QHAPTER XI1X

DIELECTRIC PROPERTIES OF 4'=n=-ALKYL 4-CYAUODIPHINYLS

Introduction
There han boon & nunber of atndies 5L the

dielectric properties of rematie liquid orystals.
Maler and Feior' wore tha firat to measure the
prinmipanl dieleotric comatanta of di~alkoxy subeti~
tuted ago~ and asoxybonzemes., A systematio ztudy
Of the di-alkyl substituted azo~ and asoxybenzemnes
was earried out by de Jeu amd Lothouwers® 4o evaluate
tho influemco of the molscular structure ON the
dieleotric properties. The molecules of a liquid
orystal usual |y consiat of at least two Bengzane rings
that aro bridged by rigid groups like CHell, HeN,
=G, etos., The effact of these bridging groups ON
the dieleetrio propertion wav also studied by de Jeu
and Lathouwers.® All these measurements are On

rematics With relatively small dieleotric anisotropy.
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The importance of liquid corystale with strong
positive dieleotrio anisotropy was dbrought to foous
by the observation of the twisted nematic offeot Sy
Schadt and Ha:l.fr’.ch‘ vhich resulted in the develop-
ment of a maw type of eleotrooptic devi,ee.5 o6 Liguid
cryetals with large positive dlelectric anisotropy
are obtained by incorpcrating a strong dipole moment
along the long moleocular axis, e.ge, the presence of
a SN as on exd smﬁp gsontridbutes 4.05 debya7 to the
parallel component of the dipole moment of the molecule.

8 can be obtained

Large negutive dieleotric anisotropies
by introducing the oyano group in & lateral position,
The primoipal dielectric constants of some strongly
positive cyano .»compﬁunds wore first measured by schaat.g
Titov ot ul.w have recently synthesized a number of
4-sudbntituted benszonitriles and cinnamonitriles and
peasured e and al in some repregsentative compounds.
A sys tenatic stuldy of different membere of a homologous

series of strongly polar molecules was carried out
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for the firat time by us.

Thers have also been n nusber of experimental
studies of the low frecquency dispersion of g o
Maler and m&ar” ware the first to expeximentally
find out the relaxation region of LA Fron their
mpasurements on 4,4 '~di-n-alkoxyasoxybensencs they
showed that in the railo frequency region € is
frequency dependent whereas & renaine constant.

Later weiso and Axmmw'w msasuxred the dislectric

~

dispersion of ¢ , ¢ a5 well as g, for the same
compounds in the microwave fregquency region. Thoy
calculated the polarizability, dipole moment and
retardation factor for these compounds. A systematic
inveatigation of the low frequengy dlielectric relaxa-
tion of & in differont menders of the homologous
serics 4,4'-di-n-alkmxyasoxybensenes was again oarried
Out recently by Mircea~Roussel and Rendalem.“ They

measured the activation energy of these compounds and
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found that it is greater for a compound having a
smectio phase at lower tenperatures. Ve will be

discussing their results in detail lnter.

Rondeles and Mircea~Roussel'’ have also
measured the dielectric relaxation of p-methoxy
bengylidene p'-n-butyalaniline (MPBA). The dielcotric
properties of lov positive S-n-hexyl-2-[4-n-alkyloxy-
phenyl]=pyrimidines were measured by Kresse ot a1.16
For all these compounds the relaxation freoguency was
in the MHg region, Relaxation in the Xig reglon
has been observed | N some phenyl hmoatea” and a
mixture of p-sudbstituted bengylidene p'-oyanaanium.g
Measurenents on the latter compound was the firet to
be made on nenatics with strong positive dielectric
anisotropy. The other measurements on strongly

positive compounds are the ome by Cunmine et 31.1'8 o

n
4'=n-pentyl 4-oyanocdiphenyl and the other by Davies

et al.w on 4'e-n~heptyl 4-oyancbiphenyl. Later we
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will be ocomparing their results with ours.

