CHAPTER I

OFTICAL PROFERTIES CF A COMPENSATED CHOLESTERIC
MIXTURE: NON~-ABSORBIKG CAE:

1. Introduction

The optical behaviour of mixtures of right-
handed and left-handed cholesteric liquid crystals
(compensated cholesteric mixtures) has been the
subject matter of many investigations. Friedel (1922)
showed that that sueh a mixture results i n a oholesteric
structure whose pitch is sensitive to temperature and
composition. For a given compesition thereis a
temperature Ty at which the optical rotationis mero
and the structure becomea a nematic (infinite pitoh)s
on either side of Ty the rotations are of opposite
signs indicating that the strueture ahanges handedness
on crossing this temperature. Recently, Sackmann et al.
(1968) have directly determined the pitoch as a fuhotion
of temperature in a 1.7%:1 weight mixture of cholesteryl
chloride and choleeteryl myristate (GM) using laser
diffraction techniques. They found that on increaeing
the temperature, the pitch of the sample gradually
inoreased, becoming infinity at 42.5°C and then
deareased with further inareaee of temperature. Their
results are shown in Figure 1. Adams et al. (1970)
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Mgure 1: Temperatures dependence ¢f the pitch of a

1.75:1 mixture of cholesteryl chloride and ocholesteryl
myristate. The experimental data are taken from Sackmann
et al. 1968 (see Baemsler ct al. 1969).



measured the variation of pitch as a function of
compoeition of a cholesteryl c¢hloride-cholesteryl
nonanoate System at room temperature using the
dispersive refleation technique. Their experiments
indicated that i n a compenzated mixture the pitoh
depends on the composition in a way similar to the
dependence of pitch on temperature, i.e., the pitch

of the sample inoreases with increase i n concentration
of cholesteryl chloride, attains an infinite value
for a particular concentration and then decreases with
additional increase of cholesteryl chloride. The
optical rotatory power in a 1.75:1 by weight gm mixture
was measured as a function of temperature by Baeesler
wt =, (1969), for two specimens of thickness 3 um and
10 pm Their results are presented i n figure 2. It
can be seen that at any particular temperature the
optical rotatory power § is not the same for the two
samples, the differenoe baing far more marked around
Ty Teucher et al. (1971) have determined the
rotatory dispersion for various temperatures i n a
1.75:1 by weight CM mixture. Their studies show that
the change in the sign of § at T is due to the change
In the helical sense of the system and that the system
is right handed above Ty and | eft handed below Ty



Figure 2:

Rotatory power of a 1.753] mixture of
cholesteryl chloride and cholestexyl
myristate. (1) 10 pm sample, (2) 3 um
sample. (The dotted |ine indicates
photomultiplier surrent at extinction
position of polaviser and unalyser.)
(Baessler et al. 1569).
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The previous workers have discussed their
results on the basis of the de Vries equation (de Vries
1951),

2
P = - 2E x (1a)
Poga2(1 - 012
: : €y = £y
where ? 18 the pitch of the helix, a = 2— '
3

€, and ¢, are the principal dielectric constants of

the untwisted structure, e = %(tz1 te,), A=
and A is the wavelength i n vacuum.

L

pat

This equation predicts infinite optical
rotation at T, whereas experiments indicate aero
rotation at Ty. Furthermore, according to (la),
¢ should be independent of sample thickness, whereas
the results Of Baeasler et al. (1969) show that this

Is not the case.

In view of these diescrepancies, detailed
experimental studies of the optical rotatory power of
a compensated mixture ag a function of temperature/
pitch for various sample thicknesses were undertaken.
The results are presented i n this chapter. It ie shown
that the de Vries equation is not valid at temperatures

close to Ty. Theresults are interpreted in terms of



a rigorous theory developed by Chandrasekhar et al.
{(1973), Kini (1¢77). A brief summary of this theory

ie also presented.

2. Experiments

The measurements were made on a mixture of
cholassteryl chloride and cholesteryl myristate taken
in the ratio of 1.6:11 by weight. (Cholesteryl chloride
was preparsd ir the Laboratory and cholesteryl myristate

was obtained fram Vari-Light Coxporation, SA).

