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Chapter 8 

EXPERIMENTAL DETERMINATION OF THE SPLAY AND BEND ELASTIC 

CONSTANTS OF A DISCOTIC NEMATIC 

8.1 INTRODUCTION 

A f t e r  the discovery o f  d i s c o t i c  mesomorphism by 

Chandrasekhar e t  a l .  [ I ] ,  a large number o f  d i s c o t i c  

mesogens have been synthesized. But r e l a t i v e l y  few o f  

these e x h i b i t  the  nematic phase. I n  con t ras t  t o  the 

nematics o f  r od- l i ke  molecules, the d i r e c t o r  i n  a d i s c o t i c  

nematic ( N D )  represents t he  pre fer red o r i e n t a t i o n  o f  the 

shor t  molecular ax is  (F ig .  1 ) .  Consequently, t he  medium i s  

o p t i c a l l y  and d iamagnet ica l ly  negative. The d i e l e c t r i c  

anisotropy can however be p o s i t i v e  o r  negat ive depending 

on the de ta i l ed  molecular s t ruc tu re .  

The mechanical p roper t ies  o f  the No phase are 

ev iden t l y  o f  much i n t e r e s t .  For example, i f  t he  p rope r t i es  

o f  the medium are determined by long range order  alone, 

the splay e l a s t i c  constant KI i s  expected t o  be greater  

than the bend e l a s t i c  constant K3 i n  a d i s c o t i c  nematic. 

On the o ther  hand, i n  a  nematic o f  r od- l i ke  molecules K3 

i s  expected t o  be greater  than K I ,  under t he  same 

cond i t i on  [2,3]. Though nematics o f  r od- l i ke  molecules 

have been extensively s tudied,  there have been on l y  a  few 

measurements o f  the e l a s t i c  constants i n  t he  No phase 



Fig.1. Schematic diagram showing the molecular arrangement 
in a discotic nematic. 

Fig.2. Structural formula of Ci2HATX. 



[ 4 , 5 ] .  I n  t h i s  chapter we descr ibe the experimental 

determinat ion of the splay and bend e l a s t i c  constants o f  a 

truxene de r i va t i ve  which e x h i b i t s  a nematic phase i n  an 

' inver ted '  t r a n s i t i o n  sequence between two columnar 

phases. 

8.2  EXPERIMENTAL 

The compound s tud ied was hexa-n-dodecanoyloxy truxene 

( C i 2 H A T X )  [6], whose s t ruc tu re  i s  shown i n  F ig .  2. It 

was synthesized by C. Destrade and k i n d l y  given t o  us. The 

phase t r a n s i t i o n s  exh ib i t ed  by the  compound are: 

Here the symbols K, Dhd ; D r d  and Dho stand f o r  the 

c r y s t a l ,  hexagonal disordered columnar, rec tangu lar  

disordered columnar and hexagonal ordered columnar phases, 

respect ive ly .  The numbers i n  brackets are the  heats o f  

t r a n s i t i o n  i n  J/mole measured w i t h  a Perk in  - Elmer DSC I V  

u n i t .  

1 )  Alignment o f  the  sample 

Homeotropic alignment was obtained e a s i l y  by t ak ing  

t he  sample between two c lean g lass p la tes  o r  indium t i n  



oxide coated p la tes .  On the  o ther  hand, homogeneous 

alignment was more d i f f i c u l t  t o  achieve. It has been 

reported 171 t h a t  homogeneous alignment o f  some d i s c o t i c  

nematics could be obtained by using g lass p la tes  w i t h  an 

obl ique coat ing o f  s i l i c o n  monoxide, as w i t h  nematics o f  

rod- l i ke  molecules. However, such a treatment y ie lded  on ly  

homeotropic al ignment i n  the case o f  Ci2HATX.  The 

aromatic cores o f  the  molecules appeared t o  have a s t rong 

a f f i n i t y  f o r  t he  S i O  surface. We there fo re  t r ea ted  the  

p la tes  w i t h  an ob l ique coat ing o f  SiO w i t h  octadecyl 

t r i e thoxy  s i l ane ,  thus obta in ing an a l i p h a t i c  sur face 

which can be expected t o  have the  undulat ions o f  the  

under ly ing S i O  coat ing.  We found t h a t  t h i s  combined 

treatment r e s u l t s  i n  a homogeneous alignment o f  Ci2HATX.  

2 )  Determination o f  t he  p r i n c i p a l  d i e ? e c t r i c  constants.  

The p r i n c i p a l  d i e l e c t r i c  constants E,, and E, were 

measured a t  1592 H z  using a Wayne - Kerr  br idge ( 8 6 4 2 ) .  

