CHAPTER II

RE-ENTRANT NEMATIC PHASE IN SOMBE PURE COMPOUNDS ARD
MIXTURES AT ATMOSPHERIC PRESSURE

2.1 Introduction

As desorided in chapter I mesogens exhibiting both
nematic and smectic A phases usually have thc' following
sequence of phase transitions on ccoling fram the isotrople

phase.
Isotropic = HNematic — Smectic A ~— Crystal
Por example

1. 4ten-octyloxy-4-cyanobiphenyl (8 0CB)
66.9%0

Smectic A

Isotropic .16 Rematic Crystal

2. Nep-cyanobenzylidene-p-n-oatyloxyaniline (CBOOA)

108°C 82.6°C
Isotropic — Nematio

Smegtic A -~ Urystal .

Indeed, this sequence Of phase transitions is what one
would expect, since the nenatic phase has a higher smatm
than the smectic A phase. The nematic phase is characterised
by only an orientational ordering of molecules whereas the
smectic A phase has a one-dimensional translational order in
addition to the orientational order.
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Cladis (1975) discovered that mixtures of CBOOA and
p~[ (p-hexyloxybengylidene)~aminojbenzonitrile (HBAB) having
about 7-11 mole per cent of HBAB show the following interesting

sequence of phase transitions:
Isotropic  Nematic - smectic A ~— Nematic — Crystal .

The nematic phase cbtained on cooling the smectic A
phase | S called the re—entrant nematic phase. Cladis has
pointed out that the ccourrence Of re-entrant mematic phase
in liquid crystals is analogous to the re-entrant phenomena
in superconducting materials doped with magnetic materials and
in Helium-3. |

We may recall here the analogy given by de Gennes (1972)
between the normal metal-superconductor transition and nematioc-

smectic A transition. 2he smectic order parameter

Yooyl eplg)

is a two component funotion. Analogously, the order parameter
of superconductors is also a two component function. The

analogy is further supported Dy t he following facts.

In the smectio A medium, curl B = O since the line
integral f %+ & around a closed loop i S mero i N A dislocation
free Bample (de Gemnes, 1969). From the Oseen-Frank expression
for elastic energy density wa see that the twist and bend

deformations invoive ourl .. Since ourl B is zero, the



twist and bend deformations are forbiddem in the smectic A
phase. Similarly, in a superconductor, magnetic flux is
excluded from the medium and curl & 18 sero wiere A 1s the
vector potential. Further, the ccourrence of the re-entrant
nenatic phase below smectic A phase ig analogous to the

ocourrence Of normmal metal below the superconductor.

Oladis et al (1977, 1978) showed that the re-entrant
nematic phase can be induced in some pure oyano compounds
like 8 0CB and CBOOA and in some mixtures Dy subjecting them
40 high pressures. In all these cases, the re-entrant nematic
phase is obtained only on supercooling the sample from the
smectic A phase.

PFrom x-ray diffraction studies of a mixture of 6 OCB
(4'-n-hexyloxy-4~cyancbiphenyl) and 8 OCB in the nematic and
the re~entrant nematic phases, Guillon et al (1978) have
concluded that t he re-entrant phase is similar to the normal
nematic phase with practically no difference in t he observed

x-ray spacings.

Recent high pressure x-ray investigations (Chandrasekhar
e¥% al $979, sShashidhar and Rao 1980) on 8 OCB have shown that
t he re-entrant behaviour of this compound which ocours at
higher pressures | S associated with an expansion Of smeotic A
layer spacing with increasing pressure as was predicted by
Cladis et al (1978).



Engelen et al (1979) have reported the presence of
re—-gntrant nematic phase in a number of binary mixtures.
They have observed that mixtures of 8 0CB and CBOOA show
the re-entrant nematioc phase in certain range of compositions
and by extrapolation they have edtimated the virtual smectic h-
nematic transition temperatures in 8 0B and CBOOA. ey
have also observed re-entrant nematic phase in binary mixtures
of some terminal nem-polar compounds with 8 0CB oxr CBOOA.
| N these nixtures, the re-entrant phase is cbserved
when they are rich in the termival polar compound. These
nixtures also exhibit the phenomenon of induced smectic meso-
morphism in same range of compositions (see chapter V).

