OHAPTER IV

DIELECTRIC PROPERTIES OF TRARS=p=neALKOXYmge
METHYL p'-CYANOPHENIL CINNAMATES

Intha ——

In this chapter W present our measurements
on the dieleotric properties of sone more strongly
positive compounda belonging to a new homologous
series, viz., trangepen-alkoxy-a-methyl p'~cyanophenyl
cinnamatea. We shall abbreviate them as n ONOPU for
the sake of convenience. These compounds syntheaiged
by sadwhiva’ are colcourleas, fairly low melting and
chemically etable. Out of the twelve members synthe-~

siged we have measured the dieleotric constants of-
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only those which exhibit an enantiotropic nematic phase.

The transition temperatures of the compounds studied

are given In tadble 4.1. The tenth and eleventh mendbers

exhibit a monotropic smectic phase in addition to the



Table 4.13 Transition temperatures of n OMCPC
(n = 2,"&‘11)

Temperature of transition to

Compound

I
2 OMCPC - 8040 89.5
4 OMOPG - 63.0 73.8
8 GMCPO - 58,0 . 72,0
9 OMCPO - 5640 70.3
10 OMCPC (57.1) 62.8 T35
11 OMOTO (70.0) 70.0 7502

Transition tenmperatures in parentheses indicate
monotropic transitions,



Nematic phase. The macotic phase shows a simple
is
fan shaped texture and fAherefore believed to be

£
smectic A. Also the twiast and bend glastic constante®
diverge near the smeotio-nematic transition tempo-
rature confirming that the lowver temperature phane

is smectioc A.

In figure 4.1 wo have given the chemical
structure of ad OMOrC., 1In the odd-members of the
goeries the final 0-C dbond of the alkoxy group on the
averago makes a large angle with the long moleocular
axis. This reduces the molooular anisotyopy. Un the
other hand, in tho even-members the final sepgment is
nearly parallel to the long molecular axis enhanocing
the anisotropy of the molecule. A® & result in this
einnanioc acid ester serica the odd-members have a
lower Tm than the even members whersas the opposite
was true in the 4'-n-alkyl 4-oyancbiphenyls (see

chapter III).



Rigure 4.1

Structural formula of trans-pen-alkory-a~methyl
p'wcyanophenyl'oinmmataa (n OMCPC, nn » 2,4,8=11),
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The experimental detalls concerning the methods
of aligmient and measurement have already been given
in chapter 1II. Therefore we shall only present the

resulta in this chapter.

Results and Discussion

A Statio dielectria constants

The variation of € o with tanpe~

¢ and
rature are plotted i n ﬁmaﬂlhﬁ.? for 2 OMCPO,

4 OMCPC, and 8 UMCPO-11 OMOPC respectively. Measure-
ments were done only in the nematio and isotropic phases
although the deoyloxy and undeoyloxy derivatives exhibit¢
a monotropic smectio A phase at lower tempexratures.

The dielectric anisotropy ( Ae), for al) the compounds,

i s plotted as a funotion of (2 - wn) La figuxre 4.8.

We have tobulated the values of & gl and Ag <for

all the conpoundzs taken at a common relative temperature

of (trm ~ 1)9C (sce table 4.2)., The following

observations are made:
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Table 4.2 Principal dieleotric constants and
dielectric anisotropy of n OMUPC as

(Zy = 1)°0
Compound &, G_L AR
2 OMQOPRC 22,22 1027 , 11.95
4 OMCPC 19.80 10.00 .80
8 OMCPC 16,88 9.11 , T17
9 oMero 14.79 8.04 6. 75
10 OMCPC 14.16 7.95 : 6.21

11 OMCPC 13.97 8405 - 5.92




1. From table 4.2 1% is observed that for all the
conpounds L s about twice g o in fact € is
elightly greater than 2&1 for 2 OMCOPC and the diffe-
rence deorsnses a8 we go up‘the homologous geries.
For homologues sbove 8 OMOPO € iz less than 2&1 .
The large dlelectric anisotropy is malnly due to the

presence of U= a» the end group,

2. In addition to the cyane group there are three
other dipolar groupe which contribute to Aes (a) the
alkoxy group which contributes mainly to ¢ (b) the

methyl group in the a-position whioch aslso oontridutes
to € and (of the carbonyl group which contributes to
both e, and € Alse the polarizablility anisotropy

