CHAPTER VII

A STUDY OF THE DIELECTRIO RELAXATION IR SOME HEMATIO
LIQUID CRYSTALS USING TEE FREEDERIOKSS TRAMSITION
TEBENIQUE

Introduction

Distortions induced in a nematio liquid orystal
by elestrio fields ars nmore complicated than thaose
induged by magnatio fieldsbecause in the formexr osse
the intermal field is mot in general in the same
direotion as the applied field. 1Im addition, the
dieleotrie constants of the medium are also freguency
dependent in general. Yoxr polar molecules, there is
alvays & Dedye relaxation of the orientation polari-~
sation. As a conmsequence, wvhen an alternating
eleotric £ield is used, ths oritical wltage corresponding
t0 Freederickss transition bdecomes freguency dependent
in the vicinity of the relaxation frequency.

Ia the igotropiec phass of a polar compound,
the Dedbye relaxation frequency ocours in the gigs herts
region. The reason for this is straight forward.
The torque dus %0 the applied field on the dipole
tending to orient the moleculs is countered Dy a



frictional torque. %The Dedye relaxation time is
given dy {Dedys 1945)

‘° = %ﬁ (701)
where f is a friotional constant. The relaxation
frequency (rx) is then ~ 1 » Above this frequenoy
the dipole moment can NO longer take part | N the
polarisation of the medlium and hence the entire

polarization arises from the inluced polarization

and QNazn

In a nematic medium, we have two dielsotric
eonstants - ¢, along the dircotor and ¢, norsal to
the director. VWhen & mematic liquid crystal is
sub jected to an alternating field, these two dilelectric
constants exhidit quite different freguenoy dependences.
Maler and Meler (1961) cbserved that both ¢, and ¢ L;
exhidbit the normal Debye dipole dispersion like a
normal polar liguid in the giga hertz range but €,
exhibits an additional dispersion at fairly low
frequencies -~ in the radio fregquency region. They
pointed out that this additional disperaion is due
to an orientational relaxation of the long axis |
component Of the permanent electric dipole. Meder
and Saupe (1966) interpreted this in terms of the
180" rotation of the molecule about its short axis.
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The aligrnment of the long axis component ("1.) of

the permanent dipole moment by the electric field

| S hindered by a potential barrier due to the inter-
molecular forces | N the nematic phase. Assuming

that p, can orient itself only by a rotation of the
entire molecule, Meler and Saupe {1966) extended the
Dedbye theory of dipole relaxation to inolude t he
nematic potential. 7The nematic potential is
characterised by a potentfal barrier q. This leads

to a retardation factor g by which the relaxation time
To 42 enhanoed. The relevant expressions wers derived

by then on a simplified model,
= E "0 (?02)

where t, i given by equation (7.1), and
kp® q
g = ?[e!p(‘f’ﬁ) - 1] (7.3)

q can, in principle, be derived froa a molecular
statistical theory of the nematic phase (Maler and Saupe

Recently Hartin et al. (1571) have dexived these
quantities using a more detailed theory. Since the
texperature variation of % can be repraesented to a

good approximation as



% = §o exp(- éi%gg) (74)

and

- Iq“’ﬁ;g Svise; (7.5)

Therefore fa should show a sirong teaperature dcpendence,

fR oC exp

decreasing as the temperature is lowered.

The usual method of studying the dielectrio
relaxation | S to measure the cayacitance ¢f a mematic
liguid crystal ecell with appropriate molecular olign=-
ment.  we have used our set up Of deterzining elactic
constants to study the dielectric relaxationin a few

cozpounds.

The deformations irduced by an electric ficld
have bean studied by Gruler and Nelerxr (1972} and
Devling (1972). In adéition, Leuling et al. (1974)
have studled the prodlem of crossed eleciric and
magunetic flelds with magnetic field as a otablilising
field. V¥e shall mow sonsider a cuse of a2 magnetic
fielé applied mormal %o the undistorted director in
the rresecnce of a stabilising alternating electric

field.

