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ON THE FIRST EXAMPLE OF AN INVERTED SEQUENCE SA N S c  
I N  A PURE POLAR COMPOUND. 

NGWEN HUU TINH, C ,  DESTRADE 
Centre de Recherche Paul Pascal,  Domaine Universi ta i re ,  
33405 Talence Cgdex, France 

(Received for Publication March 7,  1984) 

Six homologues of the new s e r i e s  4-[4'-nitrobenzyloxy] 
benzylidene-4"-alkoxyaniline a r e  presented. The reen- 
t r a n t  sequence I N SA Nre S c  was found f o r  the f i rs t  

time i n  the pure compound : 4-[4'-nitrobenzyloxy] ben- 
zy li dene-4"-unde cy loxyani 1 ine , while the do decy 1 oxy 
derivat ive presents the inverted sequence I S A N S C  S , .  

INTRODUCTION 

As reported i n  e a r l i e r  paper the benzyloxy der ivat ives  
with three phenyl rings give a r a the r  r i c h  polymorphismwith 
the so-called S A , ,  S A ~ ,  S A ~  and S c  smectic modifications 

and a reentrant  phenomenon such as  the polar compounds ha- 
ving the general formulae : 

where Z = C N  o r  NO2 

X = -COO-, -CH p N - ,  ... 
= CnH2rl+P 

Furthermore these d i f f e r e n t  i n t e r e s t i n g  smectic phases a re  
avai lable  a t  r a the r  low temperature. Now we present s i x  
homologues of the new s e r i e s  4-[4'-nitrobenzyloq] benzyli- 
dene-4"-alkoxyaniline 2 i n  which the undecyloxy der ivat ive 
exh ib i t s  the enant iotrzpic  reentrant  sequence N Sb Nre S c  
S, S, and the dodecyloxy der ivat ive presents the inverted 
sequence I SA N Sc S 1  : .. 

CnH2n+ 10 @- N = CH -@ 0 - CH2 -@ NO, ,2 

with n = 8 -t 13 
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70 N. H. TINH and C. DESTRADE 

RESULTS AND DISCUSSION 

The subs tances  were synthes ized  according t o  t h e  
scheme below : 

0,N @ CH,Br J. HO -@ CHO 

K,C03 acetone 1 
OnN @ 

They were p u r i f i e d  by repea ted  r e c r y s t a l l i z a t i o n  from e tha-  
no l .  Phase t r a n s i t i o n s  were s t u d i e d  both  by po1arizat:ion m i -  
croscopy (equipped wi th  a Mettler FP5) and d i f f e ren t : i a l  
scanning ca lor imet ry  (Dupont 990). The t r a n s i t i o n  tempera- 
t u r e s  and types of mesophases are l i s t e d  i n  Table I,, Thei r  
t r a n s i t i o n  e n t h a l p i e s  and en t rop ie s  are given i n  Table 11. 

TABLE I : T r a n s i t i o n  temperatures  ("C) of compounds 2 
..4 

b4 I 

,, 183 . 
,, 181 . 
,, 180 . 

s 2  s, SC Nre S A n K  

8 . 86 . 109 - . 120.5 - 
9 . 98 . 110 - . 121.8 - 
10 . 99 . 107 - . .120 - 
1 1  . 105 ( a  95) 106 . 118 . 135 - 177 179 . 

- 
- 
- 

12 103 - (. 101) . 118 . 121.5 . 178.3 -. 
13 104 - (. 94) . 108.5 - . 178 -- 

K : c r y s t a l  phase ; SA, SC, S ... smect ic  A ,  C ... phases  

N : nematic  phase ; N,, : r e e n t r a n t  nematic  phase ; 

1 : i s o t r o p i c  phase ; ( ) : monotropic t r a n s i t i o n  ; 

. : t h e  phase e x i s t s  ; - : t h e  phase i s  no t  observed. 
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ON THE FIRST EXAMPLE OF AN INVERTED SEQUENCE 71 

TABLE I1 : Trans i t i on  en tha lp i e s  and en t rop ie s  of compounds - 2 

(AH i n  Kcal.mo1-’ and AS i n  cal.mol-’ K-I) 