We have undertaken a systematic study of the
static dieleotric constants and the low frequency
dispersion of g in the nemati¢ phase of fowr
succesoive menbers of 4'-n-alkyl 4«cyancbiphenyls.
These compounds were first synthesiged by Gray et al."m
Their structural formula is given in figure 3.1.
Because of the cyano end group they exhibit a large
value of € and consequently a large positive
dielectric anisotropy. They are highly suited for
digplay devices since they have low melting points,

are colourleass, chemically and photochemically stable.

Expe rimental

(a) Materinls
We have studied the pentyl to occtyl derivatives
of 4'-n-alkyl 4-cyanobiphenyl. For conveniense let

us call thcm neB (n = S-8), Of these the firat three
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Beure 3.1

Structural formulae of 4'en-alkyl 4-oyano-
biphenyls (nCB, B = 5-8) and 4'-n-cotyloxy
4~pyanocbiphenyl (8 OCB).
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are room temperature nematics and 803 f8 a room

tempe rature smectic A, Their transition temperatures
are listed in table 3.1. %The 508, 603 and TG

uged in our measurenents were gynthesiged in our
chenistry laboratory and 80B was obtained from BDH,
Sngland. Zhelr transition temperatures agreed

wlth those reported by Gray et al., except | n the

case of B for which our value of !fm was 2°C highoex,.

(b) Dieloctric cell

The dicleotric constaonts were evaluated by
measuring the capacitances of a parallel plate
oapacitor without and with the semple, A schematic
diogren of the dieleotric coll is given in figure
3e28. The cell consiated of two tin-oxide coated
€lass plates which served as electrodes, The separation
betwoen thesm was fixed by two narrow stripe o mylar.
The conductive ovating | N the area over which the

mylazr gpacers are placed was removed to eliminate the



Table 3.1: Transition tempexatures of 4'-n-alkyl 4«
oyanobiphenyle (nCB, n = 5-8) and 4'-n-
octyloxy 4~cyanobiphenyl (8 OCB)

Tamperature of transition to

Gompound Smeotic (*C) Nematie (*C) Isotzopio (°C)
5B - 22,5 35.0
- . 13,5 29.0
. - 28,5 42. 0
8 21,0 32.5 40.4

8 001 54.%5 67.0 80.5
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Schematic diagram of (a) dieleotrio cell and ég) heater.

1. Hlectrodes 2 Beve 3. Copper olamp 4. gper plate
5. Brass screws G Windowe 7. Copper cap 8. Neoprene gasket

9., Nozzlea 10. Braes nuts with pyrophilite bushes 11, Chromel~
alumel thermocouple. H represents the direction of the magnetio
field for g -measurements.
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contribution of the mylar to the capacitance of the
cell. A bavel made on the shorter side of one of
the plates was wseful | N £i1ling the sauple. The
plates were offset along the length and the area
Jetting out was used to make the clectrical contacts.
The active area of the clectrodes was 1 gq. om.

The eleotrode aspembly was held rigidly in a oopper
fraze shaped like a rectangular G clamp. 4 flat
copper plate was ‘MQ:Zcowr the glacs plates to awid
uneven pressing dy the drass screws. The reotangular

slots made in the copper plate and the frane served

ag obpervation windows.

(c) Heatexr

A pohenntic dlagram of the heoater uwed i shown
in figure 3.2b5. It conslsted of a long reotangular
copper tube. A thin sheet of mica waz ptuok over the
surface of the tube #o that niohrome wire could be

wound over it. Asbeston sheet covering on the cutside
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provided good thermal insulation. The length of

the heater was dclidberately made very large compared
to tho sige of tho dieleotrie cell to ensure that
there are no temperature gradionts in the sample.
I1ts oross-gectional size in the central portion was
mininized in order do obtain as high a magnotic
field as posaidble. 1t was made sure that the
dloleciric cell when introduced into the hoater from
the top was always positiomsd at the centre of the
heater. ITwo rectangular glase windows were provided
in thoe heater which mantched with the wdndows in the
coll. The heater was sealed by the neoprene gasket
in the copper cap. Boefore tha comaencement of any
experiment the henter was flushed with dry nitrogen
for a long time through a pair of nogzles in order
to prevont oxidation and hence deterioration of the

ganple .

