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THE SMECTIC A PHASES OF SOME LONG CHAIN SUBSTITUTED 
DIARYL-2,6 PYRYLIUM AND THIOPYRYLIUM SALTS. 

G .  Sigaud, F. Hardouin, H. Gasparoux 
Centre de Recherche Paul Pascal, Universit6 Bordeaux I 
33405 Talence Cddex - France 

V. Gionis, M .  Weber, H .  Strzelecka 
CNRS, GR 12 ,  94320 Thiais - France 

(Received for Publication October 25, 1983) 

We report  on the characterization of smectic A phases 
i n  pyrylium perchlorates.  Different models of the layered 
s t ruc tu re  a r e  discussed. 

INTRODUCTION 

The synthesis of diaryl-2,6 pyrylium and thiopyrylium 
perchlorates i n  which aryls  contain mesogenic long chain al-  
k y l  o r  alkoxy groups a t  d i f f e ren t  posit ions has beenprevious- 
l y  reported’,‘ : 

Among them some a r e  known t o  produce mesomorphic phaseswhich 
has i n i t i a t e d  an e f f o r t  of characterization. This paper i s d e -  
voted t o  confirm the SA nature of a mesophase t h a t  occurs i n  
three s a l t s .  

EXPERIMENTAL 

Two thiopyrylium 1 ,  2 and one pyrylium 3 s a l t s  havebeen 
invest igated by DSC, polarizing microscopy aGd X-ray diffrac-  
t ion on powder samples. Their chemical s t ructures  a re  given 
i n  the table  1 .  

- -  

The clear ing temperatures together with the correspondingen- 
t ropies  of t r ans i t i ons  and the range of mesophases a re  indi- 
cated i n  t h i s  t ab le .  Other thermodynamical data regardingthe 
t r ans i t i ons  occuring a t  lower temperatures havebeenprevious- 
ly  l i s t e d  i n  the ref . I .  From the t ab le  1 we cannote theweak 
value f o r  the smectic t o  isotropic  entropy (ASS-1) compared 
t o  what i s  usually observed f o r  t h a t  kind of t r ans i t i on  : a 
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218 G. SIGAUD, e t d  

common ASsA-l l i es  i n  the range 3-7 cal.mole-’ K-’ . This 
remark i s  of i n t e r e s t  f o r  the following discussion. Noimpor- 
t a n t  s h i f t  i s  noticeable on the DSC t r a c e s  upon heating com- 
pared t o  cooling. 

TABLE I 

2 - 

C 1 2 H 2 5  9 
%lo4- 12 H 25 

OC1 2H2 5 

{lot,- 

‘1 2H2 5 

9 OCl 2H2 5 

A l l  t h ree  s a l t s  present 

Cr-S 

115 

:r SA 

- 

100 

:r SA 

- 

98  

:r-S2 

150 

185 

147 

1.2  

1 . 2  

1 . 2  

the same fan-shaped texture  with ho- 
meotropic parts indicat ive of an uniaxial  medium. A t yp ica l  
microscopic texture  is  shown on the f igu re  1 f o r  compound - 2 .  

The X-ray patterns confirm the smectic character  of these me- 
sophases : a t  small angles one observes a sharp r e f l ec t ion  
a r i s i n g  from the  modulation of the layers and at  wide angles 
a d i f fuse  sca t t e r ing  gives evidence €or a l i qu id  l i k e  order 
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SMECTIC A PHASES IN PYRYLIUM PERCHLORATES 219 

within the layers .  

These experimental f a c t s  a l l  together c l a s s i f y  these meso- 
phases as smectic A ones. 

Figure 1 

DISCUSSION 

What s t r u c t u r a l  model would be consistent with theseex- 
perimental r e s u l t s  ? 

One can suggest three d i f f e ren t  molecular arrangements able t o  
f i t  the experimental measurement for  the layer thickness i n  
the case o t  the compound - 3 fo r  example. 

In  the f i r s t  one, each a l ipha t i c  chain i s  located on oppo- 
s i te  sides of the pyrylium heterocycle : the chgins a re  par- 
t i a l l y  melted which r e s u l t s  i n  a length of 34 A f o r  theover- 
a l l  molecule i t s e l f  d i r e c t l y  comparable t o  the experimental 
layer  thickness : 32 A. The molecules would then be packed 
p a r a l l e l  one t o  each other inside c l a s s i ca l  smectic A layers  
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220 G. SIGAUD, e t  al. 

