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MOLECULAR ASPECT AND POLYMORPHISM I N  POLAR ROD-LIKE 
ME S OGE NS 

NGWEN HUU TINH, H .  GASPAROUX, J. MALTHETE*, 
C .  DESTRADE 
Cent re  de Recherche Paul  Pasca l  , Domaine U n i v e r s i t a i r e  
33405 Talence  Cgdex, France 
"Labora to i re  de Chimie des I n t e r a c t i o n s  Mol6cula i res  , 
CollCge de Prance ,  75231 Paris Cgdex, France 

Abs t r ac t  S t rong ly  p o l a r  molecules wi th  the  genera l  
formula : 

show a g r e a t  v a r i e t y  of i n t e r e s t i n g  polymorphism such 
as r e e n t r a n t  phases  and some new smec t i c  phases .  The 
importance o f  t he  r e l a t i v e  l o n g i t u d i n a l  d i p o l a r  moment 
of t he  cyano o r  n i t r o  group and o f  t h e  d i f f e r e n t  X and 
Y l i n k a g e s  has  been c l e a r l y  unde r l ined .  For t h i s  pur- 
pose f o u r  f a m i l i e s  of p o l a r  mesogens be longing  t o  t h e  
above s t r u c t u r e  wi th  X, Y = - C O O - ,  - CH = N - ,  -0CO-, 
- N  = C H -  have been s y n t h e s i z e d .  Some i n t e r e s t i n g  re- 
s u l t s  a r e  z iven  : 

- Reent ran t  sequences : 

- K SA Nre 

- K Nre SC 

- K SC Nre 

- K SA Nre 

- T r a n s i t i o n  S c - S C  

. K  SQ sc 

. K  sc2 sc 
- Exis t ence  of d i f f e r e n t  smect ic  A and C phases : 

sA2 'A1 'Ad 

. 'c'2 'c1 'Cd 
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2 0 N .  H. TINH et ul. 

INTRODUCTION 

I n  some p r e v i o u s l y  r e p o r t e d  p a p e r s 1 , 2  w e  have shown t h a t  t h e  

cyano compounds w i t h  t h r e e  benzene r i n g s  b e l o n g i n g  t o  t h e  

s t r u c t u r e  : 

R @ C 8 0  a X @- c" 
c o n s t i t u t e  t h e  o p t i m a l  c o n d i t i o n  f o r  t h e  f o r m a t i o n  o f  reen-  

t r a n t  p h a s e s  a t  a t m o s p h e r i c  p r e s s u r e .  Moreover i t  h a s  been  

a l r e a d y  shown t h a t  t h e  NO2 t e r m i n a l  group may a l s o  l e a d  t o  

n e m a t i c  r e e n t r a n c e  and t o  new s m e c t i c  phase  made of r i b b o n s 3  

S c  w i t h  t h e  compound : 

A s y s t e m a t i c  s t u d y  of  t h e  . in f luence  o f  : 

- t h e  p o l a r  t e r m i n a l  group (- CN o r  - N02) 

- t h e  r e l a t i v e  l o n g i t u d i n a l  d i p o l a r  moment of t h e  c e n t r a l  

g roups  (X and Y) 
on t h e  r e e n t r a n t  phenomenon and t h e  new s m e c t i c  modi f ica-  

t i o n s  was per formed.  F o r  t h i s  p u r p o s e  t h e  f o u r  f a m i l i e s  of  

p o l a r  mesogens w i t h  t h r e e  benzene  r i n g s  b e l o n g i n g  t o  t h e  

s t r u c  

2 R  - 
3 R  - 

: t u r e s  1 ,  4 have  been  s y n t h e s i  

RESULTS AND D I S C U S S I O N  

A l l  t h e  compounds were p r e p a r e d  a c c o r d i n g  t o  well-known me- 

t h o d s .  They were p u r i f i e d  by r e p e a t e d  r e c r y s t a l l i z a t i o n .  
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MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 21 

Phase t r a n s i t i o n s  were s t u d i e d  both  by p o l a r i z i n g  microscopy 

equipped wi th  a M e t t l e r  FP5 h e a t i n g  s t a g e  and D i f f e r e n t i a l  

Scanning c a l o r i m e t r y  (Dupont 9 9 0 ) .  

