CRIENTATIONAL ORDER PARAMETIRS OF COMPOUEDS AND MIXTURES
EXAIBITING RE-ENFRANT KEMATIC PHASE

3.1 Introduction

As already desoribed in chspter I ligquid erystals are
characterised by long-range erim#tzom ordering of the
rod-shaped molecules. The m@taﬁm order paramtér is
defined as (Zwetkoff 1942) - a |

s -,-f 721"(3003 e~ 1) e (3.1)

where 9 is the anglo made by the nxis ‘of the molecule

with the director ¥ and m m amta a atauauoal average.

Most of the characturisﬂa propwtiu o;t nematioc nqn.td
orystals are directly ralatad to the aﬁmtatiunal order
parameter. Hence the 6etem1nauan of the order parameter im
of considerable impoxrtance. it m ba mmma usins a number
of techniques such as optical bs.mmm. (mtelain 1955).
infrared dichroiem (Mailer and Englert 1960) and ultraviolet
dichroism (Maier and Saupe ‘!956). ol ear angnouc resonance
(Spence et al 1953, Doane et al 1972), diamagnetio anisotropy
(3Saupe and Mater 1961, Gasparoux et al 1973), etc. We have
measured the order parameters of a few compounds and mixtures
exhibiting the re—~entrant nematic phase by two techniques,
viz., infrared dichroism and optical birefringence.
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As descrided in chapter II all the compounds and
nixtures which show the re-entrant nematic phase studied by
us oonsist of molecules with eyé.no end-groupas. It is very |
difficult to get good homogeneously aligned samples in the
smeotic phase of such donpoundn. This is also true in the
nematic phase at temperatures cloge to the smectic-nematic
transition point. Hence we could not measure the order
parameters u.tnc tcﬂm&qna which require homogeneously
angnod nampl.u. ) Vc hnu therefore used methods which involu
measurements with hanotropicany auwa sanples.

3.2a Infrared diochroism iethod

To deternine s from IR studies one can use vibra-
tional transition Cl any bond in the molecule W th a moment
whioch makes a known anshﬁ with the long axis. One can
determine s by IR dichroism method either using a homogeneously
aligned sample (Maier and Englert 1960, Saupe and Mater 1961)
or using a homectropically aligned sample (Kelker et al 1973,
Pernandes and ngayusu 1976). The former method needs
polariud IR radiation. But in the latter case one can use
unpolarised radiation as in this case it propagates along t he
optic axis and hence the cholss of a specific direction of
electric vector has no szgnincance. For reasons mentioned
in the introduction, wo have used only hmotxop:.cany alignad
samples in dotomung £

For a given suapla, the dichroic ratio R is defined a»



the ratic of the integrated absorption in the mnoph_uo to
that in the isotropic phase. It can be shown (msee fer example,
Fernandes and Venugopalan 1976) that

R o= 1-8(1-3un®g)
- - R -
or ™ ;—-}—{m (3.2)

While evaluating R from the experimental data, it is
necessary to find the integrated sbsorptiom of the band and
not just the peak absorption coefficient. Also the experi-
mental absorption profile has to be corrected far the effects
of finite spectral slit width. We have represented the true
absorption profile by 'a Lorentzian funotion following Ramsay's
procedure (Ramsay 1952). The cbram/aﬂad integrated sbsorption
strength is then calculated using the experimentally observed
values of the peak absmu;ﬁ qﬁtﬁdmﬁ, the width of the
absorption profile at an appropmtn Mdlt (u will be
desoribed later) and the spectral slit width of tha instrument.
It is known that for sultably isolated bands, the Lorentzian
function modified for the effects of finite spectral slis
width gives a reasonably satiataatdzy pr.riuntal profile
(rernandas and Venugopalan 19?6)‘- ﬁc experimental value of
R would be, in general, urz«@t from tmi true value because
the refractive indices of the mesophase are different from
those of the isotropic liquid. ZRurther, the local field in
the mesophase is anisotropic in nature. However, it hws been
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estimated that the error involved due to these factors is

about 2 per cent (Pernandes and Venugapalan 1978). As this
error is less than the uwncertainty involved in the experi-
mental observations (which is estimated t o0 be about 5 per cent),
we have ignored this error.

