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ABSTRACT

KEYWORDS
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The refractive indices and densities of liquid crystals Cholesteryl
Pelargonate and Chol esteryl Butyrate and their mixtures of different ratio
of 25:75, 50:50 and 75:25 (by weight) have been reported as afunction of
temperature. The effective polarizabilitiesa_and o, inthe cholesteric phase
has been calculated by using the anisotropic internal field model of
Neugebauer, Saupe and Maier and isotropic field model of Vuks, fromn,
and n_values. The order parameters as evaluated by using different local
field modelsfor both the pure samples and their mixture of different con-
centration have been compared. The values of principal polarizabilitiesare
found to be dightly different although the order parameters S evaluated
from above models are in good agreement. These order parameters have
also been compared with that calculated by two other direct methods. All
these results seem to be in good agreement. The variation of different
parameterswith the percentage concentration of sample hasbeen reported
and discussed giving probable reason.
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Refractiveindex;
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INTRODUCTION

Therearemany liquid crystalline materialsavail-
ablefor the device application. However thedifficulty
arisssinidentifyingsingleliquid crystd that fulfilsal the
required conditionsfor aparticular application. Thishas
generated theinterest of researchersto undertakethe
investigationsintheareaof mixing of different kind of
liquid crystas. Liquid crystal mixturesareimportantin
many other ways*3. Thecompletemiscibility study was
thecriterion originaly used for theidentification of dif-

ferentliquid crystalinephases. Theliquid crystal mix-
turesaremainly used to widen the temperaturerange
of phases, to investigate interaction between themol -
eculesand subsequent changein order parametersin
different phases, toinvestigate pre-transitiona behav-
ior and toidentify unknown substancesby mixingwith
substanceswith well known phase behavior. Hencea
lot of work has been done on mixing by many other
investigatorg*8,

Theimportancefor liquid crystalsof their applica
tionindisplay devicesand other scientific equipments
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isnow widely known®. Theorder parameter of alig-
uid crystad isanimportant parameter, which governsal
itsatributesand thereforeitsknowledgeisessentid for
an effectiveusein material applicationindifferent ar-
eas. Variousmethodsto cal culate the order parameter
arenow being used. All anisotropic propertiessuch as
refractiveindices, magneticand dectric susceptibilities
and dielectric parameters etc. arerelated to the order
parameter in someway or the other?, By studying the
birefringence we can estimate the oriantational order-
inginliquid crystalsat different temperatures. Inthe
present paper wereport principa polarizability and or-
der parameter of two pure cholestericliquid crystals
and their three homogenous mixturesof different con-
centration. Theeffect of mixing hasa so been discussed
onthese properties.

Herethree methods namely Neugebauer’s aniso-
tropicinterna field model™, Vuks’isotropicinternal
field model’*d and Saupe and Maier’s anisotropic
modd®withasngleinternd field parameter, havebeen
used to calcul ate the effective polarizabilitiesand a so
the order parameter. Two other direct methods, as
modified by Vuksand direct extrapol ation method have
also been used for evaluating the order parameter.

Experimentd: Initid work on chol esteryl akanoates
are studied and reported in literature more than any
other cholesteric materials. Two of the cholestery
lakanoates chosen for our present study, have earlier
beeninvestigated by other investigatorsin pureform
and related dataare avail able. The Chemical structure
of both the samplesare presented as bel ow-

Cholesteryl pelargonate
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Cholesteryl butyrate

Cholesteryl pelargonate

The cholesteric-isotropic transition temperature
whichareobtained by WHT (Whitelight transmittance)
technique with crossed pol arizing microscope of two
liquid crystalsand their mixturesof different ratiosare
given below-

92°c

Cholesteryl Pelargonate(Ch.P)  Ch«==—|
Ch.P:ChB.:: 3:1 Che®C |
Ch.P:Ch.B.:: 1:1 che®C
Ch.P.:Ch.B.:: 1:3 Ch(ﬂn
Cholesteryl butyrate(Ch.B.) Ch«&l

Theextraordinary refractiveindex n_and ordinary
refractiveindex n in the cholesteric phase and refrac-
tiveindex nintheisotopic phaseat different tempera-
ture have been measured by using the Abberefracto-
meter. The surface of glass prismin refractometer has
been rubbed unidirectionally several timesusing soft
cotton piece. Theglassprismisfirst heated aboveiso-
tropic temperature and then liquid crystal sampleis
placed onthelower prism surface. Thisprocedurehelps
dignthemoleculeof theliquid crysta salongtheprism
face. Thedignment was completewhentheupper prism
was clamped inthe placeand alowsthesystemto cool
dowly.

