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Nematic colloids—colloidal particles immersed in a liquid
crystal (LC) host—have been studied extensively over the
past decade1–10. Seminal experiments by Poulin et al.1

reported striking observations pertaining to strong and long-
range structural forces between nematic colloids, which arise
from the anisotropy of nematic media11–13
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dependence on α and d are governed by the angle θe at the colloid
surface. This finding suggests that new avenues that rely on
manipulation of this angle may be used to control the formation
of new and diverse colloidal assemblies.

A similar analysis of the elastic multipole moments as that
performed in recent experiments25 is conducted here by a least-
squares fit to the theoretical colloidal pair-interactions (Eq. (1)),
derived from an electrostatic analogy of the far-field director
distortions. Here the energy is given by,

Uint ¼ 4πK
X

l;l′¼2;4;6

ala
′
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where al ¼ blR
lþ1 represents the elastic multipole moment of the

lth order (2l-pole), and K is an average Frank elastic constant.
The ratios of elastic quadruple moment (b2) to hexadecapole

moment (b4) obtained from fitting (Fig. 2f) are 0.61, 5.57, and
−9.53 for nematic colloids with θe = 45°, 90°, and 0°, respectively.
These results serve to emphasize the fact that quadruple moments
(with opposite signs) are dominant at θe = 0° and 90°, and they
cancel each other at around θe = 45°, thereby letting the
hexadecapole symmetry stand out.

Elastic dipole and its transition to hexadecapole
By initializing a different, specific condition (Eq. (11)), we also
predict another candidate structure for nematic colloids having
degenerate conic anchoring (CA): we refer to this structure as an
‘elastic CA dipole’ to distinguish it from the more commonly
studied elastic dipole formed by colloids with perpendicular
surface boundary conditions.

As shown in Fig. 3a, a nematic colloid with homeotropic
anchoring (θe
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of conic anchoring, or a texture with a hedgehog point defect at
one pole of the droplet and a boojum point defect at the other
pole (Fig. 3b, d, f, g). At first sight, the latter director field around
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free energy is given by:

fbulk ¼
R
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where A and U are material constants, and L is the elastic constant under the one-
constant approximation. The first term corresponds to the phase free energy, which
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f c
surf as a function of surface director tilt angle θs for a range of preferred tilt angles.
Again, these results demonstrate that, guided by the Q-tensor-based Eq. (5)
proposed here, the surface directors favor orientation along a conic plane with an
angle θe to the surface normal.

When compared to Eqs. (3) and (
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