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Optics of cholesterics with oblique helicoidal director
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Oblique helicoidal cholesteric (Chg) state as continuously
tunable 1D photonic crystal

Effect of the surface alignment on Bragg reflection

In-situ measurement of bend elastic constant in Ch phase

Bragg diffraction at oblique incidence; polarization dependency



Cholesterics as 1D photonic crystals

Naturally occurring colors — result of Bragg reflection at the
periodic structure with the period close to the wavelength of
visible light. Ao — Bragg wavelength

AA — Bandwidth, or width
at the half—amplitude
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O.D. Lavrentovich, Handbook of liquid crystals, Ch. 6, 2014



Cholesterics with positive dielectric anisotropy, Ag >0

Attempt to control the pitch by the applied field E leads to distortion of the helical structure and
transformation to a nematic state (N) with the director fi along the field (here, h is the helix axis).

Twist walls
A A ] '[1‘1'{1\' 'K“l'“‘hl‘k.ﬂ‘ -Ll]ll gt
A/ AT AT
4 n‘lh ‘[Ilk‘h'- “L“\ 4 I Lt
7 \WY e = I H{,‘tq .Llnl:l Lty o
) ‘Llll'\l.&&llﬂ\‘l;h{.‘\mf{t\i“g (\i}llltlll
L L\Ll ﬁll} l\h& Hi}&ill\hl’L -{l“[ {[.(lk b ‘l
‘i "H'ﬂl &'\"Hh(}‘ﬁ i\\%‘l‘l&i/‘uﬁ [‘[&'l# ‘} b
rvevyf AR
. . . L W !
Single-harmonic modulation of b, aul«f; f'*.v\a u}ﬁi'}iﬂfé(“,ﬂtﬁ.\ﬁ.'f‘;“.‘q s
) ] i :'kl‘llﬂ"‘,, pi b Gh lll
the director is destroyed under | r;;»vl,cn;}ug.n\\;iiqfc ‘\*?fa«,“;ﬂfa;‘ -1
| |
the action of applied field
Ch cell

Transition to a nematic state

Material: rod like molecules which are hard to bend, i.e. bend elastic constant K;; is large as compared

to twist K,, and splay K; moduli. Ch period is continuously tuned by the temperature, but not by
applied field. Common example: 5CB molecule
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Ferrarini et al, J. Chem. Phys. 131, 054104 (2009)
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Oblique helicoidal cholesteric (Chyy) state, Ac >0
[

N
Theoretical prediction: Ech < Eqon < Ey When K33/K22 <05

R. B. Meyer, Applied Physics Letters 12, 281 (1968). ;
P. G. De Gennes, Solid State Communications 6, 163 (1968).

Chgy pitch P and cone angle 6 are both continuously tunable
by the applied field £,
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E-tuned Bragg reflection at normal incidence of light
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At constant applied field, reflection wavelength is
different in planar and homeotropic cells

At the same value of the field,
spectra in homeotropic Chg cells
= are blue-shifted, and in the planar

S — Chgy cells are red shifted.
m E Can be used in sensing applications
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Dielectric properties are not uniform near substrates

Homeotropic Planar
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Peaks separation is growing towards the red part of spectrum

Experiment
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Elasticity of the flexible dimer CB7CB, the first N, material
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Elastic constants of Splay K, Twist K,,, and Bend K3, measured in nematic phase:

10 = . - . - - - 1 < - . . . . .
No:N N &1 Noy: N N:1I

(1t

o0
—@—
—P—

Ba

@)

o

~N

@)

o
o
O

- Z

2 §§§§ $ ; € o3

£ ¢ g ‘}

& ¢ $ z 07 4}

g " 3 é 0.6 4}

o 7

2 ¥ K77 ’ —E i

8 % 05

& m* N ‘F
gl 4, L 0.4 xﬂ‘”ii

««2«44“‘4'
0 : : : ' - ' ' 0.3 - ' ' ' ' ' '
g A% 40 £ £ 4 @& B % <19 <0 8 F X & P
T Ty (°0) T T O

G. Babakhanova, Z. Parsouzi et al, Phys Rev E 96, 062704 (2017)
10



In-situ measurement of bend elastic constant in Ch

Values of K5 are deduced from the optical spectra.
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Oblique incidence at Chg,, structure
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E- and @-tuned Bragg diffraction at oblique incidence
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Oblique incidence: polarization characteristics
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Summary

Oblique helicoidal cholesteric (Chg,,) state is continuously tunable
by applied field; the single-harmonic periodicity is preserved

Bragg reflection from Chgy is sensitive to the surface alignment: a
blue shift of spectra is observed in homeotropic cells and red shift is
observed in planar cells

Bragg spectra at the Ch,, can be used to measure bend elastic
constant of the Ch phase

At oblique incidence, diffraction at the half- and full pitch is
observed at a varying angle of incidence. Diffraction at the half-pitch
Is a triplet whose lateral peaks are polarization dependent, while the
central peak is not. The full pitch bandgap is a singlet characterized
by a wide bandwidth and total reflection at a large angle of oblique
Incidence
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