Following t h e  l o n g i t u d i n a l  d i p o l a r  moment sense  of X 

and Y ,  f o u r  f a m i l i e s  of compounds can be de f ined  : 

1 .  FAMILY 1 : The l o n g i t u d i n a l  d i p o l a r  moments of X ,  Y and 

CN o r  NO2 are i n  t h e  same sense .  The f o u r  cor responding  se-  
w 

r i e s  a r e  : 

1A CN - 
1A NO2 - 
1B CN - 

CZO -@- CH 

CZO -@ CH 

C H Z N - @ -  

C H Z N - @ -  

-+ = N  
-f 
= N  

c80 
C 6 0  

* S e r i e s  1A C N 4 s 5  (Table I). I n  t h i s  series, t h r e e  der iva-  

t i v e s  wi th  R = C8H170-, CgHlgO- and CIOH210- e x h i b i t  a reen- 

t r a n t  nematic phase .  The l a t t e r  p r e s e n t s  f o r  t h e  f i r s t  t i m e  

t h e  i n t e r e s t i n g  sequence : 

- 

A t  f i r s t ,  t h e s e  very  me tas t ab le  SC and Nre phases  could  

n o t  be  i d e n t i f i e d  by m i s c i b i l i t y  s t u d i e s .  Recent ly  they  have 

been proved t o  be misc ib l e  wi th  those  of 4-decyloxycinnamoy- 

loxybenzyl idene  4 ' -cyanoani l ine6 ,  5 (F ig .  1 ) .  I n  o r d e r  t o  

prove d e f i n i t i v e l y  t h e s e  i d e n t i f i c a t i o n s ,  X-ray i n v e s t i g a -  

t i o n s  were performed u s i n g  an equimolar mixture  of t h e  two 

decyloxy d e r i v a t i v e s  i n  which t h e  SC phase i s  s t a b l e  and t h e  

r e e n t r a n t  nematic phase could  e x i s t  s t i l l  50°C. Th i s  s tudy  

proves  t h a t  t h e  SA and SC a r e  p a r t i a l l y  b i l a y e r e d  smec t i c  

phases6 .  

- 
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22 N .  H.  TINH et al 

TABLE I T r a n s i t i o n  tempera tures  of compounds o f  1A CN - 
‘nH2n+ 1 0 @- COO a CH = N -@- C N 4 3 5  

n K  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10 . 

S A Nre SC S A N I 
- 137.5 (. 101) - . 299 . 

. 280 . 
- 

122 (. 102) - - - 
115 ( -  91)  - . 274 . 
115 (. 70) - - - . 264 . 

- - 

. 153 - . 198 . 255 . 
9 6  (. 40) (. 92) - . 228 . 251  . 

- 108 

100 - (. 66)  ( -  79) . 232 - 242 . 
The meanings o f  t h e  s i g n s  used i n  t h i s  t a b l e  and i n  t h e  f o l -  

lowing are : 

K : c r y s t a l l i n e  phase ; N : nematic phase 

S : smect ic  phases A ,  C ... , smect ic  phases SA, SC 

Nre : r e e n t r a n t  nematic p h a s e ;  I : i s o t r o p i c  phase 

3 : t h e  phase d o e s n o t e x i s t  . : t h e  phase e x i s t s  . -  
( ) : monotropic phase 

The tempera tures  a r e  given i n  Ce l s ius  degrees .  

The metas tab le  SA phase observed f o r  s h o r t  cha ins  i s  

probably S A ~  because t h e  r a t i o  TNA/TNI i s  lower t o  Mc Mil lan  

parameter 0.87 (TNA, TNI a r e  r e s p e c t i v e l y  t h e  tempera ture  i n  

Kelvin of  t h e  smect ic  A - nematic t r a n s i t i o n  a t  t h e  h i g h e s t  

t empera ture  and t h e  nematic - i s o t r o p e  t r a n s i t i o n ) .  Prom t h e  

oc ty loxy  d e r i v a t i v e  t h e  SA phase i s  p a r t i a l l y  b i l a y e r e d  

(SAd) * 

* S e r i e s  1B CN (Table 1 1 ) .  The f i r s t  seven homologues only  

show nematic phases .  I n  t h e  oc ty loxy  and nonyloxy d e r i v a t i -  

ves a r e e n t r a n t  nematic and SA phases appear .  The decyloxy 

d e r i v a t i v e  does n o t  e x h i b i t s  a Nre  phase bu t  i t  p r e s e n t s  a 

.., 

d 
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MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 23 
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24 N. H. TINH er al. 

TABLE I1 T r a n s i t i o n  temperatures of compounds of 1B CN 

‘nH 2n+ 1 0 a- CH = N a- COO a- CN 

n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

N I 

. 168 - . > 290 . 
. > 290 . . 161 - 

I 139 - . > 290 . 
285 . . 116 - 
277 . I 1 1 7  - 

. 116 - 270 . 

. 119 - 257 . 

. 113 - 138 - . 208 . 254 . 
- 99 ( .  89) (. 84) . 220 . 246 . 
. 101 - . 235 . 242 . 

