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CHAPTER VI

MAGHNETIC AND ELECTRIC BIREFRINGENROE IN THE ISOTROPIC
PHASE OF NEMATIC LIWID ORYSTALS

The firat magnetic direfringence measurenents
in the isotropic phase of nematics were pexrformed Dy
Mowxm' on PAA. &he showed that in the nelghbour-
hood of T.; the aagnetic birefringence can be as much
az 100 times greator than in ordinaxry organic liquids
like nitrodenzene. This 18 a direot evidence of the
persistence of the nematic~like shoxrt range order fa
the isotropio phase even after the vanishing of the
long range order at TRy* Poex? in 1933 observed
that the magnetic birefringence in the isotropic phase
exhibits o (T - ™)' gependence and this behaviour
is closely analogous to that of a Lferromagiet adove
the Curie temperature. Similar anomalies are cbserved
I N the eleotric birefringence also. Thess short range

order effeots in the isotropic phase can be descridbed
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in texrms of a phenomenological model proposed by
de Gennes,” based on the Landau theory? of phase

transitions,

Landau~de Gennes model

Considexr an sxpansion of the excess free energy
of any ordered system in powers of a scalar order

parameter s in the following forms

P = %‘.2 - %BGB + %&‘ + oue (5.1)

The term of ordex a’ is not precluded by symmetry
8ince 8 and «p represent two entirely daAifferent
physical arrangements of the molecules. VWhen B> 0,
(6.1) leads to a first order phase transition. But
when B » 0 the transition is of second order and A my

be taken as

A = a(r-1%,

where T 19 the transition temperature. Even when the

nematio-isotropic transition is firat ordér, we may
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retain the same form of A(T) with T™ now representing

a hypothetical second ordex transition point slightly
below Ty;.  The form af A(T) is determined* by tne
fact that A vanishes at the transition point, being
positive on ome side of { he transition and negative

on the other. In the disordered phause s = 0 carresponds
t0 & minimum of ¥ only if A > 0, while in the ordered

phase s # O corresponds to & minimum only if A < O.

Bath » and 3®/os vanish at the transition point
'xm. Heglaoting the higher order terms, the first
condition can be written as

F = -%Ma-w-%nn’«r-}cs"yﬁ.

Elinination of 8% leads us to & quadratic equation in

8 the solutions of which are given by

1 1n2

b o/ 32 - o
L)
3

g8 = . (6.2)
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The roota of @& are real only if
2

from wvhich we get, at the transition,

Tx= T = ﬁ%

8, = % . (6.3)

The value of B is snall since the nematio~isotropio
transition is weakly first order and therefors (T, - %*)

may be expeoted to be a very small gquantity.

i. Hagnetic birefringence

In the presence of an external magnetio field H,

there ies an additional texm in the free enecrgy expression
(6.1). This term is the average oriemtational potential

onergy due t0 the external field.

? = Ja(r -1 o, ox B (6.4)
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whexre N A is the Avogadro number and AX 1s the
anisotropy of diamagnetic susceptibility for perfectly
parallel aligmment (2 = 1), Here W have neglected
the higher powers of 8 since the magnetically induced
order (SH) is extremely weak (~ *0"5). The condition

Or/ds = 0 leads to the result
sy = ¥, X Ba(z - . (6.5)

Thus the magnetic birefringence which is proportional
to Sq ia given by
pny -
a(? - ™)
G, can be deteminod® by aseuming a Lorene-Larents

type of relationship for the refraotive index n. Then

2uN2 AX A0 BE(a® + 2)°

= ’ 6.6
Ty 27vn a(? - ™) (6.6)

where An 4is the anipotropy of optical polarisability
of the moleoule and V the molar volume. Thun Anﬂ



varies a8 (T - &’)"'t witich is 4in acoord with
7

uxperimt.z" Substituting An = 25,9 x 10™24 cmz’,
AXw 104,2 x 10"’a a’sm He 33,90 Gauan’ foxr PAA,

the experimental data of Zadoo-Kahn'