The transition temperaturss of tho compounds

nsed are given helow.

Cholesteryl chloride:

G504
Solid > isotropie
/////
<7 640
\ | s
shulssteric

Cholesteryl myristate:

_ 78°C 82°C
Solid =—— oholesteric <&——> isotropic

NI

smectic A



About 200- 300 milligrams of the mixture was
prepared i n a small glass cup and it was heated i n
a oven to temperatures slightly above the cholesteric-
isotropic transition temperature. |t was stirred
well with a glass rod to get homogeneous melt and

then cooled to get the cholesteric phase,

The temperature of the sample was eontrolled
by means of a specially constructed electric heater.
It consisted of a oopper tube of length 42 om inner
diameter 25 om and outer diameter 5 em. Around this
tube, resistance wires were wound using mica sheets
as insulator and the whole system was finally enclosed
in a eecond oopper tube. Glass windows ware fixed on
both sides of this outer tube to prevent air currents.
Thermocouple wires contained i n a ceramie capillary
tube were introduced inside the heater through a small
hole drilled i n the copper tube. By controlling the
current in the reaistanoe wire it was possible to heat
the system to any desired level. The temperature

control was better than % 0.,1°C,

A copper—-constantan thermoccouple was used tO
measure the sample temperature. Its thermo e.m.f.,

measured with a vernier potentiometer and = spot



defleotion galvanometer system, was oalibrated
agalnst a standard thermometer (Frangz Kustner Nachf.
KG., Dresden, @.D.R.). With this, the temperature could
be measured to an aeeuraey of 0.05°C. The optical
rotation wes measured by means Of a Winkel-Zeiss
(Gdttingen model No. 103071) polarimeter modified
slightly to accommodate the complete heater assembly.
The polarimeter consista of a Laurent's half shade
and am enalyeing nicol mounted on a graduated disc.
The rotation could be measured to an accuracy of
0.01°. The light source was a sodium lamp and all
measurements were carried out at the wavelength
0.5893 pm

Two identical glass discs (diameter 15 mm and
thiokness 2 mm) whose worked wurfaces were flat to an
order of A/2 were used to contain the sample.. M easure-
ments were made for three sample thicknesseef?é.'?, 6.4
and 3 pn.  Samples Of 12.7 and 6.4 um were obtained by
using Dupont mylar spacers of thickness 0.5 and 0.25
mil respectively. [Here it wae assumed thatrjhseample
thickness IS equal to the nominal spaoer thfckneas,
though i N practice the sample thickness i s often
slightly higher due to edge, effects.] The 3 pm sample
wes prepared without using any spacer and the thiokneas



was measured by forming interference fringes in the
air spacer around the specimen. Since the plates
could not be held perfectly parallel without a spacer,
the thickness measurement of the 3 um sample is

estimated to be uncertain to +25%,

The following procedure was adopted to get
aligned samples: The substrates were thoroughly
cleaned, successively with tsepol (wetting agent),
concentrated NaOH, chromic acid, calcium carbonate and
distilled water and then dried. The mixture heated
to the cholesteric phase was sandwiched between the
glass plates. Looking under a polarizing microscope
one plate war displaced with respect to the other to
and f;f;’ to get awell aligned plane textured sample.
The entire cleaning process had to be repeated i n
cases Where sample showed striations or domains. An
aligned sample retained alignment more or Less to the
same extent at all temperatures i n the cholesterio
phase except i n the vicinity of %,. At temperatures
in the neighbourhood of Iy the sample developed
inhomogeneities and at Ty it usually consisted of
small domains. The degree of misalignment at Ty
increased with increase i n sample thickness. Also at
Ty, it was not possible to completely cross the light



transmitted by the sample. This mey be due to the
depolariaation of the incident light.