( L) of a moleculs of n OMCPC 48 higher than that of
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nCB because of the presence of the bridging group between

the two phenyl ¥ings | N n OMCPC (see figure 4.1). Thus
we expect a higher value of € € as well as Ae for

n OMOPC as compared %0 niB whioh is indeed found to de

the cases



3 Both ¢ and € decrease continuously with
increasing length of the alkoxy chain. The percentage
of decrease between successive menbers decreaéea as
the homologous series is asoended. For e.g., the
deorease from 8 OMCPC to 9 OMCPC 48 ~ 124 while that
between 10 OMCPC and 11 OMCPC is only ~ 2%  This
decrease ocamnot be due dnly to the changes in denaityz

whioh is only ~ 0.5% between sucoessive members.

4. The isotryopioc value of the dicleotric constant
shows a positive slope for all the compounds, The

mean value £ $s throughout the nematic phane less(by
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about 3¥)than the extrapolated isotropic value. Further

€ deoreases with decrease of temperature the effect
being greater in 10 OGMCPC and 11 OMOPC whose nematic

phase is presceded by a emgotic A phase. These facts

are in conformity with the predictions of the statistical

model of antiferroeleciric short range order in nematics

conposed of polar molecules, discussed in chapter Il.
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Se The order parameter of m OMCPC determined

from IR measurenents® exhibits an odd-even effect. |
However no such alternation is found in the diclectric
anisotxropy whioh deoreases contimiously with increasing

alkoxy chain length (figure 4.8).

6. Even though 10 OMCPC and 11 OMCPC exhibit a mmectio
A phase we were unadble to make moasurements in this

phase heoam of the difficuliy in getting & pood align-
ment, eithexr homogsneous or hmeatvomo; Howevor no
reversal in the trend of either ¢ or g is obeerved

in the nematioc phase,

Comparison with 4'~n-alkyl 4~oyancbiphenyls

Thus we £ind that the static dielectric bchaviuur'
of n CMCPC is very similar to that of nCB, The theore~
tical prediction that in strongly polar materials the
near nelghbours have a tendency to align antiparallel

to each other has been supported by X-ray studiea4'5
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in the case of nCB, Unfortunately no X-ray data

on n OMCPC are available. Illowever the oimilarity

in the statio behaviour of the dielectric constants

of the two serics leads us o infer that even in

a OMCPC we may have double moleoular layers with strong
antiparallel correlations between neighdbouring molecules.
Soon we shall see that the dynamic behaviours of n OMCPC
and nCB are again alike further corrcborating our

conolusions,

Effect of the dridging group

have also moasured t he stotic dielectric
congtants of p-gyanobenzylidene p'~ootyloxyaniline
(CBOOA) 1a its nematioc and isotropic phases.
values of € , € andg,, are plotted as funotions
of temperature in figure 4,9, All the features noted
in nCB and n OMCPC are visible in OBOOA al@o.
wvas expeocted since it is also a strongly positive

material with ORN at one end of the molecule.
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We shall now compare CBOOA with 8 OCB and
8 OMCPG. Sinos the end groups of sll the three are
the came (see figure 4.10), we can aseride the diffe~
renoes in the values of € and € of thess compounds
to the 4ifferent bridging groups. In figure 4.10 we
have also shown the dipolar groups that contribute 'to
the total dipole moment of the molecule along with the
directions in whioh they will be acting. The measured
values of the prinoipal dlelectric constants of these
conpounds taken at a relative temperature of (mmq)'c
are listed &n tadble 4.3 for the sake of camparison,

