CHAPTER IV

TEMPERATURE DEPENRDENCE OF THE SMECTIC A LAYER SPACING
IN RE~ENTRANT NEMATOGENS

41 Introduction

We saw | N chapter 11X that ths fomation Of the
re-entrant nematic phase at nigh preasures | S associated
with an expansion of %he smeoctio A layer apaocing with
increase in presaure az was indeed predicted by Cladis
et al.' Inthe light Of' the above result, It would be
of' importance t0 Study the variation Of' the layer spacing
with temperature i N compounds exhiditing re-entrant
behaviour at atmospherio pressure. The firet I-ray investi-
gation Of SUCh a compound was by Guillon et al.,® who
studied the smeotic i layer spacing as & function Of
temperature for a mixture Of H~(p=hexyloxybenzyllidene)mp=
aminobengonitrile (HBAB) | N N-p-cyanobenaylideng—p-n~
ootyloxyaniline (CBOOA). This mixzture is known €0 exhidbit
the re~entrant nematic phase over A range ¢! concentrati em.3

They found Chat for A semple of 7.7% HBAB in CBODA, the



layer apacing i n the smeotic A phase inoresses conti-
nously with deorease in temperature, over the eatire
smectio A phase The layer spacing varied from 33.5 ;
&% the ameotlc A-nematic tramsition to 33.38 Z Very close
tO the smeotic A -~ re-entrant nematic transition. This
represents a variation of about 14 gver a temperature
range of about %0°0., The re-entrant nematic phase has
also been observed | N binary mixtures of some terminal
nonpolax liquid orystals Wth 8 0@ and CBOUA, at atmus=
pheric pressures by Engelen et al.* For an eguimolar
sanple of 8 OCB/CBOOA, which Shows the re-entrant nematic
phase, they bave studled the variation of layer thickness
as a function Of temperature. They 414 NOl find any

temperature dependence of layoer spacing fur the mixture.

Re-entrant nematic phases have been discovered i N
pure eompounds at atmospheric pressure by Madhusudana et al.>
| N our laboratory. At about the saue time, Hardouin et a1.6
also reported the obgervation of re-entrant behaviour in

some Other pure compounds st atmospheric pressure.



With $he availability Of pure sompounds exhibiting
the re-entrant nematic phase at atmospheric pressure, It
was felt that it would De most interesting %o carry Out
an accurate determination of the temperature dependence
of the smectic A layer aspacing. In this chapter, Ve
present the results of our inveatigation on two pure
re-sntrant nematogens. \& will ocompare our results With
the Z-ray studles | N some other pure coupourds showing the
re-entrant behaviour at atmospheric pressure by Hardouin

. 8 ,
et a1t and by Levelut et al. , |ater in the chaptex.

4.2 mgﬂmmal

a) Uompounds. The campounds wed in our experiments
are 4-cyanophenyl-~3-methyle4-{(4-n-dodecylbenzoyloxy)bensoate
{12 cPpMBB) and the corresponding undecyl homologue (11 CPMBB).¢
Their structural formulae arcshown I N figure 41  Both
compounds were first reported by Madhusudana et a1.”? to
8how a monotropic re-entrant nematic phase. The transition
tanperatures as determined by thermal microscopy using a
Mettler Fr52 used | N conjunction with FP5 temperature

asontroller are tabulated in Table 4.1.



CHa

4 - cyanophenyl-3-methyl-4-(4-n-
dodecylbenzoyloxy ) benzoate
(12 cPMBB)

CHy

4-cyanophenyl-3-methyl-4-(4-n-
undecylbenzoyloxy } benzoate
(11 cPMBB)

FIGURE 4.1

Sturctural formulae of 12 CPMBB and 11 CPMBB



Table 4.1

Transition temperatures in *C (en cooling) for 12 CPMBB
and 11 ¢PMBB & atmospheric pressure

12 CPMBEB 11 CPMBB
Isotropic~nematic 148 152.5
Hematio-smectic A 138.5 127
Smectic Ar-&nentrm 59.8 | 16.5
nenatic
Reentrant nematic-asolid ~56 ~ 65

It is seen that both these compounds have & wide temperature
range of smectic A phase - about 80°¢ for 12 CPMBE and about

50%Q far 11 CPMHB.

