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(Submi t ted f o r  pub1 i c a t i o n  J u l y  19, 1982) 

ABSTRACT 

A s e r i e s  o f  l i q u i d  c r y s t a l  compounds which have two 

i d e n t i c a l  t e r m i n a l  mesogenic u n i t s  based on a romat i c  

e s t e r s  b r a c k e t i n g  a c e n t r a l  decamethylene spacer i n ,  

was prepared, and t h e  thermal p r o p e r t i e s  were ex- 

amined. The t e r m i n a l  mesogenic u i n t s  were p r i n c i -  

p a l l y  u n s u b s t i t u t e d  and s u b s t i t u t e d  p-(phenoxy- 

c a r  bony1 ) p henyl  e t h e r s .  

INTRODUCTION 

Thermotropic  1 i q u i d  c r y s t a l  polymers hav ing a1 t e r n a -  

t i n g  r i g i d  mesogenic u n i t s  and f l e x i b l e  spacers a long  t h e  

main c h a i n  a r e  o f  cons ide rab le  i n t e r e s t  f o r  t h e i r  s t r u c -  

t u r e - p r o p e r t y  r e l a t i o n s h i p s '  ". We have p r e v i o u s l y  r e p o r -  

t e d  on t h e  s y n t h e s i s  and p r o p e r t i e s  o f  severa l  such s e r i e s  

c o n t a i n i n g  e i t h e r  po lymethy lene o r  po ly(ethy1ene o x i d e )  

f l e x i b l e  s p a ~ e r s ~ - ~ .  

s tudy  t o  compare t h e  s t r u c t u r e - p r o p e r t y  r e l a t i o n s h i p  o f  

I t  was a l s o  o f  i n t e r e s t  i n  t h a t  

26 1 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
05

 2
1 

Fe
br

ua
ry

 2
01

3 
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low molecular weight model compounds conta in ing  two t e r -  

minal mesogenic groups attached on e i t h e r  s ide  o f  a cen- 

t r a l  f l e x i b l e  spacer as shown below: 
0 0 

X -@- 0 - /! -@- 0 @H2)-100 -@- 1 - 0 -@- X (1 )  

X = H, CH3, C1, NO2, CHO, CN, @ 
A compound having 2-naphthol moiety  i n  p lace  o f  p -subs t i -  

t u t e d  phenol u n i t s ,  was a l so  inc luded i n  t h i s  study. Re- 

c e n t l y  G r i f f i n  and B r i t t  i n  a s i m i l a r  i n v e s t i g a t i o n ,  re -  

por ted the format ion o f  enan t io t rop i c  nematic phases f r o m  

symmetric d i e s t e r s  o f  4 .4 ’ -d ihydroxy-1 ,lo-diphenoxydecane . 8 

RESULTS AND DISCUSSION 

The in f l uence  o f  te rmina l  subs t i t uen ts  on l i q u i d  c rys-  

t a l  behavior has been sys temat i ca l l y  evaluated f o r  a g rea t  

many ser ies  o f  compounds, bu t  very  few s tud ies  descr ib ing  

the  s t ruc tu re-proper ty  r e l a t i o n s h i p  f o r  t he  type o f  com- 

pounds above have been repor ted  . 
A l l  o f  the  compounds, except t he  2-naphthol der iva-  

t i v e ,  i n  the  present i n v e s t i g a t i o n  showed two endothermic 

peaks i n  the  thermograms obta ined by d i f f e r e n t i a l  scan- 

n ing  ca lo r imet ry ,  DSC, as shown i n  Table 1.  Examination 

on the  hot  stage o f  a p o l a r i z i n g  microscope revealed t h a t  

the  f i r s t  peak corresponded t o  a mel t ing ,  TK-” and the  

second t o  a l i q u i d  c r y s t a l  - t o  - i s o t r o p i c  phase t r a n s i -  

t i o n ,  TN-I ( c l e a r i n g  temperature). Only nematic o p t i -  

ca l  t ex tu res  could be observed f o r  these compounds, and 

a1 1 t r a n s i t i o n s  were reve rs ib le .  

9 

I n  con t ras t  t o  the  r e s u l t s  i n  Table 1 f o r  the  subs t i -  
t u t e d  phenyl esters ,  t he  2-naphthyl e s t e r  d e r i v a t i v e  

showed o n l y  one endothermic peak a t  166°C on heat ing i n  
the  DSC thermogram, but  two exotherms were formed on 
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TABLE 1. Transition temperatures of 1 , 10- - bis 
(4-p-substi tuted phenoxycarbonyl )phenoxy- 
decane ( 1 )  

Substi tuent A T , " C  

H 

CH3 

N02 

c1 

CH 0 
CN 

'gH5 
2-Npa 

121.5 
137 
146 
144 
150.5 
158 
183 
166 
1 2 7 b  

127.5 
146 
156 
160 
162.5 
181 
21 2 

148b 

6 
9 

10 
16 
12 
23 
29 

2lb 

2-Naphthol e s t e r .  a. 

bevalues  obtained from the cooling curve on DSC. 

cooling, the f i r s t  a t  148", and the second 127°C. Ex- 
amination w i t h  the polarizing microscope revealed tha t  
this compound was transformed from a c rys ta l l ine  sol id  
d i r e c t l y  i n t o  an isotropic  l iquid on heating, b u t  on 
cooling the isotropic  l iquid formed a nematic l iquid 
crystal  phase before c rys ta l l iza t ion ;  tha t  i s ,  t h i s  com- 
pound appeared t o  be monotropic. 