An analyzer hasbeenintroduced on the eyepiece
of Abbe’srefractometer, which blockstheordinary or
extraordinary ray a atimeby rotatingitsanayzing axis.
Thisclearsthecontrast of the boundary lineat view of
refractometer and makesit ssmpleto record the obser-
vation. The constant temperature of thesampleinthe
refractometer has been maintained by aJulabo F-25
refrigerated circulator.

Thedensitiesof theliquid crystal samplesin cho-
lesteric and i sotropic phase were determined by intro-
ducing aweighted sampleinside acapillary tubewhich
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isplacedinsdethewall of adoublewalled glassjacket.
Theglassjacket having circulating oil by Julabo F-25
refrigerated circulator ismaintained at constant tem-
peraturewith an accuracy of +£0.1°C. Changing menis-
cuslevel of thesampleduetothetemperaturevariation
inthecapillary hasbeen recorded by atraveling micro-
scope of least count 0.001cm. Theerror in estimation
of density waslessthen 1%.

Theory

Theeffectivepolarizabilitieso,, and o, have been
cd culated by using thefollowing three methods.

Neugebauer’smethod: Neugebauer’s method of
anisotropicinternd fieldisgiven by

nZ — 1= 41 Nog(1— Nagye) D

N2 —1= 4z Nog(1- Nagyo) ™t 2
WhereN isthenumber of moleculeper c.c.,n,andn
arerefractiveindicesfor ordinary and extraordinary rays
andy,andy, aretheinternal field constants. The equa
tionfor caculatingthe polarizabilitieso, and o, obtained
from equation (1) and (2) and applyingtheconditiony,
+ 2y, =4m, gives

Qe Og 3 ©)

1,2 _4mNing+2 2Ang+2)
n-1 n2-1

Further, for isotropic phase

ye=270=4u3’ne:no=n’ Q= 0, = a
— 9 [n?-1
a.+20,=3 0 =——
erTe 41tN|:n2+2:| “)

Vuks’ method

Vuks” method of isotropiclocal field, asmodified
fromthe L orentz- Lorentz equationisasunder-

2
Nng—1 4mNa,
P ®

n’+2

n2-1 _4mNa,

5 ©)

n’+2

Theinternd field constant ‘& wasobtained by the

relation-
n?-1 1 n2-1 nZ-1
Vio=7 € + 2(0 ) Ven (7)

n?+2 3|n2+2-2an2-1) nZ+2+a(nZ-1)

a,,and o have been obtai ned by solving the equa-
tions (3) and (4); (5) and (6) and lastly (7) and (8)

= Pyl Paper

presented above from three different approaches.
Sincetheorder parameter isgivenby S= (o -a. )-
(o-a, ), wherewehaveonly o, and o, valuesbut not
theprincipal polarizabilitiesoyanda., , theparale and
perpendicular componentsrespectively tothelong axis
of themolecule, we use an extrapol ation method for
caculatingtheo, -, vaues. Theextrapolation hasbeen
donefor thevaueof (o -a, ) ontheplot (o -a. ) against
In(1-T/Tc) for T=0, i.e. for absol ute temperature.

Direct extrapolation method

The other two direct methodsfor calculating the
order parameter isbased on thevariation of ordinary
and extraordinary refractiveindiceswhich do not need
themolecular weight and density values. Therelation-
ship between refractiveindex pardld and perpendicu-
lar to thedirection of molecular axisand order param-
eter can be obtain by modifying the appropriate equa
tionforn, andn, asfollows.

ny =ﬁ+§S-An (10)

nl=ﬁ—%S-An (1)

Where, 1 istheaveragerefractiveindex and Anisthebirefrin-
gence corresponding to complete alignment for the material.
From equations (10) and (11), we get order parameter,
_hy-n, _&n

An  An

Thevalueof order parameter equal to 1 represents
acomplete order. At absolute zero, dn = An. So the
order parameter may be obtained by extrapolating 6n
for T=0K. Thisextrapolationisdoneonthelinear por-
tion of birefringence (6n) curveplotted againstin (1-T/
T, for T=0K.