b) The monoshromator set-up. The determination of

the layer apacing was carried Out photographically using
Cuk, radiation {from Philips PWI730 Z-ray generator)
reflected from a monochromator (Carl Zeiss Jema). The
monochromator 1s of Johansson's {ype. In this a quarts
orystal plate is concavo~oylindrically ground to the

radius 2R while the cylinder axis is parallel to (10 7 1)



orystal lattiice planes. Subgsegquent bending of the crystal
plate to0 the radius R results in strict fooussing of radia-
tion Of a marrow wavelength range due to selective reflection
from the planes acoording to Bragg's law. For the Ouk
radiation, the radiuve of deflaction {(i.e., the radiua Of
curvature of the crystal) is 316 mm, the distance from the
tube focus (O eryatal centre 1s 80 am and the distance fron
the orystal centre tO the focul line (foowl length) is

210 mm. The sample was placed at the foous Ol the mono
chromator. The exact foous was determined Dy taking a
series of trial photographa Of the beam, close tO the
expected fooul spot. o minimise the divergence Of the

X~ray beam, the eXit slit of the monochromator wus narrowed

down tO about 3 mm. The Set up 4s shown | N figure 42

a) T™he sample holder_ani the heator. The sample

hold* -an& the elsctrical furmsce wed to maintain the
temperature Of the sample at any desired value are given
schematically in figure 4.3. The sample holder ia nades

o copper. It hasa l am hole ¢ collimate the X-ray beas

The diffracted X-ray beam emerges out of the sanple holder



FIGURE 4.2

The monochromator used in the experiment
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through a conical aperture, whose axis ¢oinocides with

that of the wollimator. The conical angle of the aperture
is about 45°, which is more fhan adequate for the X-ray
diffraction studies of these compounda, There is a O.7% mm
diameter hole at the centre Of the sample holder, at right
angles to the incident X-ray beazm. Through this hole, a

Lindemann capiliary containing the sample cax be inserted.

The heater consisis of a civoular cupper tube of
about & om length and % cm dlaseter. Nichyome wireis
wound xound its outer surface. DBy adjusting the current
through the wire the teuperature inside t he heater can be
maintained a any desired value. 4 highly stabilised power

supply was used tO minimiese electric ourrent fluctuations.

A preojection i s provided in the heater to match the
notch at the top of the sample holder. This helpas to place
the sample holder exactly I N the same position everytime
the sanple i s mounted, The sample-to-film distarce thus
remains unaltered. Mylar sheets of thickness 6 microns,

glued tO copper rings that are sorewed inte the bedy of the



heater, sexrve as the windows. These prevent air
ourrents and thereby avoid temperature fluctuations

inside the hater.

d) Measurement Of temperature. A ohromel-alumel

thaermocouple, one junetion of which is | n contact with
We Lindemann capillary, was used | n conjunctien with a
4Y2 digit panel meter to measure the temperature of the
pimple. %he thermocouple was calibrated Dy taking
standard samples like agobenzol, benzil, phenacetin,
benganilid, para-agoxyanisole | N Lindemann capillaries
end observing the transitions visually. The teuperature
of the sample in the capillary could be read and nain-

taived for long periods Of time {0 within +0.25"C.

@) X-ray measuranents. As the aim of the study wae to

measure small changes 1S the layer spmeing, the sanple~
to~film distance was kept quite, large (approximately 400 mm).
The sample was taken in the powdered form | N a Lindemann
capillary whose diameter IS about 0.5 mm. The ecapillary

was then evacuated and sealed t O prevent the decomposition



of the compound. It was placed | n %hesample holder

i N position, mormal tO the X-ray bean.

The intensity of the diffraction maximas oObtained
for the aligned samples will be high since these are
concentrated | N two apots. The distance between the spota
obtained ten be accurately measured. | N our experiments,
an aligned sample could be obtained since the compounds
having terminal cyano groups hove a tendeney to align
homeotropically. The nomegotropically saligned sample used
I N sur experiments was obtained by slowy cooling the
sanple | N the Lindemann capillary fram the isotropic phase
to the smectic phase. Using the aligned sample along With
monochromatic beam gave very sharp X-ray reflections.

A gontact print of the X—ray photograph is given in

figure 4.4.

