CHAPTER VI

DIELECRRIC DISPERSION 3TUDIES IN RE-ENTRANT
KEMATOGENS

6.1 Introduction

It is well known that the dielectric constants Of
liguid erystals are frequency dependent. Because Of
the orientational order in the medium, €, and & have
different frequency dependences. &, exhibits only the
normal Debye relaxation which usually ocours i N the GHsz
region. But ¢, shows an additional dispersion I N the
Milz region or even i N the Kz region. The low freyuency
relaxation was first observed by Maler and Melex! in
alkoxyazoxybengenes. [hey showed that in the radio
frequency region e, exhibits a dispersion while &

remaing constant | N this reglon.

The low frequency relaxation of €, 1S due to

1

the hindrance tO the reorientation of the dipole. The

dipole moment . of a molecule making an angle o



with the long molecular axis can be resolved iNtO two
components. The longitudinal component i N the
direction of the long molecular axis is By =} COB o
and the tranaverse component p, = u Sin 8 .« ‘he
reorientation of py is hindered due (O the molecular
order. This results iN a low frequency dispersion of
€ - The transverse component p, ocan raorient freely
by rotation around the long axis and ¢, oxhibits a
dispersion in the microwave region. Because of imper-
fect order, p, also contributes tO0 &, leading tO a

sgcond dispersion of ¢, in the miorowave vegion.

i

In tho isotropic phase, the dielectric constant exhi~

ite the usual Debye typse relaxation.

Meier and Saupe’ extended the Debye theary’ of

dielectric relaxation i n liquids tO nematica. Martin
et a1.4 refineda the theory. It was shown by them that
the relaxation time )y corvesponding { O the reorienta-
tion of u, |a orders Of magnitude highexr than the

normal Debye relaxation time 7%, 1IN the isotropic



phase., The ratio "R/"O | S called the retardation
factor g. The walue Of g was caleculated as a function
of the orientational nematic potential q The mrelation-

ship between g and g was given by the expression

g = [x2/q] [exp(qg/kT) ~ 1]
& = [ki/q] exp[q/kT].

or

In the isotropic phase, the resistance to the
reorientation Of the dipole moment ie wainly due to the
viscosity (n) Of the medium. The temperature dependence

of this can be expressed as
n < explq /kT]

where q, IS the activation energy due to viscosity effects.

Now, the relaxation time %5 i n the isotropio phase iS-<c n/kT.

Prom the definition of the retardation factor, the

relaxation time T = Vol and hence
g o expllaraq )/kT]
or T, ¢ explw/ky]

where w = [gq + qn] is the total activation energy for

dielectria relaxation.



The relaxation time T - -ﬁ—;-iTR vhere tn is the

freguency of relaxation. Hence £ « exp{ ~w/xT].

A plot of log £, versus ¥ should be a
stralght |iner, the slope of which gives the activation
energy w. Ghue, the total aetivation energy can be
caloulated by measuring the tempermture variation of ﬁR

of =

The dielectric constant ¢, is actually a

complex quantity. ¢ L z:'“ + 4 e':l where the rsal

L)
part (¢, ) desoribes the ordinary dielectric constant and

the imaginary part (‘.T) the dielectric losses associated

L35
with the relaxation procezs. A Cole-Cole diagram of ¢

versus a:} indicates the nature Of relaxation.

The radio frequency dlspersion of £, has been

extensively studied fox*a number of strongly polar cans

pounds by Ratna and Shashidhaz.”*®

We have measured the [OW frequency relaxation of

£ I N the normul nematic, smectie A and the re-entrant



namatic phasea of both the pure eompounds, 11 CPMBB

and 12 CpMBB and Of the binary mixture 6 0UB/B OCB.

