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PREFACE 

This t hes i s  describes s tud ies  on some s t a t i c  and 

hydrodynamic i n s t a b i l i t i e s  induced i n  nematic l i q u i d  

c r y s t a l s  by external  e l e c t r i c  and magnetic f i e l d s .  A major 

p a r t  o f  the work presented deals w i t h  the  in f luence o f  

f l e x o e l e c t r i c i t y  on electrohydrodynamic i n s t a b i l i t i e s .  

Nemat i c  l i q u i d  c r y s t a l s  e x h i b i t  convective 

i n s t a b i l i t i e s  under the ac t i on  o f  an ex terna l  e l e c t r i c  

f i e l d .  These electrohydrodynamic (EHD) i n s t a b i l i t i e s  have 

been the sub jec t  o f  many experimental and t heo re t i ca l  

s tud ies  [ I  , 2 ] .  The f i r s t  t heo re t i ca l  ana lys is  o f  the 

problem f o r  DC e x c i t a t i o n  was developed by H e l f r i c h  133,  

based on a  suggestion by Carr [43 t h a t  the  anisotropy o f  

the  e l e c t r i c a l  conduc t i v i t y  can lead t o  the  formation o f  

space charges i n  a  nematic i n  the presence o f  su i t ab le  

d i r e c t o r  deformations. This model was l a t e r  extended t o  

the  case o f  AC e x c i t a t i o n  by Dubois-Violette e t  a1. [ 5 1 ,  

who showed t h a t  the Carr - H e l f r i c h  mechanism leads t o  two 

types o f  EHD i n s t a b i l i t i e s  i n  nematics, depending on the 

frequency o f  the appl ied f i e l d .  These are c a l l e d  the 

conduction and d i e l e c t r i c  regimes and occur respect ive ly  

f o r  frequencies less  than and greater  than a  cu t- o f f  

frequency. These models show t h a t  the EHD i n s t a b i l i t i e s  



are inf luenced g rea t l y  by many o f  the phys ica l  p roper t ies  

o f  nematics, l i k e  e l a s t i c i t y ,  the d i e l e c t r i c  proper t ies ,  

v i s c o s i t y  and e l e c t r i c a l  conduc t i v i t y .  I n  t h i s  t hes i s  i t 

i s  shown t h a t  these i n s t a b i l i t i e s  are a l so  inf luenced by 

t he  f l e x o e l e c t r i c  property [ e l  o f  nemat i cs . 

Chapter 1 gives a  general i n t r oduc t i on  t o  l i q u i d  

c r y s t a l s  w i t h  specia l  emphasis on the nematic phase. The 

var ious physical  p roper t ies  o f  t h i s  phase, which are 

re levan t  t o  the discussion i n  the l a t e r  chapters, are 

descr ibed here. The hydrodynamics o f  nematics i s  discussed 

i n  some d e t a i l ,  as i t  provides the framework f o r  the 

desc r i p t i on  o f  the convective i n s t a b i l i t i e s .  

The EHD i n s t a b i l i t i e s  induced i n  a  nematic by an 

ex te rna l  e l e c t r i c  f i e l d  are discussed i n  chapter 2. We 

con f ine  our a t t e n t i o n  t o  i n s t a b i l i t i e s  exh ib i ted  by 

homogeneously a l igned nematic layers,  s ince on ly  these are 

d e a l t  w i t h  i n  the l a t e r  chapters. The Carr - H e l f r i c h  

mechanism, which i s  responsible f o r  most o f  these 

i n s t a b i l i t i e s ,  i s  a lso  discussed i n  d e t a i l .  Further,  we 

descr ibe some experimental observations which cannot be 

accounted f o r  by the Orsay model [ 5 , 7 ] .  These include the  

ob l ique r o l l  i n s t a b i l i t y  observed a t  low frequencies i n  

t he  conduction regirne,in which the wavevector o f  the r o l l s  



makes an angle a w i t h  the d i r e c t i o n  o f  i n i t i a l  o r i e n t a t i o n  

of the d i r e c t o r  [8,9], the  obl ique r o l l s  found i n  the  

d i e l e c t r i c  regime [ l o ]  and the EHD i n s t a b i l i t i e s  found i n  

nematics w i t h  negat ive conduc t i v i t y  anisotropy [11-131. 

