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* * 

+ 

* 

A b s t r a c t  New dopants for f e r r o e l e c t r i c  l i q u i d  c r y s t a l s  
c o r i t a i r i i n g  two c h i r a l  l a t e r a l  yroups have been syr i thes ized.  
For  10 mol% doped m i x t u r e s  o f  a riori c h i r a l  SmL' compound 
spontaneous p o l a r i z a t i o n  va lues  up t o  75 rrC/cmz have been 
observed. Fur thermore,  orie o f  t h e  compounds e x h i b i t i r i y  a 
smec t i c  C* phase i t s e l f  has beeri used t o  s t u d y  t h e  coriceri- 
t i a t i o n  dependence o f  t h e  sporrtarieous p o l a r i z a t i o n .  A s in ip le  
q u a d r a t i c  dependence was fourid which a l l o w e d  t o  e x t r a p o l a t e  
a v a l u e  o f  750 nC/cmz f o r  t h e  pu re  compound. 

I N l K U D U C l I O N  

I t  1s  w e l l  known t h a t  a 5rnC phdse co r i t a in i r rg  c h i r a l  molecules 

shows f e r r o e l e c t r i c  p r o p e r t i e s .  Most o f  t h e  f e r r o e l e c t r  10 Lum- 

pourids c o r i s i s t  o f  a mesogeriic c u i e  w i t h  c h i r a l  ce r i t res  i n  one o f  

t h e  s i d e  c h a i n s  or i ly .  l o r  enharrciriq t h e  v a l u e  o f  t h e  spontaneous 

p o l a r i z a t i o n  as w e l l  as fo r  s t u d y i r i g  t h e  r e l a t i o n s h i p  betweerr 

s t r u c t u r e  arid t e r i o e l e c t r i c  p r o p e r t i e s  I t  shou ld  be p romis ing  t o  
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336/[772] 3. Bomelburg e t  a l .  

i n t r o d u c e  c h i r a l i t y  i n t o  t h e  second s i d e  c h a i n  t o o ,  however o n l y  
a few examples have been preser i ted Y O  f a r .  1 , 2 7 3  

Since  t h e  f i r s t  o p t i c a l l y  a c t i v e  2 -ha logenocarboxy l i c  

a c i d s  have been p roved  t o  be f a v o u r i t e  groups t o  o b t a i n  l i q u i d  

c r y s t a l l i n e  compounds w i t h  high va lues  o f  t h e  spontaneous 

p o l a r i z a t i o n .  

In t h i s  paper new mesogenic conipourrds w i t h  two c h i r a l  s i d e  chai r is  

are presen ted ,  which have been s y n t h e s i z e d  by e s t e r i f i c a t i o n  o f  

2 -ha logenocarboxy l i c  a c i d s  w i t h  4 , 4 ' - d i h y d r o x y b i p h e n y l  arid 2 ,5 -  

bis-(4-hydroxyphenyl)-pyrirnidine r e s p e c t i v e l y .  J h e  spontaneous 

p o l a r i z a t i o n  has been measured f o r  b i n a r y  m i x t u r e s  obta i r red by 

dop ing  4,4'-diheptyloxyazoxybenzene (HOAE) w i t h  10 mi0176 o f  t h e  

compounds. Fur thermore,  f o r  one o f  t h e  compound e x h i b i t i n g  a SmO* 

phase i t s e l f  t h e  temperature dependence o f  t h e  spontaneous 

p o l a r i z a t i o n  and o f  t h e  o p t i c a l  t i l t  ang le  have been determined 

f o r  d i f f e r e n t  concerr t . rat ions.  

SYN I HESlS 

1 

R-fk-C 0 O ~ ~ ~ O O C -  7 Ck- R 2 N 

R= a :  -CH, b :  -C,H, C: -c,H, d :  - C & H ~  D
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Mesogenic compounds with two chiral lateral groups [773]1337 

lwo series ( 1 , Z )  of '  mesogenic diesters have been prepared by 

esterification of 2-halogenocarboxylic acids with 4,4'-dihydroxy- 
biphenyl and 2,5-bis-(4-hydroxyphenyl)-pyrimidine respectively. 

The 2-halogenocarboxylic acids were obtained from the correspon- 
6,7 ding 2-aminocarboxylic acids. The 2,5-bis-(4-hydroxyphenyl)- 

pyrimidine was synthesized according to the method described 
previously. 8 

TRANSITION TEMPERATUHES 

Table 1 and table I1 show the polymorphy and transition 
temperatures o f  the pure compounds, which were determined by 
microscopic observations using a Mettler FP82 microheating stage 
and by DSC measurements (DSC7 Perkin Elmer). 

lABLE I Polymorphy arid transition temperatures ( " C )  of series 1 

Substance Cr Sm2 Sml I 
l a  (x=C1) 132.7 O 162.4 O 163.3 
I b  (x=Cl) ' 82.8 ' 83.0 O 102.2 