The exposure time was around twenty hours at

each temperature, the temparaturs itself, as asaid gorlier,

being maintained {0 4+0.25%°C. “"he diffraction maxime became

very diffuse ON approaching the higher temperature

87



FIGURE 4.4

X-ray diffraction pattern of the aligned
sample



nematic transitiom point. ¥or this reason, the layer
apacing was NOt determined in this region. After the
coupletion of the experimeunt,  the nanatic~isotropioc
transitlion tenperature of the sample In the sealed capi~
llary was redetermined and wee found t0 be unaltered

(within the experimental error of £0.25°C) even after twenty
days. Ihis showed that the caspound did not undergo any

decomposition during the experiument.

The diametera Of the diffraction rings obtained
were measured Dy taking traces of the film, magnified
five times, | N A miorodensitometer (Joyce Losbl, Mdel, 308)
and also by using an acourate comparator (Adaum iidllger Ltd).
The experiment was repeated with two or three different
sauples atl each temperature snd the data was highly self
consistent. JFrom the internal consistency Of the data
evaluated from the different measurements at eacvh tempe~
rature, it is estimated that the relative accuracy of the
Payer spacing measurensnt is better tham +0.1 A, qme
data wexre brought to the asbeoclute soale by using the

100 reflection of p-decanoie acid, the ‘'d' walue of this



e 10
reflection being taken to be 23.10 A.

4.3 Reeulte and Discuasion

a) 12 CPMBB, Y.ray phosographs were taken at

thirteen teasperatures ocovering the antire smectic range
of this compound. The diameters of the rings and the
layer spacings evaluated from them at different tempe-
ratures are given in table 4.2. The data are plotted in
figure 4.5. 1t ls seen that the spuacing, which is 43.78 ;
at 130°0 starts decressing with decrease of temperature
$111 about 106°0 when the spacing becomes 43.07 ;. on
further cooling, the variation of layer spacing reverses
sign and the spacing starte inoreasing with decrease of
temperature, This inexeasing trend of layer spacing
contimes right up to the re-entrant nematic phase. The
spacing is 44.45 ; at 62%C, at about 29C away from the
re-entrant nematic phase. It is significant to note
that the inorease in the layer apacing is about 1.4 ;

which i S about 3# variation in the | ayer spacing.

b) 11 CPMBB. The data for 11 CPMBD are given in



TABLE 4.2

Layer spacing in smectic A phase of 12 CPMBEB at

different temperatures

Sample~to-film distance = 398 na

Tewperature Diametor of Layer spacing
(@) the rise (mm) (4)
62 27,625 44.44
65 27.886 44.03
70 28.®B 43. 77
76 28.11 43%.668
82 28.31 43.37
&3 28.% 4%.29
Y4 28.38 43.26
100 28.42 4%. 20
106 28,51 43.06
112 28.42 43.20
118 28.34 4%.32
124 20.24 435. 47
130 28.047 43.77

20
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table 43 which are plotted infigure 4,6, The range of
the smectic A phase for this compound is amaller than
that i N 12 OPMEE, fThe increase in the layer spacing i n
this compound s less pronounced than i n 12 ¢PMBB. This
inerease s about 06 3. which 1a about 1.4/ variation

| N the spacing.

The error bar i n the determination of the layer

apacing is marked | n both the figures 45 and 46.

The results therefore provide u clear evidence of
a structural change taking place | N the smectic bilayer
as a precursor tO the <formation of the re-vatramt nematlc

phase.

e muy mention here the results reported revently
by the Fremch group om other pure compounds whioh show the
re-entrant behaviour at atmospherie preasure. lardouin
et al.” have invesitigated the different phases 0" the
eighth homologue of the 4~cyanobiphenyl—4‘'-n-alkoxybensoate
eatery by Z-ray diffraction. Within the acouracy of Weir

L
experimental error (+0.4i) they 414 noOt £ind any variation



TABIEY 4.3

Layer spacing of t he smeotic A phase of
11 CPMBE at different tenperatures.