Some theo re t i ca l  models [141, inc lud ing  an a l t e r n a t i v e  

i n s t a b i l i t y  mechanism [131, have been proposed t o  exp la in  

these observat ions. However, these models are no t  e n t i r e l y  

s a t i s f a c t o r y  and i n  l a t e r  chapters we show t h a t  the  

i nc lus ion  o f  the f l e x o e l e c t r i c  e f f e c t  i n  the theory o f  EHD 

i n s t a b i l i t i e s  leads t o  a  na tu ra l  explanat ion o f  many of 

these observat ions. 

I n  chapter 3  we present a  one-dimensional l i n e a r  

ana lys is  o f  the EHD i n s t a b i l i t y  i n  nematics under DC 

e x c i t a t i o n ,  which takes i n t o  account the f l e x o e l e c t r i c  

e f f e c t .  Splay and bend d i s t o r t i o n s  o f  the d i r e c t o r  g ive  

r i s e  t o  a  f l e x o e l e c t r i c  p o l a r i z a t i o n  i n  a  nematic, given 

by 161 

A A h 

P = e, h ( d i v  G )  + e,(curl n) x. n. 

where e, and e, are the two f l e x o e l e c t r i c  c o e f f i c i e n t s .  On 

the basis o f  the d ipo la r  model o f  f l e x o e l e c t r i c i t y  

proposed by Meyer [ 6 ] ,  on ly  nematics cons is t ing  o f  po lar  

molecules having ce r ta i n  shapes can be expected t o  show 



the flexoelectric effect. Prost and Marcerou 1153 later 

pointed out that flexoelectricity can also arise from the 

electric quadrupolar moments of the molecules. Unlike the 

dipoles, the quadrupoles contribute substantially to the 

flexoelectric effect irrespective o f  the molecular shape. 

As nematogenic molecules generally have nonzero quadrupole 

moments, the theory of Prost and Marcerou implies that 

flexoelectricity is a universal property of all nematics. 

Flexoelectricity influences the problem in two ways. 
* 

Firstly, the flexoelectric polarization P can supplement 

the space charge density in the medium. Secondly, the 

action of the external field on $ can create additional 

torques on the director. When the boundary conditions 

are neglected both these flexoelectric contributions are 

non-zero only if the convective rolls are oblique. This 

mode1 leads to the following expression for the threshold 

voltage of the i nstabi 1 i ty 

2 2 2 2 where M = K,s + Klc , L = Kis + K c , Ea = E,,- , 
3 

c = cos a , s = sin a , €,,and are the principal 



d i e l e c t r i c  constants,  a,,and a, the  p r i n c i p a l  e l e c t r i c a l  

c o n d u c t i v i t i e s  and Ki, K, and K 3  t he  sp lay ,  t w i s t  and bend 

e l a s t i c  constants,  r espec t i ve l y .  When a = 0, a l l  t he  

f l e x o e l e c t r i c  terms drop o u t  o f  the  problem and the  above 

express ion reduces t o  t h a t  g iven by H e l f r i c h  [ 3 ] .  On the  

o the r  hand, when a 2  a l l  t he  hydrodynamic terms 

drop o u t  and we g e t  t he  th resho ld  f o r  t h e  f l e x o e l e c t r i c  

domains [ 1 6 ] .  F ig .1  shows the  v a r i a t i o n  o f  the  c r i t i c a l  

vo l tage  V+,, f o r  t he  onset o f  t he  i n s t a b i l i t y  w i t h  the  angle 

a. I t  i s  c l e a r  from t h e  f i g u r e  t h a t  ob l ique r o l l s  

cha rac te r i zed  by a  non-zero va lue o f  a a re  favoured when 

t he  f l e x o e l e c t r i c  terms are  included. We have a l so  

ca l cu l a t ed  the  dependence o f  V.,, and a on some o f  the  

ma te r i a l  parameters o f  t h e  medium. We have exper imenta l ly  

s t ud i ed  t he  EHD i n s t a b i l i t y  i n  a  room temperature nematic 

m ix tu re  under DC e x c i t a t i o n .  The ob l ique r o l l s  obtained a t  

t he  t h resho ld  are  shown i n  F ig .2 .  An i n t e r e s t i n g  fea tu re  

