CHAPTER I

STUDIES ON DIELECTRIC
PERMITTIVITY OF
LIQUID CRYSTALS AND
THEIR ORDER PARAMETERS.

I

n

0



NI

preech
ks

Introductions—

Measurments of the anisotropy of dielectric permittivity of
liguid crystals 1n mesophase provide, apart from being of
practical importance, information on molecular properties and
structure of these substances. The ‘tnowledge of dielectraic
constants Euand E,'L parallel and perpendicular to the long
molecular axis helps us to select a liguad erystal for a specific
glectro-optical display device.

The dielectric anisotropy of nematic liquid crystals and the
affects of electric and magnetic firelds on dielectric properiies
have been the subjlect of many investigations. The principal
dielectric constants for 3 servies of alloxy derivatives of azo and
acony benzenes have been reported by PMaier an; Meier. The
dispersion over a range of mic:awaue and audia frequencies has
been studied by Maier and S;upe gnd Axma;;4et al. Car and his
3&2;ZLEPS have made an extensive study of molecular ordering due
to electric and magnetic fields and glso the dielectric loss.

The first theory relating the components of the dielectric
permittivity tensor of ordered liquid crystal 6}1 and éj.to the
dipole moment FL ) mean polaricabilaity ;Z and the
polarzability anisotropy 139( of the molecules was developed by
W.Marer and G. Mgier. They treated the liguid crystal to be =a
continuous 1sotropic medium. The local field inside the medium ang

the effective dipole moment was determined on the basis of Onsager

model of spherical cavity of a volume equal to the mean volume per



single molecule in liguid crystal. The relevent equabtions
connecting the dielectric permittivities with the order parameter

according bto Meier and Maier is given by.
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polarizability anisotropy.

i

dielectric anisobtropy.

angle formed by the permanent dipole moment of z molecule

»
i

with the long aiis.

8 = The degree of orientational ordering of the long axis of the
nematic molecules.
0(” i the polarizability along the long axis of the
molecule and °'(.L is the polarizability in  the direction
normal to the axis.

From the measurements of dielectric constants € 1 and

é.!. parallel and perpendicular to the long axis of the molecule de Jue



i
and Lathouwers observed that in the case of ligquid crystals wikh

small dipole moment, the average dielectric constant
z:%(%dfzél)practlcally corncides with bthe dielectric constant é?
the i1sotropic phase. This fact, they pointed out was an i1ndicat:ior
that Marer and Meirer’'s, equations 1, 2 and 5 gives gualitatively
the correct picture of dielectric properties of liguid crystals
with small dipole moment. For laclt of polarizabirlaity anisotropy
and dipole moment, they could not evaluate the order parameter of
the liguid crystals. The objiect of the present studies 1s %o
evaluate the order parameter § of liguid crystals of both strongly
and weal.ly polar mplucules from the mezsurements of dielectrac
anisobropy using Maier and Meier’'s equations and to compare these
8 values with those obtained from birefringences.
Experimental

The dielectric properties of the samples which were studied
as Tollows:
PCH-T, PCH-3, PCH-7, D=4, D-442, D-341, D-55 bought from E
Mercl .
CPRE, CPPOB from Eastman hkodal.
E~-4, E-5, E-7 from B.D.H. Chemicals.
Miutures E-5 1s composed of pentylcyanobiphinyl, 5-Ck, 7-CB, 5~
oce, 7-0CE, S8~0CE, i1n the proportion of 45:24:1¢6:9:12. The nemat
range 15 — B degree C — 54 degree C.

The structural formulae and the nematic i1sotropic transitio

temperatures of the other liguid crystals are given in chapter 11



All the samples were used for the experiment without any
further purification. The transition temperatures of these liguid
crystals were cheched under 8 hob stage polarizing microscope of
e s T e mettler.

Measurement of the dielectric permmittivity.

The static dielectric constants were measured at freguencies
1 kHz and 18 FH-o using a GR — 14068 capacitance bridge.

A parallel plate capacitor with stainless steel electrodes
of dimension 2 cm 3 1 cm separated by a lmm teflon spacer, served
a2s the sample holder. The temperature of the sample was measured
with a thermocouple. The thermocouple was mounted directly on one
of the electraodes so fthat exact temperature of the eslectrodes can
be obtained. A& magnetic field of 14 K gauss was used %o align the
liquid crystrl molecules parallel and perpendicular to the
electrode surfaces. The temperature of the sample holder was
maintained constant within # .2 degree C by means of =2
thermostat.