Two brass nute were fixed in the body of the
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heatexr, ON the sides with windows, These were
insulated from the heater dy pyrophilitc bushes.
Two screws with springs mounted on the inner end
could be made to move forward or baokward in the
mte in order {0 make or break contact with the
electrodes, The brass nuts were sonnected to the
neasuring bridge via two coppexr leads fixed rigidly

on & woodon dase,

{(4) Tempersture control and measur ement

The eleotrical power to the heniter was supplied
by two stebilised 4.0, power supplies (60 V and 5 A
each). A rhecstat in series with the nichrome winding
was used for finaxr variations in temporature. The
temperature of the sanple could be controlled and
mintaiﬁed to better than U,1%C over 4~ hows. Suoh
high thermal stadbility over long periods was especially
necesgary while msasuring the freguency dependence of

3” .



A chromel-alumel thermsogouple previously
calibrated with respect to a standaxd thermometer
was used to probe the tanperature of the sample.
Using similar prodbes at various poaitions inside the
heater 4%t wa® agoertained that the sample did not
experience any temperature gradients. The tompe~
rature of the sample was moasured to an accuracy of
0.025°C using a vernier potentiometer (0SAR-30071)

and a multireflex galvanometer (OSAW-3%0274).

(a) Sample alignment

It is. obvious from the definftion of the
principal dieleotric constants in a mematic that the
sanple should be aligned homeotropically (E n n) for
the neasuraaent of € while a homogensous alignment

(2 1 n) is necessary for measuring € .

The most common mothod of aligning the saaple

i3 the use of strong magnetic ficlde (H). Since



nematics are dlamagnetic with a positive anisotropy

~ 107 CeEe8. unite, the nolecules always align
parellel to H. As a result the values of e ond fi
can be determined by ug’plyins i1 parollel and perpendi~
cular respeotively 20 tho measuring field E. In the
absence of the magnetic fleld the diclectric constant
has & value Detwsen the two principal dlelectrio
conptzntes. As ¥ is {nereased continacusly the measured
values of e, and ‘1 ohange until a saturation 1s
reached. Omoe the saturation is attained any further .
increase in the magnetio field will not influence the
value of the dfelectric congtants, The weasurenents

are always oarried out in this saturation reglon.

Ae the alignueont of liguid crystals Oore known
to bYe strongly influenced Ly surface conditiors, the
slectrodes were carefully salected and assidiously
cleansd firat with a detergent (Peecpol, BIH Ltd.)

and then with freshly prepared chromic acid. DBoth
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homeotropic and homogencous alignments were achlieved
by applying a magnotic field of 17 kGauss which was
more thun twice the paturation field for the thick-
ness of tho sanple used (25«50 pm). The homeotropic

aligmment was relatively casier since the molecules

of nC3 have a texdency to ordent normal (o the surface.

The aligmments in the ancotic A phase were cbtalned
by #lowly cooling the well aligned nenatic in the
presence Of the magnetio field. The magnetio field
obtained by an electromagnet (BDS Electronices,
Bangalore) with 25 mm tapered pole pleces was measured
uning & fluxmeter (Bell, USA). In figure 3.2b we
have shown the position of the heater with respect to
H for € -measurenents. In thils case the alignnent of
the sample could be checked directly between orossed
polaroids. For measuring € the heater was turned
thxough %C*. In this position we used two mmall
mirrors fixed at 45° to the windows to check the

alignaent.
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(£) Keasurement of static diclectiric constants

A GR1656 impedance bridge was used to mensure
the static dieleotrio comstants. The eapucd tances
were measured at 1 KHg to an acouracy of uvelrs This
frequency was high emough to awvoid interfacial polaw
rization effects at the iﬂectmdea.m The weasured
capscitance was always corrected for the lead

capacitance. The bridge wvoltage acrocs the sample

68

was very low (~ 300 n¥V) and 214 not have any disturbing

influence on the saaple. The resiotivities of the
sanples used were moassured using the same bridge.