The optical rotation measurements were made
on cooling from the isotropic phase. For reasons
pointed out above the measurement of § was comparatively
difficult and less aocurate very close to Ty. This was
particularly so in thiek specimens where € changes
froma large positive value to a large negative value
inavery small temperature interval around Ty. There-
fore unless the temperature i s kept truly constant,
measurements become praotically impossible. 1t was
possible to determine I n the region between the
positive and negative peaks for the 3 um sample and to
a lesser degree of accuracy for the 6.4 um sample but
not for the 12.7 um sample. The experimental values
of § as afunction of temperature (piteh) are given
infigure 3. As the temperature ie decreased, §
increases initially, reaches a maximum, then starts
decreasing and falls to eero at 2. with further
decrease of temperature ¢ changes sign, increasesin
magnitude, reaching a second maximum and from then on
gradually decreases. The interesting result obtained
was that both the pesitions and magnitudes of the peak

values Of ¢ are functions Of the sample thickness.



Flgure 3: Experimental rotatory power as
a function of temperature for a
1.6 : 1 by weight mixture of
cholesteryl chloride and
oholeeteryl myristate. Sample
thickness (a) 3 £ 0.7/5 pym ,

(b) 6.4 pm, (e) 12.7 um .
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The measurements show that the peak values
increase i n magnitude and move closer to Ty with
increase i N sample thickness, and that ¥ is zero at
Tys This is very elear for the 3 pm and 64 pm samples
but could not be established for the 12.7 um sample

due to experimental ditficulties mentioned earlier.

The fact that § is dependent on sample thick=-
ness, especially i n the neighbourhood Of Ty and also
that § vanishes at Iy establishes conclusively that
equation (la) is not valid, particularly close to Ty.
V¢ shall discuss the interpretation of these results
on the basis of the rigorous theory.

3. [ITheory

Kini (1977) has derived an exact expression for
§ of a compensated mixture applying the Jones calculus
(1941). This theory is reviewed here briefly.

The structure IS regarded as a helically arranged
pile of thin birefringent layers with the principal
axes of the successive layers turned through a small
angle . The pitch P is assumed to be greater than A ,
the wavelength of light i n vacuum so that the effect of

reflections is neglected completely.
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Let light be incident normal to the layers,
i.e., adong; 0Z. fThe principal axes of the first layer
ane assumed to be at an angle g with respect t o thel
coordinate axes OX, OY. The Jones retardation matrix
with respect to the principal axes is written as

o 3V )
0 e17

where y = v‘-"“x( Ar)p represents half the phase retardation
produced by a single layer, Ap = By - B, is the layer
birefringence and p i S the layer thickness.

With respeot to 0X, OY this retardation matrix i s

where
cos B -gin B
5 =
sin p cos P
and §' = g1 ie the transpose of 35, so that 88* = 3's = E,

the unit matrix.
The retardation matrix for 'an' layers is

B LU A B



It can be shown that

| I,
1 0
n s8in 06 na sin (n-1)6
(6s')” = “51n8(%8') - e (\U 1J (2)

wher e CoB & = ¢o8 § coa Y »

since g and y are small {§ = %?b. Taking b = 10210™° cm
and P = 5x10”% em, § ~ 107°)

02 ~ p? 4 42 ﬂ (3)

Brom (1b) and (2)

a = [coB ng cos n8 T %%%H% sin ng sin nd}

- i[géfigg sin y cos(n 4+ 1)g] (4)

P = [%ﬁﬁh% co8 nf SiNnnd - Sin nf cos n8j

- sin ng
i[ sin

Bin Y ain (n+1)g] (5a)
e = «b¥, 4 = &%, { = (*1)%

where &® and v® are respectively the complex conjugates
of a and b.

A system Of the above type can be treated as
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a rotator and a retarder. Iff{, is the total
rotation produced Dy the aystem, 2¢9 the phase
retardation and ~~ 4dhe asimuth of the prineipal axes

of the retarder,

n

coss . ~sin (. coby"  ~siny ]
J =

oin ¢ cos S, ainy cos V"
exp -1y Y f ¢os~~  aln n{/:
(5b)
Q exp 19 -sin " ooe V" -
From (1b) and (5b)
a = oos g cos{y =1 sing con(2e () (6)
b = ~cos g 8in(y - i 8in g sin (2% () (7)

¢ = -b® and 4 = oF .