6.2 Experinental

The exporimental details regarding We cell used
for measurements, the heater and the temperature control
are deascribed i N ohapter V. <The sample, sandwiched
between two tin oxide coated plates was cooled | n the
presence of a magnetic field as mentioned in section 3
of chapter V, for better aligmient. The teuperature
could be measured to W thin +0.025°C, while the constancy
of tenmperature during esch deternination of the frequenocy

of relaxation was +0.1%C,

The dielectric dispersion was measured in the
frequency region 1 KHz to 10 MHz. %The dispersion of e,
in the freguency range 1 Kiz to 20 KHz was measured by
the, Wayne Kexr bridge (B642) using an externsl source
and detector. JFor measurenents in the frequency range

100 KHg t0 10 MHg another Wayne Kerr bridge (B602) was



used I N conjunction with a Wane Kerr 3SR268L source
and detector. The maximum error iN the determination
of the frequency of relaxation (f;) of E  is estimated

to be 74

"
the dieleotric loss (e, ) and the dielectric

L 4
constant (€ ) were both determined. The measured

reactance was corrected fOr the series inductance also.

As expecied, Et

, B8howed a disperslon in the fregquency

range covered, while aL renained constant. However,

"
the loaa €, waas NOt zerc due to nom~-zero ionic

"
copduativity. This value of e, was used to correct

"
€, as auggested by Rondelez and Mirceamﬂausae1~7

6.% Hesulits and discussion

A represemtative curve show ng the variation of
the loss a',: with freguency | S shown in figure 6.1
for all the three ayetems studied. ‘fhe maximum of this

curve gives the freguency of relaxation (zﬁ).
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FIGURE 6.1

Dielectric loss (s:) as a function oOf frequency for
11 CPMBB (at 123.925°C), 12 OPMBB (at 121.025°0) and
6 OCB/8 OCB mixture (at 49.925°C).




]
The plot Oof €, versus " was a memlicirale

with the csntre lying on the e?l = O axis denoting &

gingle relaxation time .8

For both the pure compounds
and the mixture studied, the typical Cole~Uole plots
at a certaln temperature are ahown in figures 6.2(a),

) "
6.2(b) and 6.2(c). The plot of &  versus freyuency
along with the Cole-Uole plot ia enough %o describe the

relaxation proogus completely.

The plots of log £, versuo ¥r for the, pure compounds
and the mixture are given in figures 6.3% to 6.5, It is
seen that for both the purse compounds (figures 6.3 and
6.4), £, | N the re-entrant nematic phase is very low,
under 10 KHg region. But fOr the mixture (figure 6.5),
£y ocours in the 100 XXz region. For 12 CPMBB, we could
determine f, at only t WO teuperatures in the re-entrant
nematlc phase since It is a highly metastable phase With
a relatively short range. The activation energies
evaluated from the log f; versus )T plots are givenin

table 6L It is Seen from the table that the vaiue of
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FIGURE 6.2a

Cole-Cole plot for 11 CPMBB at 123.925°C
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FIGURE 6.2b

Col e- Col € plot for 12 GPMBB at 121.025°C
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FIGURE 6.2¢

Cole-Cole plot fOr & OCB/8 OCB mixture at
49.925°%0
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PIGURE 6.3
Logarithmic plot of frequency of relaxation (fR)
vearous 1/® for 11 CPMBB.
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FIGQRE 6.4: Xogarithmic plot of frequency of relaxation
(£p) versus 1/2 for 12 CPMBB
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FIGURE 6.5: lLwogerithmic plot of frequency of relaxation
(tn) versus 1/T for 6 OCB/8 0CB Mixture



Table 6.1

Activation energy {w in eV) for 11 CPMBB, 12 CPMBB
and 6 OUB/8 OCB uixture

Aotivation Gamp ound
energy 11 CPMBB 12 CPMBE 6 00B/8 OCB
nixture
Ynematic 1.02 1.4 0-82
W1 smectic 9.92 009? 9¢73
Y2 smectic 0.66 0.0 0-71
1.82 1.79 LT

w
reantrant nenatio

fhe activation energies for the corresponding mesophase
of 91 CPMAB and 12 CPMBB are ambout the same. The mixture

has lowexr activation energies.

3everal other lateresting features which are common

to all the three systoms are cbeerved. They are -

(1) 7he normsl nematic phase has a highex activation



energy than the smeotic phase., A similar observation
haa been made by Druon and Wacrenier® on 8 (B. Thia fa
in contrast tO what One would expect asince the smectioc
phase i s more ordered ad has higher viscosity than

the nematic. |t appears that the vilayer structure

of the smectic A phase somehow makes t he reorientation

of the molecules easier.