Freederickes transition with crocsed & and K

Congider a homeotropically cligned nemntic
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liquid crystal contained between two plane conducting
glass plates. A magnetic field is applied in the
plane of the sample film (figure 7.1). V¢ choose the
coordinate system such that the undistorted 7 is

along X-axis and the magnetic field along Z-axis.

Let E ve the electric field applied along X axis
and ¥ be the magnetic field so that a weak distortion
takes place in the medium. At any point, let 6 be the
angle made by the local director with X axis, ® varies
along X only. Hence o = (cos €, 0, sin @), E = (E,0,0),

H=(0, 0, H. The equation for the free energy

density can be written as

W = -;-k“(Vo n )2 +%k33(_ﬁxVx§1’)2

where D i s the electric displacement vector.

We assume that ¥+ D=0 and VYx E = O. Minimising
the energy of the medium (simlar to that shown in
Chapter 1) we get the following expression for k33

2 .2 : 2
AX x” H Ae V
= —20_¢
k54 > - 5 (7.7)
n n
where H, is the critical field and aAe = ¢, - ¢, .

V=E- x, the voltage applied.



et cam—— S ——

Chapter 7.1

Schenmatic diegram of the geometry used
to study the effect of orossed electric
and magnetic fields.



From equation (7.7) we see that ai any temperature

and freguency Of the electrie field, Ki increases

lipearly with 'ir?'.

In the abesence cf any electric field, let Ho be

the critical magnetic field, then

A x2 g?

k}j = —""%""9"" (7.8)

®

Pros eguations (7.7) end (7.8) wa c2n get an expression

for the unisotrepy Sf dieleetrio constant

2 2
i, - H
be = A xE(Eg® (7.9)
or , )
g% - m
A <€ ﬂ**;gwg (7.10)

at wny tenrerature.

As the frequemcy of the applied voltage | S incressed
and approaches the rslazztion freguency, C, decreases
and hemwoe the taw K(aﬁ - ai)/*?z) decreases.

How 1f we consider t he usual x" geometry (Chapter I)
with eleoiric field as the dJdeforming field

Ae r‘iﬁ
11 % T2 (7.11)

.4

k

Herce at any temperature

DN
on
e



Ae oC (7.12)

A

Again as the relaxation frequency approaches, ?c

starts increasing.

be able to
Hlence one expects tezﬁtuéy the dielectric

relaxation i N the two geometries uscing eguualions (7.10)
and {7.12). However as Gruler (1574) has peinted out,
in the oase of nematic lijguid crysiala having molecules
posscesing shape anisotropy (pear or banana chuped),
kyqy and k33 thenselves exhibit frequency depeniences,
He coneluded that kyy should ehew a low freguency
relaxation (like €,,) while kgg a high frequency
relaxation (like €, J.

¥e can understand the relaxatlion of X, &mﬂ‘kg
physically as follows: dQonsider pear shuoped molecules
with persanent dipole moments along i%s length {(figure
7.2). In the absence of any external field, the
molecules arrange themselves in such a way as to
eompeasate:;§i: shape enjeotropy (figure 7.28). If a
gploy is induced in the medium by an external field
(say an 40 electric field}, in one hall of the cycle
the @éipole mcment tend to alilgn along Ef I N such a
way ag to favour the shape anisctiropy (figuve 7.2b).

In the other half ¢f the ¢ycle, the cipoles hinve %o

N
&n
X



o YODODRY
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Flgure 7.2

(a) The alignment of molecules having shape auisotropy
I N the absence of external electrie Or magnetic fields.
(b & e¢) The molecular aligmment during the two hal ves of
ow cycle of the alternating electrie field in a
def ormed sample.
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align againast the splay (figure 7.2¢), since the
director field itself is not able to follow the

external eleotric field.