The E,,  measurement requ i res  a homeotropic alignment o f  t he  

d i r e c t o r  and t he  measurement requ i res  a homogeneous 

alignment. The procedure described i n  the previous sec t i on  

was used t o  produce the required a1 ignment. Dispers ion 

studies up t o  13 MHz were ca r r i ed  ou t  using a Hewlet t  - 
Packard impedance analyser (4192 A ) .  



3)  Determination o f  K,. 

The splay e l a s t i c  constant K, was measured us ing t he  

Freedericksz t r a n s i t i o n  method. The experimental s e t  up i s  

shown schematical ly i n  Fig.3. A homogeneously a l i gned  

sample was prepared between two indium t i n  oxide coated 

p la tes  using the procedure described e a r l i e r .  The c e l l  

th ickness was measured using the  channelled spectrum 

technique [8] and was found t o  be 29 pm. The c e l l  was kept 

i n  a Me t t l e r  ho t  stage (FP 5 2 )  so t h a t  i t s  temperature 

could be convenient ly con t ro l led .  The sample was viewed 

under a p o l a r i z i n g  microscope. Monochromatic l i g h t  f rom a 

sodium vapour lamp was al lowed t o  f a l l  on the sample. The 

inc iden t  beam was 1 i nea r l y  po lar ized w i t h  the plane oP 

po la r i za t i on  making 45"  w i t h  the und is to r ted  d i r e c t o r  . 
The l i g h t  emerging from the sample i s  e l l i p t i c a l l y  

po lar ized and by using a quarter  wave p l a t e  w i t h  i t s  f a s t  

ax i s  p a r a l l e l  t o  the a x i s  o f  the  po la r i ze r ,  i t  was 

converted i n t o  a l i n e a r l y  po lar ized beam. This emergent 

beam was then viewed through an analyser.  The analyser was 

adjusted so t h a t  the f i e l d  o f  view was dark. An AC 

e l e c t r i c  f i e l d  o f  1 kHz frequency was appl ied between the  

two p la tes .  The vo l tage - was s lowly increased till t h e  

f i e l d  o f  view s t a r t e d  t o  become b r i g h t ,  i n d i c a t i n g  the  

onset o f  a deformation o f  t h e  d i r e c t o r  i n  the sample. The 

RMS value o f  the  app l ied vol tage i n  v o l t s  a t  which t he  
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Fig.3. Schematic diagram of the experimental set up used 
to measure the splay elastic constant. 



f i e l d  o f  view s ta r t ed  t o  become b r i g h t  was taken as the 

thresho ld  vol tage Vth o f  the t r a n s i t i o n .  The splay e l a s t i c  

constant was then determined using the r e l a t i o n  

We found t h a t  the anchoring f o r  homogeneous al ignment was 

no t  un i formly  st rong and a f t e r  repeated deformations t he  

al ignment de te r io ra ted  i n  some regions. The measurements 

were made on selected regions which preserved the  

a1 ignment dur ing the  course o f  the experiment. 
* 

4 )  Determination o f  K,. 

I t  i s  necessary t o  use homeotropical ly a l igned samples 

t o  measure K 3 .  Since E, i s  found t o  be p o s i t i v e  i n  

C i z H A T X ,  a transverse f i e l d  i s  required t o  deform the  

sample. But i t  i s  d i f f i c u l t  t o  get a uni form f i e l d  i n  t h i s  

d i r e c t i o n .  However,since the  anisotropy o f  the diamagnetic 

s u s c e p t i b i l i t y  o f  t h i s  mate r ia l  can be expected t o  be 

negat ive, we could use a magnetic f i e l d  app l ied p a r a l l e l  
A 

t o  no , instead.The experimental se t  up i s  shown i n  Fig.4. 

The m i r ro r  M I  enables the l i n e a r l y  po la r i zed  l i g h t  f rom 

a sodium lamp t o  f a l l  normal ly on the  sample. The emergent 

l i g h t  i s  r e f l e c t e d  by the m i r r o r  M 2  and passes through the  

analyser A. I t  i s  then viewed through a low power microsco- 



coils 

Fig.4. Schematic diagram of the experimental set up used 
to measure the bend elastic constant. 



pe. The whole s e t  up i s  mounted on a base provided w i t h  

s ide screws S1 and S2 and l e v e l l i n g  screws L1 ,L2 and L3, 

us ing which the sample can be a l igned w i t h  the  d i r e c t o r  

p a r a l l e l  t o  the f i e l d  d i r e c t i o n .  . 