Yor Ay yield
am 27,44 mlo"‘ x_"‘ and *81 - x9 {(see figure

6.1).

i1i. Elecotric Birefringence

When Tsvetkov and Rywntsev'® measured the
electric birefringence of PAA a most striking result
wag observed. The Xerr constant of PAA showed a
reversal of aign at about (I, + 5)K (see figure 6.1).
It was shown by Madhusudana and chanamaakharg that
this is consistent with the phenomenological model
when proper allowancs is made foxr the contridutions of
the polarizability and permanent dipole moment to the

Ixree cnorgys

In the presence of an glcotric field E the

orientational energy hae contridutions from (a) the

128
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Pigure 6,1

The electric birefringence (0) (after Tsvetkov
and Ryumtsev ) and tho reciprocal oOf the magnet i ¢
birefringence () (after Zadoe-Kahn') in the
isotropic phase of PAA versus temperature. The
lines represent the theoretical variations as
calculated by Madhusudana and Chandrasekhax”,
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anisotropy of low freguency polarizadbility A« and
(b) the net permanent dipole moment pu. The average
orientational energy of the molecule due to the

induced dipole moment is
~Au

and that 4due to the permansnt dipole noment is

EXRX
)

(30082 p=1e

All the symbols have already been explained in

chapter IX.
The free energy expansion takes the form

F = da(r - 7™)? - -;-EAmzsa[ Aq = (m2/2kT) (1 - 3008° p)le

(6.7)
from which we get the induced order parameter 8, as

X, Mm% Aq - (W2/2kT)(1 ~ 30082 )]

A" (6.8)
%a(? - ™) )

‘E’
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Figure 6.1

The electric g}irefringence (0) (aftexr Tsvetkov
and Ryumtsev ) and the reciprocal Of 1the magnetic
birefringence (®) (after 2Zadoe-Kahn') in the
isotropic phase of PAA versus temperature. The
lines represent the theoretical variations gs
calculated by Madhusudana and Chandrasekhax .
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The electrie direfringence which is proportional to
8y 1s given by

282 An (n%42) 22 e[ am (12 207) (1-3000% 5)]

A - ——
ke 27avA(? - ™)

(6.9)

The values of p and § for PAA are estimated to
be 2.2 dedbyes and 62.5° respectively from Kerr conotant
noasurements in dilute solutions and dieleotric measure-
ments in the isotropio phase. Taking € » 5,65 at
Tyr + K'Y Aa = 23 x 107 @3, B« 12k7/cm along
with the values of 'a' ard T . - T" derived from the
magnetic direfringence nmeasurements, Madhusudana and
Chandrasekhar calculated the variation of An, with
tomperature (see figure 6.1). Even though the
theoretical curve very well demonstrates the roveraal
of sign of Algs the texperature at which it cocurs s
higher (rax + %). This discrepancy is mainly due to

the sensitiveness of the egation to the value of .
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Since there is a competition detween the polariza-
bllity and the permanent dipole moment contridutions
even a mall errox in p will cause an appreciable

shift i n the temperature at which An, 18 gsero.

Aocording %0 (6.9), for small values of §
the value of Ang is positive at all tewperatures.
Then the texperature variation of An. must be
essentially similar to that of Ay Emell values
of § are realised in molecules having a large parallel
component of the dipole moment. then the nematio
liquid orystal is composed of such strongly polar
molecules, energy oconciderations demand that the
neighbouring moleoules assume an antiparallel orienta-
tion, Madhusudana and Chandrasekhar'® have applied
their theory of antipsrallel short range order to the
isotrople phase of a nematic in which a weak long range
order {~ 10"4 or less) baa been induced by an extermal

(eleotric or magnetic) field. This model predicts that



both An, and Anm, should vary as (T - ™)1, we
studied two strongly positive nematio liquid oryctals
and showed experimentally for the first time that
both Amyy and An, exhibit a (T - @')“1 dependence
with tho same value Of 2', confirming the theoretical

predictiona.