Hence in rotating sbout the short axis, the
moleculea have to not omnly work againct the nematic
potential barrier dut also the barrier due to the shape
anfsotropy. However Deuling (1574) has ghown that this
effoot does not alter the oritical field. for
Freedcrickss transition,as in this case. the deformation
i3 negligibly small. Hence in our experizents we do
Not expect to observe the rglaxation of k” and we
attridbute the measured freguency dependence to be

entirely due to the dipolar relaxation.

The erst up for crossed electric and magrnsiie
fields is similar to the one used for the determination
of k”( Chapter I1I) excepting that, | N the present
case tin oxide coated glass plates were used. The
¢lectric contucts for the glacs plates woere given Dy
means of platinum folls. The homeotropic alignment
was obtained by treating the glses plates with
cetyl tetramethyl smmonium bromide,

For ‘k" geonetry, tho homogenecus alignment was
obtained by vacuum depositing silicon af an obligue

angle.



Resulte and discussioys

In the ky; geometry we have zmeasured the
critical magnetic field iia as a function of the
stablilising voltage (V) for a fixed femperature and
frequercy. As expected from eguatien (7.7}, & plot
of Hg re. v2 15 a straight line. Flgure 7.3
includes the values for 603 and & CGUI. The walues

are given in Pable 7T.1.

In the case of €LJ we have plovitud (Eg‘gg)
¢ cae S W v plovyu ?
ard vﬁ as functions of frequency at iyy = T = 4°C
(figure 7.4). The values are given in Table 7.2,
The molecular structure of 6CB 18 shown 1ln figure
7.5. In this case the C=H en? group ic the only
polar group (leaving out the C-fi bonds), and 48
practically collinear with the solecular long axis.
Hence we expect a simple relaxation process and tho

dieglectric arisotrupy deoreases corsilerably at f&

ettaining a small value for f > ;i’22 .

DO
&N
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Pigure 7.3t The plot of H2 ve. V where i, is the critical
nagnetic field when a stagilizing voltage V IS applied across
tho sample. The frequency 18 Q5 Miz. Sample thickness

~ 50 pmy circles: 6CE (Tﬁz-‘faé"c) and triangles: 8 0CB
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Figure 7.

The plots of [(Hﬁ-ﬁg)/vzl (open circles) and V; (£1lled
circles) as functions of frequeney in the case of 6CB.
Sample thickness ~ 50 pm (kx5 geometry) and~ 120 pa
(ky4 geometry) Ty = T w 4°C.
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Figure 7.

Molecular structures of 6CB and 9 OMCPC
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For & 4CrC, the plet of (—w;—w«) and V,

4
as functions of frequency for three different tempe-
ratures Ore ghiown i n figure 7.6. The values axe

tabulated in Table 7.3.

; 2 kyy
From eguation (7.11), we have Vc e &

h}

Since k, ol &, it followsg that Ae o IJ. Thue

at low frecuencics { << IR), :.!.mm.qaus wi th

deeresting teoperature (figure 7.6). At the pame

I"2

(s - n
freguency, one would expect that (~EerzL)

. _ e Ae oyt
which 18 propovtioral to to remin indepenient

of tenpcrature { AX <€ 8). However experimentally
" 4 . &% ;. A 6

we see (figure 7.6) that A% has a tendercy to

incresse at lower texpsrutures.

#E « nl
From the curves of (- ww“), ve see that beyond
V

continued ..
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The plots of (a‘g-ai)/vz (open symbols) and Vi (filled synbols)

as functions of frequency. Tgy=T = 4°C(circles), 10°0 (squares),

16°C (triangles). (Sample thickness ~ 25 um).
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a certaln frequeacy S dependlng upon the temperaturs,
Hy becomes leas than B, This means that Ae has
changed sign at this frequemcy. OUr in other words,
beyond ‘6 the sample behaves as a negative dielectric
anizotropy material. Uith the decrease in temperature
‘o decreases. UWe might mention here that a reversal

other
f Ae bhas bdbeen observed in samzm compourds &8

vell as mixtures by earlicr workers (sece for exasaple
De Jeu and Lathouwers 1974, Klingdbich et al. 1575,
Bauer at al. 1973, Bata et al.1%74).