(11) In the ameetic phase, the plot conaists of
two distinot straight lines, with different slopes (Or

different \\) indicative Of some sort of structural change

i N the aystem. |t IS interesting to note that the temperature
at which this change | N slope coours in the smectie phase
roughly corresponds t 0 the temperature at which shows

a reversal i n the trend discusased 1N section 3B of

chapter V. It should however be mentioned here that

the differentiszl scanning calorimetry (D00} runs taken for
these coupounds with the maximam possible asensitivity

(0.1 meal/sec) failed tO ghow any transition at these

teuperatures. Also, no textural changes ocould be



ohserved. wWhen viewed under a polarising wmicroscope
a fan shaped texture persisted throughout the smeotio

phase.

The difference betwean the motivation energies
w, (emectle) and w,, (smectic) is more nronsunced in the
pure compounds than in the mixture {(see table 6.1).
The activation energy w., in the lower temperature range
of the smectic phase is less then w. in the hipher tempe~
rature range of the same phase. It is al SO significuently
lesa than the activation energy in the re-aatrani neuatic
phase. This would seem tO indicate that ag far as the
dielectric relexation mechanicwm is conecerned, the
behaviour i N the lower temperature range of tho wuotic
phase may NOt be a pretransition effect. However, as we
shall see i N the next chapter, the transport propertica
{in particular the eleotriocal conductivity) do show a
marked pretransitional effect prior to the smectic A -

re-entrant nenatie Lransition point.

(1i1) The moat importans obssrvation is wade that



the re~entrant nematic phase has a much higher acti-
vation energy than t he nommal nemetic phase, showing
that the hindrance to the reorientation | g more in the
re-antrant nematic phase. This is tho first experi-
mental evidence 02 the molecular assoclations being
different i N the two nematic phases, showing therefore
the sensitivity of the experimental technigue tO detect
thia difference i N the two phases ON a molecular |evel.
It should be mentioned here that neither the orienta~
9

tional ordex ﬁetemimtion‘ nor the elastic congtant

datemination” eould defeat this difference.
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CHAPTER VI1

ELEOTRICAL CONDUCTIVITY MEASUKEMLNIS OR RE-ENDRANT
HEMATOQGENS

71 Intxroduction

It was Tirst; shown by s'vcﬁbersl

as early as 1514
that for a nematie, the eleetrical oonductivity measured
along the optic axis (4, ) IS greater than that measured
normal tOo it (@ No conductivity measurements were
earried OUt ON smectics however, fOr a long time Carr,’
on the basis of the effect Of elasotric field studies on
ethyl-p~[ (v '~methoxybenzylidene)-amino]cinnamate (1MC),
suggeated that i N \We smectic A phase, the conduotivity
measured Normal tO the long moleculaxr axie (o,) should be
greater than the conductivity parallel to the axies (o, ).
This was indirectly confirmed by Rnndeless who measured
the temperature dependence Of o, and g | nthe nematio
phage of 4,4'=di-heptyloxyasoxybenzene (HOAB) which
exhibits a smectie ¢ phase at lower temperatures. e

found that the ratio of the electrical conductivities



R = g /o , deoreases with decrease of temperature from

the nematio-isotropic transition point (1'“1) over the
ontire nematio range. The value of R which i8 equal tO 1
at T, falle o about O7 at the nematic-smectic O transi-
tfon. He attributed this {0 the exirtence Of the smectic
4

like ahort range order or cybotactic groups” | N the nematic

phase. Subsequently, Mircea~Roussel and Ronﬁelea‘r’ and also
Heppke and $e.hm1dar6 obaerved a similar behaviour Of R

in the nematic phase Of all the higher homologues of the

4,4 '~d1~alkoxyazoxy acries.

The first detuiled experimental studies of electri-
cal conductivity i N the smectic A phase was by iircea-
Roussel et al.! who measured ¢, sud v, in the smectic and
nematic phases of a number of compounds. 7The compounds
studied by them are the following: vompounds belonging tO
t he alkoxybensylidene alkylaniline gseries (nO.m series),
p,p'=~di-heptylasoxybengene (HAB), N-p-~eyanobenzylidene-p-n-
octyloxyaniline (Q0BOOA), 4'=n-ootyl-4~cyanobiphenyl (80B)

and 4‘'-n-octyloxy-4~cyanobiphenyl (8 OUB).