The cell was calibrated using freshly distilled toluene and
chlorobenzene and the values agree to @.1% mf*the shtandard vaiie.
The resistivities of the samples were gbove 150 Ohms cm.
Dispersion was not observed for any of bthe samples at 18 hHz.

All the measurements of dielsctric permitiivities were
carr;ed out while cooling the liguid crystal. This process helps

in the alignment of the samples also the compounds ©T P B B and C P

P OFB being monobtropic the anisobtropic property could be observed



only while slow cooling from isotropic state.
Results and Discussions

The euperimental values of the dielectric constants éﬂl and
ﬁLof the ligquid crystals studied in the nematide state andf"'so n
the »sotropic phase are given in the Tables. J.1{(a) to 3.1(13. The
values of the average dielectric constant 'é = 113- (6“‘!‘ 2 GL) are also
included in these tables. Variabtion of the dielectriec anisotropy
with temperature 1s shown in the figures 3.1 (&) ~ J.1(1).

The valuesﬁ'of E‘n and 6“1_ obtained in this study for phenyl
cyclmhexanesnare found to be in fair agreement with those obtained
by Pohl et i;. Alan thi dielectric anisotropy of E - 7 nematic
mixture given by Rayn;; 185 similar to the values of the present
investigation.

From the Figures J.1 (&) to 3.1(c) and 5.1 (h) to T.1(1) it
can be seen that the average dielectric constant E .k always less
than the dielecitric consizant E':e at T< TNI extrapolated 1n the
nematic range from T'Qé TFI in 2ll fthe PCH liguid crystals,
mivtures E-4, E~B, E-7 and the cyanophenyl benzpates. These
rasults are in agreement with bthe dielectric parmittivities

reported earlier for alkyl cyanobiphenyl, P
aminobenznnitrlliz and some other ligquad cryséils which have got
strong dipole moment.

The suggestion for the higher value of the dielectric

constant at the nematic isobtropic transition given by Schadt 15

due to a second order flexo electric effect. However the



Table 3.1 @

Teaperature variation of €a, &_.,,-é y and €y at vematic and
. isotropic phases for FCH - 3.

Tewp degree C €, €, € g0 €
43 16.58 .98 16.1266
43.5 16.21 1.02 160633
44 15.98 1.06 : 16,933
44.5 15.74 1.5 19.08
45 15.51 7.49 16.1633
46 16.62
47. 16.65
49 16.71
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Tewperature variation of &, ,&,Eand € iso at nematic and

Iable 3.1 &)

isotropic phases for FCH- 5

Tewp degree C €y Ey € 180 &

33 14.74 4.81 8.12
H 14.51 4.97 8.15
39 14.38 5.20 B8.26
43 14.23 5.40 8.34
48 13.92 95.69 8.43
52 13.32 6.98 8.49
56 iso 8.93

58 2.82
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Iable 3.1 @

Temperature variation of €n ,é .—é and € iso at nematic and
isotropic phases for FCH-T. :

Tesp degree C €, €, €is0 | €
a 12.685 4.18 .67
35 12.63 4.3 1.0766
c 12.53 4.41 7.1666
43 12.37 4.53 7.1433
48 12.21 4.80 127
52 12.63 5.11 7.4166
56 11.74 5.74 7.72
59 8.69
6t 8.76
63 8.82
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Tesperature variation of €,§, € and € iso at vematic and

Iable 3.1 @

isotropic phases for D 302.

—

Tesp degree C €y €, € iso €

51 3.282 4.543 4.1236
.5 3..282 4.515 4,143
&9 3.293 4.473 4.0805
&6 3.302 4.414 4.0445
12 3.337 4.261 3.9532
m 3.357 4.190 3.9121
B89 3.467 4.048 3.85
4.5 3.852

88 3.831

79 3.8
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Tenperature variation of €5 ,€, Ead € 150 at nematic and

Table 3.1 ()

1sotropic phases for D492,

Terp degree C €, €. € 150 &
44 3.2720 4,4947 4.0871
52 3.2355 4.3607 3.98336
59.5 J.2483 4,244 3.8992
&9 3.328% 4.0941 3.8379
13 3.3372 4.8179 379107
T 3.7435
89 3.7143
85 3.6798
88 3.6548
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3.1 0

|

Temperature variation of €, ,G_L.gand & 130 at repatic and
1sobropic phases for D-001.