In the ease of 8 00B (figure 4.10a) there is
no dridging group between the two phenyl rings and
therefore the major eontridbution to €, and € is
from the oyano and alkoxy groups respectively. In
comparison, GBOOA (figure 4.10b) has a benzylidene
gxoup bridging the phenyl ringe, Since CH=K has a

strong perpendicular component of the dipole monent



g;gg;a i. 10

Structural formulae of (a) 4'-n-octyloxy-4-cyano-
biphenyl (b) p-cyanobenzylidene p'-octyloxy
aniline (e¢) trans-p~n-octyloxy-a-methyl p'-
cyanophenyl cinnamate, and (d) p~alkoxy benzylidene
p'-cyanoaniline. The parallel and perpendicular
components of t he dipole moment associated with

each dipolar group is shown underneath t he corre~

sponding groupe.
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Table 4.3: Principal dielectric constants and
dielectrio anisotropy of 8 0OCB, CBCOA
and 8 Wm at (an - 1)“0

Compound & € Ja\ 4
8 0B 12,35 Te2 5415
QBOOA T 15,24 8422 5.02

8 GMOPC 16.88 9. 11 777
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€ inoreases. The increass in ¢ must be due

to tho inoreased polarizability anisotropy. On
going over to 8 OMUPC (figure 4.100) whexe the -
bensylidene group is replaced by a olnnamnio acid
group we notice that ¢ has inereased by more than
204  This is probably due to the contribution of
about U.7 Debye to Y by the ester group whoreas

the inorense in € 4is partly due t o the methyl group

1
in the a-poaition,

In CBCOA the parallel oomponent of the Ci=H
group is direoted antiparallel %o the diroction of
the parallel component of the alkexy group. This
reduces tho value of e If the terminal sudbsti~
tuents are interchanged (mee figure 4.104) then the
g, of Cl=N will be directed similar to the B, of
OBH”O as well as CEN inorcasing the value of € -
The diclcoiric constants of such compounds have been
masmd6 whoze value of € is indeed found to be

much higher than that of CBOOA.
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B, Disleotric dispersion

The low Lrequency dispersion of € was
measured for the four successive monbers, vig.,
8 OMCPO-11 GMOPC., Fox the three lower hamologues
the dispersion was mmrad at four diffeoront tenpe~
ratuxres in the nematio phase. 7The relaxation freguency
for 11 OMCPQ was determined at only one temperature
gince it has a Yory narrow nematic range of 3°C. The

frequency range Govered was 0,1-10 Miz,

Figures 4.11-4, 14 are the plots of the variation
of ¢! with frequency for 8 OMOPC-11 OHCPC at different
tenperatures. The maximum of -tl'" degreases with
increasing temperzture while the frequency at which
the naximum occurs shilfts to higher values, when the
real and imaginary parta of the dielectrio constant
are plotted against each othor, the experimontal points
lie on a sealcircle with its centre on the ¢'-axis

charaocterising a single relaxation time. These Cole-



o EASA®
) %
[l
O 0
S5 AR X R4
X ()
@,
3
SN s
A 0)
)
@, . .
AN
A ]
Q RWA
1= 5\
C‘.
0 oo L1 bt
0.1 1.0 10
Frequency (MHz)
Figure 4.11%
Dielestric loss (ell) as a function of' freqency for

8 QMCPC at 59.4 °C (o), 64.4 °c (e), &5 °C (A)

and 0.0 °c (o).




[ ®
0/ Lo el Lo gl
01 1.0 10
Frequency (MHz)
Eigure 4.12

er @8 a function of freqency for 9 OMOPC at
59.8 9C (), 62,0 *C (e), 65.0 *¢( Q) am
67.5 °0 (0)



L Lol L il

1.0 10
Frequency (MHz)

Pigure 4.1
e as a function of frequensy for 10 QMCPC
at 629 ¢C (0), 65,75 °C (@), 67.8 *C (A)
and 8.6 °¢ (o)




O /] 1 1 L 1 H l 1 I ] 1 1 I 1 ! l

Frequency (MHz)

