can create a variety
of complex building blocks suitable for hierarchical self-
organization through a simple scalable process. Using computer
simulations, we compress spherical and cubic magnetic colloids in
spherical con�nement, and investigate their suitability to form small clusters with reproducible structural and magnetic
properties. We �nd that, while the structure of these clusters is highly reproducible, their magnetic character depends on the
particle shape. Only spherical particles have the rotational degrees of freedom to produce consistent magnetic con�gurations,
whereas cubic particles frustrate the minimization of the cluster energy, resulting in various magnetic con�gurations. To
highlight their potential for self-assembly, we demonstrate that already clusters of three magnetic particles form highly
nontrivial Archimedean lattices, namely, staggered kagome, bounce, and honeycomb, when focusing on di�erent aspects of the
same monolayer structure. The work presented here o�ers a conceptually di�erent way to design materials by utilizing
preassembled magnetic building blocks that can readily self-organize into complex structures.
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A contemporary goal common in the soft matter �eld
aims at creating building blocks with speci�c
functionalities. Using these nano- to microscale

building blocks, scientists are envisaging engineering materials
with controllable properties.1�5 For this reason, recent years
have seen the development of a plethora of approaches to
colloidal particle preparation, from classical wet-chemistry
synthesis methods6�15 to physical and lithographic techni-
ques.16�22 Solely using a building block’s shape is a powerful
way to control structure formation;23�25 however, to obtain
increasingly functional building blocks, chemists have to
imbibe them with a ”code” that speci�cally de�nes the way
in which the particles will spontaneously assemble. These
”codes” are usually formulated using chemical26�28 or
physical6,29 surface modi�cations. While unconventional
colloidal preparation methods are on the rise, synthetic
complexity and low yields still remain the most common
limiting factors to obtain complex macroscopic materials via
colloidal self-organization. Recently, it has been shown that
carefully designed preassembly of simple colloidal particles,
with interactions programmed by DNA coatings, allows the
preparation of a variety of crystalline structures.30 Preassembly
of readily available colloidal particles into de�ned structures

that can be used themselves as building blocks, is a powerful
method and allows the use of well-known traditional colloidal
units to make exotic architectures. In this context, magnetic
particles are promising candidates to tailor particle assembly.31

The main advantage is that magnetic dipolar interactions not
only allow the direct formation of prede�ned structures
without a supplemental need for chemical or physical
functionalization, but also have the potential to enable tuning
of the formed structure with the application of external
magnetic �elds.7,31

Here, we explore, using computer simulations, the design of
complex magnetic building blocks from experimentally
accessible magnetic particles. The magnetic spherical and
cubic particles are compressed in spherical con�nement, to
form building blocks, mimicking known emulsion templating
techniques.32 Depending on the starting number of particles in
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