£ o
They were quite high, of tho order of 10"«-101‘" ohm=-Ce

Thus problens like heating of the sanple d¢id not arise.

The relative variztion of e and € could be
determined t0 an acouracy of O.1%. The value of the
dielectric constant in the lisotropic phase obtained
independently from the two geometrics watched to

within 14,  The experinmental set up was initially



used to measure the dielectric constant of standard
" liquids like toluons and chlorobengene. The value
obtained for these ligquids always agreed within 25
of the standard value which 1s therefore reckoned to

be the absolute accurapy of our measurenents.

() Measurement of tho dielectric relaxation of €

We have measured the low frequenocy relaxation
of € 4n 5@-0CB. Tho expoximental set up and the
mothods adopted to obtaln homogeneous and homeotropic
alignments were tho same as those used in the static
measurements, However the tin-oxide ocoated
plates could not be used because of the high losases
involved., Instead aluminium coated glaes platos were
used, The plates were thorcughly cleamed with Teepol
and ghromic acid and then vacuum coated with a thin
layer of 9%.9¢S+~ pure aluminium. These plates were

not optically tranvparent and therefore it was not

pocelible %0 vicually checls the alignment. idowevar

69
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a preknowledge of the value of the static dieleciric
constants helpesd us in ascertalning the pexrfectnees

of the alignmens.

The dieperaion was measured in the frequency
range of 400 KHa~10 Mig using a GR 16.€8 RP bridge.
A signnl generator (Radart 923A) served as the source
while a 15 MHg osallloscope (Philips PM 3231) served
as the detectors One of the eleotrode texminals was
earthed and the other was connected to the lead fiom
the unknown terminal of the bridge., The reactamxe
(Xm) and resistance (R ) as measured on the bridge
were corrected fOX the lead ecapacitance to geot the
true values, X, and R, of the sauple. If X, is the

rocotanco of the lead then

) (1 . (.....;
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Using these relations t he dieleotric gonstant (¢*)
a8 well as the diclectric loss (¢”) of the sample

wore calculated. The measured reactance wvas

corrected for the series induotame

For euch compound the real and imaginary parts
of both e ond e were neasured at 4~5 tomperatures
in the nematic phase. As expected ¢’ showed a
dizperaion in the freguency range covered while € ¢
remained constant. However was not mexv due to
non-gero ionic conduotivity. This value of ‘1" was
used to correct the e value ap suggestoed by

kondeles and Mircea~Housbael. 15

The moximum error in the meesurexzsnt is esti-
mated to be 37 for the dielectrio comstant and 77 for
the dielectric loss. The relaxation fregquoncy and
the activation energy cculd be detemined to .axx

acouracy of 2-3.7,
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Results and Discuselon

A. Statie dleleotric consiants

The tempexature variation of e € and €,
for 5CB are shown in figure 3.5. With inorease of
tenperature ¢ decreases continuously while €
inereases. At !RI they both change abruptly signi-
fying a first order phase transition, Similar ocurves
were obtalned for 608 and 7CB also (figures 3.4 and
3.5). In oase Of 7(¢B, measurenents were carried out;
| N the superoocled region of the nematic phase also.
o change | N the trends of the curves were observed
in this reglons In figure 3.6 the principal dieleotric
constanta of 8CB are shown as funotions sf temperature
| N both the emectic and nematic phases. Experiments
were also eondusted on 4'=-n-cctyloxy 4-cyanobiphenyl
(8 ote) fa order t0 study the effect of chonging the
end group from alkyl do alkoxy. The resulte On this