. 234 . 237 . . 99 - 
. 100 - . 234 - 

K Nre  SC S A 
- - 
- - 
- - 
- - 

- - 
- - 
- - 

- 
- 
- 

TABLE I I I T r a n s i t i o n  temperatures of compounds of  1A NO - 2  
0 @- COO @- CH = N @- NO2 7 

‘nH2n+ 1 

n K S A N I 

5 135.5 (. 117) 272 

6 139 . 192 265 

7 127  . 228.5 255 

8 131 . 245 25 1 

TABLE I V  T r a n s i t i o n  temperatures of compounds of  1 B  NO2 

‘nH2n+ 1 0 -@- CH = N @ COO @-\02 

n K S A N I 
7 1 1 7  . 234 248 

8 1 1 7  . 241 2 46 

9 113 . 245 - 
10 1 1 7  . 244 - 
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MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 25 

metas t ab le  SC phase .  

* S e r i e s  14 N 0 2 7  (Table III), A l l  t h e  f o u r  compounds pre- 

s e n t  smect ic  A and nemat ic  phases .  The Nre i s  no t  observed 

i n  t h i s  s e r i e s .  

* S e r i e s  1: NO2 (Table IV) .  Two f i r s t  compounds e x h i b i t  

smectic A and nematic phases whi le  t h e  nonyloxy and decyloxy 

d e r i v a t i v e s  only  p r e s e n t  smect ic  A phases .  I n  t h e s e  two 

l a s t  ser ies ,  t h e  hepty loxy  d e r i v a t i v e  only  d i sp lays  t h e  h igh  

temperature nematic and SA phases .  The s u p e r i o r  homologue 

oc ty loxy  does no t  e i t h e r  e x h i b i t  a r e e n t r a n t  nematic phase .  

So i t  i s  c e r t a i n  t h a t  a Nre phase cannot be observed i n  t h e  

s e r i e s  1 NO because an  i n c r e a s i n g  o f  t h e  cha in  l e n g t h  i s  

known t o  d e s t a b i l i z e  t h e  S A ~  and Nre phases1 ,2 .  

d 

- 2  

Conclusion f o r  t h e  family 1 .  Only t h e  cyano end group g ives  

t h e  r e e n t r a n t  sequences I N SA N r e  and I N SA SC N r e .  

- 

2 .  FAMILY 2 : The l o n g i t u d i n a l  d i p o l a r  moments of X and CN 

o r  NO2 a r e  i n  t h e  same sense  whi le  t h a t  of Y i s  a n t i p a r a l l e l .  

We have a l s o  f o u r  series : 

- 

2 A  CN 
* 

2 A  NO2 - 
2B CN 

2B NO2 

* 

- 

C80 N 2 CH 

CZO -@ N CH 

CH 2 N -@- 030 

CH 2 N -@- 030 

* S e r i e s  2A CN (Table V ) .  Twenty compounds have been synthe- 

s i z e d  wi th  R = C H (n = 3 -f 10) and C,H2n+10- ( n =  I +  12). 

Up t o  n = 3 i n  t h e s e  two cases, each  compound has  only  a ne- 

mat ic  phase .  The SA phase appears wi th  n = 4 .  This  SA phase 

wi th  s h o r t  cha in  i s  probably a monolayered one (SA ) .  It 

p r e s e n t s  a tempera ture  o f  maximum s t a b i l i t y  wi th  n = 6 d e r i -  

- -  
n 2n+l 

1 
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26 N. H. TINH ef al. 

TABLE V T r a n s i t i o n  tern e r a t u r e s  ( " C  of compounds 2A CN 

R -@- COO a- N = CH 6 CN - 
R K 'C 'A re 'A I 

- - - . 145 - . > 280 . 
. 127 - (. 96) - . > 280 . 

C3H7 

C4H9 

C5Hll . 106 - (. 98) - . 2 7 4  . 
- 
- 
- b6H13 . 94.5 - - 106.5 - . 262 . 

C7H15 . 120 - (. 95) - . 258 . 
'gH17 . 104 - (. 77.6)(. 84) . 196 . 246 . 

- 

- - CgH19 . 106 - . 220 . 241 . 
- - CIOH21 - 99 - . 227 . 235 . 
- - - CH 3O . 160 - . > 290 . 
- - - C2H50 . 134 - . > 290 . 

C3H70 

C4H9 O 

'gH1 1' 

'gH 1 3' 

C7H150 

'gH 17' 

'gH19' 

1OH2 lo 

- - - . 130 - . > 290 . 
I 117 - (. 87) - . > 290 . 
. 101 - . 126 - . 289 . 
. 104 - . 1 4 4  - . 283 . 

. 271 . . 104 - . 134 - 

. 98 - . 119 . 166 . 204 . 2 6 4  . 

. 113 - (. 100) (. 108) . 244 . 258 . 

. 104 - ( .  79) (. 94) . 245 . 254 . 