Temp degree C €. €, € 1m0 é

43 34125 4.4555 41165
47 3.3583 4.4137 4.0619
51 3.34685 4.2837 3.9786
55 3.3182 4.2423 3.9343
48.5 3.36872 4.1875 3.5041
65 3.3%0 4.1244 3.8602
0 3.4£63 3.9952 3.7996
4 3.0161

16 3.7936

78 3.7727

60 3.7963

85 , 3.7119
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Temperature variation of én .,G_L,_éand € jso at nematic and

Table 3.1 (@

1sotropic phases tor D55

SR

g

Terp degree C = €

" ans 2,940 3419
45 2.958 3.396
42 2,958 3.332
44 2,984 3.351
46 2,997 2.313
5
52

€ 150

3.259

3.23
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Tesperature variation of &y ,€€and € iso at nematic and

Iable 3.1 G0

isotropic phases for CPEB

Tewp degree C €y €, € iso é
42 12.24
56 12,398
52 12.540
49 12.561
44 12.582
43 13.512
42, . 17.933 8.434 11.6603
49, 19.947 8.8 12.£143
2] 2.689 1.743 12.4583
346.5 21.635 T.689 12,1917
H 21.552 T1.9%4 18.8957
H a.547 7.427 12,1337




~

€

DIELECTRIC CONST

cPBB

%ég 31 h

60 70

I H




Table 3.1 G

Teaperéture variation of € I ,.G_L,E‘ande iso at rvematic and
isotropic phases for CFFUB.

Tenp degree C €, €, €10 | €

93 8.643

90 8.897

81 _ 9.100

85 9.150

82.5 ?.168

£9 ?.088

1.5 13.319 6.672 l 8.961
9.9 13.961 6.419 8.927
13 14.536 6215 8.9807
6.2 14.944 6.953 ?.8233
61.5 15.344 3.811 8.9887
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DIELECTRIC CONST

CPPOB
€ 11
15 " .O\O
10k ’6* éiSO
.—____o._.o_“é“ — 5B =¢=0 0O O——
€]
5 Y
62 72 82 92
TEMP T°C
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Tenperature variation of € ,Gugand € iso at vematic and

Iable 3.1 G

isotropic phases for E4

Tenp degree C €, €, € 10 €
22 17.86646 S. 7977 9.7607
35 17.7235 5.8244 ?.7641
44 17.48798 5.9478 ?.7946
45 17.9414 61375 P.0722
b 16,5517 4.4541 .80
B 15.2790 6.8932 9.68085
62.5 ‘ 16,3517
&4 14.4911
65 10.3517
19 16,2922
5 10,1196

EN
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Temperature variation
isotropic phases for E5.

:

2

3.1 69

€, ,64,5 and € iso at nematic and

—

Tewp degree C €, €, € 150 &
31 19.5601 6.3784 18.76863
B 19.1767 6.5500 16.7589
38 18.9017 6.6949 16,7632
41 18.479 6.9244 16,7746
4 17.9964 7.1928 18.774
47 17.2182 7.5869 16.8147
51 11,1553
94 11.1970
&9 11.1631
63 ! 11.1591
48 11.110¢




DIELECTRIC CONST

E-5

Gy

TEMP T'C




Iable 3.1 (O

Tewperature variation of G“ ,El,gand € iso at vematic and
isotropic phases for E-7

Tesp degree C €, € €i0 | €
2% 19.583% = 5.5488 19,2271
. 19.0425 | 5.6892 161403
5 18.6T73 | 5.8089 100964
a8 18.208 | 6.0050 10,6767
45 17,7369 | 6.2080 10,0510
5 17.0601 6.5491 10,0528
55 16.1613 | 71.2143 10.1982
62 . 10.5502
62 10.6150
&5 , 16,5553
16 16.4952
76 16.3511
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14
explanation given by Madhusudana and Chandraselkhar 1s that the

increase 1n the dielectric constant of the isotropic phase arises
from the decrease in the antiferroelectric short range order at
T .
NI
For liguid crys?als having small and zero dipole moment 1t
was shown by de Jeu ei”al that éi coincides with the dielectric
constant f%SOat the clearing temperature. From figures 3,1 d %o
“.1 g 1% can be noted that the average dielectric constants in the
nematic phase for the alkyl/alkony phenvicyclohexane carbonxylate
liguid ecrystals practically coincide with the dielectric constants
in the isotropic phase. These smaples have a2 small dipols
moment .
The dipole moments }L of the liguid crystals were determinet

i dilute solution of benzene and are included i1n the Tables 3.2.

2. qRT (€o- €x) (260t €x)
4'1TN €a <€',(+2-)7'

B.1 co of sample was mixed with $.9 cc of benzene. The refractiv

index of the solution Hd. was observed 6"( = l’]:
The dielectric permittivity of the EDjuﬁlDﬂC?aE also . found.
15 the temparature of the solution given wn hkelvin, K 18 th
Boltomann's constant.
N 15 the number of molecules per cc of the solution = ‘§j°
N=Avogadro’'s number.‘f is the density of the sample at tf
particular temperature.