Egquating real and imaginary parts of (4) and (6), and
(5a) and (7), one gets

¢¢ = n(p - €') radians (8)
P -~ ggg'ﬂ [l.i.&!ﬂ.:..&]* (g)
1 + tan® ne

SR LRI



where

o' = I tan' [f2RE teRnd) (10)

Equation (8) represents eptical rotation for

n layers, that is for a sample thickness np.

The optical rotatory power is given by

€= -g.% = %(p -~ @") radiane {(11)

At temperatures well away from the nematic
point Ty, the piteh isrelatively mall, § becomes
much |larger than y, and from (3) and (10) &' =~ ¢ .
The optical rotatory power then beoomes

¢ = %(ﬂ -9) = %[B - (p% + 72)%]

178
= -1 5
= _nng.Ezah
25\
il 3

whioh i s the Mauguin-~de Vries equation. as the

13



temperature approaches Ty (i.e., for very high pitch
values), ¢ given by (11) departs from (la) and (12).
AT =D, P=®, 8 =8 =0, and the rotation
vanishee for all values of sample thickness, whereas
(la) and (12) predict infinite rotation.

Theoretical curves giving the dependence of the
rotatory power on temperature of 1.75 : 1 CM mixture
calculated using equation (11) are shown in Figure 4.
The ¢ valuee are calculated for A = 5893 3 and layer
thickness b = 10 A The dependence ¢f pitch on tempe-
rature has been taken from the data of Sackmann et al.
(1968) for the 1.75: 1 OM mixture. The layer birefringence
Ap St 20°C and 5%°C were calculated by fitting the
observed values (Baessler gt al. 1969) of { in equation
(12) at these, temperatures which are far awvay from n
and the intermediate values were cbtained by inter-

polating linearly.

The curves | N Figure 4 show that with increasing
sample thickness, the positive and negative peaks in
the rotatory power increase in height and also get
¢loser tO Ty and thereby for thick samples the reversal
In the sign of rotation takees place fairly abruptly.
Comparing figures 3 with 4, it is clear that the trends

in the observed dsta can be accounted for by this theory.



Figure 4:

Theoretical variation of the
rotatory power with temperature
(and inverse pitoh) forf[‘l.75 3 1
CM (by weight) mixture|samples of
thicknesses 2 ym, 6 um and 10 um.
The broken eurve is the rotatory
power given by the Mauwguin-

de Vries equation.
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CHAPTER IX

OPTICAL PROPERTIES OF A COMPENSATED CHOLESTERIOC
MIXTURE: ABSORBING CASE

1. Introduction

In the previous Chapter we presented some
results on a non-absorbing oompeneated cholesteric
mixture. In this Chapter we discusa the properties
of an absorbing compensated4 mixture; I n particular
we investigate the circular dichroism of sueh a
mixture. Saeva and Wysocki (1971) showed that the
addition of a small quantity of linearly dichroic
molecules i n a non-absorbing oholesteric can give rise
to circular diehroiem i n the region of the absorption
band of the solute molecules. They dissolved a
small quantity of n-(p-methoxyvenzylidena)-p~n~
butylaniline (MBBA) in a choleeteryl chloride-cholesteryl
nonsnoate system. Their circular dichroism spectra
of the aystem for the casesof |left-handed solvent
and right-handed solvent as well as the absorption
spectrum of MBBA are given in Figure 1. (In this
thesis, we refer the e¢iroular dichroism duo to solute

molecules as ‘'induced ecircular dichroism' to distinguish



Figure 1

Circular dichroism (Upper) and absorption
spectrum (lower): =—=wwen=0. % pm film containing
529 =g of MEBA IN 10.0 g. of 27.7372.3 weight
per oent sholesteryl chleride and cholesteryl
nonanoate (right hand helix)y —————, 11.7 um
£ilm containing 63.190 mg Of MBBA in 10.0 g. of
%0.6:9.4 weight per cent cholesteryl chloride and
cholestexryl nonanoate (left hand helix). The
bande around 550 A\ (um) are due tO Bragg refleation
and those around 300A (pm) are due tO the
absorption by the solute molecules (sSaeva and
Wysooki 1971).
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it from the circular dichroism that ocours at the
reflection band in a cholesteric.) They demonstrated
that changing the handedness of the solvent changes
the sign of the induced eireular dichroism (I¢D) and
that when the cholesteric medium i s converted to a
nematic (either by using a compensated mixture at
temperature Ty or by untwisting the cholesteric by
the applioation of an eleotrio field), the ICD
reduces to eero indicating that a macroscopic helical
structure is necessary for the induoed effect and not
just a chiral solvent.