- 
- 
- 

- 

- CllHZ30 . 88 (. 79) - . 247 . 249 . 
- Cl2HZ50 . 91 (. 70) - . 247 . 
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MOLECULAR ASPECT A N D  POLYMORPHISM IN POLAR MESOGENS 27 

v a t i v e  ( f o r C  H 

e x h i b i t s  e n a n t i o t r o p i c  r e e n t r a n t  N and SA phases whi le  t h e  

o c t y l ,  t h e  nonyloxy and t h e  decyloxy d e r i v a t i v e s  p r e s e n t  

monotropic r e e n t r a n t  N and SA phases .  

and CnH2n+10). The oc ty loxy  d e r i v a t i v e  
n 2n+l 

The N SA N SA sequence of t h e  f o u r  compounds has  been 

c h a r a c t e r i z e d  f i r s t  by o p t i c a l  t e x t u r e s  and t h e n  checked by 

a c o n t a c t  method w i t h  a w e l l  known compound T88 (F ig .  2 ) .  

The diagram of s t a t e  of b i n a r y  system between t h e  decy- 

loxy d e r i v a t i v e  and t h e  4(4”-decyloxybenzoyloxy)benzylidene- 

4’-cyanoani l ine  has  been s t u d i e d  by means of t h e  c o n t a c t  me- 

thod and by t h e  i n v e s t i g a t i o n s  of c e r t a i n  s i n g u l a r c o n c e n t r a -  

t i o n s  ( F i g .  3 ) .  From t h i s  f i g u r e ,  we can r e p o r t  two impor- 

t a n t  r e s u l t s  : 

- F i r s t ,  a new phase sequence wi th  dec reas ing  tempera ture  i s  

observed : N SA SC N SA.  For example, w i th  60.7 m o l  Z of 

decyloxy d e r i v a t i v e ,  t h e  t r a n s i t i o n  tempera tures  a r e  : 

K 98.5 (SA 61.2) (N 86 .5)  (Sc 87.5) SA 242.5 N 251 I 

- Second, we s t r e s s  t h e  e x i s t e n c e  of a r a t h e r  unusual N r e -  

A - C  p o i n t  i nvo lv ing  t h e  r e e n t r a n t  nematic phase.  This  

f a c t  changes p a r t  of t h e  topology of t h i s  p o i n t  e s p e c i a l l y  

a t t r a c t i v e  because of i t s  t r i c r i t i c a l  c h a r a c t e r .  Unlike 

t h e  “common” case  ( s e e  F igu res  4 and 5)9,10 i n  which t h e  

sequence N -f SA + Sc i s  observed when one t u r n s  c lock  wise 

around t h e  t r i p l e  p o i n t ,  now t h e  d i f f e r e n t  sequence SA -+ 

SC + Nre i s  ob ta ined .  Ploreover, i n  t h e  p rev ious ly  s t u d i e d  

sys tems,  a s  dep ic t ed  i n  F igu res  4 and 5 ,  t h e  en t ropy  o f  

t h e  N - S C  t r a n s i t i o n  has  been shown t o  decrease  r a p i d l y  

a long  t h e  l i n e  of t r a n s i t i o n  and t o  vanish  e v e n t u a l l y  a t  

t he  N - A - C  p o i n t .  This  behavior  as well as the  a c t u a l  

shapes  of t h e  curves  i n  t h e  v i c i n i t y  of t h e  p o i n t  o f  t h e  

F igure  3 have been c h e c k e d l l .  We must p o i n t  out t h a t  even 
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30 N .  H .  TINH et al 

i n  pure compound 1A CN ( R  = CloH210-) t h e  en t ropy  of t he  

Sc - Nre i s  ve ry  weak = 3.3 X lo-’ c a l  .mol-’ .K-’.  

* S e r i e s  2B CN (Table VI) .  Ten compounds of t h i s  s e r i e s  have 

been prepared  wi th  R = C H 0 ( n  = 4 + 13). The d e r i v a t i -  

ves wi th  s h o r t  cha in  ( n  = 4 -+ 8) e x h i b i t  S A ~  and N phases .  

The nonyloxy d e r i v a t i v e  p r e s e n t s  e n a n t i o t r o p i c  r e e n t r a n t  SA 

and N phases .  The more i n t e r e s t i n g  f e a t u r e  i s  ob ta ined  wi th  

t h e  decyloxy d e r i v a t i v e  which e x h i b i t s  d i r e c t l y  t r a n s i t i o n  

S c 2 - S C  wi th  t h e  sequence1‘ : 