Experimental

[ 9 3&21‘
Ve undertook the measuroment of A”M and A"E
of two strongly positive compounds, vig., 4'-n-hexyl

4-oyanobiphenyl (6C8) and trans-p-n-ootyloxy a-methyl
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p'~cyanophenyl cinnamate (8 OMCPC). The large diclectrio

anisotropy observed in them (see chapters III and 1IV)

is dus to the presence of C= N along the long moleoular

axis., Both the samples \ArS synthesiged | N our

chemistry laboratory. The noumatio-isotrople transi-

tion temperature of 6CB was 2Y.1 °C and that of 8 OMCPC

was 71.7 *C.



bh. Method of measuremeng

The experimental set up used for the
birefringence measurencnts ia shown schematiocally
in figure 6.2. A niocol prism was used to polarize
$h@1ight from s He-He laser (Speotra Physics, Model
132) at an angle of 45* to the fle¢ld (elsotric or
magnetio) direction. The phase retardation intivduced
in the sample was measured as a rotation of the plane
of polarisation using a quarter-wave plate whoss
principal axes were inslined at an angle of 45° to
the field direction. The \/4 plate for \= 6328 4
was cleaved from micea. The rotation was measured by
meane of a graduated analyser (Winkel~Zeiss) reading
to an acocuragy of 0.02%. VWhen light passes through

L om of the sample the induved birefringence

AR

AR m oww |,
xL

where R 18 the rotation measured in radians. The

position of the minimum intensity wus located using a
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Figure 6.2

Oscilloscope

Schematic diagram showing t he experimental
set up used for the electric and magnetic

birefringence measurements.
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photomultiplier tube (FPhilips P¥W 4111) in conjunction
with a lock-in-amplifier (Unipan-Seloctive Nanovolt~
motor 4type 227, Homodyne Reotifier Voltmeter type
202B). Xor measuring Ay the inocident light was
modulated using a chopper; an eleotronic chopper
{(American Time Products type THC-LS0) at 400 liz was
used i N the case of 60B and a variable speed chopper
(Princeton Applied Research Model 192) at 500 Hz was
used for 8 OMOPC. A 15 om electromagnet (BDS Bangalore)
was used at 40 mm pole meparation. [N Ang, measure-
nents the AC eleotric field itself served as the modu=-
lation. A sine-wave generator (Orion-100640, Hungary)
with a mwatohed step-up transformer gave a maximum of

1 XV at 500 Hz. Since the induced birefringence is
proportional to the sgquare of the applied field,
detection had $o be dons at 1 kiHs. The electrical
conduotivities of the sauples were very low (~ 10710

oha~! ou~') and therefore the problems of electro-

hydrodynamic disturbance or heating of the sample did



not arise. The voltage appliod was measured by an
electronic multimeter (Fhilips PM 2400). The electrode
separation was aocurately measured on a comparator.

The magnetio field was measured using o Lluxpeter

(Bell, USA). Ang was neasured at fields of 1.56, 2.34
and 3,125 kV/om for 6GB and 2.98 and 3.92 kV/on for

8 OMCPG. In the case of An, measuremenis the
strengths of the magnetio field used were 5600 and

6900 Gauss for 60B and 5600 and 6520 CGauss for 8 OMCPO.

c. Eleotrie birefringence cell

The cell used for An, neasurements of 6CB
and 8 OMCPC 1s shown Bohematically in figure 6.3. It
consisted of an optical cell of rectangular eross—
seotion into which non-magnetic stainless steol electrodes
vaore inserted with teflon spacers. 7The electrode assembly
was held rigidly in position by two binding sorcws.
The slectrode separation was 0.32 OmM for 6C5 and

0.255 om fOr 8 OMCPC. The length Of the electrodes,



Figure 6.3

Schematic diagram of the, cell used fOr electric
birefringence measurements., 1. Optical cell

2. Non-magnatic stainless-steel electrodes

3. Teflon spacers 4. Glass windows in t he
heater 5. Chromel—-alumel thermocouple

6. Teflon washex 7. Spring mounted stude

8. Nozzle 9. Binding screws.
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which was the effective optical path length,was 1 om.
The height of the eleotrodes was also 1 o2 20 that
the light beam of O.5 mm oroces-section can be assumed

to be pasaing through a uniform electrie field.

