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INFLUENCE OF THE SUBSTITUENT ON THE REENTRANT 
PHENOMENON 

IU'GWEN HUU TINH, M. JOUSSOT-DUBIEN and C. DESTRADE 
Centre de Recherche PAUL PASCAL 
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(Submitted for Publication February 19, 1980) 

ABSTRACT: Three new series of compounds exhibiting 
nematic and smectic A reentrant mesophases at atmos- 
pheric pressure are presented: 4-alcanoyloxybenzoyl- 
oxy-4'-cyanobiphenyl series, 4-alcanoyloxybenzoyloxy- 
4'-cyanostilbene series and 4-alcanoyloxybenzoyloxy- 
4'-cyanoazobenzene series. 
alkoxy and alcanoyloxy terminal substituents on the 
reentrant phenomenon is discussed. 

The influence of the alkyl, 

INTRODUCTION: 
for pure compounds at atmospheric pressure. 1-7 All the mole- 
cules inducing this phenomenon have the general formula: 

Reentrant N and SA phases have been observed 

R D -  COOQ X o  CN 

The relation between the molecular structure and the influ- 
ence of the X group and of the attracting electron terminal 
groups such as CN, N02, and Br have been largely discussed;' 
however, concerning the R substituent only alkyl and alkoxy 
derivatives have been described. We report here the results 
obtained with another type of substituent, R=CnH2n+lC00-, 
of particular interest because of its large polarizability, 
and along with X being a single bond (biphenyls), a double 
bond --N=N- (azobenzenes) or -CH=CH- (stilbenes) . We 
attempted to determine whether the nature of the substituent 
has any influence on the reentrant phenomenon. 

EXPERIMENTAL: All the products where prepared by esterifi- 

COCl and the corresponding cyano- cation between R'COO 

phenol (HOoX#CN) in pyridine. They were purified 
0- 
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by chromatography on silica gel, eluted with benzene, and 
recrystallized from absolute ethanol. The purity of the 
products was checked by elemental analysis and thin layer 
chromatography. Transition temperatures were determined 
using a DSC (DuPont 990). The textures were observed with 
a polarizing microscope equipped with a heating stage 
(Mettler FP 5). 

RESULTS: In the three series which were prepared, the reen- 
trant nematic phase is always observed. In two cases, a 
smectic A reentrant phase is also observed. All the results 
are collected in Table I. The nature of the phases was 
systematically verified using the contact method by their 
isomorphy with a known reference compound. 
N, SA, N, SA of the N"1D compound are miscible with those 
of 4-octyloxybenzoyloxy-4'-cyanostilbene " * (Fig. 1) and 
with those of the NO9 compound (Fig. 2). 

The four phases  

TABLE I 

Transition Temperatures of Compounds Belonging 

to the Series C H n 2n+l 

No X 

1 -  
2 -  
3 -  
4 -  
5 -  
6 -  
7 -  
8 N=N. 
9 N=N. 
10 CH=CH 
11 CH=CH 

sA n K  

5 . 9 4 .  
6 . 9 4 -  
7 . 9 6 -  
8 . 9 4 -  
9 . 9 1 -  

10 . 81 - 
11 . 82 - 
8 . 104 . 
9 . 108 . 
8 . 104 . 
9 . 96.7 - 

N I sA N 

. 280 . 

. 262 . 
- . 246 . 

. 107 . 185 . 240 . 
. 212 . 233 . 
. 217 . 230 . 
. 219 . 229 . 

(102) - - . 260 . 
(87) . 130 . 211 . 258 . 

(103) . 177,5 . 214,5 . 281 . 
. 105 . 252 . 280 . 

- 
- (75) - - 

- 

- 
- 
- 

DISCUSSION: Let us recall that, in the series already known, 
the reentrant phase appears: 

- for the alkoxy group with C H 

- for the alkvl group, only in two series: the 

0 and C9H190 8 17 
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and t h e  d i b e n z o a t e s g  
1OH21 

t o l a n e s 4  s t a r t i n g  w i t h  C 

s t a r t i n g  w i t h  CllH23. T h e r e f o r e ,  t h e  a lkoxy  group a p p e a r s  
t o  b e  more s u i t a b l e  t o  i n d u c e  t h e  r e e n t r a n t  phenomenon t h a n  
t h e  a l k y l  group.  I n  Tab le  11, w e  r e p o r t ,  f o r  t h e  t h r e e  cen- 
t r a l  r i g i d  c o r e s  s t u d i e d ,  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  
a l k y l  and a lkoxy  g roups ,  f o r  two l e n g t h s  o f  t h e  a l i p h a t i c  
c h a i n s .  I t  i s  seen  c l e a r l y  t h a t  t h e  a l c a n o y l o x y  group 
f a v o r s  t h e  appea rance  of t h e  r e e n t r a n t  phenomenon. It  may 
be though t  t h a t  t h i s  a b i l i t y  i s  r e l a t e d  t o  t h e  p o l a r i z -  
a b i l i t y  of t h e  d i f f e r e n t  R g r o u p s ,  which can  b e  c l a s s i f i e d  
i n  t h e  i n c r e a s i n g  o r d e r  : l o  

a g r e e i n g  w i t h  t h e  d i p o l e  moment of CH3-, CH30,  and CH3COO- 
g roups ,  which are r e s p e c t i v e l y  0.37 D ,  1 . 2  D and 1 . 8 3  D ”  
when t h e y  are  r e l a t e d  t o  a n  a r o m a t i c  ca rbon .  On t h e  o t h e r  