- 

- 
n 2n+l 

sc2 sc sA I 
The smec t i c  Sc phases of t h e  f o u r  l a t e s t  compounds of  2 

t h e  s e r i e s  appear  e n t i r e l y  misc ib l e  among themselves bu t  n o t  

mi sc ib l e  wi th  t h e  h igh  tempera ture  SC phase of t h e  decyloxy 

d e r i v a t i v e .  The b i l a y e r  S C  

diagram ( c o n t a c t  method) between 2B CN ( R  = C H 0) and t o  

s t a n d a r d  compound, D B I 0 0 N O 2  (F ig .  6 ) .  I n  a d d i t i o n  t h r e e  

l a y e r i n g  r e f l e c t i o n  o r d e r s  a r e  v i s i b l e  i n  t h e  X-ray p a t t e r n s  

of  t h i s  phase ( R  = C13H270) wi th  d = 51 A and t h e  experimen- 

t a l  t i l t  angle  i s  l a r g e  (8 30’) i n  agreement wi th  t h e  ca l -  

c u l a t i o n  of 8 cons ide r ing  t h e  expec ted  b i l a y e r e d  S 

gement wi th  d 1 2R cos  8 ( R  ob ta ined  from SASM stereomodel 

w i th  t h e  completely s t r e t c h e d  conformation ( 2 B  C N ,  R =  C H 0- 

R = 35 A ) .  The h i g h e r  tempera ture  SA phase i s  a p a r t i a l l y  

b i l a y e r  SA 

* S e r i e s  2A NO2 (Table VII) and s e r i e s  2 B  NO2 (Table V I I I ) .  

A l l  e i g h t  compounds i n  t h i s  two s e r i e s  on ly  e x h i b i t  smec t i c  

A and N phases .  The Nre and SC phases a r e  n o t  observed .  

Conclusion f o r  t he  fami ly  2 .  I n  t h i s  family 2 , o n l y  cyano po- 

l a r  end group g ives  : 

- t h e  r e e n t r a n t  phenomenon wi th  I N SA Nre  SA,, sequence. 

n a t u r e  i s  sugges ted  by t h e  phase 2 

- 10 21 

0 

c2  arran- 

0 - 13 2 7  

0 

phase wi th  d 2. 53 A. d 

- - 

?.. I 
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MOLECULAR ASPECT A N D  POLYMORPHISM IN POLAR MESOGENS 31 

TABLE V I  T r a n s i t i o n  tempera tures  of compounds of 2B CN 

CnE2n+ 1‘ @- CH = N a- OCr? -@- CN 

n K  sc2  s c  S A  Nre S A  N I 
- - 4 . 141 - ( .  136) - . > 281 . 

5 . 130 - . 155 - . > 281 - 
. 281 . 6 . 135 - 

7 . 131 - . 155 - . 269 . 
8 . 119 - . 147 - . 266 . 
9 . 116 - - . 123 . 126 . 234 . 257 . 

- - 
- . 156 - - 

- - 
- - 

- 10 . 120 (. 106) (. 112) - . 241 . 249 . 
11 . 112 ( .  102) - . 237 . 244 . 
12 . 117 ( .  113) - . 242 - 
13 . 112 (. 110) - . 234 - 

- - 
- - 
- - 

TABLE V I I  T r a n s i t ’  t empera tures  of compounds of  2A NO2 

‘nH2n+ I 0 4- COO a N = CH -@- “02 

n K sA N I 

7 102.5 . 242 266 

8 103 . 254 26 1 

9 102 . 257 - 
10 103 . 255 - 

TABLE V I I I  T r a n s i t i o n  tempera tures  of compounds of 2B NO - 2  

‘nH2n+ 1 0 @ CH = N -@- OCO a- NO2 

n K N I 

7 125 . 2 2 3  259 

8 123 . 240 254 

9 124 . 247 250 

s A 

10 117 . 248 - 
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32 N. H. TINH et al. 

- t he  r e e n t r a n t  sequence I N SA Sc Nre  SA i n  a mixture 

- 1 N SA sc sc2. 

3. FAMILY 3 : The long i tud ina l  d ipo la r  moments of X and Y 

a r e  a n t i p a r a l l e l  with t h a t  of CN o r  NO2 group. The fou r  cor- 

responding series a re  : 

- 

3A CN 
5 

3A NO2 - 
3B CN 
?. 

3B NO2 - 

OEO 

OEO 

c 
N =  

- @ - N f C H  

G N h H  

CH -@- OZO 
N 2 CH -@- OZO 

* S e r i e s  3A CN (Table I X ) .  This i s  the  second series a f t e r  

the dibenzoatel  

phase ( S A ~ ) .  The two f i r s t  compounds ( R  = C6H130- and 

C H 0-) e x h i b i t  monolayered smectic A (SA ) and nematic 

phases.  The octyloxy d e r i v a t i v e  i n  a d d i t i o n  t o  these  two 

phases,  probably d i sp lays  another  an t iphase  S i .  The nonyloxy 

and decyloxy d e r i v a t i v e s  p re sen t  t he  sequence : 

- 
one t o  p re sen t  the b i l aye red  smect ic  A 

7 1 5  1 

K S A ~  s; SA N 1 

This sequence i s  the same observed with the compound 

‘gH1 7 -@- OCO -@- OCO -a- N0214 and these  phases 

were r e spec t ive ly  misc ib l e .  