The glass cell was enclossd in an electrically
heatsd coppexr ochambex provided with optiocally flat

strain-froe glass windows (sce figure 6.3). The tempe.

rature of the cell could be controlled to better than
0.05 »C. A chromel-alumel thermocouple, whose hot
Junction was positioned just above the top edge of the
electrodes, was used to meosure the sanple temperature
to an accuracy of 0,025 °C. The cell was oompletely
isolated from the outeide atmosphere once the 1id with
the teflon washer was sorewed in. The stainless steel
spring mounted studs in the 1lid made contact with the
eleotrodes thxough the binding screws. The other emi
of the studs projected out of the top of the 1id so
that high voltage oould be applied between them. The

studs were insulated from the 1lid by teflon sleeves,
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The nosele provided in the 114 served to evacuate
the chamber and £111 it with dry nitrogen. A4ll the
measursnents were done with the sample in an atmosphere

of nitrogen to prevent oxidation of the sample.

d. Magnetic birefringence cells

In order to measure Anﬂ to the same accuracy
a8 AnB it was necessary to inorease the pathlength of
the magnetic birefringence cell. (For example, in the
case of 60B, the rotations induced by the highest
electrioc and magnetic fields used were 9,58 and O.44
degrees/om respectively at the same Semperature.) 1In
the cage of 608 the aam;'sle avallable was very little
(~ 200 mg) and therefore a very narrow cell had to be
designed. It oonsisted of a narrow teflon tube (figure
6.40), of length 1U.23 on and fnternal diameter 1.5 mm,
with a tight fitting copper Jacket., The windows of the
cell oconsisted of two opticelly flat strain free glaas

plates. Eaoch window was msecursd to the cell by & copper
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&ﬂgg 6.%: Schemptic dia of the magnetic birefringence
cellz used {Or (ag 6CB angm(agg 8 OMCPC. @,?? faflon tube

2. Coppea Jacket 3. Glass plates 4 Coppexr nuds 5. Teflon
washere 6. 8tainless-steel tubs 7. Glass windows 8. Heater
9. Themocouples 10, Nozgles.
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nut and a leak proof seal was achieved dy using

the the
teflon washers between ,glass plate and énni. To

L
begin with only one window was looked gnd the sample
£1lled through the other end uning @ long and thin
hypodemic needle and syringes, Once the tube was
filled the other window was tightly seoured taking

care that no air bubble is introduced in the process.

8 OMCPO, being a s0lid at room tesaperature,
could not be filled incide the teflon tube without
alir bubbles. Therefore a different type of cell had
to be used fa thi S compound. This cell (figure 6.4%)
consfated of a 6.5 om long non-magnstic stainless
steel tudbe of internal dlameter S mm. A 5 mm wide
slot made along the length of the tuba helped in
filling the oample in the cell. A guide was fixed
in the heater so that the cell is always positioned
with the slot af the top. Two optically flat strain
free glass plates were fixed to the tw ends of the

tube using an epoxy (Epo-Tek H77) which could stand
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temperatures up to 150 °C and which 414 not reaot

with the sample.

