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ABSTRACT

We report the measurements of birefringence asnatiin of temperature of a homologous series of/lalk
cyanobiphenyls (nCB) liquid crystalline compoundg tmeans of high resolution optical transmission hodt The
temperature dependence of the birefringerie® (vere determined from the transmitted intensayadfor wavelengtiA=
532nm. From the birefringence data, orientatiomekoparameters (sP) were determined using three parameter Haller’s
extrapolation technique. The order parameter afittexponent§d obtained in this way have values <0.2, which db no
match any of the predicted theoretical values. Harethe critical exponenf3] obtained from Haller’'s extrapolation
technique can be improved by using four-paramétardg procedure, which yielded a higher valug3¢fD.24), consistent
with the mean-field theory for a weakly first ordesinsition. Moreover, we have fitted our experita¢rder parameter

values with those calculated from the Maier-Salyeety for the nematic and McMillan’s theory for tBen A phase.
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INTRODUCTION

Liquid crystals are partially ordered anisotropituids, thermodynamically located between the three
dimensionally ordered solid state crystal and siadropic liquid [1]. They have many interesting pedies from the phase
transition and application point of view. The apption of liquid crystal materials in different g of devices depends
upon several properties like optical birefringendiglectric anisotropy, magnetic susceptibility,eotational order
parameter etc. For the display devices the knovelexfgptical anisotropy and its temperature vasiais important. Due
to their room temperature nematic (N) range, stgbdver a large temperature region, simple molacuonfiguration
homologous series 4-cyant+#alkylbiphenyls (CB) have been studied extensively [2] and mixtafethese compounds
have been used in display devices. Their versasiefulness from the experimental to several thealgbroposals made
them such a good candidates to study. The firstdfmmbers are either non liquid crystal or showsotimpic transitions,
for small n<7 the members of this series exhibit only nemaliase, for n = 8, 9 both the nematic and smectiSmA)
phase are present while for n>9, the compoundsixdrly smectic A phase. Several reports on thecabpbirefringence
(An) of these members have been reported so farmBst of the cases the resolutions in the measutsnoémefractive
index and birefringence are insufficient to extrdicé critical exponenp, since refractive index and birefringence
measurements are generally obtained on the visgpéttion by means of an Abbe refractometer or wedgthod. Thus
in order to extract the critical behavior near fiiese transition region it should be emphasized hHiggn-resolution (in
both temperature and birefringence) measuremeatessential. In this work optical transmission radthave been used
to determine the temperature dependences of highution (both birefringence and temperature) @pthirefringence,

An, which provides a macroscopic measure of theotroigy of the liquid crystalline phase and can d&lsaonsidered as a
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measure of the orientational order parametes><Hhe critical behavior of the orientational ordesirameter at the
nematic-isotropic transition has been studied taitland compares our results with the latest rejmothe literature. Four

members of a homologous series of alkyl cyanobiplsgimCB) were studied.

Several methods have been developed to calculateotientational order parameter (=P But the most
commonly used method is the optical method dudstsimplicity as well as accuracy. The typical mare for the
evaluation of the long range order parameter frqotical method requires the measurement of bothotiénary and
extraordinary refractive indices as well as thesitgrdata. In such cases, using these three mehquemtities, either the
standard Vuk’s isotropic model [3] or the Neugelvaueelations based on the anisotropy of the irgefield [4] are
adopted to determine the principal polarizabilitesallel and perpendicular to the molecular lorgsaand hence, the
anisotropy of the molecular polarizabilitiesa) can be calculated. The normalized polarizab{itg,) for perfectly order
crystal is determined from the well-known Halleg’strapolation procedure [5] and the order paramistealculated from
the ratioAa/Aag. According to de Jue [6], the variation of dengjy over the nematic range is usually small and the
temperature dependence/uof gives a good indication of the variation of orgarameter with temperature. Kuczynski et.
al. [7] have also shown that the order parametesrgened directly from birefringence measurememngsansistent with
the <B> values calculated from the polarizability datathis work we calculated the order parametep¥xHirectly from
the birefringence value using the well known Hadlerxtrapolation method [5] and compared with thobéained from

Maier-Saupe theory [8] for three nematogens and MaMs model [9] for one smectogen.