It is oclear from the desoription given above that all
the pure compounds axid at least one component of the mixtures
which exhibit the re-entrant nematic phase consist of molecules
having the sirongly polar cyauo end group. From energy consi-
derations, it has been concluded that in such compounds, the
neighbouring molecules shonld have sirong antiparallel corre-
lationa (Madhusudana and Chandrasgekhar, 1973). Heasurements
of dielectric constants of cyano-compounds (Schadt 1972,

Ratna et al 1973) have shown that the average dielectric

constant increases on passing from the nematic to the isotropic

phase. Thia has besn interpreted as arising from a disconti-

nuous decrease in the antiparallel short rénga order between

neighbouring molecules in such cases (Madhusudana and Chandrasekhay
1973).



Hore recently, x-ray studies have provided a direct
evidence for { he existence of suCh antiparallel correlations
between neighbouring molecules | N t he cyane~compounds. In
the smectic A phase Of compounds whose molecules do not possess
strongly polar end-groups, the layer spacing is found to be
almost equal t 0 the molecular |length (see for example, Doucet
et al 1973). Dut in compounds having the cyano end-group, the
| ayer spacing is found t o be sbout 1.4 %times t he moleoular
length aS indiocated DY the x~ray obamervations of Nalifllan
(1973) in CBOOA and of Gray and Lydom (1974) in 8CB {(4'-n-
octyl~4-cyanobiphenyl). In order do account for the observed
values of layer spacing, some kind of interdigitation of molecules
was postulated (Leadbetter et al 1975 Lydon and Coakley 1975).
Such an interdigitation arises due to antiparallel correlations
between neighbouring molecules. The strongly polar cyano
end-group polarises the aromatic coxre of the molecule. The
polarised aromatic segments of neighbouring molecules overlap
ON each other as shown in figure 2.1. Leadbetter et al (1977)
and Cladis et al (1977) have also suggested such an overlap,
with the aliphatic chalns hanging out ai the ends. Recently,
Leadbetter et al (1379) have confirmed that this is indeed the
right picture by x~ray diffraction and neutron diffraction

sgtudles of deuterated samples of 8 OCB.

From t he above description, it 18 quite clear that the

ocourrence Of re-entrant nematic phase is closely linked with



PIGURE 2.1

Schematic dlagram of the bilayexr structure in 50B.
(Reproduced from Leadbetter et al 1975) .
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t he bilayer structure of the compounds. In a recent paper,
Cladis (1980) has suggested a possidble (qualitative) mechaniem
of occurrence Of the re-entrant nematie phase. A nematic

phase can be stabilised by the anisotropic steric repulsive
foroes existing between neighbouring molecules. On the other

hand to stabilize the layered structure of emectic A phase
some kind of weak, lateral attractive interaction between
molecules is essential. Cladis presumed that thg origin of
theae attractive forces is electrostatic and is related to the
molecular polarisability. According to this scheme, the
highly polar molecules stabllise the layers better. In cyano-
compounds, the neighbouring molecules which are interdigitated
can be assumed Lo form associated paira. Quite odviously these
asgociated pairs are very nuch less polar than the individual
nolecules. As the temperature is deoreased or as the pressure
is increased, the nmumber Of such associated palrs as well as
their stability inorease. Consequently, the attractive
interactiona between the pairs decrease. Thus as that density
inoreases, the enhanced repulsive interactions appear to favour
the formation of the re-wentrant nematic phase. Pershan and
Prost (1979) have doveloped this idea in terms of a Landau
theory of the re-entrant nematio-smectic A phase transition.

By assuming the existence of an optimum danaiti'gthe smectic A
phase t hey could explain t he P-T phase diagraems ‘E)f coupounds

showing the re-entrant nematic phane.



Qlark (1979) and Klug and Whalley (1979) have also
given thermodynamic theories to explain the elliptic phase
boundaries ocourring in such phase diagrams. A thermodynamie
theory explaining the isobaric phase dlagrams of binary
mixtures showing re-entrant nematic phase has been developed
by Heppke et al (1980) and also by Billard (1980). We will
have occasion to refer to the latter theory later i n this

chapter.

