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High-order elastic multipoles as colloidal atoms
Bohdan Senyuk1, Jure Aplinc2, Miha Ravnik 2,3 & Ivan I. Smalyukh 1,4,5

Achieving and exceeding diversity of colloidal analogs of chemical elements and molecules as

building blocks of matter has been the central goal and challenge of colloidal science ever

since Einstein introduced the colloidal atom paradigm. Recent advances in colloids assembly

have been achieved by exploiting the machinery of DNA hybridization but robust physical

means of defining colloidal elements remain limited. Here we introduce physical design

principles allowing us to define high-order elastic multipoles emerging when colloids with

controlled shapes and surface alignment are introduced into a nematic host fluid. Combi-

nation of experiments and numerical modeling of equilibrium field configurations using a

spherical harmonic expansion allow us to probe elastic multipole moments, bringing analo-

gies with electromagnetism and a structure of atomic orbitals. We show that, at least in view

of the symmetry of the “director wiggle wave functions,” diversity of elastic colloidal atoms

can far exceed that of known chemical elements.
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Colloids are ubiquitous in everyday life and can be found
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nx, ny≪1, which becomes justifi
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be determined with the following integral

qμlm ¼
Z 2π

0

Z π

0
nμ r; θ;φð Þ rlþ1

Rlþ1
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Ym�
l θ;φð Þdθdφ; ð4Þ

which is particularly useful for calculating multipoles numerically.
Clearly, this integration must be performed at the radius that is
large enough to satisfy assumptions of nx, ny≪1 and nz ≈ 1. In
practice the director field nμ, obtained from experiments or
modeling, is defined only in discrete points (θi, ϕj); therefore, the
calculation of multipole coefficients reduces to the discrete
Fourier and Legendre transform on a selected spherical grid
(Methods). Figure 1 shows examples of elastic multipoles and
relates the symmetry of associated director distortions to the
analogous descriptions of charge distributions in electrostatics
and electron wave functions in the description of electron shells
of chemical elements.

Elastic multipoles at composite colloids of dissimilar spheres.
The aim of this work is to systematically investigate how high-
order elastic multipoles can be induced by colloidal particles with
varying shape and boundary conditions. Dimers of spheres
(Fig. 2) are interesting sources of elastic distortions because they
can be mass-synthesized using wet chemistry approaches39–41

(making them relevant for composite material fabrication) while
also allowing for more complex director distortions than what
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still strongly pronounced, which is due to the larger lobe with
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identifying parameters that can lead to on-demand formation of
various multipoles.

Figure 5 shows numerically calculated structures of n(r)
induced by colloidal particles composed of two dissimilar
spherical colloidal objects. The radius of the upper sphere rb is
varied from 0 to the size of the lower sphere ra in steps of ra/5. The
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energetically favorable that the Saturn ring defect moves from the
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16-pole drop to zero. This again supports the relevance of geometric center as a
reasonable position for the center of the interpolation sphere in determining the
multipole coefficient. Nevertheless, less clearly, Fig. 9e, f shows the multipole
coefficients of a composite colloidal particle with upper sphere radius rb = 2/5ra and at
position db = 0. The quadrupolar moment is constant over all positions of the
interpolation sphere, but higher multipoles emerge as well, and notably without clear
signature at the geometrical center (such as zero value or maximum/minimum). This
result shows that although our use of the geometrical center of particle works well
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