EXPERIMENTAL
Materials
The nCB (n=5-8) compounds were obtained from Brisug House (at present E. Merck), Poole U.K. ased

without further purification. The structural fornauand the transition temperatures of the four camgs are:

(nCB) (n=5-8)
»  Pentyl-cyanobiphenyl(5CB):Cr 24C N 35.3C |
«  Hexyl-cyanobiphenyl(6CB):Cr 14.5C N 28.3C |
«  Heptyl-cyanobiphenyl(7CB): Cr 30C N 42.3C |
«  Octyl-cyanobiphenyl(8CB): Cr 21.5C SmA 33.5C N 40.2C |
Optical Birefringence Measurements

A solid state green lasek € 532 nm) beam was directed onto a homogeneoliglyead (planar) liquid crystal
cell of thickness 5.um(purchased from AWAT Co. Ltd., Warsaw, Polandlacpd between two crossed linear polarizers.
The temperature of the cell was regulated and medswith a temperature controller (Eurotherm PIDD&4with an
accuracy oft 0.1 °C by placing the cell in a custom built heateade of brass. The transmitted light intensitys wa
measured by a photo diode at an interval of 3 sdVhen the heater temperature is varied at aofd1é&8C min-1, this
translates into a temperature difference of (®G2between two readings. The transmitted light erpees a phase

differenceAd between its extraordinary and ordinary componéngfoactive indices. The optical birefringendj of the
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liquid crystal medium can be measured by measutiagphase difference. The phase differedg (s calculated from

the transmitted laser light intensity (1) by usthg relation [10]:

2l

1
sin? 26') @

Ap = cos‘l(l—

where 8, which is set to 4% is the angle made by the polarizer with the opfis.aThe phase difference is
calculated from the measured transmitted interjéidy 11]. Using equation (1) we calculate the terapee variation of

the optical birefringence by the relation

An = (A¢.2jﬁj

where d is the cell thickness. The optical birefence measurements were performed for severalngpalid

)

heating runs and reproducible results were obtained

RESULTS AND DISCUSSIONS
Optical Birefringence Measurements

In Figure 1 the optical birefringenda vs temperature data at a wavelength 8f532 nm of the four compounds
upon cooling from the isotropic liquid to the rodemperature is displayed. In the isotropic phasebilefringence is zero
and increases with decreasing temperature as expddowever, an enhancementAn takes place upon lowering the
temperature towards the Sm A phase for 8CB. &heis enhanced as the smectic like short-range dodéds up,
reflecting the enhancement in the nematic (origontat) order parameter. Within a range abouf@-8bove and below the
N-Sm A transition the pretransitional behavior vedesarly observed. Our high resolution birefringenedues were also
compared with the values obtained from Chirto@akt[2] for A=589.3nm. It was observed that for 5CB, 6CB and 8@B
two sets of data agree quite well. Only for 7CB data is higher than the reported data [2].
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Figure 1: Temperature Dependence of Birefringencefn) for (a) 5CB, (b) 6CB, (c) 7CB, (d) 8CBu - Data Obtained
from Optical Transmission Method with A =532 nm ando - Data from Ref. [2] for A =589.3 nm. Solid
Arrow and Dotted Arrow Indicates the Nematic-Isotropic Transition Temperature (Ty;) and
Smectic A —Nematic Transition Temperature (Ey) Respectively
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Determination of Orientational Order Parameter

In this work we used a simple technique to deteentime orientational order parameter £Pfor the four

compounds under study. The temperature dependéruecsfringence was fitted to the following Hallertype equation

[5]:
B
An = An, [1— TT) 3

where T* and3 are two adjustable parameters, T* is 0.01-4K highan the clearing temperature and the critical
exponent3 depends on the molecular structure and its vaudose to 0.2An, is the extrapolated birefringence in the
perfectly ordered state (i.e. at T=0K). The ordmmameter <> can be determined by the following equation

(P)= AAr:) )

Employing equation (3) to the birefringence datd asing the equation (4) we have determined thentational
order parameter values for all the compounds ustety. For 8CB where both the N and Sm A phasegpersent,
temperature dependence of birefringence have bigted bnly in the N phase. The temperature vanetiof order
parameter (<§) for the four compounds are shown in the Figurkt & seen that the order parameter increasedlyaqs
the compounds enters into the nematic phase frendidordered isotropic phase and nearly saturateaway from N-I
transition temperature. The value of the fittedapagtersiAn,, T* and 3 for all the compounds are shown in Table 1. The
experimental order parameters so obtained are amohpeith Haller’s fit and Maier-Saupe values [8f 8CB, 6CB and

7CB. All the cases, agreement is fairly good excegtr the nematic—isotropic transition temperature.
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Figure 2: Temperature Variation of <P,> for (a) 5CB, (b) 6CB (c) 7CB, (d) 8CBo - <P,> from Birefringence
Measurement; — <P,> from Haller’'s Fit to Equation (3); ----- <P,> from Maier-Saupe Theory ((a), (b) and (c)), from
McMillan’s Theory ((d)). T yy = Nematic — Isotropic, Tsy= Smectic A— Nematic Phase Transition Temperature$.or