3.2b Birefringence method

We could not use the conventional prism method (Chatelain
1955, Madhusudana et 2l 1971) to find the birefringence of our
samples for reasons mentioned earlier. Hence we have measured
the birefringencs using homsotropically aligned samples by a

new method.

Consider a monochromatic light beam incident obliguely
on & homeotropically aligned liquid orystal sample as shown in

figure 3.1. On entering the sample the light beam splits into
two = one beam having its electric vibrations perpendicular

to the plane of the figure and the other having its electrio
vidrations in the plane of the figure. Let g (= no) and Q,,
be the refractive indices for these two beams respectively.

The two beams dzixga from the sample in directions whioh are
parallel t0 the direction of the incident bean.

Let Oy be the angle at which t he light is incident ON
the sample and les 8, and 8, be the angles of refraction for
the two beams. Let n, and n, be the ordinary and extraordinary
refractive indices of the medium. Then using the standard
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FIGURE 3.1

Schematic diagram of the passage of a light beam
incident obliquely on a homeotropically aligned
liquid crystal sample.
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equation for the index ellipsoid, we can Wite

nf mz Q, nﬁ msz 9,
2 - + 2 = 1 (3.3)
e R

The two glass plates which confine the liquid crystal
sample dO not make any sontridbution to the path difference

batween t he two beans.

The optical path difference between t he two beams of
light emerging from the sample is (see figure 3.1)

n, 1 | n, 1
oOR en ’ gos O,

vhcro 1 is the thinknmn of the aamplo.

 sin @
now using tho Maunn. n, - w-g-i-- and equation (3.3)

we set. B
- o z ‘ -
ngte. + sin 9,‘({‘3 iz)_]
and
5, 1
com 9, :

It can be easily shown that
CE 8in o, = 1(tgu o, -'m ®)ain o,

sin® 9y n, | n. 1
B (a2 - atn? 0,)12 (a2 - ata? 0,172




Also | ;
Bl - n§ 1

cop @ ) (no - ‘1)12

Substituting these values in equation (3.4) we get,

Y2

)yé; (3.5)

A --1[;—9(1% - sin? 8,)
A,

This path difference can be nm«! using a quarter
wave plate and a pair of polaraids. Zhen using squation (3.5)
one Of the rctrucuve 1ndic¢a can be caloulated if the other
is known. Between n, md By, it is umr $o measure n, by
an independent method. :

We have measured n, wsing the prism method. A small
angled (angle ~ 2-3°) hollow glass prim was talon and the
sanmple was filled I the edge of the primm. The liquid orystal
was aligned | N such 2 way that the molecules were perpendicular
to the glass plates. Using a speotrometer the angle A of the
prism and the angle of deviation D 2‘or & beam incident nomally
on the prism were measured. Then "o was calculatnd using the

expression

)
n, = sin(A + D) (3.6)
sin A :

The 1iquid orystal sample inaide the prism 1s slightly
deformed. But when the incident light im polarised i N such a

way that the electric wvibrations are parallel to the edge of



the prism, this deformation does NOl affect the measurements.
In faoct, the image produoed by the refracted beam was guite

sharp.

3.3 gwnmm

a Infrared (IR) dichroimm studies

Oven s ho » The oven was constructed by

winding A nichrome wire uniformly over A mica sheet wrapped
around a rectangular copper frame (Part A in figure 3.2).

This frame is mounted inside o similar frame, the intervening
space being filled with plaster of Parie to reduce heat losses.
Oopper plates with rectangalar windows are inserted into the
oven through the open sides. One plate B is fixed permanently
to the frame. A groove ¢ ocut into it S side facilitates the
mounting of the asgembly on an insulating stand inside the
sample chambexr of the spectrometer. The sample cmtained
between two sodium chloride windows is placed inside the oven
and is held in position by the copper plate D which can be
:_tixcd 40 A using Mﬁbh BOYOWS.

Tenperature control and measurement. The oven was
heated by passing a direct current through the nichrome wire.