N I 

8 AH . 6.68 . 0.71 - . 0.09 - - . 0.40 . 
AS 18.6 1.86 0.23 0.88 

n K  s 2  Sl sc Nr, s A 

9 AH . 6.80 . 0.86 - . 0.10 - - . 0.49 . 
AS 18.3 2 .24  0.25 1.08 

10 AH . 6.01 . 0.54 - . 0.08 - - . 0.50 . 
AS 16.2 1.42 0.20 1 . 2  

11 AH . 6.87 . . 0.39 . 0.19 . 0.01 . 0.11 . 0.63 . 
AS 18.2 1.03 0.49 0.03 0.24 1.4 

12 AH . 8.30 . (. 0.36) . 0.05 . 0.03 . 1.18 - 
AS 22.  0.96 0 .13  0.08 2.6 

13 AH . 7.10 . . 0.14 - . 1.24 - 
AS 18.8  . 0.37 2.75 

A t  f i r s t ,  we  must po in t  ou t  t h a t  t he  a l l  presented  der iva-  
t ives  e x h i b i t  a smect ic  C phase.  This  f a c t  i s  uncommon i n  
p o l a r  rod-l ike molecules.  This SC phase presents  a maximum 
s t a b i l i t y  temperature wi th  n = 9. The t h r e e  compounds (n = 
8- 10) e x h i b i t  t h r e e  mesophases : N ,  Sc and S,. The l a t t e r  
i s  un iax ia l  wi th  a r a t h e r  s t r o n g  t r a n s i t i o n  enthalpy S,-Sc. 
(AH = 0.71 Kcal.mo1-’) and could be a SB phase. The undecy- 
loxy de r iva t ive  presents  f o r  t he  f i r s t  time t h e  r een t r an t  
sequence N SA Nre Sc S, S,. On cool ing  t h e  i s o t r o p i c  l i q u i d  
of t h i s  compound one can observe the  nematic phase wi th  a 
th read  l i k e  o r  marbled t e x t u r e ,  Below t h i s  nematic phase 
the  smectic A phase with foca l  conic and homeotropic tex- 
t u r e s  appears .  On f u r t h e r  cool ing ,  one can observe the  reen- 
t r a n t  nematic phase with a t h read  l i k e  o r  paramorphic fan  
shaped t e x t u r e .  On cool ing  the  N,, phase,  the  smectic Sc 
phase becomes v i s i b l e  through a s c h l i e r e n  o r  broken fan  
shaped t e x t u r e .  Below t h i s  SC phase,  a smect ic  S 1  phase ap- 
pears  wi th  a mosaic t e x t u r e  which looks l i k e  t h o s e o f t h e S I  
phase of t he  compound : 
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72 N. H. TlNH and C. DESTRADE 

Fig. 1 Isobaric  phase diagram 

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

0:
28

 2
1 

Fe
br

ua
ry

 2
01

3 



ON THE FIRST EXAMPLE OF AN INVERTED SEQUENCE 13 

N 2t ( f i =  1%) 

Fig. 2 Phase diagram of mixture 
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74 N. H. TINH and C. DESTRADE 

But these  S, and SI o r  SF are no t  misc ib l e .  Despi te  t h i s  
f a c t  i t  i s  well  known t h a t  SA phases of p o l a r  and nonpolar  
compounds are o f t e n  immiscible,  s o  t h a t  t h e r e  is  an (evi- 
dent  need f o r  X-ray i n v e s t i g a t i o n  on t h i s  S 1  phase.  On COO- 

l i n g  the  S ,  phase,  t h e  S 2  phase appears  wi th  l a r g e  homeo- 
t r o p i c  domains. The S, phases of two compounds n = 10 
and n = 1 1  are misc ib le  (Fig.  1 ) .  The more i n t e r e s t i n g  com- 
pound i s  t h e  dodecyloxy d e r i v a t i v e  which e x h i b i t s  t h e  in- 
verted sequence : 

4 The sequence SA N Sc was f i r s t  observed by G.  P e l z l  i ? t  a l .  
i n  b inary  systems. The e x i s t e n c e  of a nematic  phase below 
SA phase without  a nematic a t  h igh  temperature  w a s  a l r eady  
p red ic t ed  by J .  Pros t '  and by Heppke e t  a1 ,6. The above se- 
quence was a l s o  observed i n  t h e  b ina ry  diagram betweenn = 1 1  
and n =  12 d e r i v a t i v e s  (F ig .  2) o r  between n =  1 1  and II= 13 
d e r i v a t i v e s .  

This  N phase below the  SA phase t o t a l l y  d isappears  from 
n = 13. 

CONCLUSION 

We have prepared a new series 4-[4'-nitrobenzyloxy] 
benzylidene-4"-alkoxyaniline, The r e e n t r a n t  sequence I N SA 
Nre S c  S, S, and t h e  inve r t ed  sequence I SA Nre Sc S:I were 
found f o r  t he  f i r s t  time i n  pure compounds. A more d e t a i l e d  
study of t hese  systems w i l l  be publ i shed  elsewhere.  
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