o f  t h i s  domain pa t t e rn  i s  t h a t  the  domain w id th  i s  

approximately tw ice  the  l a y e r  th ickness. F ig .3  shows the  

dark bands obtained when the  sample was viewed 

through a  t i l t i n g  compensator, a t  a  vo l tage  s l i g h t l y  above 

t he  th resho ld .  I t i s  c l e a r  from the  f i g u r e  t h a t  the  

cu rva tu re  o f  the d i r e c t o r  f i e l d  i s  sharper i n  regions 

corresponding t o  the  b r i g h t  l i n e s  o f  t he  domain pa t t e rn  

than i n  reg ions mid-way between two b r i g h t  l i n e s .  Thus the  



Fig.. Variation 3f the threshold voltage Vth (in volts) 
with the angle a (in radians) calculated for the 
standard MBBA values of the material parameters. 



Fig.2. Photograph of the EHD pattern obtained slightly 
above the threshold of the DC instability- in a room 
temperature nematic. The orientation of the 
undistorted director no is indicated in the 
figure.(Magnification: x 250). 

Fig.3. The dark fringes obtained when the sample was 
viewed in sodium light through a tilting compensator, 
at a voltage slightly above the threshold. 



asymmetry i n  the o p t i c a l  domain p a t t e r n  i s  caused by 

non-sinusoidal d i r e c t o r  p r o f i l e  w i t h i n  the r o l l s .  We show 

t h a t  such a  d i r e c t o r  p r o f i l e  can be obta ined i f  the lowest 

order  non- l inear term, which i s  f l e x o e l e c t r i c  i n  o r i g i n ,  

i s  taken i n t o  account (F ig.4) .  

The one-dimensional analys is  presented i n  chapter 3 

neglects the  boundary cond i t ions a t  t h e  two surfaces o f  

the nematic layer .  These boundary cond i t i ons  are taken 

i n t o  account i n  the ca lcu la t ions  o f  chapter 4 .  When 

the f l e x o e l e c t r i  c  terms are neglected, these ca lcu la t ions  

show t h a t  obl ique r o l l s  are no t  favoured a t  the threshold 

o f  the  i n s t a b i l i t y ,  f o r  the standard MBBA values o f  the 

mate r ia l  parameters. However, they can be obtained by 

vary ing s u i t a b l y  any one o f  these parameters, keeping 

o thers  f i xed ,  as found by Zimmermann and Kramer [I41 by 

using s t ress  f r e e  boundary cond i t ions.  On inc lud ing  the 

f l e x o e l e c t r i c  terms obl ique r o l l s  are obtained f o r  the 

standard MBBA values o f  the mater ia l  parameters. Fig.5 

shows Vth as a  func t ion  o f  a,  obtained from the theory. 

The curves labe l led ( a )  and ( b )  correspond t o  

ca l cu la t i ons  wi thout  and w i t h  f l e x o e l e c t r i c i t y ,  

respec t i ve ly .  I t i s  c lea r  f rom.the f i g u r e  t h a t  

f l e x o e l e c t r i c i t y  s t rong ly  favours the  format ion o f  ob l ique 

r o l l s  a t  the threshold. The d i f fe rence  i n  the Vth values a t  



Fig.4. The non-sinusoidal director profile obtained on 
including the non-linear flexoelectric term (top). The 
resulting variation of the effective birefringence 
along the wavevector of the rolls (middle). The 
disposition of the convective rolls (bottom) agrees 
with the observed tracer particle motion, regions B 
corresponding to the bright lines of Fig. 2. 



a = 0 i n  the two cases a r i ses  from the add i t i ona l  space 

charge format ion due t o  the f l e x o e l e c t r i c  po la r i za t i on ,  

which i s  non-zero a t  a = 0, when the  boundary cond i t ions 

are taken i n t o  account. Fur ther ,  f l e x o e l e c t r i c i t y  i s  found 

t o  lead t o  an open h e l i c a l  f l ow  o f  the f l u i d  p a r t i c l e s  

w i t h i n  the r o l l s  (F ig .6 ) .  Such an h e l i c a l  flow has been 

observed i n  our experiments. 