compound are shown in figure 3.7.
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Prineipal dielectric constants of 50B. § is the mean
dielectric constant evaluated from the measured values
of e and €« The broken | i ne indicates { he extrapolated
value of €, in the nematic phase. (Nematio-isotropic
transition temperature Ty; = 35°C).
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Principal dielectric constants of 8Q3 (smectic A-nematic
transition temperature TAN = 32.5°C, TNI = 40.4°C).
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In all these figures we have shown the meun
dielectric constant € = %(e" + zsl) oaleulated from
the measured values of ¢ and ¢ . { very mar Tyy
is not shown becmse of the decrensed accuracy | N
the measurements of ¢ and g I N ¢hie reglon. We
notice that in all cases € is, throughout the nematic
phase, less than the extrapolated igotroplo value,
the difference being ~ 4.5 A giamilar difference has

Y

been observed by Sohadt® in the case of p-substituted

bengylidene p'-cyanoanilines., 7This 1s in contrast

2

to tho behaviour of nonpolar molecules®™ wherein it

has been obsesved that € and &g, Coincide at Ty..

The ingrease i N € at Ty, can be understood on
the basis of the theory of antiferrcelectric short
ranée order discussed in chapter IY. The theory 18
applicadle to mematics composed of sirongly polar
molecules 1ike nCB, fa such compounds there will be

& greater tendency for the ncarest neighbouwrs %o
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assume an antiparallel orientaticn. This— ti-
perallel corxrelation is groater i n the nematic phase
than in the isotropic phase resulting i n an increcse
of € on going over from the nematic to the isotropio
phase.

In faot the presence of such antiparallel
local oxrdering has been confimed dby A-ray studiesaa
on 508 and 7G8. It was found thaet the meridiomal
refleotions correspond to a repeat diotonce of about
1.4 times the molocular length. 2his indicates that
there 48 o smectio A type of short range ordexr in the
medium whereln each layer is made up of two molecules
antiparallel to each other, prodably with their polar

ends interdigitated. A pocsible configuration is

shown in figure 3.8,

An inorease in € ON golng from the neante to
the isotropic phase has been observed in sowse naterials

of negative dielectric anisotropy aloc. It was first
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Schematic representation of antiparallel local orderin
5CB. The repeat distance alongthe mematic axis is about’

1.4 times the molecular length. (After Leadbetter,
Richardson and Collingzz).



' which they

observed in PAA by Maler and Neiex
could not account for in their theory (see chapter II).
Pershanski and Potrov>> suggested that the difference
between € and &;, Bay be dus t0 & second arder plozo-
eleotric effoct whioch diminighes the polarizablility.
However this O now be explained as due to an antl-
parallel correlation between the longitudinal components
of the dipole momente of the ngighbouring molecules.

As far as the transverse oomponents are concerned,

thore will not be, on the average, any orientation
correlation because of the cylindrically symmetric

distxidution adbout the optic axis,.

Further we notice that for all the campounds €
decreases with deorease of temperature, as a result of
the increase in antiparallel ordexr at lower tenpe-
ratures, In the case of 5CB, 600 and 7CB the differonce
botween £ and the extrapolated €y, Temainc the same

throughout the nematic range. On the other hand, for
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8CB and 8 OUB this difference increases with
decroase of temperature obviously due to the

presence of a smectic phase at lower temperatures.

Another interesting point observed in these
strongly positive compounds is that the isotroplc
value .lnoruu; with increase of temperature,
evidently due %0 a decreass in the local ordor.
Indeed X-ray data®? peveal that there is considerable

loval order in the isotropic phase of nlB.