The d e r i v a t i v e s  of t h i s  s e r i e s  do no t  e x h i b i t  t he  reen- 

t r a n t  phanomenon i n  pure compounds as  observed i n  the  o the r  

cyano s e r i e s ,  

* S e r i e s  3B C N l 5  (Table X ) .  Ten d e r i v a t i v e s  were synthesized 

with R = C H 0 + C l 2 H Z 5 0  and C I 4 H z 9 0 .  The r e e n t r a n t  phenome- 

non was a l s o  not  observed i n  pure compounds which e x h i b i t  

t he  novel b i a x i a l  S c  and Sc  

been i d e n t i f i e d  by the m i s c i b i l i t y  method with the  same se- 

- 
4 9  

phases.  These two phases have 2 
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MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 33 

n K  'A2 'A 'c 'A N I 
- - 6 . 120 - . 147.5 . 277 . 

7 . 114 - . 149 . 270 . 
8 113 - . 132 - . 149 . 266 . 
9 116 . 137 - . 144 I 163 . 251 . 

10 . 113 . 138 - . 141 . 210 . 248 . 

- - 

TABLE X T r a n s i t i o n  t e m p e r a t u r e s  of  compounds of  3B CN 

'nH2n+ 1 0 -@- N = cH -@ oco ++iN 

N I 
- - . 179 . 296 . 

n K  

4 . 128 

5 . 122.5 - . 181 . 287 . 
6 . 120 - - . 181.5 . 279 - 
7 . 114 - (. ) . 178 . 271 . 

s t  S A 'c2 

- 

8 122 - (. 119) . 172 . 262 . 
9 . 125 . 154 . 212 . 257 . 

10 124 (. 114) . 142 . 236 . 252 . 
11  . 126 (. 125 . 131 . 239 . 246 . 
12 . 124 . 129 - . 240.5 . 242 . 
14 125 I 131 - . 238 

- 

- 

TABLE X I  T r a n s i t i o n  t e m p e r a t u r e s  of  compounds of 3A NO 

'nH2n+ 0 a OCO a- N = CH -@- i02 

N I n K  

8 . 138 ( .  128) - . 253 . 
'C1 'A1 - 

- 9 . 134 (. 129) - . 244 . 
- 10 . 130 . 131 - . 242 . 

1 1  . 128 . 142 - . 221 . 236 . 
12 . 128 . 136 - . 224 . 232 . 
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34 N. H. TINH et al. 

quence of  DB100N02 ( F i g .  7) and by X-ray a n a l y s i s  ( f o r  t h e  

S c 2 ,  d 2 56 A and R = 30 A ) .  We must p o i n t  ou t  t h a t  t h e  S c  

phase  p r e s e n t s  a maximum s t a b i l i t y  t empera tu re  w i t h  t h e  nony- 

loxy d e r i v a t i v e .  

0 0 

* S e r i e s  3A NO2 (Table  XI ) .  Th i s  i s  t h e  f i r s t  p o l a r  s e r i e s  

which probably  e x h i b i t s  t h e  S c l  phase .  I t s  comportement i s  

s i m i l a r  t o  t h e  S A t  one .  It p r e s e n t s  a tempera ture  of  maximum 

s t a b i l i t y  wi th  t h e  undecyloxy d e r i v a t i v e .  An i n t e r e s t i n g  

f a c t  i n  t h i s  s e r i e s  i s  t h e  compe t i t i on  between S A ~  and S c l  

phases .  The oc ty loxy  d e r i v a t i v e  shows nemat ic  and m e t a s t a b l e  

S A ~  phases  wh i l e  t h e  nonyloxy and decyloxy d e r i v a t i v e s  pre-  

s e n t  nemat ic  and S c l  phases .  From t h e  undecyloxy d e r i v a t i v e  

t h e  p a r t i a l l y  b i l a y e r e d  SA phase  appea r s .  The mix tu res  d 
of two homologues (CloHZ10- and C H 0-) show t h e  

e n a n t i o t r o p i c  r e e n t r a n t  sequence K SC N r e  SA N I and a new 

t r i p l e  p o i n t  N,,, SA, Sc2,16’17 (F ig .  8 ) .  X-ray i n v e s t i g a -  

t i o n s  l 7  were performed w i t h  t h e  pure  undecyloxy d e r i v a t i v e .  

We f i n d  i n  t h e  h igh  t empera tu re  S A  phase t h a t  t h e  l a y e r  spa- 

c i n g  d i s  somewhat l a r g e r  t han  t h e  molecular  l e n g t h  
d R (- = 1 . 1  - 1 . 2 ) .  Th i s  l a y e r  s p a c i n g  dec reases  as t h e  tempe- 

d R 
r a t u r e  dec reases  and a t  S A -  Sc phase t r a n s i t i o n  t h e  r a t i o  - R 
i s  c l o s e  t o  1 ( t h i s  r a t i o  i s  equa l  t o  0 .96 i n  t h e  

phase  when t h e  t empera tu re  i s  130°C). The same r e s u l t  was 

o b t a i n e d  wi th  t h e  r e e n t r a n t  mix tu res .  

