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1 EL A S T I  C CONSTANTS AND DI AMAGNETI C SUSCEPTI B I  L I  TY OF NEMATIC 
LC DETERMINED BY A COMBINED ELECTRO-MAGNETO-OPTICAL METHOD 

A. SCHARKOWSKI , H. SCHMIEDEL. R. STANNARIUS and E. WEISSHUHN 
Sekt ion  Physik der  Karl'-Marx-Universitiit. DDR-7010 L e i p z i g  

ABSTRACT 

For a de termina t ion  of Ki. Ks and t h e  a n i s o t r o p y  of 
t h e  diamagnet ic  s u s c e p t i  bi 1 i t y  Ax of t w o  a1 koxyphenyl- 
hexyl pyr i m i  d i  nes  and a mixture  of bo th ,  and s i x  cyano- 
phenyl -a1 kylcyclohexanoates  , w e  have used a combined 
el ectr o-magneto-optical method. The tempera ture  dependence 
of K i  and K 3  can  be e x p l a i n e d  by common t h e o r i e s .  The Ax 
are r e l a t i v e l y  s m a l l ,  d e c r e a s i n g  wi th  longer  a l k y l  c h a i n s .  

THEORY 

For t h e  de te rmina t ion  of t h e  elastic c o n s t a n t s  Kl and K3 and 

t h e  magnetic a n i s o t r o p y  Ax =x,, -xl , w e  used t h e  o p t i c a l  

observa t ion  of t h e  d i r e c t o r  f i e l d  deformation induced i n  a 

pr eor i e n t e d  1 i qui  d crystal cell by el ectri c C E> or magneti c 

C H >  f i e l d s .  The e x t e r n a l  f i e l d s  and t h e  monochromatic l i g h t  

beam are o r i e n t e d  perpendicular ly to  t h e  cell  s u r f a c e s .  The 

t r a n s m i t t e d  i n t e n s i t y  I of a monochromatic light. b e a m  is a 
f u n c t i o n  of t h e  o p t i c a l  phase d i f f e r e n c e  6 between o r d i n a r y  

and e x t r a o r d i n a r y  waves 

d 

I =  I s i n 2 c ~ / 2 >  , 6= 2rrA C n,Cz>-no> dz , 0 
0 

where z is t h e  d i r e c t i o n  of l i g h t  propagat ion ,  d is t h e  cel l  

t h i c k n e s s  and ne, n are t h e  refractive i n d i c e s .  

F i t t i n g  t h e  o p t i c a l  response  t o  t h e  s o l u t i o n  of t h e  

continuum equat ion .  w e  o b t a i n  t h e  parameter T)= K 3 / K I -  1 and 

t h e  t h r e s h o l d  f i e l d  f c  Cf and Hc, r e s p e c t i v e l y  3. 

0 

d e n o t e s  E 
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420 A. SCHARKOWSKI ET AL. 

From t h e  t h r e s h o l d  f i e l d  w e  f i n d  Kl by 

wi th  Uc= d Ec, or 0 '  

/Cn po3 Ax , with  Bc= pOHc. 

2 2  K = U  / n A c c  1 c  

K = d B 1 C 

2 2  2 

The elastic c o n s t a n t  K is d e r i v e d  f r o m  I) and K1. 3 
If t h e  d i e l e c t r i c  a n i s o t r o p y  As is known, w e  can  c a l c u l a t e  

t h e  diamagnet ic  s u s c e p t i b i l i t y  a n i s o t r o p y  Ax by comparison of 

t h e  t h r e s h o l d  f i e l d s .  

Ax = d-2CUc/Bc>2 A s / c 2  C c be ing  t h e  v e l o c i t y  of l i g h t  3 .  

EXPERIMENTAL 

The p lanar  l i q u i d  crystal cell is p laced  between crossed 

p o l a r i z e r s  wi th  t h e  i n i t i a l  director o r i e n t a t i o n  a t  4S0 t o  

t h e  p o l a r i z a t i o n  axis. The glass p l a t e s  are  coated wi th  

1 ow-ohmi c I TO el ectrodes. The homogeneous p l ana r  or i e n t a t i  on 

of t h e  d i r e c t o r  a t  t h e  t w o  glass s u r f a c e s  is ob ta ined  by 

o b l i q u e  evapora t ion  of a S i O  f i l m  Cabout 30 nm 3 a t  an  a n g l e  

of about  60° normal t o  t h e  g l a s s e s .  The e lectr ic  f i e l d  w a s  

produced by a programmable s i n e  w a v e  g e n e r a t o r  a t  a f r equency  

of about  1 k H z .  The magnetic f i e l d  w a s  p rovided  by a n  

e lec t romagnet ,  c a l i b r a t e d  by means of 'H NMR. A computer w a s  

used t o  c o n t r o l  t h e  f i e l d s  and t o  record and store t h e  

t r ansmiss ion  cu rves .  The minimum f i e l d  s t e p s  w e r e  about  1 mV 