All the compounds show pretransitional effects
I N the nematic phase near the nematic-smectic A transi-
tion temperature. But with regard to the electrical
conduotivity studies | N the smectic A phase, the
compounds fall iNnto two distinct groups. The Tirst
group consists Of the cmpounds of the nU.m series.
The compound HAB alao follows the same oharacteristics
of the nl.m series as regards the conductivity. The
second group consists Of the cyano compounds CBOOA, 8UB

and 8 0CB,

Pox the eompounds of the first group, a, decreases
continuously with decreaming temperature | N the nematie
and smectio phases and then saturates | N the lower tenmpe—
rature range of the smectic phase., But the behavioux of
a 18 nmore surprising. With decrease of temperature,

o, decreases in the nematic phase and then begins to
increase near the nematio-smectic A transition point,
This inorease of o, |S considerable zo much SO that a,
becoses greater than ¢, « Inthe lower temperature

range of the smectic A phase, a, becomes at least five



timea greater than o, » Thus the compounds are characte-
rised by strong conductivity anisotropy and a very | ow

value Of R in the smectic A phese.

Por the campounds Of the second group, o, differs
only slightly from o, and the variation Of the conducti-
vities With temperature i S different from that observed
for the compounds of the flrst group. Here, both Qa,
and Q, decrease contimuously with temperature. The ratio
R, after un Indtial rise near the nematic-isotropie transi-
tion point, decreases Slowly with fall i n temperature.

The rats of decrease i8 very slow in the smeoctic A phase.
In 8 OCB, R attalns the value 1 in the smectic i phase
and hence there iy NO conductivity anisotropy. 8CB has
also a behaviour similar {0 8 CCB. In CBOUA, R decreases
to avalue slightly lees than 1 (it is aetually 0.85) in
the smectic A phase. Henve the strong anisoiropy im
conduativity observed i N the compoundas of the firat group

I n the smectic A phase is not found here.

It is lntewesting to note that all the conpounda



of the second group are strongly polar, which are knewn
tO possess a bilayer arrangement i N the smectic A phaae,B
while the eompounds belonging to the first group have a
layer spacing approximately equal tO the molecular length.
Hence the different behaviour in the transport properties
was attributed to the diffarence in structure between the

WO groups of compounds.

We Saw i N chapter ¥ that the mean dielectriec
conatant ¢ exhibits a surprising variation with temps-
rature. |t decresses first with decrease in temperature
fram the nematic-imotropie transition point and the
minimun value IS reached i N the smectiec range. On further
cooling, it increases as the re-entrant nematic phase waa
approached, This was attributed to some structural change
I N the system. It osn be inferred that the antiparallel
order, which was increasing till the maximum value is
reached i N the smectic phase (when € is miniuum) decreases
a8 the mean dielectric conatant increases near the re-

entrant nsmatle phase, In chapter VI it wag observed that
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the molecular associations are significantly different

I N the nomal nematic and re-entrant nematic phasee,

The plot of log £, versus 1/T gave two straight lines
with different slopes indicating different activation
encygies. Thiu means that the re-entrant phencmonon is
assoclated with soma kind of change | N the aystem at the
molecular level. To find OUl whether such structural
changes have any effect on the transport properties, we
have etudied the temperature variation of the principal

electrical conductivities of fwo re~entrant nematogens.

7.2  Experimental
The compounde studied are 12 CpMBB and 35.87%
welght mixture of 6 OCB in 8 OCB (see table 51 for

transition temperatures).

Ihe conduotivities o, and , were deternmined
at 1592 Hz using a Wayne Kerr (B642) autobalance bridge
uwsing the experimental set UD described | N section 34 of

chapter V. As mentioned i N that seotion, the sample



1

sandwiched between twe tin oxide coated plates was aligned
by a strong magnetic field (15 KGauss). The well aligned
anectic A was obtained Dy cooling sn alligned nematic in

the presence of the magnetic field.