2.2 Re-entrant nematic phase in pure compoundes at
' atmospheric pressure

Until the benginning of 1979, the re-entrant nematic
phase was seen either in mixtures O in single component
systems only ai high pressures. In early 1979, we discoversed
this existence Of the re-entrant nematic phase in three pure
compounds at atmospheric pressure. These compounds were
prepared in our chemistry laboratory by Sadashiva (1976, 1979).
The compounds are (1) transg-p-n-decyloxy-a-methyl~p'~ecyanophenyl
cinnamate (10 OMOPC)s; {ii) 4~cyanophenyl-3-methyl-—4-(4~n-
undecylbengoyloxy)bengcate {11 CPMBB) and {1ii) 4~cyanophenyl-
Z-methyl-4-(4~-n-dodecylbenzoyloxy)benzoate (12 CFMBB). The
molecular structures of these compounds are given in figure 2.2.
All these compounds show the re~entrant nematic phese only i N
the cooling cycle. In other words, the re-entrant nematic
phase is monotropic. In the case of 30 OMOPC the erystal, on
heating,mclts directly to the normal nematic phars. In the
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other two compounds, the crystal melts to the smectic A
phase which then goas over t o the nematic phase at a higher
{auperature. On cooling, the normal nematic phase transforms
firat to the smectic A phase which on supercooling gives t he
re~entrant nematiec phase, metastable with reaspect to the
crystalline phase. The transltion temperatures of these
conpounds are lieted in table 2.1.

The transition temperatures were dsotermined using a
Hettler hot-stage (Mettler PP-52) in conjunction with a
polarising microscope and also using a differentisl scanning
calorineter (Perkin-Elmer DSC Model~2). Through the polarising
microscope, we could see the schlierem ftexture ag well as many
threads in the re-entrant nematic phase. On displacement of
the cover s|lip, brilliant flashes could be seen just as inthe
case of noxmal nematie phase.

cooling
| N 10 OMCPCG, the re-entrant phase appears only onét he

sanple rapidly from the smectic A phase, Jjust before solidi-
fication starts. If the cooling is slow, the smectic A phase
transforms directly into the erystalline phase. The observable
range of the re-entrant phase i very swall { ~ 0.5%C). On

the othexr hand, in 31 CPMLB and 12 UPMBE, the re~entrant
nematic phase is formed more readily and the cerystallisation
begina to occur well below the smectie A-re-entrant nematic

transition point even when the caupound is5 cooled at a relatively



29

De0°96 PITIOS-0T38WOU

De8°64 oTSRWRU~Y OTIOOWE D.G'8¥L oydoxsosy-0T3RUWOR

D,0°8t1L YV 07300U8-0T 0NN DJO"SEL OT3BUPU~Y OT300UN

D58V oTssmu-o¥dox308% 0,020l ¥V OT00mEB-PTION qaHaD 2t

D40°69 PTIOS-OTIemON®

DL,0'8L OT3ENOU-y OT300MN DeG°2GL oydoxsonT~0T4eWeU

D00 L21 vV 9T300ems-0Y30weun 0.0*L21 o 7jEWBU-Y OT3 00N

D.G°261 o 13 emPu~-oydoxions 0,0°50L Y o7309us-pyLO8 qgHdD Li

0,028 v PIIOS~-0T VMmO

P.,m.mn 973vIRU-Y OT300HS

D,8°96 Vv 0T309ug-073eUeu DeG°EL oydox305T~-0T8WRU

DV EL or3emu~-ordoxs08y D.8°29 0T38UBU-~-PTTOS - DJIOHO Ol
Suyro0oo uo seanjexsdusy UOTITSUWRXY Supseey uo somzexedwoi uwOTIySULIY punodwop

sxnegexd

otxoydsomse g osseyd OTjeWAU JUBIJUS-DX SuTiTqIuxe spunodwoo Jo mmuzamn_mmav uoy3ysuray

b°2 TTaVE



w30

slowrate {~1°/minute). The observable range of the
re-entrant phase is much smaller | n t he higher homologue

(12 CPMBB) compared t o that in t he lower homologue (11 CPMBB).
The thermal range Oof the smectic A phase is W der i n the case
of the higher homologue (12 CPMBB) as compared with that; of

11 OPMBB. None of the lower homologues of 11 CPMBB

exhibitct he smectic A phase.

Using the thermograms obtained | n t he D3C studies, the
heats Of some of the traneitions in 11 CPMBB and 12 CPMBB were
calculated. | N these calculations, the heat of the melting
transition of Indium was taken as t he standard for the purpose
of calibration. The data are given in table 2.2.

Table 2.2

Heats of transitions of compounds exhibiting re-entrant
nematic phase at atmoaspherioc

RESEEILS Heat of t 1td
Heat of transition
Compound Transition in ioules/mole
11 CPMBB nenatic~smectic A 14.7
smectic 4 ~ re~entrant 1544
nematio *
12 CPMBB nematio-smectic A 255.0
smectic A -~ re-entrant 46.4
nematic

In 11 GPMBB, bath the nematioc~smectic A and smectic A -
re-entrant nematic transitions are nearly Scaand-order transitions
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whereas | N 12 CPMBB the two transitions are relatively
stronger. Further, it is interesting to note that heat is
liberated at both the nematic-smectic A and smectic A -
re-entrant nematic phase transitions, even though the latter
phase transition is accompanied by a loss of translational
order. Any theory of the smectic A ~ re-entrant nematic

phase transition will have to account for this observation.