The one-dimensional ana lys is  o f  chapter 3 i s  extended 

t o  the case o f  AC e x c i t a t i o n  i n  chapter 5 .  Fol lowing Smith 

e t  a1.[7] we so lve the problem f o r  the case o f  square 

wave exc i t a t i on .  As i n  the Orsay model [5,7] we f i n d  two 

regimes o f  i n s t a b i l i t y .  The s t a b i l i t y  diagram obtained 

from the ca lcu la t ions ,  us ing the  MBBA values o f  the 

mater ia l  parameters, i s  shown i n  Fig.?.  Oblique r o l l s  are 

obtained upto a frequency f, a t  the onset o f  the 

conduction regime and upto a frequency f, along the 

r e s t a b i l  i z a t i o n  branch, w i t h  f, > f, . Therefore, i n  the 

frequency range fo < f < f,. , though obl ique r o l l s  are 

no t  favoured a t  the threshold, they can be expected t o  

occur a t  h igher f i e l d s .  However, a non- l inear ana lys is  o f  

the problem i s  required t o  p r e d i c t  the t r a n s i t i o n  between 

the normal and obl  ique r o l l s .  The above mentioned r e s u l t s  

are i n  agreement w i t h  the observat ions o f  R ibo t ta  e t  a l .  

[9]. The s tab i  1 i t y  diagram obtained from t h e i r  



Fig.5. Variation of the threshold voltage Vth (in volts) 
with the angle a (in radians). The curves labelled a 
and 5 correspond to calculations without and with 
flexoelzctricity, respectively. 

Fig.6. The helical trajectories of two fluid particles in 
neighbouring rolls obtained when the flexoelectric 
terms are included. The asterisks indicate the initial 
positions of the particles. 



f ( Her tz)  -b 

Fig.7. Upper section: Threshold voltage (curve a) and the 
restabilization voltage (cure b) as a function of the 
frequency in the conduction regime for MBBA with q,= 3 
xlO-10 ohm-1 cm-1 . The frequency dependence of 
the voltage at the threshold of the dielectric regime 
in a 20 urn thick sample is shown in curve c. The 
dashed lines indicate regions characterized by a non- 
zero value of a. Lower section: Variation of the tilt 
angle a of the oblique rolls with the frequency. a, b 
and c correspond to the same branches as in the upper 
section. 



VIII 

experiments i s  reproduced i n  Fig.8 f o r  the  sake of 

comparison. Oblique r o l l s  are a lso  obtained a t  the 

threshold o f  the d i e l e c t r i c  regime and the value o f  a i s  

not  very sens i t i ve  t o  the frequency. However, 

experiments on MBBA [ l o ]  show normal r o l l s  a t  the 

threshold i n  the d i e l e c t r i c  regime. Nevertheless, w i t h  a 

s l i g h t  increase i n  the f i e l d  above the thresho ld  the 

chevron pa t t e rn  cons is t ing  o f  obl ique r o l l s  i s  observed. 

Our ca l cu la t i ons  i nd i ca te  t h a t  i f  the f l e x o e l e c t r i c  

c o e f f i c i e n t s  are decreased by a f a c t o r  S-keeping the r a t i o  

(ei- e,)/(e,+ e,) a t  the  MBBA value, normal r o l l s  are 

obtained f o r  S < 0.74 (F ig .9 ) .  

The i n t roduc t i on  o f  the  f l e x o e l e c t r i c  terms a lso leads 

t o  an explanat ion of  the low frequency EHD i ns tab i  1 i t i e s  

observed i n  nematics w i t h  negat ive conduc t i v i t y  anisotropy 

(aa  ) .  Taking aa t o  be negative, we f i n d  so lu t ions  

corresponding t o  the d i e l e c t r i c  regime. A t  t he  onset o f  

the i n s t a b i l i t y  the convective r o l l s  are found t o  be 

almost l ong i t ud ina l ,  w i t h  t h e i r  axes making a small angle 

w i t h  the d i r e c t i o n  o f  i n i t i a l  alignment o f  the d i r e c t o r .  

The width o f  the r o l l s  i s  found t o  be determined by the 

sample thickness. Further, the i n s t a b i l i t y  i s  character ized 

by a f i e l d  threshold. A1 1 these r e s u l t s  are i n  agreement 

w i t h  the experimental observations on the low frequency 
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3. The stability diagram obtained from the exper2menzs 
of Ribotta at s i . 1 3 1 .  Belsw the triple point M 5biique 
roils are obtained at the threshold. Beyond M, normal 
rslls are obtained at the shreshold and as the f l e i d  
strength is further increased, they first kecsrne 
undulatdry and shen change continuosly into obiitue 
rolls. 