It was found that after setting the current to a given value

a period of about 90 minutes was needed for the temperature

to settls down %o & atu&y ‘mna. The large cross-sectional '
area of the sodium oh‘lc_r!.dc windows tosethet with the fact that



FI QURE 32

Schematic diagram of the oven (A) and sample holder

assembly used for studying the IR absorption in a
liquid crystal sample.



only the edges of the windows are in contact with the oven,
gives xise %o a twpﬂamrﬁ gradient in the sample. At the
highest temperature of measurement this gradient was ronﬁd to
be about 1°C betwesn the centre and the edge of the sample.
The temperature was measured using a calidbrated chromel-alumel
Shermocouple snd a multimeter (AFLAB model 1005). he error
in the measured valus of temperature was estimated to be about
+0.5%C. | |

Preparation of sample. Samples were prepared in the
sandwich csonfiguration betwesn two sodium chloride windows
(5% x 28 x 5 mm) separated by mylar spacers. The windows were
first polished and the polished surfaces were then rubbed in
a random mammer on chamois leather. This facilitates homeo-
tropic alignment of the sample. The liquid cxrystal was filled
in the sandwich céll by allowing it to flow between the windows
b’, capillary aofion, %o avoid the possibility of decamposition
of the samples at high fmpmtma, they were filled in the
nematic phase. .

The oven containing the sample cell was placed in the
sample chamber of a double beam IR apéctrmtar (ﬁcﬂ: Model 081)
and the IR spectra were recorded at different steady temperatuies
in the isotropic, nematic, smectic A and the re-entrant n;natie

phases.



b Birefringence measureuents

QOven gnd the sample holdex. The oven ecusiatis of a
rectangular copper frame over which & heating eoil is evenly
wound, with a thin insulating sheet of mica in between. This
asgenbly is kept inside a similar hollow Lrsme made 0f asbestos
shesta and the intervening space is filled with ﬂmﬂm
powder. The oven was heated by passing a mt ouxrent through
the heating coil.

The sanple holder (figure 3.3) consists of a U-shuped
copper blook B. The oell in which the sample s to be filled
is kept in the central part of the copper block and is held 4in
position by a reotangular coppor framme C fixed ﬁm“abnﬁ to B.
This assembly is covered by another copper dloak D which 1s
rmdtonmnﬁthmmwﬁrwmm. Atmrough
hole B (~ 2 mm in dismeter) present in the sample holder allows
& 1light bean to be incident on the smsple at an angle of 60°.
The dimensions of the sanple holdexr ave seleoted in such & way
that 1t fite exaotly into the rectangular frame of the oven.

Temperature measurement. The saxple holder contains &
hole A through which one junetion of a chrmb-dmd thmoomh
can bn ingerted close to the centre of the umplc; m other
junction of the thermocouple was kep$ in contact with melting
ice. The thermo e.m.f. of this calibrated thermocouple was
neasured uaing a multimeter (APLAB Model 1005). 4 sufficient
tine {about 30 minutes) was allowed before taking any measurement
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FIGURE 3.3

Exploded view of the sample holder used f Or measuring
the birefringence Of liquid cxystals by the oblique
incidence method.
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so that the temperature was well stabilised. The temperature
could be measured to an accuracy of about #0.25°C.

Sample preparation. (lase plates of the proper size
(18 x 18 x 1.4 mm) wers thoroughly cleaned. ZThey were cleaned
first with soap solution and were then kept in strong chromic
acoid for about 20 minutes. PFinally, they were rinsed thoroughly
with distilled water and dried. The surface quality was tested
by ensuring that a thin £{lm of water sticks to the glass
surfaces uniformly. Zo got a good aligment of the liquid
exyntal, cleanliness of glass surfaces is absolutely essential.

To get o homeotroploally aligned liquid oxystal sample,
the glass plates were treated with guitable surfactants. The
cleaned glass plates were dipped in a dilute solution of cetyl
trimethy) ammonium bromide (CTAB) in chloroform (~ 10 mg in 2 m))
and were dried. The glass plaf:u were then rubbed oiroularly
using filter paper so that a thin uwaniform layexr of CTAB is

formed on the plates.

The glasas plates were placed one over the other in the
groove cut in the saumple holder with two sirips of mylar spacers
in between. : They were held tightly by the coppex frame C
(Figure 3.3) which was fixed by means of four sorews to B. fThe
uniformity of the thickness of the air film between the f{lass
plates was ascertained by observing interference fxinges in a
1ight beam reflected from t he cell. The screws were tightened



in suoch a way that straight fringes as few in number as
possible were seen in the field of view.