The acouracy of the relative wvariation gf a, and
a, was +0.2% while the absolute acouracy is estimated

to be 3 tu 4%

7.3 Reasslits and Discussion

the variation of a,, o, and R in a,,/~,)with
temperature for 12 ¢PMBB and 6 0CB/B (B mixture are shown

I N figures 71 and 72 xespectively.

| N both the systeas studied, K shows an interesting
variation with temperature. e ghall disouss the nature
of wariation of ¢, , @ and R with temperature for the

pure compound and the mlxture separately.

a) 12 CPMBAB

31

In the vicinity of the nematic-isotropic transitiom

paint {Ty,) a,, slightly inoreases With deorease in tempe-
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PIGURE 7.1

The principal electrical conductivities o, and o, and their

ratio R = ¢,/o, of 12 CPMBB as functions of temperature in the

nematic, smectic A and re-entrant nematic phases.
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FIGURE 7.2

The principal electrical conductivities a, ,and o,, and the
ratioR = a,, /o, of 6 0CB/8 0GB mixture a8 functions of
temperature i n the nematic, smectic A and re-entrant nematic
phases.



rature and then begina to decreasec. The decrease fa
rapid for most of the smectic range. The value of o,
reaches A minimum At about 85"C and then begine to
increases. The rate of inorease is faster near the
smectic A ~ re-entrant nematic transition. o, shows a

monotonic deorease With the lowering of temperature.

The ratio Of the electirioal conductivities R has
a value equal {a 1 neax .NI' An the temperature le
lowered, R increases throughout the nomal nenatic range,
reaching a value nearly equal to 1.3 at a temperature

very olose to the smectic A-nematic transition point (?m).

With further daecrease in temperaturs, R also
decreases in the smectic A phase. Similur decressing
trends of R in the smectio 4 phase have been observed

earller for asoveral bilayer ampmtm}ﬁ.?

The value of R continues to decrease till about the
mid paint of the smectic range where it attaina a value

nearly equel t 0 0.8, Beyond this R increases With further



eooling, the increase becming very sharp as the
re~entrant nematic~smectic A transition temperature

(gﬂﬂ" A) is approached. This IS ¢learly a pretransitional
effect prior to the formation of the re-entrant nematic
phase. Intereatingly, ihs Semperature at which R
reverses its trend corresponds to the approximate tenpe-
rature at which the mean dielectric constant € shows a
change of slops (dimcussed | N sestion 3 of chapter V).
™is | S perhaps alSO related | N some manner to the
reversal | N sign of the thermal expanaion Of the layer

spaoing disoussed | N chapter IV.

On approaching fl!mg_ 4' the value of R inoresses
very rapldly. The increasing trend continues even below
Toy.s» the value | N the re-entrant nematic phase at the
lowest temperature studied (’E%ﬂ -~ T = 12 *%) being

about 16 (NOt shown i N the figure 7.1).

(b) 6_0CB/B OB Mixture

wWhile both Qa, and Q, decrease With decrease

of temperatura, o dips (OMN further compared to ¢, in



the nematic range (figure 7.2). The nature of the
variation Of R is almost similar tO that obsexrved in

12 ¢pMBB. The value of & which increases on lowering the
temperature from TKI starts decreasing near T AR" After
reaching amintmum | N the smeotio phase, R invreases near
'.tmw‘_ 4 the increase being lase steep than that observed

| N 12¢PMBB. The maximum value of R | N the re-entrant

nenatic phase ig nearly 1.8 CA T, A= 2= 2 “q).

The interesting dbehaviour Of R i N bath the systensa
is entirely due to the variation of ¢  « Thia ie uore
obvious i N 12 CPMBB. o, exhibite the contimously
deoreasing trend over the entire temperature runge. This
indicates that only the fonic mobility normal to the layer
gets affeoted with the approach of the re-entrant nematic
phase and the consequent astructural changes while the
mobility along the lnyer remains practically unaffected.
The sharp increase |N R near Ppp-a Shows that a nematic
Jike hehavicur iz manifested a8 a pretransitional effect
even | N the mectic phase. This is MOre pronounced | N the

pure campound than i N the aixture.



The fact that the value of R | a mueh higher in
the re-entrant nematic phase thew | N the normal nematic
phase implies that there is some difference in the mole~

cular associations butween the two phases.

g
=
-9
?
+
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