- 

1 1  23 

S c l  

* Series 3B NO2 (Table  X I I ) .  Ten compounds of t h i s  s e r i e s  

were s y n t h e s i z e d  (n  = 4 + 1 2 ,  

phases  o r  on ly  SA phase .  No r e e n t r a n t  phenomenon o r  no novel  

phase was found. 

- , ”  

1 4 )  and they  show SA and N 

Conclusion f o r  t h e  fami ly  3. Th i s  fami ly  l e a d s  as t h e  diben- 

z o a t e  s e r i e s  (DB N02) t o  t h e  new mesophases S i ,  S c  and shows 
- 

t h e  n i t r o  end group i s  i n  t h i s  c a s e  more f avourab le  t o  reen- 
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36 N. H .  TINH et al. 

TABLE XI1 Transition temperatures of compounds of 3B NO 

‘nH2n+ 1 0 a- N = CH -@- OCO -(.> N i 2  

n K N i 

4 140 . 154 28 1 

5 123 . 165 26 7 

6 124.5 . 173  263 

7 114 . 180 25 4 

8 121 . 196 252 

9 109 . 227 246 

10 112 . 235 242 

1 1  110 . 239 740 

12 112 . 237 - 
14 114 . 234 - 

S A 

TABLE XI11 Transition temperat res of compounds of 4A CN 

‘nH2n+ 1 0 -@- OCO CH = N -@- CN” 

sc sc  s A  N 1 c2 n K  
- . 105.5 - . 171 . 262 . 7 . 103 

8 . 102 (. 99)  . 108 . 109 . 206 . 258 . 
9 I 9 8  . 116 - . 226 . 247 - 

10 . I00 . 125 - - . 235 . 245 . 
1 1  . 98.5  . 127 - . 242 - 
12 I 99 . 132 - . 237 - 

- 
- 

TABLE XIV Transition temperatures of compounds of 4B CN 

‘nH2n+ I 0 a- N = CH a- COO @- C N  

n K S A N 1 
7 134 - 262 

8 133 255 

9 134 212 248 

10 127 229 243 

- D
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MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 37 

t r a n t  phenomenon t h a n  cyano end group ( i n  t h e  f a m i l i e s  1 

and 2 ) .  
.., 

- 
4 .  FAMILY 4 .  The l o n g i t u d i n a l  d i p o l a r  moments of Y and CN o r  

NO2 a r e  i n  t h e  same sense  wh i l e  t h a t  of X i s  a n t i p a r a l l e l .  
- 

Four series 

4A CN - 
4A NO2 - 
4B CN - 
4B NO2 - 

a r e  ob ta ined  : 

: R -@- OZO 

: R -(& OEO 

: R - & $ - N =  c 

: R - @ N z  

- @ - C H = N  + 

-@-CH=N -+ 

CH C d O  

CH -@- C 8 O  

4)- 
-@- 
-@- a- 

C% 

N 8 2  

C’” 

* S e r i e s  4A CN (Table X I I I ) .  A s  3A CN and 3B CN, t h i s  s e r i e s  

p r e s e n t s  t h e  smec t i c  phase made of r ibbons  S c  and t h e  b i l a -  
- -  - 

yered  smec t i c  C ( S C  ) .  The more i n t e r e s t i n g  sequence i s  : 2 

The r e e n t r a n t  phenomenon was no t  observed i n  pure  com- 

pounds. 

* S e r i e s  4B CN (Table XIV). The two f i r s t  compounds (C H 0 
- 5  7 15 

and C H 0) only  show nematic phases whi le  t h e  nonyloxy de- 

r i v a t i v e  p r e s e n t s  smec t i c  SA and N phases .  This  same beha- 

v i o r  was observed  wi th  r e e n t r a n t  s e r i e s .  A s  a m a t t e r  of f a c t  

t h e  mixtures  of  t h e  oc ty loxy  and nonyloxy d e r i v a t i v e s  exhi -  

b i t  a r e e n t r a n t  nematic phase .  

* S e r i e s  4A N 0 2  (Table XV) and 4 B  NO2 (Table X V I ) .  These two 

s e r i e s  e x h i b i t  t h e  r e e n t r a n t  phenomenon i n  pure compounds. 

The observed sequence i s  : 

8 17 

- - 
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38 N. H .  TINH et al. 