The compounds listed in table 2.1 ¢an also be expected
t0 have a bilayer structure by virtue of the strongly polar
cyano~-group present at one end of the molecule. This has been
confimed Dy the x~ray diffraction studies of 11 CPMBB and
12 CPMBB (Chandrasekhar et al 1980) which showed that the
layer spacing is about 1.4 times the molecular length in these

compounds.

Almost simultaneous with our obgervation of re-entrant
nematlic phase | N pure compounds at atmospheric pressure,
Hardouin et al (197%a, 1979b, 1980) and Tinh and Gasparoux
(1979) have made similar observations i N same other campounds.
For the sake of coumparison, these compounds and their transition

tenperatures are given in table 2.3.

Interestingly, two of the compounds listed in the table
show not only a re-entrant nematic phase but also a re-entrant

smectic A phase which is observed on cooling the compound from
the re-entrant nematic phase. Again, invoking the analogy with
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superconductors, it may be mentioned that in the case of
superconductors with Kondo impurities not only the vanlishing
of superconductivity was predicted t 0 cccur below a second
critical temperature, but also the reappearance of super-
conductivity at some third eritical temperature (see (ladis

1980).

Leyelut et al (1980) have measured the y-ray spacing
of 4~n-octyloxybenzoyloxy-4'-cyanostilbene in both the normal
and the re—entrant smectic A phases. They found that the
spacing of the high temperature smectioc A phase corresponds
to a bilayer structure., whergeas that of the re-entrant smectic A
corresponds to A monolayer structure. In the high temperature
smectic A phase Of this compound the aspacing was found %o
decrease continually as t he temperature was lowered from AN
transition paint t o the AN, transition point.

Chandrasekhar et al (1980) have measured the X-ray
spacing of 11 CPMBB and 12 CPMBB and have found that it
decreases initially as the temperature is lowered from AN
transition point, attaing a minimum value and then shows an
inereasing trend aas the AN, transition point | s approached.
This may indicate that some change in the smectic bilayer is.
occurring as a precursor to the formation of the re-entrant
nematic phase. The dielectric measurements carried out on
these systems by Ratna et al (1980) provide further evidence
fox this. They found frum dielectric relaxation studies that
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in the smectic A phase of these compounds a plot of relaxa-
tion: frequency versus 1/P consists of two distinct straight
lines with different slopes(. e, correaponding to different
activation energies). The activation energy i s higher i n

the low taemperature range compared to that in the high tempe-
rature range. The change | N slope occurs at a temperature
roughly corresponding t 0 the minimum Xx-ray spacing of the
bilayer smectic A.

All the compounds listed (O table 2.3 have three phenyl
rings | N the central core and t he strongly polar oyano group
at one end of the molecule. Two of the compounds listed | N
table 29 wvis., 11 OPMBB and 12 CPMBB also have three phenyl
rings at the core of the molecule. However, the other compound
in table 2.1, vig., 10 OMCPO consists of only two phenyl rings.
To date, this appears to be the only compound with two phenyl
rings exhibiting the re-entrant phase at atmospheriec pressure.

Very recently, Sadashiva (1980) has reported the
observation of re-entrant nematioc phase at atmospheric pressure
in one more pure compound, viz., 4~cyanophenyl—4'=(4"-n-
decyloxybenzoyloxy)benzoate.

In order to confixm that { he phase obtained on cooling
the smectie A phase of 11 CPMEB, 12 CPMBB and 10 OMCPC is
truely nematic, we have carried out misceibility studies. |t
was [ ound that the re~entrant phase exhibits continuous



miscibility with the nmematic phase of campounds like 4-n-
pentyl-4'-gyanobiphenyl (5CB) and 4-n-heptyl—4'-cyanchiphenyl
(7¢B).

3 Study of binary mixtures

The observable thermal ranges of the re-entrant nematic
phase in t he three compounds mentloned above (see table 2.1)
are fairly =mall. It is desirable to enhance the range to
facilitate quantitative measurements. With this in mind we
studied the iaobaric phase diagrams of the following mixtures:

a) 10 OMCPC and 8 OCB
b) 10 OMCPC and 11 CPMBB.