In thissecond direct method, in order to find out
theorder parameter (S), therefractiveindicesn and n
have been analyzed by following method of Hall er{*4
and Horn*¥, Thismethod usesVuksréel ation:

2 2
S(S_“-) _ 3(ne - no)

o) (n§+2n§—3)

S

(12)

Where da isthe anisotropy of polarizability and o the molecu-

3(n2 - n2) }

lar polarizability. To determine S we plot {(né +on2-3)

c
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against In [1— Tl] and the straight line so obtained is extrapo-
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Figurel: Plot of extaordinary (o) and ordinary (V) refrac-
tiveindiceswith thevariation of temper aturefor cholesteryl
butyrate, cholesteryl pelar gonateand their mixturein dif-
ferentratio

TABLE 1. Effectivepolarizabilitiesa, and o in theunit of 10
2 cmefor cholesteryl pelargonate (ChP)

Temperature __Neougebauer Vuks Saupe and M aier
(°C) 0o e oo Oe o Qe
83 62.9441 65.2291 63.5550 66.2923 62.1815 64.0311
85.5 63.1426 65.3687 63.7382 66.4037 62.3295 64.1298
86.6 63.2347 65.4043 63.8155 66.4123 62.3879 64.1418
87 63.2896 65.4138 63.8585 66.4002 62.4207 64.1374
89.5 63.5869 65.5175 64.1049 66.4121 62.6141 64.1721
91 63.9139 65.6064 64.3689 66.3890 62.8278 64.1916

(o) =33.344 (oyo) =40.107 (oyou) =28.764

lated to T=0K. The intercept at T=0K, where the complete
order occurs give the value of (3o/a). Inserting the value of
(da/ar) in equation (5) gives the value of order parameter for

different temperatures.
RESULTS

Figure 1 showsthe variation of ordinary and ex-
traordinary refractiveindiceswith thetemperaturefor
Cholesteryl Pelargonate, Cholesteryl Butyrateand their
mixturesof ratio 3:1, 1:1 and 3:1. Figure 2 represents
the Variation of averagerefractiveindex with percent-
age concentration of Cholesteryl Butyratein Cholesteryl
Pelargonate. Variaion of birefringence(5n=n_-n ) with
temperaturefor all thesamplesaregiveninfigure 3.
Figures4ato 4e show thechangeinthevauesof order
parameter eva uated by the different methodswith tem-
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Figure3: Variation of optical birefringence (6n) with tem-
peraturein °C for cholesteryl pelargonate, cholesteryl
butyrateand their mixturesin different ratio

peraturefor pureliquid crystasandtherr mixtures Varia
tion of average polarizability and order parameter with
percentage concentration of cholesteryl butyratein
cholesteryl pelargonateisshowninfigure5. TABLES
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OC for mixtureof cholesteryl pelargonateand cholesteryl
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1-4 represent the effective polarizabilitieso, and o,
calculated by Neugebauer’s, Vuks’ and Saupe and
Ma er’smethod for al the systems.

DISCUSSION

As can be seen from figure 1, in the case of
Cholesteryl Pelargonate ordinary refractiveindex de-
creasessmoothly withthetemperaturefromitsva ue of
1.492 at 83°C and it shows asudden drop after 91°C
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Figuredc: Plot of order parameter with temperaturein
OC for and cholesteryl butyrateinratio1:1
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Figure4d: Plot of order parameter with temperaturein

OC for mixtureof cholesteryl Pelar gonateand cholesteryl
butyrateinratiol:3

and thereafter the refractiveindex becomes 1.484 at
92°C indicating cholesterictoisotropictrandtionat this
temperature. Onfurther increaseintemperaturerefrac-
tiveindex remain dmost congtant likeany other normal
organic liquidi*®l, At the sametimethe extraordinary
refractiveindex increaseswithincreaseintemperature
and at Ch-I transition point, itisequal totheaverage
refractiveindex.

—r—, @ Cromolecules
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Similar behaviour has been shown by Cholesteryl
Butyratewith dightly different valueof refractiveindex
and phasetrangitiontemperature point of 106°C. Three
mixturesof various concentrationsa so show sametype
of behaviour with one difference wherethe value of
trangtion temperatureshiftstowardsthehigher sdewith
increase of concentration of samplewith higher trans-
tiontemperature.