Fig.9. Variation of a (in radians) with the factor S by 
which the flexoelectric coefficients are decreased, 
keeping the ratio (ei- e,)/(e, + e, ) fixed at the 
standard MBBA value. 



i n s t a b i l i t y  i n  these ma te r i a l s  [11-131 (see Fig.10).  

S t a t i c  pe r i od i c  d i s t o r t i o n s  i n  nematics i s  a  t o p i c  o f  

cu r ren t  i n t e r e s t .  A p e r i o d i c  sp l ay- tw i s t  d i s t o r t i o n  o f  the  

d i r e c t o r  f i e l d  induced by an ex te rna l  magnetic f i e l d  was 

f i r s t  observed by Lonberg and Meyer i n  a  polymeric nematic 

[17].  From t h e i r  ana lys i s  o f  t h e  problem it fo l l ows  

t h a t  such a  d i s t o r t i o n  i s  p re fe r red  t o  t h e  un i fo rm splay 

Freedericksz t r a n s i t i o n  i f  t he  r a t i o  o f  the  splay and 

t w i s t  e l a s t i c  constants, R = K, /K1, i s  l e ss  than a  

c r i t i c a l  va lue R,e 0.303. Per iod ic  d i s t o r t i o n  induced by 

an ex te rna l  e l e c t r i c  f i e l d  has been the  sub jec t  o f  many 

experimental and t heo re t i ca l  s tud ies  [ I ] .  Neglect ing the  

e l a s t i c  anisotropy Bobylev and P i k i n  [ I 6 1  showed t h a t  

the  f l e x o e l e c t r i c  e f f e c t  could g i ve  r i s e  t o  such a 

d i s t o r t i o n ,  i f  t he  d i e l e c t r i c  anisotropy i s  s u f f i c i e n t l y  

smal l .  I n  chapter 6 we show t h a t  t he  p e r i o d i c  d i s t o r t i o n  

observed by Lonberg and Meyer f o l l o w  from the  theory o f  

Bobylev e t  a l .  f o r  the  f l e x o e l e c t r i c  domains [18] ,  which 

inc ludes the  e l a s t i c  anisotropy,  when the  e l e c t r i c  f i e l d  

i s  replaced by a magnetic f i e l d .  A f a r  more i n t e r e s t i n g  

r e s u l t  presented i n  t h i s  chapter deals  w i t h  the  in f luence 

o f  f l e x o e l e c t r i c i t y  on t he  d i r e c t o r  d i s t o r t i o n s  i n  the 

t w i s t  geometry, induced by an e l e c t r i c  f i e l d .  Fig.11 shows 

the  v a r i a t i o n s  o f  the product o f  the  th resho ld  f i e l d  and 



Fig.10. The low frequency 'longitudinal' domains observed 
in a nematic with negative era. (from Ref.ll). 



the  sample thickness (EYc.d)  and the wavevector o f  the 

d i s t o r t i o n ,  q y  , w i th  the r a t i o  R ' =  K t  /K,. When the 

f l e x o e l e c t r i c  terms are neglected, we f i n d  per iod ic  

d i s t o r t i o n s  upto a c r i t i c a l  value RC = 0.303, as found by 

K i n i  [I91 and Oldano [20] i n  the analogous magnetic case. 

F l e x o e l e c t r i c i t y  does no t  favour a pe r i od i c  d i s t o r t i o n  i n  

the  t w i s t  geometry. Therefore, when i t  i s  taken i n t o  

account the  c r i t i c a l  value R: decreases. However, f o r  

R ' > R l  f l e x o e l e c t r i c i t y  g ives r i s e  t o  a new type o f  

t r a n s i t i o n  character ized by a non-periodic non-planar 

d i r e c t o r  d i s t o r t i o n .  This t r a n s i t i o n  has a lower threshold 

than the t w i s t  Freedericksz t r a n s i t i o n ,  f o r  a l l  p o s i t i v e  

values o f  Further,  it can a lso  be obtained f o r  negat- 

i v e  values o f  , smaller than a c r i t i c a l  value. We have 

detected t h i s  t r a n s i t i o n  i n  a nematic mix ture  w i th  a 0. 