The order parameter was calculated wsing the Maier ar

-

Meirer‘'s formula given by the equation (3. The angle f; betwa:
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the resultant moment and the long axis of the molecules of the
liguid erystals for alkyl cyanophenyles were negligible. Also the
P valuwe for the mixtures E-4 and E-7 containing 55 to 76% of P -
altyl cyanobiphenyl were very small and assumed to be mero. In
case of samples D - 5832, D - 442, D - B¢l and D - 35 the [3 value
was calculated from the alboxy group moment and ester group moment
reported in the lxteratuizn The angle Ig for CPEBE and CPPOER
was estimated from the P - heptyl P cyanabiphenyl r&: 4,833 and
gster group moment Df}%fb?hakzng an angle of && degree with the
paraais. The value of the angle [3 for each sample 1s 1nocluded ar
the tables 3.0.

For the samples PCH-Z, PCH-3, PCH-7, CPEER, OCPPOR, E~-4, E-7
we find from the Tables 2.2 (a, b,c.,h,1,J and t} that the values
of the order parameters calculated from experimentzal results of
dielectric anlsntropydfugxng Maier and Meier’'s eguation (I
comes out to be much less than that obtained from birefringence o
other
methods. Bimilar resulis were reported earlier in the case of
cyanobiphenyls and cyanophenyl heptyl benzmaig.

Thus the resuits show that Maier and Meler’'s theory fo
dielectric constants in anisotropic media of strongly pola
molecules fails to give consistent results with the experimenta

values. This is due to the fact that only long range arder wa

considered i1n Marer and Meier’'s theory, existance of short rang

=
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JLE 3.2 @

Temperature variation of the Dielectric anisotropy A €
and order parameter S for FCH-3. '

T €. A€ S fron S from

ref.ind. A€
43 9.48 .61 20
43.5 9.19 .60 .19
a4 8.72 s .8
4.5 8.49 57 .18
45 8.2 55 17

Pz 4 ﬁn'f
IABLE 3.2 ®)

Temperature variation of the Dielectric anisotropy A&
ard order parameter S for FCH - 5.

TC. A€ § fron 8 from
ref.nd. A€
33 ?.93 65 «32
S 9.4 63 31
2 2.18 .61 39
43 8.83 .36 29
48 8.23
52 T.24

*®
4.27 F«~a

of
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TRRLE 3.2 ©

Temperature variation of the Dielectric anisotropy A é
ard order parameter § for FCH - 7.

T C. AG S fron S from
ref.ind
3 8.67 .58 3
a5 8.33 55 .30
X 8.12 - .50 29 ‘
43 7.84 .49 29
48 T.41
52 6.92
& 6-%
Y oo
I‘A'b = 4.39 [5
TABRLE 3.2

Temperature variation of the Dielectric anisotropy A€
and order parameter S for D - 382

e AE L L & \
51 ~-1.2631 ] 47

#.5 -1.2352 <12 «48

&0 ~1.1789 W1 b7

b6 A -1.1131 ) 44

12 ~$.9244 -G8 39

Tt -£.8333 33 3B

e -9.580%

{/\,ba 2.17 F ~ T2



TRRLE 3.2 ®

Tenperature variation of the Dielectric anisotropy A€
and order parameter § for D - 482

T°C. A€ S fron S from
ref.ird. A€
0 -t .73 T4
52 11252 &7 72
59.5 -8.9763 .52 4
69 -8.7711 .53 3
73 -9.6607 .46 .46

V}: 2.08 {3 ~72"

TRBRLE 3.2 B

Temperature variation of the Dielectric anisotropy A€
and order parameter 8§ for D ~ 501

. TC. A€ § fron & from

ref.ind. A&
43 -1.13 .13 T3
a7 ~1.088 = 72
51 -1.01 e .48
55 -8.9241 .48 .4
6.5 -3.8503 .43 N7,
&5 3. 7604 .59 55
10 ~3.5669 49 43




TARLE 3.2 @

Tenperature variation of the Dielectric anisotropy A&
and order paraneter § for D - 55

TC. A€ § fron  § from

ref.ind. A€
ar.s -8.479 .67 gé1
40 ~$.438 65 57
42 -$.424 b1 55
44 -B.367 .53 47
44 -9.317

lwb: 1.9 FN&&

TARLE 3.2 Q)

Tenmperature variation of the Dielectric amsotropy Aé‘
and ordev- parameter S for CFEB.