In general as  seen i n  Table 1 ,  the melting and 
clearing temperatures increased i n  a uniform manner for  the 
ser ies  of substi  tuents,  and the a b i l i t y  of substi tuents t o  
s t a b i l i z e  the mesophase followed the following order: 

H < CH3 < C1 < C H O  < NO2 < C N  < C H 6 5' 

9 
This order i s  i n  good agreement with the data f o r  other 
types of thermotropic l iquid crystal  compounds . Gray 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
05

 2
1 

Fe
br

ua
ry

 2
01

3 
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e x p l a i n e d  s u b s t i t u e n t  e f f e c t s  on nemat ic  phase s t a b i l i t y  

on t h e  b a s i s  o f  e i t h e r  enhanced p o l a r i z a b i l i t y  o r  i nc reased  

p o l a r i t y  o f  t h e  mesogenic u n i t s  by t h e  presence o f  t h e  

subs t i t uen ts ” ,  and t h e  r e s u l t s  f o r  t h e  p r e s e n t  s e r i e s  i s  

c o n s i s t e n t  w i t h  such an e x p l a n a t i o n ,  e x c e p t i n g  t h e  e f f e c t  

of  t h e  phenyl  and naph thy l  groups. For  these two groups 

t h e  i nc reased  l e n g t h  o f  t h e  mesogenic u n i t  i s  p robab ly  t h e  

most i m p o r t a n t  f a c t o r .  

I t  i s  r a t h e r  i n t e r e s t i n g  t h a t  t h e  2-naphthol  e s t e r  

was monotrop ic  w h i l e  t h e  phenyl  e s t e r  was e n a n t i o t r o p i c .  

A thermodynamic s tudy  of  t h e  phase t r a n s i t i o n s  o f  these 

compounds i s  now i n  progress,  b u t  p r e l i m i n a r y  r e s u l t s  i n -  

d i c a t e  t h a t  t h e  2-naphthol  d e r i v a t i v e  had a c o n s i d e r a b l y  

h i g h e r  hea t  o f  m e l t i n g  than  t h a t  o f  t h e  phenyl  d e r i v a -  

t i v e  which r e s u l t e d  i n  t h e  d i r e c t  t r a n s i t i o n  f rom t h e  

c r y s t a l  t o  t h e  i s o t r o p i c  phase . 
EXPERIMENTAL 

P r e p a r a t i o n  o f  Compounds 

1,10-Bis(4-carboxyphenoxy)decane - (5g; 0.12 mole) 

was r e f l u x e d  w i t h  17 m l .  o f  t h i o n y l  c h l o r i d e  f o r  4 hours.  

Excess t h i o n y l  c h l o r i d e  was removed a t  room temperature 

by vacuum d i s t i l l a t i o n .  The s o l i d  d i a c i d  d i c h l o r i d e  was 

d i s s o l v e d  i n  30 m l .  d r y  p y r i d i n e ,  and 0.024 moles o f  

e i t h e r  t h e  p - s u b s t i t u t e d  phenol o r  2-naphthol  was added 

The m i x t u r e  was s t i r r e d  a t  room temperature f o r  9 hours 

and t h e n  a t  70°C f o r  an a d d i t i o n a l  one hour .  The r e a c t  on 

m i x t u r e  was poured w i t h  r a p i d  a g i t a t i o n  i n t o  c o l d  wa te r .  

The p r e c i p i t a t e  was t h o r o u g h l y  washed w i t h  water  and d r i e d ,  

and t h e  crude p r o d u c t  was r e c r y s t a l l i z e d  f rom a tou lene-95% 

e thano l  s o l u t i o n  and d r i e d  a t  90°C. Y i e l d s  ranged f rom 

11 

2 

a5 t o  95%. 
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THERMOTROPIC COMPOUNDS 265 

Charac teri za t  ion of Compounds 

elemental analysis  and IR and NMR spectroscopy. The 
thermal behavior of each compound was evaluated on a 
Perkin-Elmer DSC-1B 
of a polarizing microscope. 
were maintained a t  20"C/min for  DSC analysis.  All of 
the DSC thermograms were obtained under a nitrogen a t -  
mosphere. 

The s t ructures  of the compounds were ver i f ied by 

and on a hot-stage (Mettler FP-2)  
Heating and cooling ra tes  
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