I n  chapter 7 we describe the experimental 

determinat ion o f  the f l e x o e l e c t r i c  c o e f f i c i e n t s  o f  two 

nematics. The combination (el- e,) was measured by using 

the method o f  Dozov e t  a1 [21]. The sample i s  taken i n  a 

hyb r i d  c e l l  w i t h  homeotropic al ignment a t  one o f  the 

p la tes  and homogeneous alignment a t  the other .  The 

d i s t o r t i o n  o f  the d i r e c t o r  i n  such a c e l l  gives r i s e  

t o  a f l e x o e l e c t r i c  po la r i za t i on ,  given by 



Fig.11. Upper section: The product Ey,.d as a function of 
R'=K,/K, in the twist geometry.(a)Ea= -0.1, (b) E, =0, 
(c)Ea= 0.1 and (d) Ea = 0.5. In the last two cases the 
dotted lines correspond to the periodic distortion and 
the dashed lines to the twist Freedericksz transition 
in the absence of flexoe1ectricity.The solid lines are 
obtained from calculations including the flexoelectric 
terms. Lower section; Variation of the wavevector qy 
with R'. The dashed line is obtained when the 
flexoelectric terms are neglected and the solid lines 
are obtained when they are included. (c) Ea = 0.1 and 
( d )  Ea= 0.5. Note that q - + O  at some R'. 



A h h 
P = (el- e,) n ( d i v  n) 

A 

When a transverse e l e c t r i c  f i e l d  E i s  app l ied i n  a 

d i  r e c t i o n  normal t o  the plane conta in ing the d i r e c t o r ,  a 

t w i s t  d i s t o r t i o n  i s  created i n  the sample, due t o  the 
A 

a c t i o n  o f .  E on P. The maximum tilt angle o f  the 

d i r e c t o r  ( @ ( o ) )  i n  the sample can be measured using the 

waveguide property o f  the s t ruc tu re .  By measuring @(o)  as 

a f unc t i on  o f  E, (e,- e,) can be ca lcu la ted using the 

r e l a t i o n  [ 2 1 ]  

@(o)  = -(e,- e,) E d / ( x  K) 

where d i s  the thickness o f  the  sample and K the e l a s t i c  

constant. 

The combination (eL+ e,) was measured using a wedge 

shaped sample w i t h  homeotropic alignment a t  the two 

surfaces. When an e l e c t r i c  f i e l d  i s  app l ied between the 

two surfaces, f i e l d  gradients are created i n  the sample 

due t o  the wedge shape of the c e l l .  These f i e l d  

gradients g ive r i s e  t o  a d e s t a b i l i z i n g  f l e x o e l e c t r i c  

torque on the d i r e c t o r .  The r e s u l t i n g  d i s t o r t i o n  o f  the 

d i r e c t o r  can be detected, i f  the d i e l e c t r i c  anisotropy 

o f  the mater ia l  under study i s  n e g l i g i b l e ,  by observing 

the tilt o f  the conoscopic pa t t e rn  obtained between 



crossed po la r i ze rs .  Neglect ing the  d i e l e c t r i c  anisotropy 

and assuming the d i s t o r t i o n  t o  be smal l ,  the  conoscopic 

p a t t e r n  can be expected t o  tilt by an angle n,G , where n, 
- 

i s  the  index o f  ord inary r e f r a c t i o n  and 8 i s  the average 

tilt angle o f  the d i r e c t o r  i n  the sample, given by 

where a i s  the wedge angle and V the app l ied vol tage. By 

measuring 8 f o r  a few values o f  V ,  (eL  + e, ) can be 

ca lcu la ted.  The values of (el- e,) and (el+ e, ) o f  the 

nematic mixture used f o r  s tudying the EHD i n s t a b i l i t i e s  

were found t o  be 100 and -180 cgs u n i t s ,  respect ive ly .  

Chapter 8 deals w i t h  the measurement o f  the splay and 

bend e l a s t i c  constants o f  a d i s c o t i c  nematic. The mater ia l  

s tud ied i s  hexa-n-dodecanoyloxy truxene (C12HATX). The 

e l a s t i c  constants were determined independently from the 

thresholds o f  the splay and bend Freedericksz t r a n s i t i o n s .  

The i r  values are found t o  be comparable t o  those o f  

nematics w i t h  rod- l ike  molecules, as has already been 

found by Mourey e t  a l .  [22] i n  another d i s c o t i c  nematic. 