Tab le  I1 

T r a n s i t i o n  Temperatures  of t h e  Compounds of  t h e  

X R K N I N sA sA 

- 
;J=N 
N=N 

CH=CH 
CH=CH 
CH=CH 
CH=CH 
CH=CH 
CH=CH 

. 184 . 217 . 
. 120 . 201 . 240 . 
. 107 . 185  . 240 . 
- . 70 - 

C H  0- . 9 7 -  
C8H17C00- . 94 - 
C H 0- . 90 . (72)  . 118 . 214 . 253 . 
CgH19C00- . 108  . (87 )  . 130 . 211 . 258 . 
C H 0- . 96 . (94.5)  . 1 3 8  . 248 . 281 . 
C H COO- . 104 . (103) . 1 7 7 , 5  . 214,5 . 281 . 

‘gH17- 
8 1 7  

9 1 9  

C3H17- 
8 17 

C ” g t i -  . 86 - - . 232 . 254 . 
. 105  . 252 . 280 . 

. 265 . - - . 105 - 

C H 0- . 97 . (63) ( 9 3 , 7 ) .  261 . 275,3 . 
C H COO- . 97 - 9 1 9  

9 1 9  
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hand,  t h e  r e e n t r a n t  phenomenon seems t o  be  r e l a t e d  t o  t h e  
l e n g t h  of t h e  s u b s t i t u e n t .  That i s  t h e  r e a s o n  why we p r e -  
p a r e d  e s p e c i a l l y  compounds w i t h  n=8 and n=9. 

A c l o s e r  l o o k  a t  Tab le  I1 shows t h a t :  

- i n  t h e  case of  h i g h  p o l a r i z a b i l i t y  groups CnH2n+10- 
and CnH2n+lC00-, t h e  r e e n t r a n t  nematic  phase i s  observed 
f o r  t h e  compounds whose a l i p h a t i c  c h a i n  c o n t a i n s  t h e  s a m e  
number of  ca rbon  atoms;  f o r  i n s t a n c e ,  C8HI7O- and CgH17C00- 
f o r  t h e  b i p h e n y l s  and t h e  s t i l b e n e s  o r  CgH190- and CgHl9C00- 
f o r  t h e  azobenzenes and t h e  s t i l b e n e s .  Except i n  t h e  cases 
of  t h e  b i p h e n y l s ,  t h i s  phase i s  more s t a b l e  w i t h  C H COO- 
t h a n  w i t h  C H n 2n+l 

n 2n+I0- 

- f o r  t h e  S r e e n t r a n t  phase ,  t h e s e  two groups are  
a lmos t  e q u i v a l e n e .  

- conce rn ing  t h e  o t h e r  t r a n s i t i o n  t e m p e r a t u r e s :  

. t h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  t empera tu re  (T ) 
1 0  N I  i n c r e a s e s  w i t h  t h e  group p o l a r i z a b i l i t y ;  i ndeed ,  

T (RCOO) > TNI(RO) > TNI(R) : N I  

. t h e  SAN h i g h e s t  t r a n s i t i o n  t empera tu re  i s  such  as 
T (RCOO) < T (RO) 

'A-N 'A-N 
- t h e  n a t u r e  of t h e  SA phase observed i n  t h e  n o  1 com- 

pound (Table  I)  h a s  been d i s c u s s e d  by Heppke e t  a l .  ,7  f o r  
t h e  4-alkoxybenzoyloxy-4'-cyanoazobenzenes. This  low t e m -  
p e r a t u r e  SA phase  e x h i b i t s  a maximum when t h e  a l i p h a t i c  
c h a i n s  v a r y  from pen ty loxy  t o  h e l p t y l o x y ,  i n  t h e  ser ies  

w i t h  t h e  p roduc t  n " l  ( p e n t y l  c h a i n )  and i t  i s  n o t  s u r p r i s i n g  
t o  see t h a t  t h i s  SA phase d i s a p p e a r s  w i t h  l o n g e r  c h a i n s  
(compounds n"2 and 3, Table  I ) .  

I n  ou r  s e r i e s ,  i t  seems t o  be a t  i t s  maximum 

CONCLUSION: W e  have s y n t h e s i z e d  t h r e e  se r ies  of new com- 
pounds. Four of  t h e s e  compounds p r e s e n t  a r e e n t r a n t  nematic 
phase  a t  a tmosphe r i c  p r e s s u r e ,  and two of  them e x h i b i t  more- 
ove r  a r e e n t r a n t  smectic A phase .  A comparison w i t h  t h e  
homologous a l k y l  and a lkoxy  d e r i v a t i v e s  i s  r e p o r t e d .  I t  
shows t h a t  t h i s  group i s  p a r t i c u l a r l y  s u i t a b l e  t o  induce  
t h e  reentrant phenomenon and may shed some l i g h t  i n  i t s  
u n d e r s t a n d i n g .  
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