The existence o f  a c r i t i c a l  f i e l d  f o r  the onset o f  t he  
Z 

deformation requ i res  H t o  be p a r a l l e l  t o  the und i s to r t ed  

d i r e c t o r .  I f  t h i s  cond i t i on  i s  s a t i s f i e d  then the  

azimuthal angle o f  the  d i s t o r t e d  d i r e c t o r  can take a l l  

possib le values w i t h  equal p r o b a b i l i t y  and t h i s  degeneracy 

leads t o  the format ion o f  umbi l i cs  [9] i n  the sample above 

the threshold. The sample was a1 igned w i t h  reference t o  

the f i e l d  d i r e c t i o n  t o  y i e l d  the maximum number o f  

umbi l i cs .  

Tomeasure the c r i t i c a l  f i e l d ,  the p o l a r i z e r  and 

analyser were f i r s t  adjusted t o  get  a dark f i e l d  o f  view. 

The magnetic f i e l d  was then s lowly increased t i 1 1  t h e  

f i e l d  o f  view s t a r t e d  t o  become b r i g h t .  The corresponding 

value o f  the f i e l d  i s  the  c r i t i c a l  value H, f o r  the  onset 

o f  the deformation. The bend e l a s t i c  constant i s  obta ined 

from the  r e l a t i o n  

2 2 2 

3 = X,d H, / lt 

where x a i s  the diamagnetic anisotropy per u n i t  volume. 



Since X a o f  CIIHATX i s  n o t  known, we used an e l e c t r i c  
A 

f i e l d  appl ied p a r a l l e l  t o  H t o  determine a 1 0 1  I f  H, 

i s  the  c r i t i c a l  f i e l d  i n  the  presence o f  t h e  e l e c t r i c  

f i e l d  E, then 

8.3 RESULTS AND DISCUSSION 

The temperature v a r i a t i o n  of E,,  , E, and E, are shown 

i n  Fig.5 . E > 0 and i t s  value remains p r a c t i c a l l y  a 

independent o f  the temperature. The nematic phase i n  

CI 2 HATX occurs f a r  below the D h - i  so t rop ic  t r a n s i t i o n  

temperature and i t  i s  t o  be expected t h a t  the o r i en ta t i on-  

a1 order parameter, and hence , hard ly  vary w i t h  

temperature. The p o s i t i v e  s ign  o f  E, i s  i n t e r e s t i n g .  The 

induced d ipo la r  con t r i bu t i on  t o  may be expected t o  be 

negat ive f o r  d i s c- l i k e  molecules. The permanent d ipo les  

associated w i t h  the es te r  groups are responsible f o r  the 

p o s i t i v e  s ign  o f  E, . It should be noted t h a t  t h e  t r ipheny-  

lene compound H70BT, which has s i m i l a r  es te r  l inkage 

groups, a lso  shows p o s i t i v e  [41 .  O f  course, i t  i s  very 

u n l i k e l y  t h a t  the  e n t i r e  molecule can r e o r i e n t  about a 

long dimension, and indeed measurements up t o  13 MHz d i d  

no t  y i e l d  any d ispers ion o f  E ,  . 



Fig.5. Temperature variation of E,,, El and E, in the 
nematic phase of Ci2HATX. 



The temperature v a r i a t i o n  o f  the  splay e l a s t i c  

constant i s  shown i n  Fig.6 . I n  the  lower temperature p a r t  

o f  the nematic range, K, has a p r a c t i c a l l y  constant  value 

o f  about 3.5 x10-7 dyne. Th is  i s  o f  the  same order  o f  

magnitude as i n  nernatics w i t h  rod- l i ke  molecules, as 

already found f o r  H708T by Mourey e t  a l . [4 ] .  K t  tends t o  

decrease as the ND-Drd t r a n s i t i o n  p o i n t  i s  approached. 

The temperature v a r i a t i o n  o f  the bend e l a s t i c  constant 

i s  s i m i l a r  t o  t h a t  o f  KI(Fig.7). I t  i s  i n t e r e s t i n g  t o  note 

t h a t  K,/K, < 1. As mentioned e a r l i e r ,  i f  the e l a s t i c  prope- 

r t i e s  o f  the medium were determined by long range o r i e n t a t -  

i ona l  order  alone, we should have obtained Ki / K 3  > 1. 