Preparation of mixtures. The two camponentis were

wikighed INtO a oup provided with a 114 using a sensitive
balance (SAHM 68 Labor Kustner, East Gemany). The cup was
heated until t he mixture passed On to the nematic phase. Then
t he contents of the cup were mechanically stiired so that the
two components form a homogeneous mixture. The mixture was
maintained i N the nematic phase fOr about 24 hours. while
preparing the sauple, the nixture was always taken out in the
isotropic phase to avoid the possibility of any comcentration
gradient.

Heasurement of fransition temperature. The transition

temperatures o' the mixtures were determined using a Mettler
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hot stage as well as a differential scanning calorimeter.

| N many cases, the heats Of tran;sition involved in the nematic-
smectic A and smectic A - re-entrant nematic transitione are
very small. In such ocases the transitions could be detected
only by the visual observation of textures. HMost of these
nixtures as well as the pure compounda hare & strong tendency
to align homeotropically. Conseguently, the detection of

phase transitions by observations of textures is very difficult.
| N such cases homogeneously aligned samples were prepared (by
conting the slides and cover slips with silicon monoxide at
obligue angles) to facilitate the detection of phase transitions.

24 Results and discussion
The phase diagrams of the two binary mixtures are shown

i N Ligures 2.3 and 2.4.

In all the mixtures we studied, the re-entrant nematic
phase vas monotropics 1t was observed only on supercooling
the smeciic A phase. Hence we have shown only the transition
temperatures observed | N the cooling cycle. The nematic—
ivotrapic transition points of the mixtures were NOl sharp,
(In some cases the transitions took place over a range of 1-2°)
though this has not been indicated in the dlagrams. fThe
re~entrant nematic-solid transiti ons temperatures are represented
by dotited lines in the diagrams since those temperatures depend

very much on the rate of cooling.
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(a) Binary mixtures of 10 OMCPC and 8 OGB. Pure 8 OCB

doea not show the re-entrant phase at atmospherioc pressure

though it does so at elevated pressures (Cladis et al 1978).
Pure 10 OMCPC shows a monotropic re-entrant nematic phase

(see table 2.1). A8 the molar percentage of 10 OMCPC ia
increased in the mixture, the nematic-isotropic transition
(HI) point falls Off gradually fram 80.1°C t0 73.4"0C. The
nematic-smectic A traneition temperature curve has a decreasing
trend initially. |t reaches a minimum corresponding fa asap@
sition of . &0 per ecent of 10 OMUPC. With further addition
of 10 OMCPC, the transition temperature shows an increasing
trend. The re-entrant nesatic phase can be observed only in
those mixtures having more than ~ 26 per cent of 10 OHCPC.

The smectic A —~ re-entrant nesatic transition temperature
increases initially as the percentage of 10 OMCPC is increased,
but beyond a composition of ~ 60 mole pexr gent of 10 OMCPC,

it almoast levels off.

The smeotic A-nematic (AN) transition points lie 0N a
smooth curve which is convex towarda the concentration axis
whereas the mmectic A - re-entrant nematio (wr) transition
poinis lie on another smouoth ourve which is concave. The
range of the smectic A phuse i s smaller for mixtures having
40-60 mole per cent of 10 OHCPC, compared to that of either of
the pure compound. The chservable range of the re~aentrant

phase is wider in this composition range compared to other
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compositions. In some of these compositiona, the re-entrant

phase can be observed in the mixtures even at room temperature.

when t he smectie A = re—entrant nematic transition
curve is extrapolated, 1t is found to weet the 100 per cent
concentration axis of 8 0UB at a teuperature of ~ 8%°0. Zhis
oorresponds to the wvirtual smectic A - re-~entrant nematioc
transition temperature of pure S8 0CB (at atmoapheric pressurxe).
This value is in agreement with the wvalue obtained hy Engelen
et 21 (1979) by uming their data on mixtures of 8 OCB and
CBOOA.

(b) Binary mixtures of 10 OMCPC and 11 CPMBB. The phase
diagram Par binary mixtures of 10 OMCPC and |t OPMBE is given
in figure 2.4. As we have already scen both these compounds

show the re-entrant resatic phase at atmospheric pressure. As
the molsr percentage of 10 OMOPC in the mixture | S increased,
the NI, AN as well am “r transition temperatures decrease
almost linearly. ZThe observable range of the re-entrant nematic
phase initially increases as the concentration of 10 OMCPC is
increased. It attains a maximum value of ~ 25° for the
composition of ~ 55 mole pexr cent of 10 OMCPC. With further
increase in the percentage of 10 OMCFC thie range degreases.
Almost similar phase dlagrame have been studied by Timh et al
(1979) using some other compounds.

