This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 06:02

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

An Experimental Study of

the Anomalous Transmission
(Borrmann Effect) in Absorbing
Cholesteric Liquid Crystals

K. A. Suresh 2

% Raman Research Institute, Bangalore, 560006,
India
Version of record first published: 28 Mar 2007.

To cite this article: K. A. Suresh (1976): An Experimental Study of the Anomalous
Transmission (Borrmann Effect) in Absorbing Cholesteric Liquid Crystals, Molecular
Crystals and Liquid Crystals, 35:3-4, 267-273

To link to this article: http://dx.doi.org/10.1080/15421407608083677

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407608083677
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 06:02 23 February 2013

for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 06:02 23 February 2013

Mol. Cryst. Lig. Crysi.. 1976, Vol. 35, pp. 267-273
®© Gordon and Breach Science Publishers, Ltd., 1976
Printed in Holland

An Experimental Study of the
Anomalous Transmission (Borrmann
Effect) in Absorbing Cholesteric
Liquid Crystals

K. A. SURESH
Raman Research Institute, Bangalore 560008, India

(Received October 30, 1975)

It has been shown previously that in analogy with the Borrmann effect in X-ray diffraction from
crystals there is an anomalous increase in the transmitted intensity near the Bragg reflection
band in an absorbing cholesteric liquid crystal. In this communication detailed experimental
studies of this effect carried out on thin films of mixtures of cholesteryl nonanoate and p-
azoxyanisole of different concentrations are reported. Numerical calculations based on the
dynamical theory of reflection are also presented. The theoretical curves of circular dichroism
versus wavelength are in qualitative agreement with the experimentally observed features.

1 INTRODUCTION

Borrmann'! discovered that there is an enhancement of the intensity of
transmission of X-rays when a perfect crystal is set for Bragg reflection. A
similar phenomenon has been predicted and established experimentally in
absorbing cholesteric liquid crystals.?*® The difference in the latter case is that
the polarization of the wavefield and the linear dichroism of the molecules
play a significant role. The physical origin of the effect in cholesterics may be
explained as follows. Consider left circular light at normal incidence (i.e.,
propagating along the helical axis) on a cholesteric film of the same handed-
ness. At the reflection band, standing waves are set up inside the medium due
to the interference between the primary and the reflected circularly polarized
waves. We shall suppose that the linear birefringence and linear dichroism of
the molecules are both positive. The phase of the reflected wave with re-
spect to the primary wave varies from = to 0 starting from the shorter wave-
length edge of the reflection band to the longer wavelength edge. Hence the
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electric vector in the medium makes an angle n/2 with respect to the director
on the shorter wavelength side and along the director on the longer wave-
length side, thus experiencing minimum and maximum absorption respect-
ively at the two edges of the reflection band. As a result there occurs an
anomalous increase of the transmitted intensity on the shorter wavelength
side which is over and above the normal attenuation due to Bragg reflection.
That such an enhancement in the transmitted intensity occurs has been
verified experimentally. The present paper reports a more detailed experi-
mental study and a comparison with the predictions of the theory.

2 EXPERIMENTS

The experiments were conducted on thin films of cholesteryl nonanoate in
which was dissolved small quantities of p-azoxyanisole (PAA). The solute
molecules arrange themselves in a helical fashion in the cholesteric structure.
PAA has a strong linearly dichroic band around 0.36 um. Pure cholesteryl
nonanoate is left handed and has a Bragg reflection band at 0.36 um at
88.5°C. This temperature decreases slightly with increasing concentration of
PAA. The experimental procedure consisted of adjusting the sample temper-
ature so that the reflection band of the cholesteric mixture coincided (as
closely as possible) with the absorbing band at 0.36 um.

The sample was taken between two optically flat fused silica plates and by
careful displacement of the plates well oriented plane texture cholesteric was
obtained. In all the experiments the sample thickness was fixed using a mylar
spacer of thickness 0.25 mils (x~ 6.4 um).

A parallel beam of intense white light from an iodine-quartz lamp was
passed through a circular polarizer and the sample. The transmission spec-
trum was recorded photographically using a quartz spectrograph (Hilger E
498.306/49645). The spectra for left and right circularly polarised light were
recorded on the same photographic plate under identical conditions.
Microdensitometer tracings were then obtained for the developed plates and
the relative intensities were evaluated using previously calibrated relative
intensity-density curves for the source spectrum. The relative intensities thus
evaluated give a measure of the transmission coefficient of the sample. The
constant of proportionality involved in the relative intensity was eliminated
by calculating the circular dichroism defined as

_ V1= /I
D=Y—=—Y—+ (1)
\/;L + IR
where I, and I are transmitted intensity for left and right circularly polarised
light respectively.
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FIGURE | Experimental curves of circular dichroism as a function of wavelength for mix-
tures of cholesteryl nonanoate and PAA. (a) non-absorbing (0% PAA), --O--O--O--; (b)
absorbing (1) 0.98%, PAA —A—~A—A—A—;(2) 1.76% PAA —O-—-01—-0—; (3) 3.78Y%,
PAA -0 —-0—-0—.