In tadble 3.2 we have given € ond ¢ a8
well a8 Ae at & ocomaon relative temperature of
1 1) *C.  We motice that for all ths compounds
~ ecl Furthar both € and e deorease

with inoreasing slkyl chain length. It was suggested



Pable 3,23 Principal diclectric constants and
dieloctric anisotropy of 5UB-8CB and
8 OCB at (Tﬂx - 1)°0

Compound g, al Ae
5CB 15.70 750 8.20
6C3 14,45 7.18 T.27
7¢8 13.55 6. 80 6. 75
&8CBb 12.80 6.65 615
8 0C3 12,35 720 De 15
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by ﬁahadtg that this may de partly due to the
deorease in the moleounlar density. According to
the density data avalladle the decrease in density
with inoreasing length is less

14 2Zhis 48 %00 low to account for the 5-8% change

in € and € =

Tny and & numder of other physical properties
show a pronounced altermtion as the homologous
sories 1s aa«ﬂud. A detalled statistioal therno-
dynanie 4reatment of‘ﬁz.‘la odd-cven effect has been
given by nmozja.‘“ In the caze of n(B the evenw
ruzbered carbon atom in the alkyl chain makes a large
angle with the long axis of the molsoule while the odd-

nunbered carbon atom 1is along the long molecular axis,
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Thus the polarizability anisotxrepy ( Aa), gy and

the order parmmeter (s) are lowered in even nambers

of the series wvhile they are enhanced in the odd
menbors, Such an alternation in the oxder paramt@:as
though not vexry pronounced is observed in 5C3-7CB.
But there is an inorease in » between 7C3 and 8B,
al though !l‘m decrcasoes between them. IThie increase
in 8 1o attributed to an inoreased near nelghdbour

correlation amd the presence of smeotic A phase at

lower teaperaturcs.

Acoording to the theory of Maler and Melorx
discussed in chajter II, A¢ has contridbutions from
Am and p (Bee equation 2.16). For a molecule with
gero dipole moment Aec is directly proportional to
Ads Einca Aa altemates we expeoat Ag also to
alternate oo 1o indeed observed in 4,4'~3i-n-alkyl
azobenzenes.® A eimilar alternation in Ae 18 also
exhibiteda by woakly positive ae well as naogative

conpounds. However Ae shows only a oontinmuous
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decrcaose with inoreasing alkyl chain length in
strongly polar nCB (see figure 3.9). This may be
partly due to the fact that an inorease in the order
parameter inoreases the effect of antiparallel
correlation which as discussed earlier results in a

dinimition of the dieleotric cnisotropye.

In figure 3.1 we have given the chealcal
structure of 8 OCB alao, The only difference betwoen
8CB and 8 OCB is that the octyl group in 808 has been
replaced by an ootyloxy group in 8 OCB. The dipole
moment of 8CB has contridbutions from (=R and the octyl
group, both actlng along the line Joining the centres
of the two benzens xings in the same direction, Then
the dipole moment has practically no perpcndicular
component. But in 8 OCB the octyloxy group has a
perpendicular ampon;ant of ~ 1.2 Dedbye. This results

in an increase in the value of c.l and hence Ae of

8 030 is less than that of 808 (sce table 3.2).

¥We ghall now discuss the behaviour of the
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Diclectriec anisotropy ( Ae) of ndB and 8 OCB as
functions of Ty = T. The arrow indicates Tyye
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dielectric constants near T AR in 8CB and 8 OCB,

In the nematic phase e chowe the nrmal increase

wlth deorease of temperature. Ilowever iu the sncctic
phase it decreases with temperature near T,y and

remains oonstant at lower temperaturen, On the other
hand, tl decreanes continuously in both the nomatic

and smeotic phases, The decorcase in ¢ in the ameoctic A
phase near '!‘w is more prominent in 80D thgn in 8 OCB
(see figures 3,6 axd 3.7). However this decrease is

not refleocted in the behavicur of A (soe figure 3.9).