Thickness measurement. The thickness of the air film
betwaen the two glass plates was measured using channeled
spectrum. (Pigure 3.4). Wite light from a source 0 is rendered
parallel by & lens 1’;’ and is sllowed to fsll normally on the
alr £ilm between the glans plates. The light reflected from
the air film u allowed to converge on the slit S, of a conatant
deviation spectroscope (Mam and Hilger Ltd.). In the ﬁ.cld of
view of the spectroscope alternate dright and dark Mnaea are

seen due to interference of light reflected from the two
surfaces forming the air film. The thickness of the air film

vas salculated using the expresaion

o —lmm m 5.7

Yo © 20nen = w)

where Am is the uanlonsth emeeponding to any daxk m.nac
(say, m ) snd 3\ thnt omoapondma to the (mm)th Lfringe.

The sample was xa.naa in the ocell in the nematic phase
by capillary action. The sample holder was placed inside the
ovan in such a way that the longexr edges of the glass piateu
‘are horigzontal and the shorter sdges are vertical. |

Optical set up. A horinmtal bean of light from &
helium-neon laser { = 6323 1) is passed through a polariser B
{see figure 3%.5) and is then incident on the sample C at an




¥FIGURE 3.4
, . Arrangement to measure the thickness of the
’,’ saumple by forfiimg t he channelled spectrum.
J
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PIGURE 35

Schematic diagram of the optical set up used | N measuring
the birefringence by the oblique incidence method.



ubuqac angle thrcm the hole present in the sample holder.
\It then passes through a quaztw wave plate D and an analyser R
and is finally received by a ‘photodetector ¥ (nm Model 450).
The signal in the photodetector was measured using & mioro-
voltneter (Keithley Model 155).

Initially, D is tzken onﬁ of the path of the 1ight dean
and with the sample in the nematio yhuc ‘lha pom;laar and the
analysexr were rotated to got ntm m.:w.tx. ‘Fhen the axis
of the pe}.ariacr will de paranel to one of the ar:tm;ura
principal axes ‘of the sample. The quarter wave plate D was
introduced between the smpl# and thé' walym and was rotated
to restore the minimum intensity. Shen the principal axes of
the quarter wave plate would also be in the vertical and
horizontal direotions. %he polariser and the 4 plate ‘were
rotated by 45° each in the mc MMM. This ensures that
the elwotric vector of the usht sntering thc cm is at an
angle of 45° to the effective principel axes of the sample and
the priucipal axes of the quarter wave plate are at 45° to
thoze of the sample. J

when light passes through 1 eas of the birefringent
1iquid erystal whose principal axes are at 45° to the electric
vector of t he 1ight beam, the emergent beam consists of two
souponents Of equal amplitudes, one component being phase
shitted by 25 £ (see equation 3.5) with respect to the other.

When these hm orthogonal components pass through a quarter



wave plate arranged as deacribed earlier, they are oanvgrtad
into two ciremlarly polarised beams of opposite sense. Super-
position of these yields a linearly polarised light beam with
its vidbration rotated by \ﬁ- & with respect to the direction
of vibration of the light beam incident on the liquid crystal.

In the present set up, however, light is incident on
thQ sample nt" & fairly large oblique angle. The reflection
ooefﬁnimi ox g£lass for parallel and perpendicularly polarised
1ight are unequal. Therefore, the amplitudes of the .iwo
components ¢f the light beamw 1n¢;iéent On the sample would not
de exactly equal. Hence, in each trial, 1% was necessary to
readjust the orientation of Me polariser to get t he best
oxrosaing.

m ‘making thana initial gdjuaﬁnenta the sauple was
taken to the isotropic phase and the analyser was adjusted to
get the minimum intensity. Then the sample was cocled to the
mgt&e pha‘n‘ md when the ,taﬁper,awra attained a sieady value,
the analyser was again iotatd& to get minimum intensity. It
6 is the angle of rotation of the analyser in radians

2a = @
1.0.,

.‘;‘: [% {gﬁ ~ min® ai)’zl— (ng - ein® 491)-%] - @ (3.8)

The cbaervations wers taken at different temperatures in the



nematic, smectic A and the re-entrant nematic phases.