Sackmann and Yose (1972), after studying ICD
I n several systeme found that the sign of the ICD
depends on the sign of the linear daichroism of the
solute molecules. To interpret the origin of ICD in
oholeeterios, they assumed that the solute molecules
adopt the same helical arrangement as the solvent
moleoules on a macroscopic scale. They also assumed
that the solute moleoules alone contribute to the
absorption and linear dichroism of the oholesteric
layers. Based on this model and the de Vries theory
of light propagation in eholesterics, Sackmann and
Voss theoretically calculated the ICD of cholesteric

medium and showed that the predicted features are in



qualitative agreement with the ebservations.

However, i N the above cases, the experimental
observations pertain only to the regime ;:a_x » ‘%E
i.e., P </\ '>}‘,}3p (?\w = Pp, p = average refractive
index). The theoretical treatment Of Sackmann and
Voss holde good in this regime. In the present
Chapter, studies are described on ICD a8 a function
of temperature/pitch in the regime P %/Ap. for
different sample thicknesses. This has led to eome
interesting nenv observations that have so far been

overlooked i n previous studies.

2.  Absorbing compensated cholesteris mixture

The sample was prepared by dissolving 1.48%
by weight of p-carotene (Merck, Germany) in a 1.6411
by weight cholesteryl chloride~cholesteryl myristate
(oM) mixture. The dye p~carotene has a Strong
linear dichroio band around 0,48 pm. PFigure 2 gives
the polarised absorption speotra Of p-carotene. The
mixture taken in a small glass cup wes heated in a
even to a temperature slightly above the cholesteric-
isotropic transition temperature and stirred well
to get a homogeneous melt, 4as the melt was oooled it

18



Pigure 2: Speotra of § x 1074 n B-carotene in
al9 : 1 by weight CM mixture
(Py = 40°C). The aample was aligned
for 12 ar. in a magnetic field of
strength 20 kK¢ applied along the
helical axie (T=35°0}. In the upper
spectrum the eleotrio veotor of the
light i S perpendicular, and i n the
lower spectrum parallel, to the
magnetic field. The oholeeteryl
chloride and oholesteryl myristate
moleoules align perpendicular to the
direction of the magnetic field
(Sackmann 1969).
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adopted a oholesteric structure,

To vary and to control the temperature of
the sample an electrical heater (described in
Chapter 1) was used. The temperature of the sample
was sensed by a copper-aonstantan thermocouple.
The procedure for the oalibration of the thermocouple
and the measurement of themmo e.m.f. was similar to

that explained i n Chapter 1.

A block diagram of tho experimental set up to
measure CD is given in figure 3. The light source
was a tungsten filament lamp with a short foous lens
positioned to give a parallel beam. It wag run on a
highly stabilized power supply. To improve the signal
to noise ratio, a ehopper, lock-in—-umplifier system
was used. The ohopper was a metal wheel with
apertures and rotated by a motox, the rotation of
which was adjusted to chop the light beam at 321 ecycles/
second. A Mekee Pederson reflection grating
monochromator (Model ¥p 108, USA) was used to get
0,5 pm radiation at which these experimenta were
conducted. Circularly polarised light wae obtained
by means of a Winkel~Zeiss polarising microscope

attachmenty it consisted of a nieol prism that eould



Pigure 3. A block diagram of the experimental arrangement used to

determine the circular dichroism.