The outer dimensions of the two magnetic
birefringence oaulls were the same o that a coummon
heater could be used for both of them. 7The heater was
made of a xmmg copper tube (30 em long) of large thermal
mass over whioh nichrome wire was wound. The winding
was insulated from the body of the heater by a sheet of
aica. The cell was positioned at the centre of the
heater using copper dbuffers. The heater was sealed
by glass windows. The temperature of the sample could
be accuratsly controlled by fine wvariations Of the
current through the nichrome wire. Three chromel~-
alumel thermocouples fixed in the heater were wused to
neasure the temperature of the sample at different
points and theredy snsured that there was m thermal
gradient in the sample. Two nozzles were provided to
flush the heater chambexr with nitrogen before heating

the sample.
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All the cells were calidrated by measuring the
Kerr oconstant and the Cotton-Houton constant of freshly
d1st11led nitrobenzenc. The agrecment between the
measured and standard values of the conatants was better

than 2% which is therefore rockonsd to be the absolute

aocuragy «

Results and Disoussion

Acoording to equations (6.6) and (6.9) the
birefringence ( An, or Ang) varies as the square of
the field (magnetic or eleotric). Since the measured
angle of rotation (R) is proportional to birefringence,
we have plotted in figures 6.5 and 6.6 R versus H? and
R versus 22 pespectively for 6(B at different tempe=
ratures. All of them are straight lines passing through

the origin.

In figure 6.7 we have plotted both Any and

Ay U funotions of temperature fOI 6CB measured at
the highest fields. Both exhibit very etrong anamolies.
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Ay was measured over a temperature range of about

25 *0. However Any oould be measured only up to

14 *C above T, since at this temperature the variation
of Amy bescame comparable to the accuracy of the inatru-
mnt. In doth Ang and z‘mH measurencnts, rotations

wrd measured at temperatures as close as CG.1 *C to Tyye

In figure 6.8 we have shown the variation of the
inverse of Am, with temperature for 60B for the two
field strengths. 7The 1eaa§ squares f£it to the data
points are straight lines which on extrapolation give
the hypothetical second order transition point I™ at 28°C.
The fact that (An”)"‘ versus T is a straight line

implics mdt the oritical exponent is unity,

The inverse of the eleotrio dbirefringence as a
funotion of temperature 1s shown in figure 6.5, The
variation is linear for all the threo field strengths
estadlishing the (T - T‘)"‘ aepammco of An, also.

On extrapolation all the lines meet at the sane I™
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Figure 6.8

(Anm)"'1 versus temperature for 6CB. H = 5600 (a) and
6900 (b) Gauss. (Tg; = 29.1 *C; =™ = 28 *C).
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(28,0 *0). VWs notice that both Any and Ann give
identical values of T™ and Ty = ™ (1.1 °0).

Exaotly similar results were cbtained for
8 OMCPC also. In figures 6,10 and 6,11 we have shown
the quadratio dependence of the rotation on magnetio
and electric fields, An, oould be measured only up
to 10 *0 above Ty, vhile AN, was measured over a
range of 20 *C. 7The variation of An, and Any with
temperature in shown in figure 6,12, The inverse
dependence of hmik Ann" and An, on temperature are
shown i N figures 6,13 and 6.14 with ° = 70.3 °C and
Ty ~ 2® « 1.4 *0.

1% has baen experimentally well esteblished?,6
that Aon exhibits a (T = 1"')""1 dependence, On the
other hand, A“z of the few ocompounds that had been
smamd“’""" 444 not help to draw any definite conclu—
sion on the nature of its temperature dependence. paat

showed a reversal in the sign of A”a o few degreesn
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above ’uz' The first measurements on p=-methoxy
bengylidens p'~butyl aniline was by m.upp.m..‘?'
Because of the low purity of the sample iRI was
changing continuously. As a result T" and hexnce

the exponent oould not dbe determined. However
15,16

aubuqnam moasurenents on purer aaﬁplas of MBBA
gave a (T - !.")"" dependence, Schadt and Helfrion 4
neasured the Xerr comstant in some nitrile compounds
with strong positive dielectric aniscotropy and
reported that the temperature depondence of An, 1s
expressible as (T = Ty.)"7 whore y ranged between
0.5-0.7, the difference (2, - T") being very small
(~ 0.2 *C). They also remarked that it would be of
interest to see if Ay of such compounds also exhibit
8 slower variation with temperature. However our
measurements on 6B and 8 OMCPO have established
unambiguously that both Am, and An. of strongly
positive materials yield y = 1., Pilippini and Pogel 17