Sample~%o=-L£ilm distance = 407 mm

Temperature ﬂ?a?atar of Luyex
(*3) Gan 7426 Spacing
80 29.90% 41.08
81 29.91% 41.97
833 30.03%6 41.80
88 B0.09 41.73
93 30.168 41,62
98 30.226 41.54

103 30.%28 41.40
08 50.23%6 41.52
115 304194 41.58
117 30.14 41.66

120 29.93 41.88
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of layer spacing With temperature i N the smestic A phase.
Levelut et al.® have also studied the variation of layer
spacing | N 4~n~octyloxybensoyloxy-4'-ocyanostilbene.

The sequence Of phase transitions in this compound i N

the cooling mode IS, Isetropic ~~ nematic —> smectic i —
nenatic — smectic A —~> wsolid. It thus shows two rew
entrant phases, [he X-ray study performed ON this pure
compound showad that the higher temperature smectivc A has
a layer spacing 'd' greater than the molecular length 'L',
It has thus a bilayer structure. In the re-entrant
snectie A phase, the layey spacing is approximately squal
{0 the molecular length, Hance it is a 'monolayexr’

suectic A, In the higher temperature smectic 4 with &
bilayer structure, near the nematic-smectic A transition
point, the value of (d/L) is found tO be equal tO 1.24.
With decrease in temperature, the value of 4/L econtinuously
decreases. Near the amectic A ~ re—entrant nematic
transition point, the valus becasss 111  The changs I N
the layer aspacing i S thus quite large, about 104 over a

temperature range of about 100°0. Nb appreciable change



waa found | N the entire re-entrant smectic A phase.

The value of 4/L i n this phase is found to be .99,

Thus t he behaviour observed | N this compound 1ia
quite differsnt from Chat observed in cur compounds.
Hevertheless the results do emphasige that sitructural
changes | Nt he bilaysr arrangement are important for

forumation of the re~entrant nematic phane.
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CHAPIER V

PRINCIPAL DIELECTRIC CONSTANTS OF RE-ENTRANTY NEMATOGENS

51 Introduction

It was mentioned i N earlier chapters that the

T i almost wll the

re-entrant phenomenon wad observed
compounde whioh have a eyano end group along the long

axis of the molecule. This terminal group is the one
which is responsible for the polar mature of the molecule.
It was also stated earlier that i N such strongly polar
compounds the correlation between neighbouring molecules

i S antiparallel.g Recently, this wes confimmed | N neutron
studies of such oom-pounds.g An important consequence Of
antiparallel association of the molecules is that the mean
dielectric constant £ in the mesophase bevsmes less than
the isotropic value ("13)’ because Of tbe deorease i N
antiparallel ordering | N the isotropic pham.a Here €,
the average dielectric constant = %(s,, 4 2¢; ) where ¢

and ¢, are the principal dielectric constants measured

parallel and perpendiculsr to the optic axis. Ratna and



Shashidhar '©* 17 nave experimentally verified that % i s

| eas than the extrapolated isotropio value i N A mumbex

of oyano compounds. The experimental curves al SO showed
that € as well as ¢,, decrease with deorease i N tempe-
rature, Which again zmay be attributed tO the increase Of
antiparallel ordering at lower temperatures. In the
firet part of this chapter We present a more direct
evidence of the antiparallel correlation and its influence

on the dielecirice properties.

We saw | N chapters IIl and IV that subtle changes
| N the bilayer structure a5 evidenced by X-ray studles,
are responsible for the re-entrant dbehaviour. A study Of
the dielectric propertiea Of these compounds showing the
re-entrant nematic phase is therefore <f conaiderable
inportance, since St is expected (O reveal the nature of
the molecular associations in We different phases. W
have undertaken a detailed investigation Of the statie
dieleotric conatants (¢, and ¢,) iN the normal nematio,
smectic A and the re-entrant nematic phases of three

syotems. ‘Pwo Of these are pure compounds while the third



one is a mixture. These exhibit a monotropic re-entrant
nematic phage an covling the sample from the smectio A
phase, al atmospheric pressure. The results obtained
regarding the variation of the static dieleciric conatants
with temperature ars discussed in the latter part of thias

chapter.

5.2 Direct evidence of antiparallel correlation

Measurement of the dielectric comstant of solutions
of 0B | N benzene

We have determined the effective dipole moment per
molecule Of 4‘'-n~pe ntyl-4~oyanobiphenyl (SUB) by measuring
the dielectric constant (312) and the refractive index
(n12) of solutions of 5B | N a nonpolar solvent, Ve,
bengene, The chenical eitructure of 5B ia given in figure

5.1, It has a O&N end group with a dipole moment p = 4,05

12

debye © acting along the long molecular axis.