1

Tungsten filament light
source

Mechanical chopper

Detector for reference

signal
Monochromator
Cireular polariser
Sample chamber

v
8

9
10
11
12

Photomultiplier tube

High tension power
supply

Lock-in~-amplifier
Oscilloscope

Microvolimeter

Stabilised power
supply.
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be set at two orthogonal positions awnd a guarser

wa/e plate with prineipal axes inelined at 45* with
respeot (O the nieol. Depending on the position Of

ohe nieol the emergent light war either | eft eireular

or right sireulsar. TO avoid stray light ihe heater
sssembly waz placed I N A ohamber provided with suitable
windows for making these measuremente. [he light
transmitted by the sample Wes deteoted by a photo-
multiplier (Model M10 PGS 29 Qarl Zeiss, Zema). The
plgnal was anslysed Dy A logk-in-amplifier and the
resulting signul WaS measured using o Philipe 1.0,
plevovoltmeter. (The look-in-emplifier \\AN constructed
by Dr.3.R.Rajagopalan and Mr. A. Pujari of the Materials
Seience Division of Hational Aercoautical Laboratory,
Bangalore and the measuremente were carried out at their
laboratory. I wu grateful tO them and to br.S.Remaseghan,
Kead, Materiale Soience Divimion fOr extending the
focilities and fOr helpful advice.)

The sample WA sandwiched bdetween (WO optically
flat (~ A/2) glass discs and the thickmess Of the
sample wony fixed using epacers. Heasurements \Were made

for tive sample thiocknesmses 12.7, %.5, &, 6.% and
4 pym. Standard Dupont zylar spacers of thickness 05 wmil

and 0.2% mil were used for the 12.7 and 64 um filw
samples and mica spacers fOr 4, 8 and %.% um samples.
The uniformity i N the thickness ¢f the wivs spacer

was tested with A dial guzge (Medel NI/ /100 I Carl Zeiss,



Zenn). The thicknese measurements of mica spacers
were acourazte to +# um. |t was assumed that the
sample thiokness | S equal tO the spacer thickness.
(It 18 known that the astual sample thickness may
sometimes be slightly higher due to edge effects but
no allowance was made for this in the present study.)

Plane texture films were obtained by cover plate
displacement method desoribed in Chapter I. Before
neking the measurement of intensity, the alignment
| N the sample was checked using a polariaing mioro-
eooye. An aligned ssmple retalned alligmaent approxi-
mately tO the same degree at all temperatures except
inthe vieinity of T, where it broke {nto small
domains. The degree Of misalignment at T, increased
with inorease | N sample thickness. The determination
of oiroular dichroism i N the cholesterie phase was
started soon after cooling from the isotropie phase.

The trensmitted intensities I, ad I weae
measured (aa voltagea in the DC mierovoltmeter) toOr
incident right~ and left~cireulerly polasrimed |ight
&t every temperature and the ciroular dichroism Was

exprecsed as
IR-IL
D =

) ¥
Ig + Iy + 2(:R;L)



The dichroie power f) is given by

o= 3

where t = sample thickness. (Itwill be noted
that this definition of D and £ eliminates the
necessity for expressing the intensities i n absolute

units.)

Angy from 2y the error in the intensity
measurements were less than 2%, But ec¢lose toO Ty
thie error inereased slightly. Also the error in
'the intensity measurement I N the neighbourhood oOf
Ty increased with increasing sample thickness for

reasons explained earlier.

3. Results

In figure 4 is given the experimental dependence
of the dichroic power) on temperature for various
sample thicknesses. For any sample thiockness the
behaviour Of @ verzus temperature is analogous to that
of the optical rotatory power in a non-absorbing
compensated mxture (treated la Chapter 1). At 1y

fis equal to zero. It is negative on the lower

temperature side and positive on the higher tenperature



Figure 4.

Experimental values of dichroic
power versus temperature for
different thicknesses of the sample
ina 1.64 : 1 by weight mixture of
cholesteryl chloride and oholesteryl
myristate containing 1.48% by weight

of p-carotene.
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side of Ty, the wariation being almost symmetric
about this temperature. /) increases rapidly aa
one moves away (on either side) from 4 reaching a
maximum at a charaoteristic temperature ard then
decreases gradually. Phe mest interesting result
from thia figure is that the peak diohroio power
decreases as the sample thickness increases i n tho
range 4 to 12.7 pm. This behaviour is different

from normal absorbing optiecally active materials

_ thickness independent .
whioh eXthll'zcircular dichroism. In addition, the
position and the magnitudes of the peak raluea are
functions o sample thickness, the peaks moving away
from Ty and becoming less and less sharp with increase
in sample thickness. We shall mow discuss the inter-
pretation Of these results on the vasis of the

rigorous theory due to Kini (197%).