Az already polinted out, very recently, Heppke and
Sehnelder {1980) as well ae Billard (1980 have given thermodynamic



theories of mixtures exhibiting re-entrant nematic phase.
ye shall summarise below the results of this theory.

b8 4 ”3. is the chemlical yotwtmz in the nematlo phase
of a pure compound (labelled i) and p,s‘ is the chemical
potentlal in the smectic phase,

Apy = nf - pf (2.1)

mast be positive withain the tesaperature range of the suectic
phase and must be negative above th (nematic-mectic transition
temperature) as wall as below 5&; {ameotic~re~entrant nomatic
tranaition temperature). The temperaturas dependence of Apy

is given by the relatlion,

An, (1)
...?...(”1) u - m«--?ﬂ(m-m) (2.2)

whera the specific heat difference Aﬂyx is assuned to be
conatant and positive and 53/1 i3 the tensperatuwre whare Apx/'z
has the maxinum value (figare 2.5). The tenperature depundence

of Ap,/T is obtained by integrating equation (2.2)

AR . m?
-F& “pat it*

Por a thermodynanioally stable system, t he constant of
integration A;}'i/’i'l will be poaitive. A;T.l/‘ﬁ/i is the naxinuwm

- 1]  {a.3)

5 L&El

value of  Apy/2y at I = 531 as shown in figure 2.5.



FIGUHE 2.5

Schematiz representation of t he temperature
dependence Of the chemical potential difference.

(Reproduced frox Heppke and Schneider 19%0).



The three independent parameters involved in equation
.’.
(2.3) are related to the transition temperatures “’; by

v T o '3
i S T
1 b 1
e +
A by 2
Ty A0y Y

Equation (2.5) holds good when 27 is replaced by 7, .
b § ;

Por mixfures exhidifing the re-entrant nenatic phase,
asmuning 1deal behaviour tha chemical potential will bra of the

form

where p; is the chemical potentlial of the component 1 in the
mixture and x, is 1S mole fractiom. Equation (26 holds
good separately for nematic and smectic phases. AL the phase
boundary the chenmioal potentials of each of the comporsuts in
the two phases nust be equal,

i~o‘ Q. 9 A ui = 0

-
1
or Ap’. o e Rﬁ? ln "‘"“g (2.7)
*1
where xﬁ and xf are the nol e fractions of the camponent 1 in

the nenatic and smectic phases respectively.



Applying the condition that g;‘xi = 1in boththe

nematie and smectic phases, we get,

AR
{ = ‘xp( - Rm’)

xg(m) = (20&)

Aﬂ1

JaN
= e

exp( -

vhere the suffix 1 stands for component 1 and suffix 2 stands
for the other component of the blnary mixture.

Generally, A » Then expanding t he exponential

terns, we get

~ ~ - 1
- AR T T
s SN, P S
i JaXs ] 2, AG T ?
x5() = 1 - —P8 .| —2 22 2 (2.9)
‘l‘,‘ A{}p,‘ T.' T

BEguation (2.9) shows that the phase boundary can be
found out if five parazeters are known. I both the components
exhibit the re-entrant nematic phase four parameters are deter-
mined by the transition teuperaturcs T'f and * « Then
imowing the ratio Aap,‘,/ Acm one can obtaln the phase diagram.
If T, of the two components ara comparable the values of T
and 1‘; of the mixture calculated uaing equation (2.9) lie in
between those of the pure componwnts. And for reescmable
values of the ratio Acpz/ AGP 1’ straight lines connecting

the transelticn temperatures of the pure components are obiained



in the phase diagranm.

Indeed, this trend iz seen in the phase diagram of
the binary mixtures of 10 OMCPC and 11 CPMBB. However, in
the other phase diagram (of mixtures of 10 OMCPC and 8 0CB)
there are marked deviations fram the results of the above
theory. In some range of compositions, the nematic-smectic
transition temperatures of the mixtures are less than the
corresponding temperatures of either of the two pure compounds.

The compounds 10 OMCPC and 11 CPMBB are structurally
similar to some extent as both sf them are esters. On the
other hand, the chemical structures Of 10 OMCPC and 8 OCB
differ considerably. Probably, the assumption made in the
above theory that the mixtures are ideal is N0l true in the
latter case, and this may be responasible for the deviations

from the predicted dbehaviowr.
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