TC. A€ S from S from
ref.ind. P

42 9,459

46 11.899 52 .32

38 12.946 56 '

36.5 13.374 59 - .35

3 13,959 .61

M 14.120




TORLE 3.2 ()

Temperature variation of the Dielectric anisotropy A¢
ad order parameter for CFFOB.

i

TC. A& S fron S from
ref.ind. A€

T7.5 6827

75.5 7.551

73 8.3 49 28

8.5 8.511 52 - .30

61.5 9.5% 54 .3

[V‘-'D = 5.59 B~ 3 degree.



Tesperature variation of the Dielectric anisotropy A&

TARLE 3.2 G

and order parameter S for E - 4.

TC. Ae 8 fron S from
: ref.ivd. A€

v, 12,1589

3 11.8791 45 23
48 11.5428 .63 .23
45. 16.9041 .60 22
56 100976 .57 .21
55 8.3798 .52 .18

Tenperature variation of the Dielectric anisotropy A&

F> ~z @3 degree.

TRBLE 3.2 09

and order parameter S for E ~ 7.

TC. Ae S from S from
ref.ind.  AE
2 10.2270 72 1é
% 16.1463 49 15
%5 16.9933
49 1667169
45 16.9509
Y .14
5 16,6527
S 16.1979

A4

g

.-
S



order was completely i1gnored. Madhusudan in his theory proposed
the existance of antiferro eleciric short range order i1n nematic
phase of strongly polar molecules. Such short range antaiparallel
ordering in strongly polar nematic liguid crystals might cause a
large decrease 1in EEH resulting in & decrease in the dielectric
anisotropy A E and thus a decrease in the order parameter,

From the btables 5.2 (d, . f, g) it can be seen that the
values of the order parameter calculated from the values of the
diglectric anisobtropy AG polaricability anism‘cropyAO(and dipole
mament ﬁi using the Malzer and Meier equation for the alloxyphenyl
trang ~ 4° albylocycloheiane carboiylates, compare very well a% all
te?peratuves with those obtained from refractive 1index methods.
Similarly for albtylphenyl trans ~ 47 alkylcyclohenane carboxylates
the order paramebter S from the Mairer and Meier equation alsc
agree well with those obtzined from the refractive index methods
though the former values are only slightly less than the latter.
The slight discrepancy may be due to the estimation of the angl«
[3ﬂmde by the resultant moment with the long axis of the molecule
So, 1t appears that for 1ligquid crystals having dipole moment o
about 2D or so the Maler and Meier equation with dielectra
anisobtrapy provides another method for the determination of bh
order parameter.

The decreszse in éu as proposed by Madhusudan ar
Chandraselhar due to short range antiferoelectric dipol

corelation of the permanent dipole moment in less polar nematic
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might not affect +the dieleckric anisotropy and hence the
order parameter very effectively.
It 13 now well bnown that a3t the nematic i1sotropic phase

transi1tion the long range nematic ordering vanishes, but short

range ordering sti1ll parsists well nto 1sotropic phase
influencing some physical properties such as magnetic
birefriengence, Verr constant, light scattering, dielectric

permitbivety etc. just near the +$ransibion temperature. We have
observed such pretransitional effect in dielectric permibbivity of
two monotropic liguid crystals CPER and CPPOE and three
thermotrophic liquid crystals E~4, E-5 and E-7.

The pretransitional effects in dielectric permittivity 1in
the liguid crystals are shown in Fgure 2.3 (a-1). When ftemperature
dependance of dielectric permitbivity éfso over wide range of
temperabure 1s 1llustrated. [t can be clearly seen that there 1s
peal 1n 6‘-s°value a little above the btransition temperature 7;“: .
Similar pretransibional effects 1 dieslectric
consbant 1n nemab:cs with Cyano end grgups were reported by
Bradhaw, and Rayngg and Thoen J and Mer:i G. MNormally the El.gﬁshcm}d

monotonically increase with decreazse of temperature in proportion

%
bo M/kTuptg the transition temperature TI' But instead, a2 majximur

N

in 6 is observed 3 little above T and then decreases as
iso NI

TNI 18 approached. The reduced contribution to dielectric

permifthbaivaty é;s from dipole moment P— is abttributed ‘o apparent
o

reduckion in P&value due to the formation of dimers 1n anti

o2
e i
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parallel local ordering. The pretransitional él-sOnear'Y;Lghomng a

maximum may be due to appreciable concentration of dimers in a

—y—
Tore Sunf

dynamic monomer rdimer equilibrium.
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