9 OXOPC has a oomplicated molecular atructure
(gigure 7.5). Zhere is an alkoxy end group which has
conponents bg&h parallel and perpendicular $0 the long
axis. The O - O group essentially exhibits a long
axis comporent and porhaps a wesk normal couporent,
in addition we have the strong O = § dipole agsin
practically along the long axis. Hence one can expsct
a fairly anﬁpneawa relaxation in this compound. In
particular, we can expect that beyond a frequensy -
£, the perpendicular componesnt o predozinate the
dlolectrie preperty giving rise to a negative dielectric
anisotropy.

From equation (7.5) we see that a plot of log £,
vp. 1/? should be a straight line, the slope belng a



measure of the total activation energy Q = 9,,,*ly14e"
de Jeu and Lathouwers (1¢74) have decmonstrated that
the calculated activation energy does not change if
ty La replaced by £ in equation (7.5). HMoreover,
since I should be clese tO Lp» e can for our present
purposes identify f with f.. |n £igure 7.7 we hare
plotted log £y vs. 1/2. The calculated walue Of

Q ~ 1 eV,

The sign reversal of Ae 4in this case leads
to certain interastlns results. |n tho k;; pone%—
o8 we approach ro. wo observe ihm cleotrohydrodynamic
patterns | N the field of wview (figure 7.8). It is
interesting to note that?ﬁ“ﬁﬂlim«-dnmn like
pattern is characterised by a domain width which is
of the order of sample thickness. In fact thers have
been some carlier cbgservations of this kind of mwﬂ»
11ty at much lower freguencies (de Jeu et al. 1973,
Rondelez 1975). Goosens (1%72) haa' developad a theory
for this effect whioh occura at frequencies much
higher than the charge relaxation frequency (typically
~ 1 KHz in the cases with the usual conductivities).
by noting the formal similarity between the dielectric
lozss which occurs in the neighdourhood of the relaxation
freguency and the aonﬁmtivit:} in the sample. In
fact, if i» well known that the conduction regime of
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Logorithmic plot of relaxation frequency £, versus
the inverse of absolute temperature ¥ for 9 GMCPC.
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Flguve 7.8

{u) Irversion walls seen in the homogcacously eligned
socple of 9 OMCPO when eleceltric ficid (200 Eiz) is
ircrcased beyond the criticnl waluc. The sample
thickneos is 10 pm and the voltage applied 38 005 V.
{v) The pattexn eseen when the freguency is Inercused to
1 ¥fiz. The voltage applied iz (.Y V. fhe photograph
showe the superpositlion of imversion walls und eloctro~
hydrodynanie patterns., {c¢)} The pattern scen when the
freyuency 18 ralsed to 3 Miz. Voltuge applied i 4V,
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eleetrohydrodynamic instabilities can ocour for

both weakly positive as well as negative dielectrioc

anisotropy n;gorla?. Hence in the present case we
B

have shm 7—-— and Vg beyond ‘1'0 by dotted

lirpes.

It &8 possidle that in this region the electro-
hydrodynamic instabilities influence strongly the
observed threshold fields.

de data and Lathouwers (1574) have identified
a corduction regime near the £, of some mixtures.
Thoy observed dynamic scattering at voltages somewhat
larger than the threshold voltage (Vth) for the
appearance of domains. Further, vth vas found to
increzee as the frequency was increased above f, and
bheyond A second frequenocy limit fc’ chevrons were also

ohserved.

