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From crystal optics to liquid crystal optics — the development
of optical techniques for studying liquid crystal physics

YANG Fu-zi"
(Chemistry Department » Tsinghua University, Beijing 100084, China)

Abstract: Optical measurements and the optical application of liquid crystal materials are the main re-
search techniques and areas of practical implementation in liquid crystal physics. It follows that, just
as the optical methods for studying liquid crystals continually advance in step with widening compre-
hensions and deepening understandings in the discipline of liquid crystals, so those optical methods
themselves drive the fascinating study of liquid crystals to evermore spectacular outlooks. Travelling
along the timeline of developments in the liquid crystal field, this review introduces and analyses cer-
tain standard optical techniques found in liquid crystal research that are based upon a single crystal
model, including a consideration of their principles, applications, limitations and fallacies. Further, in
view of how liquid crystal materials are anchored and limited to a thin cell gap during most incidences

of optical measurements and applications, this review focuses on introducing a technique of liquid crys-
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tal optics based upon a multi-layered system of anisotropic-isotropic films, which correctly describes

the optical measurement and response of liquid crystal cells. Also included are detailed introductions

to and comparisons of recent developments in modern optics, such as optical guided waves and optical

surface waves, their interactions, coupling influences, modulation by liquid crystals, and their appli-

cations, etc. Finally, this review introduces and discusses a very recently developed material — that

composed of an ordered mixture of liquid crystals, an organic anisotropic material, and metallic non-

spherical nano-particles, an inorganic anisotropic material — its behaviour in liquid crystal cells, its

potential applications, and the challenge it presents to optical measurements and modelling.

Key words: crystal optics; liquid crystal optics; liquid crystal physics; optical guided wave, optical
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Fig. 2 Polarizing microscope photo of nematic liquid

crystal (E31 at room temperature) with four

different disclinations
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Fig. 35 Experimental data (circle) and theoretical

modelling (solid line) of Rpp in two typical
situations (a)0.0 V and (b)1.00 V applied
voltages. Adapted from Appl. Phys.
Lett. , 2008, 92:151103.
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Fig. 39 (a) Extinction spectra of 30 nm AuNPs sus-
pended in its buffer solvent (blue) and in
5CB (red). (b) Transmission of WL as
measured by photo-detector for resonant
(blue squares) and non-resonant (black cir-
cles) excitation. Dashed lines indicate when
the excitation light is turned on and off.
Near - field simulations of scattered E-field
intensity when incident excitation is (¢) res-
onant (532 nm) and (d) non-resonant (750
nm) with the AuNP extinction peak in (a).
The incident light is incident along the y-
axis and polarized along the z-axis. Adapted

from Opt. Express, 2015,23:6888.
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Fig. 40  Alignment of gold nanorods in a nematic

LC. (a) Schematic of a nanorod with weak

tangential boundary conditions for (cyan)

rodlike LC molecules. The inset shows a

vial with the GNP-5CB dispersion. (b)

Schematic of dispersed nanorods following

N. (c.d) POM micrographs of the GNP-

LC composite with N at (¢) 45°and (d) 0°

to P. Adapted from Nano Lett. 2014,

14. 4071.
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Fig. 41

Electric switching of plasmonic guest-host

LCs with short gold nanorods. Adapted

from Nano Lett. 2014, 14:4071.
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Fig. 42 Plasmonic guest-host LLCs with aligned nan-
oplatelets. (a) Schematic of a platelet with
tangential boundary conditions for (cyan)
LC molecules with the inset showing its
TEM image. (b) Schematic of dispersion
with platelet normals aligned, on average,
orthogonally to N. Adapted from Nano
Lett. 2014,14.:4071.
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Fig. 43 (a) A schematic showing a GNR aligned
perpendicular to N. Dispersion of GSNPs of
different aspect rations in a nematic LC.
(b) A schematic showing a triangular

GSNP aligned perpendicular to the far-field
N. Adapted from Nano 2015, 9:3097.
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