The dlelectric constants were measured using a Wane
Kerxr 58642 bridge and the refractive indices by the prisa
methodw using a goniometer spectrometer. fThe dipole

moment p 1S oaloulated using the Guggenbeim eguationld



4'-n-pentyl—4—cyanobiphenyl
(5 cB)

PIGURE 5.1

Structural formula of 5 CB
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2 2
W2 . 2Tkl — (g4, = ny,) - (g4 - nY)
4nN, (€4+2) (n]+2) | g

where N, I S the Avagadxo numbser,
k the Boltzmann constant,
€ the dielectric econatant of the solvent,

n, the refractive index of the solvent, and
¢ the molar concentration.

All the measurements were carried out at the same tempe~

rature of 3%3°0, which i s about 3°C above the nematic-

isotropic transition temperature (35°G) of pure 5GB.

The dipole moment p Of pure S5OB at B0 is valou-
lated using the Maler-Meier equationi5

2
U G

M 3k‘.E)

E = 1 4

where £ is the density,

h (the eavity field factor) = 4528y ,

¥ (the reaction field factox) 5_'1'__ »
1~ «t
4RNA(EE = 2)
f =
M(2e + 1)

where M i s the moleoular weight and &, the mean polarisability.



The values that we have used | N the caleulations are

10 7

- - 1
£ = 10.62,0 pu1.007,7% ama T = 32.9 x 10724 o,

The dipole nmoments which are evaluated at different
conocentrakions are plotted in figure 52 It is seen
that with the decrease Of concentration (Or increase Of
dilution), the dipole moment } increases linearly at first.
AS the oconcentration decreases Dalow about 104, the
variation of p becowmsa much faster. For comcentrations
less than 54, u increases vory rapidly. the value of u
obtained ON extrapolation to infinite dilution is 5.3U debye.
his is the dipole moment of an isolated moleoule Of 5&.
Lippens et al."® nave alaso reported a atudy of t he deter-
mination Of the dipole moment of 4‘-n-heptyl-4~cyanobiphenyl
(708)., For solutions of different concentrations of 70B in
n-octane, they have obtained results which are similar tO
ours. The fact that the dipole moment decreases With
inorease of coneentration (%o 3.%3D | N the isotropic phase)
proves conclusively that the near neighbour correlations

are antiparallel in such compounds.
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FIGURE 5.2

Zhe dipole mowent of 508 moleoule in benszene solution

as a funoction of concentration.
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5.3 Measurements on re-entrant nesantogens

4. Bxperimental

a) Qompound. The compounds studied are 11 OPMBB,

4 and a mixture of 35.8% by weight of 4'-n-hexyloxy~

12 CPMBB
4-cyancbhiphenyl (6 OCB) in 8 0013.*9 The pure ocompournds were
synthesised | N our laboratory. The mixture was givenm tO

us by D. P.E.Cladis. The chemical structures of the pure
compounds and those of the components of the mixture are
given in figure 5.3%. The transition temperatures of these
re-antrant nematogens, while cooling the sample from the

| Sotropie phase are given in table 51

Tahle 5.1
Transition temperatures (in “0) of 11 GPMBB, 12 CiMBB
and 358 : 64.2 weight mixture of 6 0GB | N 8 OCB on cooling

6 00n/
11 CPMBB 12 CPMBB 8 0CB
mixture
| sotropic ~ nematic 152.5 148 7845
Nematic - smectic A 127 138.5 45.5
Smectioc A ~ Re~entrant 18.5 59.8 30
nematic
re-gntrant nematic - ~ 85 ~ 56 ~ 2%

solid
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Both the pure compounds have Wide mesomorphic ranges

much greatexr than thet of the mixture. As mentioned in
51 the re-entrant nematic phate in all the three systems
was obtained by cooling the sample from the smeotic A
phase. Measurements could De made in the re-entrant phase
of 11 opMBB fOr a temperature range Of about 840, In