0 O 162.1 a 167.0 I b  (x=f) a) 
Ic (x=Cl) ' 65.6 - 
IC (x=F) O 102.4 - O 131.5 

Id (x=Cl) ' 67.0 - 

le (x=Cl) O 90.2 - - 

U - 

U - 
0 

le (x=F) O 149.7 - 
I f  (x=Cl) ' 67.4 - 
l g  (x=Cl) O 47.6 - - 0 

l q  (x=F) ' 103.1 - - 0 

Sml and Sm2 are unidentified high ordered tilted smectic phases 

a) A melting temperature could not be determined 
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338/[774] J. Bomelburg e t  a l .  

lA8LE 11 Polymorphy and t r a r i s i t i o r i  temperatures ( " C )  o f  s e r i e s  2 

Substance C r  5mL* SmA I 

2b (x=C1) 160.5 178.4 201.6 

2c ( x = C l )  125.1 (118.5) - U 

2~ (x=F ) ' 186.2 204.8 O 242.8 ' 
2d ( x=L ' l )  " 117.6 O 134.0 - U 

2d ( x=F)  ' 172.6 " 183.7 ' 223.7 

2e ( x = C l )  - - 0 

29 (x=F ) - - 0 

" 160.6 

29 ( x = C l )  117.5 - - 0 

' 156.9 

For  compounds d e r i v e d  from t h e  branched aminocarboxy l i c  a c i d s  

( e - g )  no l i q u i d  c r y s t a l l i n e  p r o p e r t i e s  were observed, whereas f o l  

l i n e a r  s i d e  c h a i n s  i r i  most cases smec t i c  phases occur .  Compourid 

I c ( x = F  ) e x h i b i t s  one and compounds l a ( x = C  ) and I b ( x = F ,  C 1 )  two 

h i g h  o r d e r e d  t i l t e d  smec t i c  phases y e t  t o  be i d e n t i f i e d .  Ihe 

t h i e e - r i n g  compounds 2b( x = C l ) ,  2c( x=F , C 1  and 2d( x=F , C l )  

e x h i b i t  5mC* and i n  some cases SmA phases a d d i t i o n a l l y .  

HESUL 15 

[he spontaneous p o l a r i L a t i o r i  o f  10 molL  m i x t u r e s  w i t h  4,4'-di- 

hepty loxyazoxybenzene (HOAB) were measured i n  4 pin c e l l s  u s i n g  a 

Diamant b r i d g e  ( t a b l e  111). The va lues  o f  t h e  spontaneous p o l a r i -  

r a t i o n  o b t a i n e d  10K below t h e  5mC*/N* t r a n s i t i o n  tempera tu ie  a r e  

1 1 1  t h e  range o f  20 t o  45 nC/cmz. These va lues  a r e  approx ima te l y  

t w i c e  a5 h i g h  as t h e  va lues  observed f a r  correspor id ing compounds 
2 

w i t h  o n l y  one c h i r a l  s i d e  c h a i n  , as expected on t h e  b a s i s  o t  a 

s i m p l e  a d d i t i v i t y  law.  
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Mesoqenic compounds w i t h  two c h i r a l  l a t e r a l  groups [7751/339 

I ABLE I11 SmC*/N* t r a n s l t i o n  temperatures arid spontaneous 

p o l a r i r a t i o n  o f  10 mol% m i x t u r e s  i n  HOAB 

c h i r a l  dopant T ( " C )  9 (nC/cm') 

I b  ( x = C l )  85.8 21.2 

Ic ( x = C l )  8 U . 6  24.8 

Ic ( x=F)  8Z.7 

I d  (x=C1) 81 .u 
25.11 

2 5 . 8  

le ( x = C l )  80.0 36.8 

I f  ( x = C l )  76.0 

l g  (x=01)  77.6 

l g  ( x = F )  77.7  

2c ( x = L ' l )  103.3 

2d (x=C1) 102.3 

2e ( x = C l )  1U2.5 

2g ( x = C l )  100.6 

19.8 

26.4 

45.1 

20.0  

21 .u 
29.8 

31 . I  

2g ( x = F )  100.5 45.3 

Ps has been measured 10K below t h e  SmC*/N* t r a r i s i t i o l i  

t empera tu re  

A s  shown i n  f i g u r e  1 f o r  t h e  f l u o r  c o n t a i n i n g  dopant 2g(x=F)  a 

spontaneous p o l a r i z a t i o n  of' about 7 5  nC/crnz is observed 40k below 

t h e  SrnC*/N* t r a n s i t i o n  temperature,  b e i n g  o f  t h e  same o r d e r  as 

t h e  h i g h e s t  v a l u e  r e p o r t e d  so f a r  f -or  a 1U mo15 doped m i x t u r e .  9 

U s u a l l y  t h e  f e r r o e l e c t r i c  p r o p e r t i e s  o t  c h i r a l  dopants a r e  

c h a r a c t e r i L e d  by a l i n e a r  e x t r a p o l a t i o n  o f  t h e  spontaneous 

p o l a r i L a t i o n  va lues  o b t a i n e d  a t  l o w  c o r i c e i i t I a t i o n  t o  t h e  p u ~  e 