and 0.1 mT, r e sp .  The variable sweep ra te  u s u a l l y  w a s  chosen 

t o  be  0.3 mV/s and 0.025 mT/s, r e s p .  The cell t empera tu re  w a s  

c o n t r o l l e d  t o  20.1 K. 
The r e f r a c t i v e  i n d i c e s  n and ne have been de termined  

us ing  a n  o r i e n t e d  wedge cell and a goniometer spec t romete r .  
0 

The d i e l ec t r i c  c o n s t a n t s  c,, and E 

LC Group I. Fur the r  de t a i l s  - w i l l  be pub l i shed  e l sewhere  

w e r e  p rovided  by t h e  H a l l e  
2 . 

I 

The chemical s t r u c t u r e  of t h e  compounds is shown i n  F ig .1 .  
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NEMATIC LC 42 1 

b) 68,6% C6OPCBP + 31,5% CQOPC6P :Mi3 
11. C,H,,+lf)-COO-@CN : CPCO-n ; n=3-8 

FIGURE 1: Chemical s t r u c t u r e s  of t h e  i n v e s t i g a t e d  LC 
I a> 5-n-hexyl -2-C 4-n-a1 k y l  oxy-phenyl I -pyr i m i  d i  n e s  . 
I b >  mix tu re  of 68.5 m o l %  C6OPC6P and 31.5 m o l X  CgOPC6P. 
11) 4-cyanophenyl-4-n-a1 kylcyc lohexanoates .  

RESULTS 

A l l  e las t ic  c o n s t a n t s  decrease wi th  i n c r 3 a s i n g  t empera tu re .  

According t o  Saupe , t h e  e las t ic  c o n s t a n t s  K and K3 depend 

on t empera tu re  v i a  t h e  o r d e r  parameter S and t h e  m o l a r  volume 

V i n  t h e  s a m e  way. Consequent ly ,  t h e  r a t io  K3/K1 s h o u l d  have 

no t empera tu re  dependence. H o w e v e r ,  as can  be s e e n  i n  F igs .  2 

and 3. t h e r e  exis ts  a w e a k  dependence upon t empera tu re .  

Th i s  w e a k  dependence has  been e x p l a i n e d  by Gru le r  , who 

assumed changes i n  s h o r t - r a n g e  o r d e r ,  and by P r i e s t  , who 

made t h e  assumption t h a t  t h e  elastic c o n s t a n t s  depend upon 

h i  gher  ter  m s  of  t h e  Legendr e pol ynomi a1 s . 

3 
I 

4 

5 

Comparing t h e  magnitude of  t h e  K /K -va lues  of  t h e  

measured phenyl -pyr i m i  d i  n e s  w i  t h si mi 1 ar compounds f r o m  

l i t e r a t u r e .  w e  can  s a y  t h a t  s m a l l  K3/K1 -ratios are t y p i c a l  

f o r  compounds wi th  hetero-atoms i n  t h e  r i n g s  C as pyr imid ines  

or dioxanes  3 ,  and wi th  t e r m i n a l  non-polar a1 k y l  c h a i n s .  The 

3 1  

cyanophenyl -cycl ohexanoates  exh i  bi t re la t ively h i g h  K#Kl - 
va lues  which can  be connected' w i th  t h e i r  h ighe r  p o l a r i t y .  

The d e c r e a s e  i n  K3/K1 w i t h  i n c r e a s i n g  a l k y l  c h a i n  l e n g t h ,  

as shown i n  F igs .  2.3. h a s  been proved for a l o t  of 

homologeous series. I t  is caused  by t h e  i n c r e a s e  of  s m e c t i c -  

l i k e  c o r r e l a t i o n  for l onge r  a l k y l  c h a i n s .  The behaviour  of 

Mi3 i n  F ig .  2 s u p p o r t s  t h e  assumpt ion  t h a t  t h e  elastic 

c o n s t a n t s  of mix tu res  of  s i m i l a r  compounds are l i n e a r l y  

r e l a t e d  t o  t h e i r  m o l a r  c o n c e n t r a t i o n s .  
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12E-7 

10E-7 

BE-7 

6E-7 

4E-7 

C0OPC6P : , 
CQOPC6P : A . 
Mi 3 : Q .  

T < 
0.88 0.80 0.02 0.84 0.86 0.98 1.00 1, 

FIGURE 4: Temperature dependence of A x  for CnOPCGP. 

Fig. 4 g i v e s  t h e  t empera tu re  dependence of A x  Cvolume> of 

t h e  phenyl -pyr i mi d i  nes .  Absol U t e  V a l  ue s  of A x  are r el a t i  ve l  y 

small. AX d e c r e a s e s  wi th  longe r  a l k y l  c h a i n s ,  i n  agreement 
7 with measu remen t s  of PCH . 
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