~ Determination of n,. As already mentioned, n, was
measured by the prism method. A hollow glass prism was
construoted using two glass plates treated with OTAB. The
1iquid orystal was mounted at the edge of the prism. The
refractive index n, was determined by the normal incidence
method using A precision goniometer spectrometer. The detalls
of the experimental met wp and t he procedure adopted will de
given in .chapt_q;‘x Ve o - ‘

Measurement of density. Using the refractive index
data one gan caloulate the demsity of a smmple from the
relation o |

]

A
‘ nc - 1 S .
P B, é - (sse squatien 1.9)  (3.9)

B

+ 2

%o find the value of &, {4 is necessary to measure the
density of the mxaie at a kuown tmn&tnri." The density of
11 OPMEB and 12 CPMBR were measured Dy the capillary tuba
method. A small length { ~ 2 ems) of the smuple was drawn
into the middle ef the capillary in a tube of length ~ 10 oms.

This was kept inside an oven.

The oven conaista of a thick walled copper tube having
a reotangular slot of about 2 mm width sut along the length
of the tube. A nichrome { ape wound suitadbly on this tudbe sexrves
as the heating coil. The tube is surrounded Dby an aluminfum
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model of the molecule. {(The angle was ~ 12° for 11 OPMBB
\ana 12 CPMBB and was ~/18° for 10 GMGPC.) In 11 CPMEB,

12 OPMBB oS well as 10 OMOPC, the long axis of the molecule
was assumed to be the line joining the centres of the two
extreme phenyl rings of the molecule. An effective value of
g for the mixture was caloulated using the formula ¢ = PPy *
pzﬂz where p, and p, are the mole fractions of the components
1 and 2 of the mixture and f; and g, are the corresponding

angles.

' Using homeotropically aligned samples and unpoldrised
radiation the absorption strength of the ~CN band was studied
as a function of temperature. 4 typiocal set of mbsorption
peaks ebtained | n the isotropic, mematic, mmectio A and
re-entrant nenatic phases are shown in figure 3.6. At each
tenperature three runs of the speotrum were taken and the
sverage wvalue Of the dichroic ratio was calculated. If£ I is
the intensity value corresponding to the absorption peak and
I_, that corresponding to the base line, the width of the
absorption band corresponding t o the intensity (110)72 was
taken as Aly,. This was measured using a travelling micro~
soope. A correction X fOr the finite spectral slit width was
applied following Ramsay's procedure (Ramsay 1952). Then the
integrated absorption of the band :L/a equal to K.1In(X,/I) AVy,.

The dichroic ratio R is the ratio of the integrated
absorption | N the liquid orystalline phase to that in the
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FIGURE 3.6

Trace Of the IR absorption peaks of the ~CN stretching mode in 11 CPMBB i N

different phases.

The wavelengths are given | N microns.
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isotropic phase. Knowing this the adbsolute value of s oan
be caloulated using equation (3.2). |

In the case of 12 CPMBB, the thermal range of appearance
of the re-entrant phase is small and hence the compound had to
be cooled at A comparatively fast rate. The aligment 37 the
sample near the emectic - re-entrant nematic transition point
in this case was not as good as that in the other two cases.

whe\ values of » plotted against tempsrature are shown in
figure 3.7. The estimated error in the value of ® is about +5%.

As the saunple is c¢ooled from t he isotrgpic phase the
rate of increase of order parametex i1s fairly large close to
the nematic-isotropic (NI) transition point. But with further
lowering of temperature, the rate decreases. No abrupt or
discontinuous change of & is noticed elther at the sacctic A ~
re-entrant nematic (Mr) txanéftion téupaxamté“ or at the
smectic A -~ re-entrant nematioc (Axr) transi tion temperature.
Within the limits of acocuracy of observations the changes

appear to be smooth and contimous.

Birefringence measurement

We have determined {he ordinary and extraordinary
refractive indices of the two pure sompounds ¢1 UPME3 and 12 CPMBB
and a mixture of 8 OCB and 10 OMCPC (molar ratio 45 : 55). The

measurements were taken in the uematic, smectic A and re-entrant
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Variation Of order parameter with temperature as measured by
t he IR dichroism method. (I) 11'CPMBB, (II) 12 CPMBB, and
(III) mixture of 11 CPMBB and 10 OMCPC (molar ratio 45 s 55).
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phases as the sample was being cooled from the isotropic phase.

| These values are plotted against temperature in diagrams
3.8, 3.9 and 3.10 for 11 OPMBB, 12 CPMBB and the mixture respecti-
vely. The corresponding values are tabulated in tables 3.2, 3.3
and 3.4. Measurements were carried out on two independent
samples and the values obtained in the two cases are in good
agreement with each other within the limits of experimental
error. The error was estimated to he about +1% This error

arises mainly due t o0 the uncertainty i n the measurement of
thickness of the sample.