bave subsequently measured An, and An, for 508 and

143
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7G8 also., From a log-log plot of Am, and Ang

vexrsus (T = ") the slope of which gives the exponent,
they obtain a value of 1 for y over a wide range of
teuperature. However they obtain a slower variation
for temperatures beyond mm + 20 °Cs We 41d not

£ind any such change of slope for 6CB | N the temperature
range {~ 22 *0) oovered by us. Thus it is8 now well
established that both Any and An, | N the isotropie
phase of a nematic obey the lLandau type of desoription

of the nematio-isotropic transition,
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CHAPTER VI

PRESSURE DEPENDERCE OF THE PITCH NEAR THE SMECTIC A=
CHOLESTERIC TRARSITION POINT

In most pure cholesterios the pitoh is a slowly
deorensing funotion of temperature. xoaum1 has
given a theory of the cholestorie twisct in anslogy
with the thermal expansion in crystals. Assuming
anharmonio angular oscillations of the molecules about
the helloal axis, the mean angle between successive

layers

@) = M/&'Iwg :

vhere A is the coefficient of the cudbic anharmonioity
torm, W, the angular frequency and I the moment of
inertia of the molecule. Sinoe the pitch is proportio-
nal to 1/(0) ome expects a slight'red shift' in the
wavelongth of maximum reflection® A\, with decrease

of tempsrature. However 1f the cholesteric phase is
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preceded by a smooctic A phase at lower temperature

the pitoh inoreases wvery rapidly as the sample is
cooled to the smectio A-cholesteric tramsition point.>
This 1o due to the growth of smectio like clusters
in the cholesteric phase. de mms‘ used a Landan
type of phenomenoclogiocal model to descride tho
eritical divergence of the twist elastic constant
(k,,) Bear a smectic A-nematic (or cholesteric)
transition point due to the build uwp of snectio=-like
shoxrt range order. Since tho cholesteric pitch P is

related to kéz,s we can express P in the form

-y
P wopy ¢ AMT-T) (1)

where P, is the intrinsic piteh | N the absence of the
smegotic~1ie correlations and T4 18 the apparent second
order smectic A-cholesterico transition point. Invoking
the analogy with superfluids de Gennes predicted the

value of the eritical exponent v~ as 2/53.

Pindax Huang and Ho® have investigated in some

detail the critical divergence of the pitoh in cholesteryl



nonanoate which shows a smeotic A phase below T4 °C.
They determined the intrinsic pitoh and ita tempe~
rature dependence by studying mixtures of cholesteryl
nonanoate (ON) with cholesteryl chloride (CC) and
extrapolating to gero soncentration of CC. Their
oxperiment yields a value of 0.675 & 0.025 for ~

which 18 in good agreemont with the theoretiocnl

prediction.

Pollmann and omrkoue”" have measured the
pitoch a8 a funotion of pressure fal a number of
cholesterics having a smeotio A phase at lower tempe—
ratures, They showed that the pitch increases rapidly
with pressure, approaching infinity at a eritical
presoure p, whose value depends on the temperature of
the sample. The cholesterios studied by then are