4. <Theoxry

Sackmann and Voes (1972) whp established that
ICD is due to helical atacking Of linearly diohroio
molecules have treated thie prodlem in two extreme cases:

1)

A Al A
-;;;» '55‘ 1.e., PU e



On this assumption they have obtained an expression
for the aircular diehroism whiah satisfactorily

explains their experimental observations.

2) A Ay N
)\-";:; 4( E-E il.e., P}} iR

rnis holds good for very large pitch values, i.e., in
systems like the twisted nematic devices (obtained by
rotating the walls containing a nematic) where the
normal waves are linear vibrations polarised along and
perpendicular to the leecal director. |n compensated
mixtures, however, piteh values in the range P,> Aéﬁ
also occur and at these pitch values the waves are
elliptically polarised. Hence the treatment by
Sackmann and Voss (1972) 4s not valid in this regime.
The theory of optical rotatory power given in Chapter |
has been extended by gini (1977) to explain the optical

properties of absorbing twisted structures.

As before the choleeteric structure is looked
upon as a helical stack of very thin birefringent
layers. Eaoh layer is supposed to have uniaxial
symmetry with the principal axis of the successive
layers turned through a small angle g. In addition



to the phase retardation 2y per layer, defined as

2y = *(ﬂp)b one also has anisotropic absorption
In the layers. The axes of the principal absorption
coeffioients k, and k, are assumed to coincide with
the principal axes of the refraotive indices p, and
Boe Inthis case, the Jones matrix of any layer with
reference to its principal axesis

-Iexp(-iy) 0o exp(~X,p) 0
Go = ‘
' 0 exp(iy) 0 exp(-k,p)
exp(-1Y) 0"
= oxp(-a) (1)
" 0 exp(1Y)
where

-——

k + k

a = (*-~*wg)b and y = y- 1(k1 2)b = y - 18,

(Here the oonvention followed i s that the phase factor
at any point Z is given by exp[-~1{28xp2/» )]).

If the principal axes of the first layer be
inclined at an angle g with respect to 0X, 0¥ of the



coordinate system %Yz with light travelling along ¢%,
then the Jones matrix of the nth layer with respect

to XY iIs
G, = s“eos“n (2)
where ]
cos ng -gin ng
n
3 ™
sin nf COS n

and 8% is the inverse of "™ (i.e, s®"™ = E, the
unit matrix). PFor n layers the, net Jones matrix is
given by

J = G .ll..‘G

L]
n n G

*G <G,

n~1 "n-2 2

= sneos”nsn“1-ecs‘(n“1) R seos‘1

Bt SR - g

Hence

I, = sy(e s H? (3)

If A, and A, are the eigenvalues of (G-os“'1) then
one can show that
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n_.n 1 n~-1
Ay T M= A
""1- n 1 a_ S""'" - >\ 1 : P B
(6,57 S (%) A T h

where \y and A, are given by

A ;7 = exp(-a)exp(ié) and )\ 9 = exp(-m)exp(mié)

with
~ A
808 8 = coB Y 608 B
Therefore
A A
_1.n 8in né -1 sin(n-1)8
(6,5 )" = exp(-na) ~—x-(6 57") - exp[~(n+1)a] ————&
sin @ sin e
" A A
gin nd -1 sin{n - 1)0
= gxp(~-na) (6 8"") - ~ E (4)
8in © sin €

Since n is very large compared to unity.

Using (3) and (4) the net Jones matrix J_ ocan be worked
interms of 8, ¥, ky, X, and n.

