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Figure 1.2 Dipolar (left panel) and quadrupolar (right and bottom panel)
configuration of the director field visualized by black lines around a single
colloidal particle with homeotropic surfaces. By decreasing particle size and
anchoring strength or increasing external field and confinement the dipolar
structure becomes energetically less favorable and therefore transforms into
the quadrupolar structure.

cle structural forces. These forces are of thermodynamic origin with van der Waals
intermolecular interactions being their source at the molecular scale. At the particle
scale however single molecular contributions typically smear out and liquid crystal
effectively acts as an elastic medium trying to retain the orientational order of its
molecules. At these scales, structural forces are therefore considered effective elastic
forces which try to minimize the perturbation of the director field induced by inclu-
sions. The profile of structural forces is typically highly anisotropic and is governed
by the geometry of the system and symmetry of the director. The complex inter-
actions between inclusions in liquid crystals lead to complex relaxations in colloidal
dispersions that gives rise to numerous colloidal structures.

In recent years, assisted and true self assembly was observed for various col-
loidal structures. The first observed liquid crystal colloidal structures were chains
of elastic dipoles used in a decoration technique to display arceaux in the droplet
of a cholesteric liquid crystal [8,9]. Structure of single linear chains was fully recog-
nized and explained later by Poulin et al [10] in multiple emulsions of water droplets
within larger nematic droplets. Assembly of dipolar chains at a larger length scale
was realized by phase separation in the binary mixture of silicone oil and nematic
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Fig. 1. Topological defect lines tie links and knots in chiral nematic colloids. (A) A twisted defect ring is topologically 
equivalent to the unknot and appears spontaneously around a single microsphere. The molecular orientation on the 
top and bottom of the cell coincides with the orientation of the crossed polarizers. (B to E) Defect loops of colloidal 
dimer, trimer and tetramers are equivalent to the unknot. (F) The Hopf link is the first nontrivial topological object, 
knitted from two interlinked defect loops. In (A) to (F), the corresponding loop conformations were calculated 
numerically by using the Landau-de Gennes free energy model (13). (G to J) A series of alternating torus knots and 
links on 3 × q particle arrays are knitted by the laser-induced defect fusion. The defect lines are schematically redrawn 
using a program for representing knots (33) to show the relaxation mapping from the initial planar projection to the 
final knot diagram, which was performed by the sequence of Reidemeister moves. The designations of knots follow 
the standard notation Ci

N, where C indicates the minimal number of crossings, i distinguishes between different knot 
types, and N counts the number of loops in multi-component links. Scale bars, 5 µm. 

 

Fig. 2. Rewiring of knots and links by use of laser tweezers. (A) A right-handed trefoil knot is realized on a 4 × 3 
colloidal array. The dashed circles indicate a unit tangle that can be rewired with the laser beam. The tangle consists 

• Uroš Tkalec et al. ,Reconfigurable Knots and Links in Chiral Nematic Colloids, Science 333,62-65(2011).
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Twisted nematic cell
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Charging defects
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