The order parameters were ealculated fram the birefrin-
gence dat a using tha formula (see eguation 1.3)

- 2 2
& n" - n

8 = L L (3.10)
sa o2 g

To f£ind the value of 8 using this relation we should
know the value of & /Ax. One can determine the value of
A« AL the refractive indices and the ntrucﬁrc _o;f the cryatal
are known. As these were not known, we could not vldetamzna A&
directly. |

In the case of 11 CFMBB and 12 CPMBB, the values of
« /Arx were determined by normalising the value Of
(ni'- !1'2)/'(;;‘75 - 1) with the values of B obtained from t he
IR absorption measurements ai the lowest temperature in the
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Refractive indices of the mixture 0f 80CB and 10 OMCPO
(molar r atio 45:55) as functions of relative temperature.
Filled and open circles represent measurements made ON
two indpendent samples.



smeotic phase. In the case Of the mixture, Aa and & wan
caloulated using the additive |aw o f polarisabilities (Chandrasekhar
and Madhusudena, 1969). If Aw, isthe polarisability aniso-

tropy of the component of mixture with mole fraction p, and

Aaz that for the othexr cmpunant with mole fraction 20

Ag = p, Axy 4 pa Aﬂa “ A similar formula holds good

for @ of the mixture. The values of & and Az for the

pure compounds 8 0GB end 10 OMCPC were taken from the data

of Karat (1977). The polarisability data are given in

table 3.5.

ﬁhc values of Mmtaﬁml order paraneters for
11 m. 12 CPKBB m the nu.xtau‘a are plotted as functions of
t&pc;mw' in figure 3.1% and the values are given in tables
3.2, 3.5 and 3.4, |

Even with the fmproved asouracy obtained here we have
not observed any d&ncohtmou change in t he value of & at the
AX or Al!r transition points in 11 OPMBB and the mixture. This
result is Iin agreement with the magnetic susceptibility measure-
ments in some other pure compounds exhidbiting re-entrant
nematic phnip .ropartgd by Bardouin et al (1979). However,
in 12 CPMBB we have 9b§mnd a eu.ght increase in the Muc of
s In thc smectic A 91:'“ olose to the AN, transitxon pom and
mhuqmmt decrease in thn re-entrant nematio phase. Alao
there sppears to be a mgn change in the slope of the curve
at the AN transition point.
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Order parameters (calculated using birefringence (dtd).
(x) 11 cpmBB, (11) 12 OPMBB, and (III) mixture of 8 OCB and
10 oMCPC.



The heats of transition asscciated with AN and Alr,
transitions of 12 CPMBB are much higher than the coxresponding
valuea of 11 OPMBB (see table 2.2). At the AR, transition
point of 12 OPMBB considerable scattering of light was observed
due to the weak first order nature of the transition (see
chapter IV). Though the heat of AN tranaition is higher than
that of mx transition, not much scattering of light was
ohserved o the AN transition | N the cooling oycle. This ias
due t 0 the fact that at the AN transition peint the transition
| S taking place from the nematic phase to the ameotic phase
where the thermal fluctuations responsible for the scattering
of 1ight are consideradbly reduced. Also colose to the mx
transition point there is alight deterioration in the align~

ment of the sample. This may be responsible for the observed
trend in the variation of s in the re-entrant nematic phase

of 12 OPMEB.

Density. The density of 11 CFMEB as measured by the
capillary tube method was 1.077 gn/ecc at 127°C and that of
12 CPMBB was 1.086 gm/co at 113°C. Substituting these values
in equation (1.9) the polarisability / was caloulated i N each
case. F¥or the mixture the values of & was caloulated using
the additive law. If &, is the polarisability of the component
having the mole fraction p, and Ez that of the other component
having mole traction Py

@ = @, p,+ <, 1 (3. 11)



Substituting the value of &, in equation (1.9), one
can oaloulate the temperature variation of density.