Hore recently, Smith et al. (1975) have pointed
lout that even undexr exoitation at high freguencies
the domain size of the flow patiern will be oomparadble
to the thickness of the sasple under a few different
coxditions. (a) Even if the medium hae a low negative
dielectirio anisotropy, in the high frequency range,
the ionic diffusion currents decome important for
£ > 10 EEs. 7Taking this effect into account Smish
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et 2. (1975) have shown that the width of the

domains ( A) is approximately equal to the thickness
of the sample X, even in the dielectric regime in
which the curvature oscillatesin phase with the
applied field, by contrast with the conduotion

reglme in which the charge density osclllates (sce
also Lubois Violette g% gl. 1971). {The effect of

the ionic diffusion has not been tuken Ainto account

i N Goooen's theory.)s (b) ¥hem Ae 1a weakly
positive, ageln thore will be effeotively a condustlan
regime at high frequencies oharacterised Dy A %

Our obsexvations esn henoo be undersiood in
terms of these explamations. However the observations
reported here connot dlatinguish the vardous possidle
mechanlems, and 1t is difficult to say which of these
is the one responsitle for these instadbllities.
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2ab 1

Yeriation of threshold field H, with the applied

Yoltage V.
(1) 6.¢8 (14) 8.0CB
?BI-T w4°0 ¢ = 0,5 MEx le-ﬁ s 12°¢ € = (.5 iHsg
" 2 2
Ve 54 v B2
[+ I 1.2% 0 1. 38
0.09 1.85% 0.15 1. €0
0.3% 2.89 C.64 3.35
0.81 441 1.4% 5.68
1.44 6.45 2.5% 8.88
2.25 9.24 4,00 13,47
3.24 12.25 5.71 18.58
4.4 15.60
Z2able 7.2
Dieleoctric relaxation in 6CB
\ 2 Voltt. WEI"'Q » 4’0,
R, =1.1Kgauss
ol 2
H_=-H 2
Prequency ”’;E“”g v
' 0
(MHI) ) 2
(Kg/Volt)*
()81 b %11 Ge 52
‘ ) . 5"1 ﬁ.34
105' 2-8; (3037
200 2.5 0043
2.5 2:.35 Ged5
3.0 2.0% Q.50
5.5 1.81 U656
4.0 1.60 0.64
4.5 1.40 UoT4
5.0 1.26 0.85
6.0 1.07 0.9
6.5 1.00 1.08
7.0 0.596 1.12
8.0 0.88 1423
¢.0 0.79 1.32
10.0 UeT6 1. 42
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Tabl
Dielectric relaxastion in & CHCPC

(1) (11) y
?nx’r"°°' ¥=0.5 volt, ?ﬁx—Taiﬂ”C, V=0.48 Volt,
ﬁo = 5.41 Kgauss 3053.71 Xgause
e ge % v el - y2
freq. 210 ¢ frog. x10 e 5
(ﬂz? ' 2 volt Ha 2 volt
(Xganas/Vols) {(Zgause/Yolt)
Tl 4 23,0 G.44 TK 5.4 G.51
10 a 22.0 044 10K 2¢.4 .51
300 X 220 Ce44 80 X 22.4 Ve 51
200 K 20.7 0.45 160 K 21.6 Debé
$00 K . 2049 0.46 200 K 2.5 C.53
500 K 19.1 (.49 WO K 1.0 Ge56
B | 14.3 .64 500 K 14.7 Ue6T
1.2 M 11.2 .74 1H Te6 117
1.5 ® 8.% G.82 1.2 8 5.3 1.51
1.6 M 6.5 110 1.5 1 23 2. 19
2.4 H D 1.7 2.1 N .6 4.53
2.7 R 1e 2.1 24 MW -1.% 5e O
300 a 605 2659 207 R "2- 8.0
B0 M ~3.8 10.30
(141) rxxam=1s'e. VY=20.5% Volts, K°~3.7B Egausa
1% 2%.8 0.57
10 K 23.1 Qe 57
20 X 23.1 Cab7
30 X 22.4 057
50 X 2'07 0.58
100 K 20.6 Geb1
200 K 16.8 .68
300 X 13.1 .81
500 K 7.8 1. 17
It M 0.6 3.72
1&2 K "'2-1 5057
105 i’*ﬁ “'3»6 10&00
1.8 K "’503 16»08
2.1 ¥ 4.7 28,20
2-4 M "'7’3 41110
27 M ~7.3 53.40
3 M ""8-3 63-35
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