12 OPMBB this range was | ess than 3*C. In the mixture,

the readings could be taken fOr a range of about 6°U,

b) The dielectric cell. The dielectric constants were

evaluated by mewsuring the capacitance of a parallel plate
capacitor without and with the samwple. ‘e schematic
diagram of the dielectric 091129 upad is shown | N figure
5.4. The cell consistad of two tin oxide coated glass
plates which served a8 electrodes. The separation between
the two plates was fixed by mylar spacera. The conductive
coating which was In ocontact with the mylar was removed
to eliminate fhe contribution of mylar t0 the capaecitunce
of the cell. 7The active area Of the cleotrodes waas about

1 aq.om. The plates wera held i N a eopper frameo



/ (b}

00— ® = N
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(a)

SEERERREENRRNEARAREEES

FIGURE 5.4
Schematic diagram of (a) dielectric oell and (b) heater.

1+ Electrodes. 2. Bevel 3. Gepper clamp. 4. Oagper plate

. Braes screws 6. Windows %p Copper cap 8. Neoprene gasket
9. Nozzles 10. Brass nuts 11. Thermocouple. K represents
the direction of the magnetic field for e measurements.



and were screwed tightly against each other using a
copper plate as a bufler tO aveid uneven preseing on the
glass plates, The rectangular s|ots made in the copper

plate and the frame served as observation windows.

o) Heuter. <The schematic diagram of the heater used
10 shown in figure 5.4(b). |t conmsists Of S long rectangu~
lar copper tube with niohrome windings on the ocuter surface
for passing elecvirical currvent. The length Of the heater
was dellberately made large compared to the sigze of the
dielectric cell to engure that there is no tempersture
gradient within the sample. A4Ls50, the dimensions of the
sentral reglon of the heater was reduced as far as poasidble,
to vbtain as high a magnetic field as possible. Two glass
i ndows are provided in the heater ta facilitate the
checking of the aligoment of the sample during the course
of the experiment. By uzing a cap which can bes screwed
onto the tep of the heater, the system Wwos sesloed after
pasaing nitrogen through the nogsles. Thia was done as
a precaution 1O prevent oxidation and hence the deterio-

ration of the sample,



d) Temperature control and measurement. The eleotri-

cal power to the heater was supplied by two highly stabi-
lized DO power supplies (60 V, 6A each). A rheostat used
I N series with the nichrome winding served for finer

variations | N temperature. The temperature Of the sample

sould be controlled and maintained to better than +0.025°C.

A chromel-alumel thermocouple, previously calibrated
with respect 1O a atandard thermometer, was used t O probe
the temperature Of the sample. UsSiNg Smilar probes at
various positions inside the heater, it was previously
ascertained that the semple did NOt experience any tempera~
ture gradient. The temperature of the sample was measured
to an avouracy of +0.025°0 ueing a Keithley dlgital multi-

meter (mode 174).

e) JSample aligmment. The ocompounds, especially 11 OrMBE,

have a strong tendeancy fOr homeotropic alignment, i.e., tO
orient with director nornal to the surface. HoOwever, to
ensure A good alignment, both ¢, and ¢ |, were measured | N

tho pressnce of a magnetic fleld Of 15 K CGauss which ia
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more than twice the saturation field for the thicknesaes

of the sample used (50 to 250 microna). The alignments

N the smectic A phase were achieved by slowly cooling

the well aligned nematic iN the presence of t he magnetie
fiald. The magnet used WasS AN electromagnet (BD3 Electronics,
Bangalors) with 29 mm tapered pole pileces. The field

strength was measured by using a fluxmeter (Bell, U3A).

£) Heasurement of statlc dlelectrie constunte. A Wayne

Kerr bridge (E642) was uged at 1592 Hz t 0 determine the
static diclecirie conatants. This fregyuency was high enough
to avold luterfacial polarisation effects atl the sleetrndw.m
The measured capacltance was alwaye corrected fax the lead
eapacitance. The bridge voltage across the sample was

very Jow and ¢id not have any disturbing influence ON the

samplea.

The relative variation of ¢ and e, ocould be
determined to an acouracy of 0.14 The value of LI
obtained independently from the two different geometixy

matohed towithin 14 The experimental set up was initially



used {0 measure the dielectric constants of standard
1liquids |ike toulene and chlorobenzene. The values
obtained for these 1iquids agreed tO within 2% of the
standard value, Whloh is8 therefore reckoned to be the

absolute accuracy Of OUr measurements.