Figure 2 showsthe plot of averagerefractiveindi-
cesvspercentage concentration of cholesteryl butyrate
in Cholesteryl Pelargonatefor threedifferent tempera:
tures. With increasein concentration of cholesteryl bu-
tyratein cholesteryl pdargonaetherefractiveindex in-
creasesfirst from 1.49, reachesapeak and then fallsof
toavaueof 1.481 at 100% butyratein mixture. This
natureremanssamefor dl thethreetemperaturesshown
here by representative graphs at temperature (T -1),
(T,-3) and (T -5) whereT isthe Ch-I transition tem-
peraturefor corresponding samples. Thereasonfor this
anomalousincreaseisnot very clear. It may be pos-
s blethat the mol ecular arrangement for 50% concen-
trationinthemixtureissuchthat it givesrissamaximum
vaueof refractiveindex incomparisonto other system.
Similar behaviour hasbeen reported by Sandhyaet d [
for the photocurrent anisotropy at particular concen-
tration of compounds 2-(4'-octylphenyl)-6-

Macromolecules « —

TABLE 2: Effectivepolarizabilitiesa and a, in theunit of
10%#cmsfor cholesteryl butyrate (ChB)

Temperature _ Neougebauer Vuks Soupe and M aier
(DC) Qo Qe Qo Qe Olo Ole

99 52.6254 54.0175 52.9995 54.6613 53.2609 54.4505

100 52.7104 54.0709 53.0762 54.7000 53.3225 54.4844

101 52.7956 54.1245 53.1530 54.7387 53.3842 54.5185

102 52.8811 54.1783 53.2300 54.7776 53.4461 54.5527

103 52.9667 54.2321 53.3072 54.8165 53.5082 54.5870

104 53.0610 54.2723 53.3871 54.8313 53.5705 54.6025

105 53.2001 54.2901 53.4939 54.7924 53.6521 54.5799
(o) =30.691 (o) = 6.701 (o) =26.274

TABLE 3: Effectivepolarizabilitiesa,_and e in theunit of
10% cm®*for mixtureChP:ChB:: 3:1

Temperature _ Neougebauer Vuks Saupe and M aier
(OC) Qo Qe Qo Ole Qo Ole
80 60.8263 63.1678 61.4509 64.2602 60.4459 62.3605
81 60.8948 63.2139 61.5136 64.2955 60.4952 62.3909
82 60.9638 63.2606 61.5769 64.3313 60.5451 62.4218
83 61.0336 63.3078 61.6408 64.3676 60.5955 62.4533
84 61.1039 63.3556 61.7053 64.4045 60.6466 62.4853
85 61.1749 63.4039 61.7704 64.4418 60.6982 62.5178
86 61.2912 63.3786 61.8497 64.3488 60.7500 62.4528
87 61.6859 63.2506 62.1065 63.9740 60.9308 62.2043

(GHO.J_) =34.169 ((XHO.J_) =41.175 (QHQL) =28.766
TABLE 4: Effectivepolarizabilitiese, and a. in theunit of
10 cmifor mixtureChP: ChB:: 1:1

Temperature Neougebauer Vuks Saupe and M aier
) do Qe oo e o e
81 56.8794 59.0003 57.4432 59.9935 57.1399 58.9091
82 57.0063 59.0267 57.5440 59.9718 57.2174 58.9015
83 57.1344 59.0517 57.6452 59.9475 57.2951 58.8919
84 57.2638 59.0753 57.7469 59.9206 57.3729 58.8804
85 57.3946 59.0974 57.8492 59.8910 57.4509 58.8669
86 57.5266 59.1181 57.9520 59.8588 57.5291 58.8514
87 57.6725 59.1396 58.0651 59.8216 57.6160 58.8339
88 58.0778 59.0388 58.3361 59.4831 57.8146 58.6104

(0you) =39.987 (o) =48.312  (ayour) = 33.531

dodecyloxynapthalene and 2-(4'-pentylphenyl)-6-
ethxynapthalene.

