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Abstract: The present paper deals with the
findings of an experimental comparison of
the optical properties of cholesteric (chi-
ral nematic) and chiral smectic phases.1

The study involved 4-n-hexyloxyphenyl ester
of 4'-(2''-methylbutyl)biphenyl-4-carboxylic
acid2 produced by BDH with selective reflection
in the visible range in cholesteric and chiral
smectic phases, All measurements were made for the
single-domain planar structure samples. Figure 1
shows the temperature dependences of the wavelength
max) for light

incident parallel to the helical axis in sandwich

of maximum selective reflection (A

281



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:05 21 February 2013

282 G.S.CHILAYA, S. N. ARONISHID7E and M. N. KUSHNIRENKO

A
07 Apm
/
a6}
ast
W B0 £ 7
FIGURE 1
n
wo- Y36 nm
0,0—51/5 nm
a7 Nm
16}
15} \\

W 0

750

200 7

FIGURE 2




Downloaded by [Tomsk State University of Control Systems and Radio] at 12:05 21 February 2013

BRAGG REFLECTION AND CIRCULAR DICHROISM 283

type cells for chiral smectic (1) and cholesteric
(2) phases. A nax
corresponds to the second order of Bragg reflec-

for the chiral smectic phase

tion and for cholesteric to the first order.

We measured the refractive index n for
both phases with a goniometer in wedge-shaped
cells with an angle of ~2°, The temperature
dependence n in isotropic, cholesteric and chi-
ral smectic phases for wavelengths 436 nm, 546 nm
and 577 nm is shown in Figure 2. It is clear from
this figure that at definite temperatures a di-
vision of the refractive index curves into two
branches — both in the chirgl smectic and choles-

teric phases — is observed. The intensity of the
beam corresponding to one of the branches gradual-
ly decreases (in transmitted light) end then this
beam disappears (is reflected). The occurrence of
these branches can be explained in the following
way. The unpolarized light, which we used in mea-
suring n, can be considered as a sum of two waves
circularly polarized to the right and to the left.
Near the Bragg reflection band we observe a tran-
gsmitted beam and one that is beginning to be ref-
lected, the two having different refractive indexes.
For the beam beginning to be reflected the refrac-
tive index incresses, approaching the value at
which the electrical vector of the refiected wave
begins to follow the long axis of the liguid crys-
tal molecules. The increase of n is due to the fact
thaet in the investigated crystal in the choleste-
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ric phase the helix pitch increases with a decrease
of temperature; and in the case of observation at
the cooling of samples, the Bragg reflection band
"approaches" the wavelengths, the refractive indexes
of which we measured by the longer wavelength edge.
In contrast, in the case of chiral smectic phase,
the helix pitch decreases with decreasing tempera-
ture and Bragg band "approaches" the measurable
wavelengths from the short-wave-side and the refrac-
tive index of the beam which undergoes reflection
decregses. This has been proved theoretically.3
We measured the circular dichroism for the
case of oblique incident light. Liquid crystal was
located between two hypotenuse sides of a 45° prism,
Visible light Bragg scattering orders at an oblique
incidence light on a chiral smectic liquid crystal
we revealed in 4. Figure 3 presents the results of the
measurement of the transmitted intensity of the left
(light) and right (dark) circularly polarized light
for the smectic phase at 63°C (©0®- angle of inciden-
ce 60°;D,l— 19.50;A,A— 54°). Data for the angle of
incidence equalling 60° corresponds to the first
order of diffraction, for 19.5o to the second order,
but with 54° angle of incidence the short-wave mini-
mum corresponds to the second order and the long
wave to the first. (In determining the angle of beam
incidence on liquid crystal the mesasured values of
the refractive index from Figure 2 were used, bdut
without consideration of the anisotropy of n). This
figure shows that circular dichroism of selective
scattering wes observed only for the second order



285

BRAGG REFLECTION AND CIRCULAR DICHROISM

A um

i
a6

FIGURE 3

a2

g fo-

€T0¢ Afeniged Tz S0:2T e [olpey pue sweisAS [04u0D Jo AisleAlun amels yswo 1 ] Aq papeojumoq

FIGURE 4



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:05 21 February 2013

286 G. S.CHILAYA, S. N. ARONISHIDZE and M. N. KUSHNIRENKO

diffraction on chiral smectic structure, there
being no dichroism for the first order. Thus a
qualitative differeunce of the optical properties
between the chirgl smectic and cholesteric phases
is revealed for first order diffraction.

We investigatea induced circulsr dichroism
as well. Anomalous transmission (Borrmann effect)
in absorbing cholesteric liquid crystals was exper-
imentally investigated in 5’6. In 6 a quantitative
coincidence of theory with experiment was achieved,
he Borrmann effect was observed by us in the
chiral smectic phase as well. To the investigsted
liguid crystal we added 1% of the dye p-nitro-
venzene-bis-(benzeneazo)-p'-dinethylaniline, The
temperature range of liquid crystalline phases
was shifted towsrds low tempersture as a result
of this addition, Figure 4 shows the curves of
circulasr dickroism with normal incidence of light
in flat sanawich-type cells in the cholesteric
phase at 73°C (A ) and in chiral smectic phase
at 66.500 (® ). Circular dichroism was calculated
by the following equation: D"'IL‘IR/II:*IR ,
where I[, and IR are transmitted intensity for
left and right circularly polarized 1light re-~
spectively. The small value of the Borrmann ef-
fect in the chirel smectic phase is due to the
slope of molecules.

Thus in this paper the first attempt has
been made at comparing the optical properties
of chiral smectic and cholesteric. For light
incident parallel to the helicgl axis no part-
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icular difference was noted between them, A dif-
ference was observed for the first order of dif-
fraction at oblique incident light on chiral smec-
tic liguid crystal. Our further experiments for
this order will be carried out with € and T
on plane-polarized light snd the polarization of
reflected and trsnsmitted light will be analysed.
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