Figure 1 shows experimental curves of D as a function of wavelength for
0,0.98, 1.76 and 3.78%; PAA (by weight) concentration. The curves show the
following features:

a) In absorbing cholesterics, D changes sign at the lower wavelength side
of the reflection band, whereas for the non-absorbing cholesterics (0%, PAA)
D 1s always negative.

The change of sign in D for the absorbing case is due to the anomalous
transmission of tie left circularly polarised light which is enhanced at the
lower wavelength side and attenuated at the higher wavelength side of the
reflection band. The right circularly polarised light suffers only the normal
attenuation.

b) With increase in the concentration of PAA the magnitude of the negative
peak decreases while the positive side shows an increasing trend.

¢) The half width of the negative peak increases with increasing PAA
concentration.

3 COMPARISON WITH THEORY

The theory of the Borrmann effect in cholesterics has been discussed on the
basis of the rigorous Oseen-de Vries model? as also from the point of view
of the dynamical theory of X-ray diffraction.® The two approaches yield
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results in close agreement. The latter treatment is simpler and will be followed
in the present calculations.
For left circularly polarized light incident normally on a thin film of absorb-
ing left handed cholesteric, the dynamical theory leads to the equation
T4y = 2T,

r

where T,and T, , are the complex amplitudes of the primary wave just above
the rth and (r + 1)th planes respectively. £ is the phase factor and is given by

£ = exp(—ié)exp(—ip,) (2
where

£= 10— 0"
@o = 2m

. 2n{i P — 1)
é=-—

A
Afi

€=
(AP
:uL e :u 81-—

Af = fy — fiz; A =3, + 4,)
By =ny — ik fi; = ny — ik,.

n,, n, are the principal refractive indices and k,, k, are the principal absorp-
tion coefficients of the medium parallel and perpendicular to the director
and P is the pitch of the cholesteric. All the parameters with a roof (") are
complex quantities. The real and imaginary part of Afi gives the birefringence
An and the linear dichroism Ak respectively of the molecules.

The phase change of the right circularly polarized light in travelling a
distance P is given by

. 2nfig P
O = —EE G)

where
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The wave vectors K, and Ky for the respective waves are given by Egs. (2)
and (3),

. 2n + &
K, = P
. 2nfig
Kp = —

The imaginary parts of K, and Ky give the attenuation of the respective
waves in the absorbing cholesteric medium.
The transmitted intensities are given by

1 2
o= __sinh mé _ sinh(m — 1)é @
xpli)- sinh & sinh &
I = |exp(—m@g)|® (5

where m = number of pitches in the sample thickness.

Using Eqs. (4), (5) and (1) the theoretical values of D versus wavelength can
be calculated. The absorption coefficients of the cholesteryl nonanoate +
PAA mixture around 0.36 um were assumed to be only due to that of PAA.
Maier and Saupe* have measured the molecular extinction coefficient ¢ for
PAA in the isotropic phase (£) and in the nematic phase for the electric vector
polarized perpendicular to the director (g, ). The maxima of absorption in the
two cases are at 0.34 and 0.355 um respectively. ¢ is related to the absorption
coefficient k by the general equation

k = 2303 &cd/2n

where ¢ = concentration of PAA, A = wavelength of light.
The absorption profiles could be fitted approximately to a Gaussian of the

form
A— 'lmax 2
k= kmax : Cxp[ - <—— Al > :|

Using the experimental values of € and ¢, along with the above expressions,
k = 3k, + k;)and Ak = k; — k, could be calculated as a function of wave-
length and concentration. The other parameters used in the calculations are
P=024 uym, A, = nP =036 um [ie, n=(n; + ny/2)=15], m=25
and An = 0.07. The dispersion of n and An, as well as the dependence of k and
Ak on temperature were neglected. Theoretical curves of D for a few typical
values of k and Ak are presented in Figure 2.
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FIGURE 2 Theoretical curves of circular dichroism as a function of wavelength for a few
values of k and Ak.

1) k& = 0.0125, Ak = 0.0157 (17, PAA)
2) k = 0.0250, Ak = 0.0314
0.0375, Ak = 0.0471
0.0500, Ak = 0.0628
0.0625, Ak = 0.0785.

oo

3k
4) k
5) k

Considering the experimental difficulty in adjusting reflection band to coin-
cide exactly with the absorption maximum of the mixture and taking into
account the various approximations involved in the numerical calculations,
it is gratifying that there is qualitative agreement between experiment and
theory. In particular the prediction that with increasing concentration of PAA,
the positive peak in the circular dichroism curve should increase in magnitude
and the negative peak should decrease in magnitude but increase in half
width is borne out by experiments.
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