Infigure 3 optical anisotropy hasbeen plotted with
temperaturefor the pure samplesand their mixtures.
For Cholesteryl Pelargonate theva ueof optical anisot-
ropy decreases gradually with temperature but sharply
near the cholesteric-isotropictransition and become zero
after transition temperature. Cholesteryl Butyrateand
other mixturesshow similar variation giving different
trangitiontemperature asexpected. Smilar behavior has
aso beenreported for other liquid crystal samplesand
mixture by several other workerg®21,

TABLES 1to 5represent the values of effective
polarizabilities (o, o) obtained by Neugebauer’s,
Vuks’ and Saupe and Maier’smethodsfor liquid crys-
tasin pureand mixtureform. Thevalues of principa
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TABLE 5: Effectivepolarizabilitiese, and a. in theunit of
102 cm?for mixtureChP: ChB: 1:3

Temperature _ Neougebauer Vuks Saupe and M aier
(DC) Qo Qe Qo Qe Qo Qe
86 55.7096 56.3552 55.8976 56.6522 55.7174 56.2589
87 55.7785 56.4064 55.9618 56.6952 55.7680 56.2945
88 55.8524 56.4498 56.0138 56.7245 55.8187 56.3194
89 55.9203 56.5034 56.0778 56.7715 55.8696 56.3581
90 56.0057 56.5292 56.1472 56.7697 55.9206 56.3589
91 56.0853 56.5492 56.2108 56.7620 55.9658 56.3540
92 56.1687 56.5513 56.2723 56.7268 56.0066 56.3266
93 56.2770 56.5589 56.3535 56.6880 56.0646 56.3001

(Q-HQ-L) = 14.364 (CLHCLL) =16.951 (Q-HQ-L) =12.184

¥

05

01 mn ) ez oo a5iea
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-
[
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Peyrentage concenfration of Cholesterd
Butyrate in Cholesterd Pelaroonate
Figure5: Variation of order parameter and aver agepolar-

izability for mixtureof cholesteryl butyratein cholesteryl
pelar gonateat cor rosponding temper ature(T _-1)°C

polarizability anisotropy ared so given for eech model.
A Plot of order parameter with varying temperaturefor
all thesamplesaregiveninfigure4ato4e. It may be
seen that for al the samples, the order parameter ob-
tained by Vuks’, modified Vuks’ and direct extrapol a-
tion method remainsamost same, probably because
theseareachieved fromasimilar approach. The anisot-
ropy of theeffective polarizability (o= o -0, ) obtained
for Cholesteryl Pelargonate havebeenfoundtobe22.8,
27.3and 18.4 x 10* cm® for temperatures (T -1), (T -
3) and (T -5), using Neugebauer’s, Vuks’ and Saupe
and Maier’s model respectively. The value of order
parameters obtained from the three model shave been
found to be 0.6961, 0.6941 and 0.6939. Sincetheor-
der parameter is given by S = (a-o,/ oy, where
anisotropy of principal polarizability o, ., isobtained
from extrapolation of o, -a  to absolute zero, the

= Pyl Paper

ratio(o. o foy o, remainsalmost constant for agiven
temperature. Thisshowsthat theorder parameter for a
giventemperatureisindependent of themode usedto
evauate.

Corresponding variationinaveragepol arizability and
order parameter with percentage concentration of
cholesteryl butyratein cholesteryl pelargonateat tem-
perature (T -1) isrepresentedinfigure5. Both theval-
uesthat areaverage polarizability and order parameter
have maximum vauefor Cholesteryl Pelargonateand
minimumfor cholesteryl butyratevariesamost linearly
decreasing concentration of Cholesteryl Butyrate. This
fact can beutilized to prepare mixtureof suitableorder
parameter or averagepolarizability for systemshaving
componentswhich aremember of same homologous
Series.

CONCLUSION

It may be seen that that order parameter computed
from optical anisotropy datausing theisotropicfield
model (Vuksapproach), the anisotropicfield model
(Neugebauer’s approach), Saupeand Maier’s method
agreeswell and the average deviationisfound to be
0.8 % for both liquid crystalsand their mixturesinal
the phases. The agreement in the values of the order
parameter cal cul ated from different approaches may
appear strange but it is dueto the fact that the order
parameter istheratio of (o -a.) to (oo, ). So, although
o,and o, aresensitiveto thenature of locdl field, this
ratio isindependent of themodel. A dlight variationin
the solid phaseisdueto thefact that theanisotropy is
considerableinthis phase. It appearsfrom theresults
that Neugebauer’sapproach ismorerealisticthan Vuks
approach asitincludesthefact that local fidld isaniso-
tropicinnature,
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