Compound. However bes ides  a c h i r a l - r a c e m i c  m i x t u r e "  no system 

IS known t o  f o l l o w  e x a c t l y  t h i s  s i m p l e  behav iou r .  
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20 - 

I 1 I I I I 
-50 -40 -30 -20 -10 0 

T-Tc IK 

F i g u r e  1 .  Temperature  dependence o f  

t h e  spontaneous  p o l a r i z a t i o n  o r  IiUAI3 

doped with 10 mol% c h i r a l  dopant  

Recen t l y ,  u s i n g  dopants w i t h  r a t h e r  l ow  spontaneous p o l a r i r a t i o n ,  
11 a l i n e a r  c o n c e n t r a t i o n  dependence o f  P5/sin@ has been ob ta ined .  

Compound 2d(x=C1), which e x h i b i t s  a SmC* phase i t s e l f ,  was 

chosen t o  c a r r y  o u t  t h e  r e s p e c t i v e  i n v e s t i g a t i o n  for  a dopant 

w i t h  h i g h  spontaneous p o l a r i r a t i o n .  

l h e  m i s c i b i l i t y  d iagram fo r  HOAB and compound 2d shows t o t a l  

m i x i n g  o f  t h e  SmC phases ( f i g u r e  2 ) .  t o r  c o n c e n t r a t i o n s  between 

5U and 90 mol% 2d a SmA phase is induced. 
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Mesoyenic compounds wi th  two c h i r a l  l a t e r a l  groups [777]1341 

Y 
\ I- 

140 I - 
, 

/I 

a' 

/ 
/a 

/ r sc 
/a 

C r  

yz 

U 

\ a 

x (2d) 50. 7 4001 \ 
300 

I I I 
-40 -20 0 

T-Tc /K 0. 0 .5 1.0 
x (2d) 

Figure 2. Diagram of state o f  the Figure 3. Temperature dependence o f  

binary system HOAB/Zd t h e  spontaneous polarization f o r  

different concentrations o f  2d in HOAB 

The tempera tu re  dependerice o f  t h e  spontaneous p o l a r i z a t i o n  is 

shown i n  f i g u r e  3 For d i f f e r e n t  c o n c e n t r a t i o r i s  o f  t h e  c h i r a l  

dopant 2d. For a c o n c e n t r a t i o n  o f  20 mol% 2d a v a l u e  o f  60 nC/cm' 

is rneasured a t  a temperature X I K  below t h e  SrnC*/N* t r a n s i t i o n ,  

whereas f o r  a c o i l c e n t r a t i o n  o f  70 mol% 2d t h e  v a l u e  i n c r e a s e s  t o  

about 400 nC/cm' (5UK below t h e  SmC*/SmA t r a n s i t i o n )  b e i n g  t w i c e  

as h i g h  as expected f o r  a l i n e a r  r e l a t i o r i s h i p .  Indeed t h e  e x p e r i -  

m e n t a l  va lues  a r e  fourid t o  f o l l o w  a s i m p l e  square l aw  ( P  " Y ' ) .  S '  

I he  t i l t  ar ig le  which was measured o p t i c a l l y  depends o n l y  s l i g h t l y  

on t h e  c o m p o s i t i o n  ( f i g u r e  4 ) .  l h u s  t h e  dependence o f  t h e  

p o l a r i z a t i o n  - t i l t  ar ig le c o u p l i n g  P /(-)on t h e  mole f r a c t i o n  o f  

t h e  c h i r a l  doparit shows a square l aw  a l s o  ( f i g u r e  5 ) .  
5 -  
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38 - 

36 - 

34 - 

32 - 

T-Tc/K 

-30 

-20 

-10 

T-Tc/K 

-30 

-20 

-10 

* 

7 600- 

'E 

L 
N. 

V 

' 400- 
Q -. a. 

I t I I I C I I  
0. 0 . 5  

Figure  4 .  Cor lcent ra t lon  dependerlce o f  

t h e  o p t i c a l  t ilt  a n g l e  i n  t h e  b i n a r y  

sys tem HDAB/Zd 

0 
x (2d) 

F i g u r e  5 .  C o n c e n t r a t i o n  deperidenoe o f  

t h e  p o l a r i z a t i o n  t i l t  a n g l e  r a t i o  i n  

t h e  b i n a r y  sys tem HOAO/Zd 

k u r i h e r  i n v e s t i g a t i o n s  concern ing  t h e  concer i t ra t i o r i  deperiderice 

o f  t h e  f e r r o e l e c t r i c  p r o p e r t i e s  f o r  c h i r a l  dopants w i t h  h i g h  

spontaneous p o l a r i L a t i o r i  are  i n  prog ress .  
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Mesogenic compounds w i t h  two c h i r a l  l a t e r a l  groups [779]/343 
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