C lear l y  the shor t  range columnar order,  which should be 

present i n  the nematic -range, gives r i s e  t o  t h e  reverse 

t rend.  Such a shor t  range cybotac t ic  order has been found 

i n  other  d i s c- l i k e  compounds by Levelut 1111. The reversa l  

o f  the  t rend  i n  KI/K3 i n  CI 2HATX i s  s i m i l a r  t o  t h a t  i n  

nematics o f  r od- l i ke  molecules w i t h  smec t i c- l i ke  

cybo tac t i c  groups [12,13].The decrease o f  both K t  and K 3  

on approaching the No-Dr d t r a n s i t i o n  temperature i s  

somewhat su rp r i s ing .  This t rend  perhaps a r i ses  from the 

b u i l d i n g  up o f  cybotac t ic  groups w i t h  rec tangu lar  l a t t i c e  

a t  the expense o f  those w i t h  the  more compact hexagonal 

l a t t i c e  as the temperature increases. The value o f  x calc-  
a 
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Fig.6. Temperature variation of the splay elastic constant 
of Ci 2 HATX . 
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Fig.7. Temperature variation of the bend elastic constant 
of ClzHATX. 



ula ted using Eq.(3) i s  a - 0 . 8 ~ 1 0 - 7  cgs u n i t s ,  and i s  

p r a c t i c a l l y  independent o f  temperature. 

We should mention here t h a t  recen t l y  Warmerdam e t  

a1.[5] have reported K1 and K, o f  two homologues o f  

CI ZHATX,  v i z ,  CI oHATX and CI 4HATX. C i  4HATX shows a 

t r a n s i t i o n  sequence i d e n t i c a l  t o  t h a t  e x h i b i t e d  by 

C t 2 H A T X .  CloHATX a lso  shows an ' i nver ted '  t r a n s i t i o n  

sequence, but  the re- entrant  columnar phase i s  absent i n  

t h i s  case. By measuring the  v a r i a t i o n  o f  the t ransmi t ted  

l i g h t  i n t e n s i t y ,  above the  thresho ld  o f  the Freedericksz 

t r a n s i t i o n ,  Warmerdam e t  a l .  obtained K3/x,and K,/ K g .  I n  

both the compounds K1/ K 3  i s  found t o  vary from about 1.8 

t o  1 as the temperature i s  ra ised i n  the nematic phase. 

The value o f  K, /Xa is  found t o  be comparable i n  t h e  two 

compounds and increases s l i g h t l y  from about 4  t o  4 . 5  cgs 

u n i t s  w i t h  temperature across the  nematic range. The 

estimated value o f  K,/x, i s  a lso  comparable i n  t he  two 

compounds. I t decreases s t rong ly  from about 7 t o  4.5 cgs 

u n i t s  w i t h  increase o f  temperature. 

We must p o i n t  ou t  t h a t  i n  our measurements as w e l l  as 

i n  those o f  Warmerdam e t  a l .  K,/X, has been determined 

from the thresho ld  o f  the Freedericksz t r a n s i t i o n  i n  a 

homeotropical ly a l igned sample. From the numbers quoted 



above, it i s  c l e a r  t h a t  our values o f  K 3  / X ,  are much 

la rger  than those obtained by Warmerdam e t  al. As 

mentioned e a r l i e r ,  we have used c lean indium t i n  ox ide 

coated glass p la tes  t o  produce the homeotropic al ignment, 

wh i le  i n  Ref.5 polyimide coated p la tes  were used f o r  the  

same purpose. A poss ib le  cause f o r  the lower values o f  

K3/xaobta ined by them i s  a r e l a t i v e l y  weaker anchoring a t  

the polyimide coated p la tes .  As described i n  t he  previous 

sect ion,  we have measured K t  independently from the 

threshold o f  the Freedericksz t r a n s i t i o n  i n  a 

homogeneously a l igned sample and the  anchoring i n  t h i s  

case was not  as st rong as t h a t  i n  the  case o f  homeotropic 

alignment. Indeed our Ki values are lower than those 

obtained by Warmerdam e t  a l .  However, i t should be noted 

t h a t  the discrepancy i n  the  t rend i n  K,/K, a r i ses  mainly 

due t o  the l a rge r  K 3  values obtained by us ra the r  than the  

smal ler K, values. The r a t i o  K,/K, was obtained by 

Warmerdam e t  a l .  by studying the d i r e c t o r  d i s t o r t i o n  as a 

f unc t i on  o f  t he  f i e l d  s t reng th  above the thresho ld  o f  

the Freedericksz t r a n s i t i o n .  Since the  method used by them 

i s  d i f f e r e n t  from t h a t  employed by us, the cause f o r  the  

d i f fe rence  i n  the  t rend  i n  KI/K, i s  no t  c lear .  I t w i l l  be 

i n t e r e s t i n g  t o  measure Ki/K, using the same technique i n  

a l l  these homologues. 
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