Figure 4.14
e as a function of frequency for 11 OMCPC at 71.2 °C



106

Colo plots are shown in figures 4,154,118, The
relaxation frequencies (fy) wers determined from the
dielectrio loss ourves and the Cole~Cole dlagrams.
Ty measured at different tenperatures are given in

table 4.4,

On comparing the relaxation frequencies of
n OMCPC with those of nCB at a relative temperature
ws find that the £, of n QMCPC are lower than that
of nCB. This was cxpeoted becauss of the longer length
of the molecules of n OMCPC, While measuring the
elastic constonts of theose compounds it was notioedz
that the time teken by the deformed sample to relax
back after the deforming field is removed is more than
the time taken by nC3. This suggests that the visco-
elty of n OMCPC must be higher than that of n(B, This

alaq contridbutes to lowering of ’R"

The rolaxation frequencies of a OMCPC (n = 8-10)

are plotted as functions of 1/T on a log~linear scale



Oole~Cole plots for 9 OMCPC at 59.8 °C (0),
62.0°C (@), 65.0 *C (A) and 67.5 °C (o).
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Ploure 4,17
Ooze-Cole plots for 10 OMCPC at &9 °¢ (o),
65.75 °C (@), 67.8 °C (A) and 69.6 °C (o).



i
ell
Figure 4.18

Cole~Cole plot for 11 OMCPC at 71.2 *C
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Table 4.4t The relaxation frequenoy (f;), frequenoy
of dielectris imotropy “0) and activation energy (W)

for n OMCPC (n = 8-11),

Tempe-

Compound £ (MHg) £,(MH ¥, (oV) v, (eV
P rature B oliz) Vg (oV) wg (oV)
(*0)
59.4 1440 2. 4
64.4 2425 307
8 OMCFro 0.917 0,517
65.5 2.55 4.2
69.0 335 54
59.8 1. 40 249
62.0 170 3.4
9 OMCPC 0,917 0.917
65.0 2.25 4.6 :
6745 2.80 5.5
62»9 ‘»75 3ﬁ7
65.75 2,30 4.1
10 OMCrQ 0.%03 G903
67.8 2,70 4.8
68.6 225 5.6
11 OMGQPC T1.2 %60 6.5 - -
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(figure 4,19). They all show a linear relationship.
The value of w’a (the sudbscript £, denotes that ¥

was determined from f;) determined from the slope of
the straight lines 18 the sene for all empounds (see
table 4.4). wtn Loxr [t OMCPC eould not be determined
sinco Lo far this compound was measured at only one

temperature.

In all the compounds the relaxation of | leads
to a ohange of elgn of Ag. Wo have detemined the
Irequenoy of dlsleotric isotropy £, from the plot of
€ versus f. We find that f, is greater than f_ and
its value increases with inorease of temperature just
like £p» A plot of log £, versus 1/2 1a a straight
line giving the same aotivation energy as fn" The
Arrhenius plots are shown in figure 420 and tha values
of W galculated from them aro given in table 4.4 .under

the heading w‘o to distinguish 1t fram vxa.

The value of W (0.%1 + 0.01 eV) fOr m OMCPC are
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high compared to that of nCB (0.56 + 0.01) evidently
due to the greater length of the molecule and the
expected higher visocosity. However, we notice
that W is the same for all homologues, Just as in

nCh.

In figure 4,21 we have plotted both log £,
and log ‘0 Saken at a relative temperature of
('ﬁm - 2)°0 a8 funotions of the number of carbon
atoms i N the alkoxy ohain along with Ty, and 8. All
the four paramsters alternate in a similar fashion
between S OMOPC and 10 OMCPC, Between 10 OMOPC and
11 OMC?C the arder parametex showe an inorease while
the other three show a deorease, The increase N ®
is probably due to the stronger influemce of the
smectic phase in 11 OMCPC sinse the tenperature at

which the value of &8 is taken is very close to fm.

The similaxity in the static as well as dymamio
behaviour of the pemittivitios of n OMCPC and nlB
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prompts us to assume the molesular assocliations to

be eimilar in both of thems In the case of 8CB and

8 0CB which form bilayers the slectrical conductivity
behaviour! was markedly different from that of oampounds
whose layer thiokness 1s equal to the molecular length.
It will be therefore interesting to carry out electrical

conduotivity end X-ray studies on n OMCPC to oconfirm

these conocl uos.onu.
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