do Jeu et 31.26'27 have meamired the diclectrio

constants in the emectic 4 phase of 4,4'~di-n-alkyl
agoxybengenes (hexyl to octyl). Zhey ocbeserved that -
in the mnatio phase € deorenses and ¢ increases
as 7T A5 is approached leading 4o a ohange in the sign
of Lre at T< @m. This wan explained as due €0
the increase in the dipolay correlation between

neighbowring moleocules in the smeotio layen



1t may be roelevant to mention hers that the
temperature dependence of the ratio of the principal
eleotrical conduotivities o /g of 4,4'-di-n-
haptylasoxybenzmem iz rather similar t 0 the ocurve
for e in that i t decreases falrly ropidly with
decrease of temporature. On the other hand, ¢ /o,
for 8CB and 8 0CB®® chows a small decreass in the
smcctio phase vexy near T AN and remaine constant at

lower temperatures

B, Dieleotric dispersion

The dieleotric dispersion was measured in tho
O+ 1=10 ¥MH3z range. In figures 3.10=3.13 we have plotted
the dieleotric loas (e.l'l') as a funotion of frequency
at different temporatures for $5CB-8CB. For all the
oonpounds, the naximum of ei'l' decreases with increase
of tenperature while the relaxation frequency (fy)
given by the maxionum value of e imreases. The values

of fa at difforent temperatures a N given 4in table 3,.3.
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Table 3.3: Relaxation frequency (fa), frequency

of dieleotric isotropy (:to) and activation
enexrgy (W) for SCG-8CB

Tempe- ¢ (#Hs) f,(imHz) g (o) Vg (eV)

Compound rature
- (=0} |

19,5 3.0 540
24,0 4.2 7.0

508 0.560 0,560
28,0 57 9.5
31.0 7.0 11.0
18,0 35 65
20,2 4,2 8.0 ,

6CB 0.570 0.562
22,5 50 9e2
2545 6.5 10.9
23.0 2.6 5.7
275 346 Te5

<8 31.5 4,6 ST 0.560 0.569%
3500 5.8 -
mco 7;5 -
33.5 5.8 -
34.6 6.6 -

808 0o550 -
35.6 7.0 - :

36.5 T+5 -
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A plot of cl'l' vorsus z"l' is a semigircle with
the centre lying On the c”'vwm:. denoting a single
relaxation time. These Cole~Cole ares are plotted
in figures 3,%4-3.17. For all the compounde the
radius of tho semioirole deoreases with increase of
temperature and the centre shifts to lower s|‘|'~va1una.
Since a plot of e varsus frequency along with the
Cole~Cole plot is enough to describe the relaxation
proceas completely wo have not given the :'.': versus
froquency ourves. The relaxation frequency is also
defined as the froquency at which the cl"" drops to
half ite static value. Thus we cean detemmine £, fronm
the ¢! veo.f ourves alsos. The value of ta deternined
in thia manner agreed with that determined from the

e" vs.£ ourve to better than 2% in all cases.

Zquation (2.47) can be rewritten as

Th = A exp(W/k?) ,

where Tp = V23 £, W=gq+ q, and A is a conmstant,
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Pisure %.1

Cole-Cole plots for 5CB at 195 ¢¢ (o), 24.0 °C (e),
28.0 *¢ (O) and 31.0 °C (A)
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5CB or 7CB at the same temperature (see figure 3,18).
However an entirely different picture cmerges when we
compare tn of these compounds at a common relative
temperatures Log fp now exhibits an alternation with
increasing alkyl chain length very esimilar to that of
THI and 8 a3 shown in figure 35.21. Aa'fax' a8 w¢ are
aware this is the firest observation of such an alter-
nation in fR in sucoessive menbera of a homolugous

serien. TLog fo whioh wa found tc alternate in a

pimilar fashion is also shown in figure %.21.

The similarity in the alternation of fR and 8
is rather 4irffioult ¢o underntand. With the increase
of molecular order one would expcet a greater hindrance
to the rotation of the molecule about ite phort axlis
leading t0 a lowering of f; while the opposite | 0 observed
here. 7This seems to suggest that the mechanism of
disporsion of €, 1§Z§nﬂusn¢ea by the long range order

alone, but also to & consideradble extent by the short

range order.
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reason for the coourrence of such reversals in the

pign of A¢ 3in nGB has not yet been understocd.