_ also _ .
The matrix J, canébe uniquely resolved into a

rotator, a retarder, a circularly dichroic plate and
alinearly diehroie plate. The unique matrix resolution

IS given by

Ip = exp(-X)VRET RSV (5)



td
&€

where

‘ cosxy -sin;\
,\%ﬂ = l

sin Yy cos'

R =

{
vosft cetn (47

Bin‘,’t cos § ¥

"‘ecosh /2 i einh o/2
by =
~1 sinh o/2 cosh a/2

; exp(~1p) o exp(-ik/2) ©
= E =

0 exp(i9) | 0 exp(Ak/2

where ¢ o 18 the rotation, a the imaginary part of
rotation (equal in magnitude to 'D' at large values

of B), 29 the linear phase retardation, 4 k the

linear dichroism and X the attenuation ooef ficient.
From (3), (4) and (5) it follows
A

| ) B!
? - 19...1S = 008“1 g.ggi_ﬂé.tj
g A
2 secz no

b o= %—_[(n + 1)p - f’t] (6)



with

There are two cases of special interest:

a) B 7
A X

In this case ¢ = 3= 0
n A2

and €g = ft--iaﬁ --52%—‘

_n(r2 - 5°)
28

Hence ?t =

Therefore the linear déichroism of the layers
not only results in eircular dichroism but also makes
a contribution to optical rotation which i S opposite
Insign to that due to linear birefringence. However

this oontribution is usually very mall.

b) B K v

In this case

o

cos nfi  -sin ng exp(-1yn) 0

Jo ¥ exp(-na)
. A
sin ng cos np 0 exp(iyn)



From this it follows that at any point i n the
medium there are two linear vibrations polarized along
the local principal axes of the layer. As one moves
along the axis in the direction of light propogation,
the two vibrations rotate with the prineipal axes.

The phase retardation and amplitude reduction under-
gone by these two vibrations are the same as in an

untwisted nematics

However at intermediate values of B one has to
use the complete expresaions (6). The parameter a
which is the imaginary part of optical rotationis
diffieult to measure directly. It is for this reason
that we have measured the parameter D defined earlier.

In fact far away from TH’ lD\ o \ol .

5. Discussion

To calculate D theoretically one san use the
following relatione (whioh desoribe the nature of the
emergent light when a right or left eirecularly polarized
beam i s incident on the specimen]:

" -y
1 1 - -
= J for right circular 1ight.
(AzJ (2) n{iJ

‘B, 1
1 1 : :
= J for left circular light.
(B2k (2)* “Li\ J



o 31
Then IR = ‘A1\2 + ]Aa\z
Ip = }31\2 + 132\2

Figure 5 gives the variation of dichroic
power with temperature (or inverse pitch) obtained
theoretically for a typical system. The parameters p
and pAp pertaining to M mixture were the same as
used in Chapter 1. Purther the layer birefringence
and layer dichroism were assumed t0 decrease at the
same rate with rise of temperature. The linear dichroism
( Ak) was taken to be 0.1 x 1072 at g = 3 X 10™> on the
lower temperature side of the nematic point. Prom the
figure 5 one finds that £ exhibits anomalous behaviour,
the sign of the dichroism being opposite on either
side of the nematic point. This prediction has been
confirmed experimentally. The theory also leads to an
Interesting result regarding the dependence of the
diohroic power '@ on sample thickness. In table 1, the
negative peak value! of [ for various sample thicknesses
are given. It can be inferred that az the sample
thickness 1is increased, [) inereases initially reaching
a maximum and than deereases. For the range of sample

thickness used in the experiments, calculated /9 does
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Figure 5. Theoretical dependence of dichroic power
on temperature and inverse pitch for a

15 : 1 ¢M mixture of sample thickness 6 um.
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Table 1
Sample thickness Negative peak
(in pm) val ue of b
4 430.2
5 441.3

T %66.5
9 48,6
11 241.0

13 305.9

Oy PR By L SO

' ﬂQ.’. G /'7(\ L’/ i ‘ coe m;u:r-,-.:w—: AL T M I



ehow broadly a deoreasing trend with increaging
sample thickness, though at a socmewhat slower rate
than observed experimentally. Considering the
uncertainty i n the assumed parsmeters, particularly
Ak, it is gratifying that there is, at least,
reasonably good qualitative agreement between theory

and experiment.
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