(d), thea and d Values Required to Fit Experimental Data is Shownri the Respective Figures
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We have also fitted the theoretical McMillan orgrameter values with our experimental values bying the

a andd parameters of the McMillan potential [9] for 8C&ccording to McMillan the single particle potentialgiven by
£(cosh, 2) = —¢,[dar cod2mz/ d) +{n + ao cos@rz/ d)}P, (cosh)] (5)

wherea andd are two adjustable parameters, d is the layer ieisk, z is the displacement along the layer
normal,n = <P, (cosB)>, the orientational order parameter, while <cos (2z/d)> is the translational order parameter
ando = <P,(co)cos(2uz/d)> is the mixed translational and orientatiooaler parameter. The parametgyris obtained

from the nematic-isotropic phase transition temppea assuming the simple mean field theory regilt /e,=0.22019).

Table 1: Values of Fitting ParametersAn,, T* and B Obtained from Haller's Extrapolation

Compound Ang T (K) B
5CB 0.398+0.0028 308.55+0.04 0.180+0.002
6CB 0.307+0.0067 301.7+0.05 0.184+0.003
7CB 0.331+0.0041 315.80+0.16 0.181+0.004
8CB 0.310+0.0129 314.04+0.23 0.185+0.003

The values ofy, T ando are calculated using the self-consistency relatigps as a function of temperature for
several values ofi andd. The best fitted theoretical curve which was dbgechanging thex and 6 value is shown in
Figure 2(d). The agreement between the experimetRat values from the birefringence measurements withse
calculated from McMillan’s theory is poor exceptanghe SmA —N transition. It has been found that eltrapolated
birefringenceAn, and exhibit an odd-even effect when plotted againstatkyl chain length as shown in the Figure 3(a)

and 3(b) respectively.

The critical exponentB obtained from Haller’s extrapolation lies withirethange 0.180 to 0.185 which are less
compare to the predicted theoretical value. Seethparameter Haller’s extrapolation results lowsues of the critical
exponent<0.20. This is due to the fact that Haller’'s extrapalatidoes not always account for the weakly firsteord
nature of nematic-isotropic phase transition. T@rowe the critical exponent, recently a four paremeower-law
expression has been introduced [2] which is comsistvith the mean-field theory for a critical aslwas a tricritical

behaviour for a weakly first-order transition arahde written as

D=AB+(- B)(l—TT*)ﬂ] ©)

where D is the physical property under considenatiiirefringence in this case), A and B are cortstghis the
critical exponent and T* is slightly greater théue tclearing temperature. In equation (6), B = @seto the Haller’s type
equation (3). The value of the four parametersinbthby fitting the birefringence data to equat{6j has been shown in
Table 2. So, four parameters fit resitsalues very close to the mean field predicted ealthesd3 values when plotted
against the alkyl chain length of nCB as showniguFe 3(b), show odd-even effect and from the figiiis clear that four

parameter fit yields higher values®£0.24 than three parameters Haller’s fit.

Table 2: Values of Fitting Parameters Obtained fronFour Parameter Fit

Compound A B T*(K) B
5CB 0.415+0.039 0.097+0.001 308.70+0.23  0.235%0.p02
6CB 0.331+0.010 0.102+0.010 302.10+0.75 0.242+0.p04
7CB 0.326+0.025 0.200+0.004 315.90 +0.85 0.23246.00

8CB 0.293+0.009 0.223+0.008 314.10+0.97 0.245+0.p08
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Figure 3: (a) Odd-Even Effect of Fit ParameteAn, as a Function of Alkyl Chain Length of nCB Homoloagis Series.
(b) Odd-Even Effect off3 as a Function of Alkyl Chain Length of nCB Homoloais Series. () Representf3 from
Three Parameter Haller’s Fit and () Represent3 from Four Parameter Haller’s Fit.
The Vertical Bars are the Errors Associated with tle Value

CONCLUSIONS

High resolution temperature scanning method, alsimpd precise technique, has been carried ouetsune the
birefringence with reasonably good accuracy (bettan +10%) of four members of 4-cyand-#-alkylbiphenyls (n=5-8).
The measured birefringence agrees well with thepented by Chirtoet. al. The compound 8CB which has smectic phase
shows pretransitional behavior in the vicinity ofS¥h A transition owing to coupling between the ngémand smectic
order parameters. The birefringence data was usedetermine the order parameter by using Hallexisapolation
technique and were fitted with Maier-Saupe theonfematogens (5CB-7CB) and McMillan theory for gound (8CB)
with smectic phase. Three parameters Haller'sidiidg systematically lower values @fut the four parameter fit produce
some higher value which is close to the predictedmfield theoretical value. Bofiny andp values show odd-even effect

when plotted against the alkyl chain length of¢benpounds.
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