We have detemined f, from the plot of ¢
versus frequenay for 508, 6CB and 7CB (see table 3.3).
The experimental limitations provented us from deter-
mining £, of 7CB for temperatures above 31,5°C and
of 8CB at all temperatures. A plot of £, versus 1/t
fa 50B=T7CB is a straight line (figure 3.20) giving
the same value of ¥ as determined from £,.

Whonever the low trcguenw relaxation wap
macumdg'"'“ for two members belonging to a homo~
logous series, it was noticed that the relaxation
froquency of thovhishcr homologue 48 lona than that
of the lower ome. It was suggested that this may be
due t0 the greater alkyl chein length of the higher
homologue. Xhis was found t o0 be the case with our
data for SUB and 738 at any given temperature, but

not foxr 68 which has a higher value of !a than cithex
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Diclectric anisotropy as a funotion Of freguency for
8CB at ® = 27°C (C) in the smectic phase and at
T = 37 °C (®) | N the nematic phase. (After Lruon

and adaorenierag) .



fa prebobly due to the precence of strong snectic

)
liike short range order even in the lower haxaolog:mm.“a

The high fraguency limit of the dispersion,
vie. , el’l(m} could only be determined indircctly from
the CGole~.ole plot, sincethe relaxation wus not
complete in the measured frejuency range. € (o0}
ie the intercept made by the Cole~Cole are on the
e"l--&xic: a%t the high frequenoy slde. For all the
compourds &' (oo ) was Pound %o be less than €, reaulting
in & change of sign of Ae. The frequenoy of dielectric
isotropy fO’ iets, the freguency tit which Ag becomes
gero was | N the 5-35 Mz regiom, 4 similuy
reversal 4n the gign of Ae of 508 was oboerved
previously by Cunmine et al.w Revently ixuon and
#acr@nier,‘?g from thelr measurements ON 848 over a
wide rauge of freguenty, showed that there are in
fact two roversulsy one around W Hz when A goes
from positive to negaetive and the other above 100 Wiz

when Ae becomes positive again (figure 3.19). Uhe
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Relaxation frequency {},tg)v‘ferlaua 1/T for
5CB (0), 6CB (o), 7B (m) and 8CB (0O).



Acocording to this equation, a plot of L, versus 1,7

on a log-linear scale (figure 3.18) gives o straight
line the slops of which is the activation energy W.
The value of W caloulated in this manner is given in
table 5.3 for 5(B-808, Ve find that | is the same
for all compounds, the value being 0.56 + U.01 eV,

Our vainc of Wis in good agrecment with that obtalned

by Cummine et al.'® for 50B and Davies et al.!® for 70m.

Heaaurauantn“ of t; for six successive members
of 4,4'=di=-n-alkoxyasoxybenzenes chowed that the value
of W ie the same for lower homologues which have only
a nsumatic phase. But with the occurrence of a
smectic C phase the value of ¥ systenatically increased
from one homologue to the next higher one. This has
been attridbuted partly to the presence of smectic like
short range order iln the nematic phase. In the case
of n(B no such inorease in VW between the heptyl and
the octyl derivatives has been observed even though

the latter has an additional smectic A phase. This
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Cole-Cole plots for 8CB at 33,5 %C (0), 34.6 °C (e),
35.6 °C(A) and 36,5 *C (O).
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FIGURE 3,16

Cole-Cole plots for 7CB st 23.0 @¢ (0), 27.5 *¢0 (e),
31.5 °¢ {A), 35.0°C0(A) and 38.0 °¢c (D),
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Cole- Cole plots fox 6cB at 180 9¢ (o),
20.2 °C (®), 25 °*¢(A) and X5 ¢°c (O).
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