"~ The wvalues of dansity plotted against relative tempe-~
rature for the samples under study are shown in figure 3.12.
The values are given in tables 3.2, 3.3 and 3.4. The n_
values are acourate to only about +1% Correspondingly the
exror in the values of density is sbout +2% Hence we cannot
oome to any definite conclusions about the temperature wvariation
of density in these syatems.
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FIGURE 2, 12

Densities Of 11 CPMBB, 12 CPMBB and the mixture of

8 0CB and 10 OMCPC (molar ratio 45:55) as functions o f
relative temperature. FOr 12 CPMBB and the mixture the
scale Of demsity is given on the left side and for

11 CPMBB, this is given On the right side. The open
and filled symbols represent measurements made On inde-
pendent samples.
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1 PABLE 3.1

Transition temperatures (°c)

Taotropic~  Nematic- dmectic A- Reentrant

©nematio smectic A reentrant nematic -
o : nematic crystal

11 cpuBB 1525  127.0 78.0 ~165.0

12 OPMBB - 1485  138.0  59.8 - ~56.0
. Mixture of  109.5 85.5 52.8 ~33.0.

11 CPMBB and ’ :

10 OMCPC.

(molar ratie

45 3 55) L | .

Mixture of 8 OCB  713-2 52.0 32,0 ~ 25.05

and 10 OMCPC

(molar ratie
45 3 55)




Refractive indices, order parameters and densities of 11 CPMBB

TABLE 3.2

k.

(Note: Refraotive index values correspond to » = 6328 1)

Py - % n, n, 8 fem/ec
¥r Ol
2. 1.491 1.578 0.385 1.054
700 ! 10489 10600 0.483 ‘ ’0065
14.5 1.487 1.616 0.563 1.072.
23.0 1.486 1.625 0.605 1.076
25.0 1.486 1.626 0.612 . 1.077
26.0 1.486 1.627 0.616 1.078.
27.0 1.485 1.627 0.621 . 1.07T
28.5 1.485 1.629 - . 0.628 1.078.
34.5 1.485 1.63%6 0.65% 1.082
44.5 1.485 1.642 0.682 1.086
50.0 1.484 1.644 0.693 1.086
73.0 1.480 1.648 0.731 1.084
74.0 1.479 1.647 0.732 . 1.082
76.0 1.479 1.648 0.733% . 1.082.
78.0 10478 1.648 0‘738 ! 10081 )
80.0 1.478 1.648 0.T741 1.082
83.5 1.478 1.651 0. 750 1.08%
87.5 1.478 1.652 0.758 1.084
2.0 1.492 1.586 0.375 - 1.060
2.75 1.492 1.596 0.442 1.066
4.75 1.490 1.600 0.464 1.066
10.25 1.488 1.606 0. 499 1.067
17.75 1.487 1.625 0.578 1.077
22,75 1.486 1.628 0.597 1,078
24.75 1. 486 1.630 0.604 1.079
25.75 1. 486 1.631 0.609 1.080
26.75 1.486 1.632 0.614 1.081
29,75 1.485 1.636 0.630 1.082
32.75 1.485 1.640 0.649 1.084
41.75 1.485 1. 647 0.673 1.087
48.25 10484 10648 00885 1.088
53.25 1.484 1.651 0.695 1.088
70.75 1.480 1.654 0.724 1. 087
73.75 1.480 1.655 0. 731 1.086
T5.75 1.479 1.655 0.735 1.087
76.75 1.479 1.656 0.738 1.087
78.75 1.478 1.656 0.744 1.086
80,75 1.478 1.658 0.752 1.088
85.75 1.478 1.662 0.768 1.090
88.25 1.478 1.664 0.775 1.091
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TABLE 3.3

Refractive indices, order parameters and densities of 12_CPMBB
[Note: Refractive index values correspond to )= 6328 4]