TABLE XV T r a n s i t i o n  t empera tu res  of  compounds of  4 A  NO 

‘nH2n+ 1 0 a- OCO @ CH = N -@- i 0 2  

n K  Nre S C  S A  N I 
- - - 7 . 101 . 244  I 

8 .  87 (. 6 4 )  (. 6 7 )  . 186 . 241 . 
9 .  89 (.  6 2 )  . 218  . 237 . 

10 . 89 . 227 . 234  . 
- 
- - 

TABLE X V I  T r a n s i t i o n  t empera tu res  qf  compounds of 4B NO 

‘nH2n+ 1 0 @- N = CH @ COO a- i02 

n K  Nt-e SC S A N I 
- - - 6 . 130 . 255 . 

7 . 124 . 246 . 
8 . 115 . 132 - . 196 . 2 4 3  . 
9 . 121 ( -  80)  (. 8 2 )  . 221  .) 239  . 

10 . 118 . 228  . 234  . 

- - - 

- - 

Conclusion f o r  t h e  fami ly  4 .  A s  f ami ly  3,  t h e  cyanocompounds 

p r e s e n t  t h e  new S z  and S c 2  phases  wh i l e  t h e  n i t r o  compounds 

show r e e n t r a n t  nemat i c  phases .  

,.. 
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MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 39 

CONCLUSION 

With d i f f e r e n t  l o n g i t u d i n a l  d i p o l a r  moments of X and Y we 

have s t u d i e d  t h e  i n f l u e n c e  of t h e  p o l a r  end group - CN o r  

NO2 on t h e  r e e n t r a n t  phenomenon and t h e  appearance of t h e  

new phases S i ,  S c ,  w e  must p o i n t  ou t  some fo l lowing  i n t e r e s -  

t i n g  f e a t u r e s .  

* Reen t ran t  phenomenon 

I n  t h e  f a m i l i e s  1 and 2 i n  which t h e  l o n g i t u d i n a l  d i p o l a r  
-., - 

moments of  X and p o l a r  end group a r e  i n  t h e  same sense  : 

t h e  cyano group i s  very more favourable  t o  r e e n t r a n t  pheno- 

menon than  t h e  n i t r o  one .  

A q u i t e  c o n t r a r y  r e s u l t  was ob ta ined  wi th  f a m i l i e s  3 and 

4 i n  which t h e  l o n g i t u d i n a l  p o l a r  moments of X and cyano and 

n i t r o  a r e  a n t i p a r a l l e l  : t h e  r e e n t r a n t  phenomenon o n l y e x i s t s  

i n  n i t r o  pure compounds : 

- 
- 

An e x c i t i n g  example was r e c e n t l y  r epor t ed  wi th  t h e  so-  

c a l l e d  DB9 ON02 which has  t h e  same gene ra l  formula type  : 

C g H I 9 0  @- OEO -@- OEO a- N 6 2  
K 109(Sc2) S c  118 S A ~  124 Nre  1 2 7  S A ~  138 N r e  156 SA 195 N 2 2 4 1  

The o t h e r  r e e n t r a n t  sequences a r e  : 
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* Novel phases  S i ,  S c  

Up t o  now t h e s e  novel  phases S i  and S c  were on ly  found i n t h e  

f a m i l i e s  3 ( a l l  two s e r i e s )  and 4 (only  one s e r i e s ) .  I n  t h e s e  

f a m i l i e s ,  t h e  d i f f e r e n t  smec t i c  A and C phases  a r e  a l s o  pre-  

s e n t ,  f o r  example : 

N. H. TINH et al. 

- - 

sA2 ' A 1  'Ad 

'c2 'Cd 

* T r a n s i t i o n  S c - S c  

Only one compound ( i n  t h e  series 2B CN) o f f e r s  a d i r e c t l y  ... 
t r a n s i t i o n  S c 2 - S c  wi th  t h e  sequence : 

Between t h e  Sc2 and S C  phases ,  ano the r  t i l t e d  phase can 

appear  w i th  t h e  sequence : 

i n  a pu re  compound of 4 A  CN series.  - 
Now, w e  are a b l e  t o  f o r e s e e  t h e  t h r e e  benzene r i n g  com- 

pound a r c h i t e c t u r e  which d i s p l a y s  t h e  expec ted  p r o p e r t i e s .  

1 .  T o  o b t a i n  t h e  r e e n t r a n t  phenomenon 

- wi th  cyano enci group, t h e  l o n g i t u d i n a l  d i p o l a r  moment 

of X must be  i n  t h e  same s e n s e ,  

- wi th  n i t r o  end group, t h e  l o n g i t u d i n a l  d i p o l a r  moment 

of X must be i n  oppos i t e  s e n s e .  

2 .  To o b t a i n  new phases  S i  and S,, wi th  bo th  cyano and n i t r o  

end groups,  t h e  l o n g i t u d i n a l  d i p o l a r  moment of X must be  

i n  o p p o s i t e  s e n s e .  
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