Fur ther  the r a t i o  K i / K 3  was found t o  be less  than 1 .  I t 

has been t h e o r e t i c a l l y  shown [23,24] t h a t  i f  the e l a s t i c  

p roper t ies  o f  a d i s c o t i c  nematic are governed by long 



range o r i e n t a t i o n a l  order  alone, then t h i s  r a t i o  should be 

greater  than 1. However, if s h o r t  range columnar o rde r  i s  

present i n  t he  medium, then t h i s  r a t i o  can be expected t o  

be l ess  than 1. Such s h o r t  range columnar order  has been 

found i n  some d i s c o t i c  nematics 1251.  Then the  observed 

reversa l  i n  the  t rend  o f  KL /K3  i s  s i m i l a r  t o  t h a t  observed 

i n  nernatics w i t h  r od- l i ke  molecules having smect ic- l ike  

cybo tac t i c  groups 126 ,273 .  It may be noted here t h a t  our 

data are comparable t o  those obta ined from recent  measurem- 

ents  on two homologues o f  C12HATX [28].  

The author has a l so  c a r r i e d  o u t  some experimental 

s tud ies  on b inary  mixtures o f  mesogenic compounds. As 

these do n o t  f a l l  under t h e  main t o p i c  o f  t h e  t hes i s ,  they 

are descr ibed i n  the  appendices. I n  appendix 1 we descr ibe 

the  s tud ies  on a system e x h i b i t i n g  an enhanced smectic A 

phase and appendix 2 deals w i t h  the  i nduc t i on  o f  a  

smectic C phase i n  a  b ina ry  mixture.  

Some o f  the  r e s u l t s  presented i n  t h i s  t h e s i s  are 

repor ted i n  t he  f o l l ow ing  pub l i ca t ions :  

1. Induc t ion  o f  srnectic C phase i n  b inary  mixtures o f  

compounds w i t h  cyano end groups. 

N.V.  Madhusudana, V . A .  Raghunathan and M. Subramanya 

Raj Urs, Mol. Cryst.  L i q .  Crys t . ,  106, 161 (1984).  - 
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2. Enhanced smectic A  mesophase i n  mixtures o f  t e rm ina l l y  

po la r  compounds. 

V . A .  Raghunathan, M. Subramanya Raj Urs and N . V .  

Madhusudana, Mol. Cryst .  L i q .  Cryst . ,  131, - 9 (1985). 

3. Bend and splay e l a s t i c  constants o f  a d i s c o t i c  nematic. 

V . A .  Raghunathan, N.V.  Madhusudana, S. Chandrasekhar 

and C.  Destrade, Mol. Cryst .  L iq .  Cryst. ,  148, 7 7  - 
(1987). 

4 .  F lexoe lec t r i c  o r i g i n  o f  ob l ique r o l l  electrohydrody- 

namic i n s t a b i l i t y  i n  nematics. 

N.V.  Madhusudana, V . A .  Raghunathan and K.R. Sumathy, 

Pramana - J. Phys., - 28, L311 (1987). 

5 .  F l exoe lec t r i c  o r i g i n  o f  ob l ique r o l l s  w i t h  h e l i c a l  f low 

i n  e lectroconvect ive nematics under DC e x c i t a t i o n .  

V . A .  Raghunathan and N.V. Madhusudana, Pramana - J. 

Phys., 3 l ,  L163 (1988). 

6 .  I n f luence  o f  f l e x o e l e c t r i c i t y  on electrohydrodynamic 

i n s t a b i l i t i e s  i n  nematics under A C  f i e l d s .  

N.V. Madhusudana and V . A .  Raghunathan, Mol. Cryst.  L iq .  

Crys t .  L e t t . ,  5, 201 ( 1988) .  

7 .  A  new threshold f l e x o e l e c t r i c  i n s t a b i l i t y  i n  nematic 

l i q u i d  c r y s t a l s .  

V . A .  Raghunathan and N.V. Madhusudana, Mol. Cryst .  L iq .  

Cryst . ,  ( i n  press).  



8.  In f luence  o f  f l e x o e l e c t r i c i t y  on electrohydrodynamic 

i n s t a b i l i t i e s  i n  nematics. 

N . V .  Madhusudana and V . A .  Raghunathan, L iq .  C r y s t . ,  ( i n  

press) .  
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