10,11

cholesteryl oleyl earbonate (000, cholesteryl

myristate (CM) "0 and mixtures®'® of co0 amd CC. The

pitoh versus pressure plots for one of them (COC/CC =

149
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8%.0/17.0 mole 7) at different temperatures are

reproduced in figure 7.1,

The experiments were done dy keeping the
temperaturs of the sample (ms) constant in the
cholesteriec phase. The application of prossure
ralses B.'u 80 that the pitch exhibites a oxitioanl
divergence as !o approaches T,. Ihe critiocal

pressure p, is that pressure at which %a bl PR

¥e have shown from a simple calculation that
the observed oritical divergence of the pitch with
pressure is indeed to bde expected from theoretical
considerations,  In pure COC and CM, 5’.‘0 inoreases
iinearly with prasauruw’w to a good approximation.
Assuning that the same type of linear variation 1is
present in the mixtures also, at any given tempe-

rature T, (7+1) may be expressed as

, -
P~ Po - n(’c - p) . (7.2)



?\R(millimicrons)

Figure T.1

Wavelength of maximum reflection vexrsus pressure for

a mixture of cholesteryl oleyl carbonate (COC) and
cholesteryl chloride (CC) at different temperatures.
C0UC/GC = 83%,0/170 mole % (after Pollmann and Stegemeys

)
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By fitting she experimental data of Pollmann and
coworkers to this equation we hare evaluated » .

In all the caloculations the wavelengeh of maxisum
reflection is used fnstead Of the cholesteric piteh
(or, in other words, we negleot the small change in
the refractive index with pressure and wavelength).
With the data available it was not possible {0 esti~
mate the intrinsic pitch P, in the absence of the
enectic phase. However, the dependence of P, on
temperature and pressure may be expected t o bs quite
small and thus we may Justifiably neglect ite variation

i N tho small range of interest near p, and write

P = ?o) dP -) o}
Y = BY(p, = p) . (73)
oPp oP

Wo have estimated °P/3p from the experimental
curves of COC at two temperatures (5.6 °C and 64.3 °C),
of CM at 115 *C and of three compositions of a mixture
of COO and €0 [(1) COC/CC = 83.,0/17.0 mole # at 25 *C,
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30 *0 and 35 *Cy (41) COG/CO » 80.1/19.9 mole &
at room temperature, and (iii) COC/0C = 78.0/22.,0

mole ¥ at 25 *0, 30 °C and 35 *Cj.

A log=log plot of JP/dp versus (pc - p)
for all these gompounds (figures 7.2-7.6) is fairly
li{neay in the vioinity of P, Elving a value for =~
between 0,68 and 0.71 (see tadble 7.1) in good agreoe~
ment with de Gennes model. This simple caleulation
oxplains the rapid increase of the pitch with pressure
as due t 0 the build up of smectio like short range

order in the cholesterie phase.
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Pigure 7.2

Log~log plot of OP/5p versus (pa -~ p) for COC at
(a) 59.6 °C (py = 1960 barer) ard (b) 64.3 °C (p; =
2266 bars).
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Log-log plot of ®P/3p versus (pc - p) for
cholesteryl myristate (CM) at 115°C (p, = 1570 bars).
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Log-log plot of DP/op versus (py =
of COC and CC (83.0/17.0 mole #) at
(b) 30 *C (p, = 1200 bars) and (¢} 3

p) for a mixture
(a) 25 *c (p, = 850 bars)
5 °C (p, = 1575 bars).
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Log-log plot of OP/Dp versus (p‘3 - p) for a mixture of
coc ad ¢c (80.1/19.9 mole #). p, = 900 bars
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Rigure 7.6

Log-log plot ©f JP/yp versus (p, = p) for & mixture
of COC and G0 (78.0/22.0 mole %) at (a) 25°C (p, =
1200 bars) (b) 30°C (pc 1650 baras) and (o) 35°C

(pc = 2090 bara).



Table 7,13 The value of critical exponent ~ for

cholesterios

Compound Ten %‘snture S
000 59.6 0.70
64.5 0.7
oM 115.0 0.68
25,0 0.69
000/CC = 83/17 mole ¥ 30,0 0.7
35.0 .1
(200/00 » 80,1/19.9 mole # - 0.70
25.0 .68
00C/C0 = 78/22 mole ¥ 35,0 0.70
35.0 Qe 70

1

J
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