B. Results and Discussion

The variation of ¢ £ and e s for 11 CFBB,

| B 1

12 OPMBB and fox the 6 QUB/8 OB mixture i N their isotropie,
normgl nematic, smectic A and re-entrant nematic phases

are shown | N figures 55 to 57 respestively. Inall the
three systems, €, decreases wlih deocrease in temperature,
starting fron the nematic~isotropic transition point (mm)..
| N the pure compounds, €, increases rapidly I N We beginning
{(cloase tO ‘}.‘M) as the temperature ia lowered. N further
cooling, in 11 ¢ruBB, the rate Of inucrease slows COMVN near
the normal nematio-smectic A transition temperature (T,
see figure 5.%)., In 12 ¢PMBB, near the nematic-smectio A
transition (T1, soe figure 5.6), £ deorousss and the

decrease contimes through part of the smectic phease. A
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similar behaviour has been found by Bata and Buka’
A-nitrophenyl-4-octyloxybenzoate (NPOOB) which is also A
strongly polar compound. The deorsease of €, iN the
amactic A phase as compared to that | n the nematioc phase
may bYe atiributed t O a relative inorease in antiparallel
correletions Of the molecules | N the smectic phase. In
beth the pure compounds, on further wooling, g, increases
continaously till the sauple is cooled toO the ze-entrant
nematic phase. 1n the mixture, ¢, increases continu-

ously with decrease 1u temperature throughout t he neso~

morphic range (figure 5.7).

At the normal nematio-isotropic transition tempe-
rature (EHI), both €, and €; change abruptly, signifying
a first order phase transition. Beyond this temperature,
€19 Aincreases with inorease of temperature due to the
decrease of antiparallel ordering of the molecules at higher

tenperaturen.

the walue of ¢, , ¢, and A€, takenal a common

relutive tempersture of (I, — 5)°C, (where T, 1s the



normal nematio-isotroplc transition temperature) ave
glven i N table 5.2. It iS seen that the andsotropy in
the pure compounds is larger than that | N the mixture.
This difference is mainly due to the tws CO.0 bridging
groups present N 11 CPMBB and 12 CPMBB, which enhance

the parallel component of the dipole moment. Conseguently

the dleleatric anisotropy will be higher.

DALIE 5.2
€, 2 € and A€ at & common relative teuperstae
b - Ly

of C&NI 5)°¢C
Uompound €, € FaN 2
11 CPMBB 17.30 7400 10.30
12 CPMBB 16.87 65.67 10.320
& OUB/6 GUB 13.68 6.75 6.5%
mixiure

In all three systems etudied, the averags dielectric
conatant £, evaluated from the moasured values ¢, and
€ , shows an unusual behaviour. In the nematic phase,
€, a8 is t0 be expected from the theory of antiferrcelectric

8

shoxrt range order, 1s Leas than the extrapolated ieotrople



value (gh), This difference is similar to that observed

10,11,23 As the

in other strongly polar compounds.
tenperature | S deoreased, € deoreases throughout the

nematic phase and over a part of the smeoti NENNGNNE O
further decresse of temperature, & starts

which seems (O signify A decrease | N antiparallel ordering
as the re-entrant nematic phase 18 zpproached, Thimis
perhapas related i N some way with the reversal | N She sign

of the thermal expansion of the layer spacing discussed | N
chapter I7. This increasing trend in ¢ continues right
through UD to almost the lowsat temperature of the re~entrant
nezatic phase where it practically mexrges with the extre~
polated value of e, . Also i N all the three systems studied,
the reversal in the trend of £ ocours closer %o the normal

nematic-smectic A transition temperature (‘flz'1) than to the

emectic A ~ re—entrant nematic transition temperature (mz).

It i8 also seen that the unusual behaviour of € ie
not at; all reflected in the variation of € « For both
the purs compounds and for the mixture, it shows a conti-

nuous decrease with decreasing temperature. On \We other
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hand, €, does not show such A smooth variation as
discussed earlier. The maximum difference between €Xira-
polated €,, am & 1s sbout 4% for 11 CPMBB, about 74

for 12 OPMBE, and about 3% far the mixture.
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