INI' 3 EW g 8 ¢ em/oc
Frial No.1
0.5 1.500 1.578 0.358 1.064
1b° ' 1.498 . 10583 00391 1.065
2.0 1.497 "~ 1.589 0.421 1.067
. 335" ;10494 ’ 10593 0-453 j0066
600 ) 10492 _10602 ) 00503 10069
8.5 1.491 1.608 0.537 1,072
1909 1t491' ' 11613 : 0o558~ 1.0?5
11.0 1.491 1.615 0.567. 1.076
12.0 '1"91 10621 00590- 1.079
16:0 y "10490-3 10629 00632« 10083
21&0 f 10490’f 10635 , 00646' 10085
3205 e 10488s' 1‘638 . 0.679: 1.086
4’v5' 1.488; ' ’0641 o 0-692' 1.@88
59.0 1.487 1.645 0.712 1.089
70025’ 1&486 . 10648~; ‘ 00730 1-090
90.5 - 1.485 1.653 . 0.756 1.092
9105‘“ ‘0*35 " 10656v 00?7Q 10094
92.5 a '1:484‘ o 10656 00771 10093
93.5 1.484 : 1‘656 0-?74 1-092
95.25 1.484 1.655 0.774 1.092
2.00 - 1.497 1.586 . 0.393 1.065
3.00 1.495 . 1.59 0.421 1.066
~ %.80 1.493 1,599 0.467 1.068
‘7-0 . . 10481 1.604- ' 00500 10069
1005 ._1t‘91 . 10613 00540 _ ‘QG??
11:8‘ 10491f . 1§6194 00561 1-079
13.25 - 1.491. . 1.623 0.580 1.081
18,9 1.489 1.633 0.628 1.084
30&9' 1*4885 1-64°v 03664 10088
40‘0 104asn . 1.6‘9: 0.685 1-691
47&0 : ’0487' : 1'648 0.699' 1.ﬂ91
62»0‘: 1;487 . 10653, 05719 ’s094
71.0' 1.486 1.654 ‘ 00731: 10094
8705  1:485 10657. 00748 1.095
9100‘ : ’-435 1.658 00753 1.095
92.0 1.485 1.659 0.756 1.09%
93.0 1.484 1659 0.761 1.093

84.5 1,484 1.656 0.747 1.093
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TABLE 3.4

Refractive indices, order parameters and densities Sf a

wixture of 8 OUB rand 10 OMCPC
[Note: refractive index values correspond to = 6328 AJ

Ty~ * W N 8 Pan/ec
Trial 0.50 - 1.506 1.595 0.292 1.039
No.1 1.25 1.502 1.604 - 0.332 1.040

2.75 1.500 - 1.620 - 0.392 1.046
4.75 ,10499 1.625 ' 00411 '10049
7.25 1.498 1.636 " Qe446 1.053

11.75 ‘10498 10657 ' Qn510 ;0065

16.75 1.497 1.661 - 0.525 3.067

20:25 1049? ‘10669 ,00548 '1-07‘

21075 : 16497 ‘ 10671 ‘ 3-555 100?2

22075 10496 1%672 Q;565 1-&72

24.25 1.49% 1675  0.5M 1.074

28.25% _ 1.496 1.680 o 6—587 "0079

32.T5 1.495 ~ 1.686 0.607 1.083

39,25 1.495 1.69% 0.626 1.08%

40.25 1.494 1.693 - 0.628 1.083

‘1.25 1:494 : 1Q693 "g1631 1.082

43.25 1.494 1.695 0.637 1.084

45.25 1.494 1.697 - 0.642 1.085

Trial Ko.2 , _ , ‘
0.50 1.506 1,595 '00293 1,039
1,00 1.503 ' 1.603 0.326 1.040
2.75 1.500  1.620 '0.389 1.046

;7025 ,0498 ’4639 "94455 1-055

11.75 1.498 1.653 0.439 1.063

16.75 1.497 1.662 0.528 . 1.067

20.25 1.497 1.669 0.550 1.072

21.75 1. 497 1.671 0.556 1072

22,75 , 1.496 1.672 0.561 1.072

23.75 1.496 1.673 0.566 1.072

24.75 1.496 1.675 0.572 - 1.074

28.25 1.496 1.680 0.585 1.076

Z2.75 1.495 1.683 0.598 1.07?

38.00 1. 495 1.689 0.612 1.079

39.75 1.495 1.690 0.618 1.019

40.75 1.494 1.689 0.620 1.080

42.25 1.494 1.690 0.623 1.080

44.25 1.494 1.692 0.627 1.082

47.00 1.494 1.695 0.637 1.083
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TABLE 3.5

3, and E/Aa for 11 CPMBB, 12 CPMBB and a mixture
of 8 OCB and 10 OMCPC

Sample < x 1_02,’ on’ &/ N
11 CPMBB 58.45 1.862
12 CPMBB 60.07 1. 950

(8 0CB + 10 OMCPQ)

43,93 1.436
mixture
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