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Chiral induction and reflection symmetry breaking in liquid crystals
Background:

Chirality (broken reflection symmetry) and control of "handedness" on molecular level is
fundamental for the presence of life but the origin of homochirality in biomolecules is not
known. But, the fact that life is inevitably linked to the aqueous liquid state manifests the
importance of reflection symmetry breaking in liquids.
Recently the generation of spontaneous chiral domains in fluid states only with achiral
molecules under achiral conditions has gained large attention. The examples are very rare,
and mainly found in liquid crystalline systems1,2,3,4.

Fig. 1 (a): Nematic and (b) chiral nematic liquid
crystal with pitch p.

Fig. 2. Chiral induction in sessile nematic droplets in which
the shape of a topologic defect line reveals the sign as well
as the magnitude of the helical twisting power9.

You will study some specific cases of spontaneous as well as induced reflection symmetry
breaking, chiral detection, and chiral transfer in some specific stimuli responsive liquid
crystalline systems. The work could provide new information adding to the discussion about
the origin of homochirality, as well as a novel platform for ultrasensitive time-resolved chiral
detection, chiro-optic and chiro-mechanical effects, including photo-controlled switching of
chirality. Helical organization of chiral nematic liquid crystals, is omnipresent in living matter
and achieving control over chiral nematic structures in general consequently could open up for
developing stimuli responsive materials matching the level of sophistication of biological
systems.
Work description: The nematic liquid crystal phase, cf. Fig. 1a is a 3-dimensional liquid
characterized by long-range orientational order of the molecular axes. When doped with a
small amount of chiral dopants, the molecular chirality is transferred to macroscopic scales,
which makes the director n tend to twist along an axis perpendicular to n (Fig. 1b). The helix
pitch p is inversely proportional to the chiral dopant mole fraction xd according to p(c)≈1/(xdb),
where b=∂p-1/∂xd |xd=0 is the twisting power of the dopant5.6. You will focus on chiral

induction from dopants at very small concentrations, e.g. down to 1 chiral dopant molecule
per 1000 achiral host molecules (xd ≈0.001), and/or from dopants with extremely small
helical twisting powers. In these cases, the induced pitches can be expected to be as long as
several tens of millimeters and conventional methods7,8,9 for pitch determination cannot be
used.
Activities: Prestudy of chiral induction in liquid crystals and existing techniques for pitch
measurements. Cleanroom manufacturing of sample cells, mixing of chiral dopants into
nematic hosts, sample preparations, microscopy, method development. The dopants used in
the project may be chiral molecules in general, pharmaceutical molecules, chiral
nanoparticles, and photo-switchable molecules.

Relevance for your future work: The proposed project is focused on basic research, but
several parts, like the gained knowledge about liquid crystals, cleanroom processing, optical
microscopy, and measurement techniques, are also relevant for further work in industry.
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