(F ig .2) .  The p r i n c i p a l  argument a g a i n s t  t h i s  model i s  the  
g r e a t  r e p u l s i v e  fo rces  of charges .  I n  a d d i t i o n  cons ide r ing  
the  amphiphi l ic  p r o p e r t i e s  of t hese  compounds ( s e e  below), 
t h i s  model appears  very u n l i k e l y  : t h e  l a y e r s  do no t  p re sen t  t he  
i o n i c  i n t e r f a c e s  r equ i r ed  for an amphiphi l ic  behavior .  

Figure 2 

. 
t i o n  f o r  t he  molecules : t h e  two cha ins  l i e  on t h e  same s i d e  
of t he  i o n i c  core  (Fig.3) .  

The second and t h i r d  p o s s i b i l i t i e s  imply another  conforma- 

Figure 3 

One can then p o s t u l a t e  two cases  : 

i. E i t h e r  a l l  t r a n s  cha ins  wi th  an almost completeover- 
l app ing  of these  a l i p h a t i c  t a i l s  which leads  t o  a 
p e r i o d i c i t y  of  t h e  s t r u c t u r e  i n  c l o s e  agreement wi th  
t h e  experimental  parameter (F ig .4) .  This  model i s  si- 
milar t o  the  d e s c r i p t i o n  of t he  smectic A phase of 
pyridinium salts  proposed by Sudhol te r  e t  col l . ' .  
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SMECTIC A PHASES IN PYRYLIUM PERCHLORATES 221 

Figure 4 
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222 G, SIGAUD, eral. 

How t o  decide whether one model o r  the other  is preferable  ? 

We already mentioned t h a t  the entropies  f o r  the S A - I  
t r a n s i t i o n s  f o r  these compounds a re  much lower than f o r  
usual rod-like molecule. We propose t o  i n t e r p r e t  t h i s d i f -  
ference by a more o r  l e s s  complete melting of the alipha- 
t i c  chains. For an usual non polar rod-like molecule one 
can consider t ha t  the p robab i l i t y  i s  high t o  have t rans  
conformations i n  i t s  a l i p h a t i c  t a i l s  : t yp ica l ly  the ex- 
perimentally measured l aye r  spacing i s  close t o  th8 length 
of the molecular model i n  i t s  most extended form6. Now i f  
w e  compare the SA- I entropies  f o r  two successive homolo- 
gues i n  a given s e r i e s 3 ,  t he  difference i s  about 0.2 c a l .  
K” per  CH, group which can be assumed t o  f igu re  a rough 
evaluation of the melting entropy f o r  one C-C bond i n  the 
chain. 

S t a r t i n g  from an a l l  trans conformation including twelve 
CH, and assuming t h a t  the f i r s t  ones (say 3) keep always 
a blocked conformation, i t  i s  necessary t o  add 1.8 c a l .  
K” (9  x 0.2) t o  melt t h i s  s t r e t ched  chain. Thus considering 
the pyrylium sa l t  with two C12 chains,  the s i t u a t i o n  with 
a l l  trans conformations would require an add i t iona l  entro- 
py : 3.6 ca1.K-’ pe r  mole ( 1 . 8 x 2 )  f o r  meltin? whichadded 
t o  the experimental value : 1.2 ca1.K” .mole- f o r  the 
SA-I t r a n s i t i o n  ( t ab le  I) leads t o  a hypothetic t ransi t ion 
entropy : 4.8 cal.mole”.K” fo r  the t r a n s i t i o n  from a 
smectic A i n  which the molecules would be i n  t h e i r  most 
extended form ; t h i s  values f a l l s  i n  the c l a s s i c a l  range 
f o r  a smectic A t o  i s o t r o p i c  t r a n s i t i o n  (see above). Thus 
w e  conclude t h a t  the chains a re  highly melted i n  the smec- 
t i c  A phases of the pyrylium sal ts  which explains the dif-  
ference i n  the SA- I entropies .  This point  favours the mo- 
de l  of the f igure 5. 

Another observation sus t a ins  t h i s  point of view : the  r a the r  
large va r i a t ions  of the l a y e r  thickness with regard t o  the 
temperature ( t ab le  2) which seems t o  ind ica t e  t h a t  two chain 
ends pa r t i c ipa t e  t o  t h i s  evolution. For t h i s  reason an inter-  
penetration of the chains might be l e s s  e f f i c i e n t  i n  the in- 
crease of the layer  spacing with decreasing temperature. The 
extreme deformation of the chains required t o  accomodate the 
s i z e  of the molecular model t o  the experimental l aye r  thick- 
ness i n  the case of the f igu re  5 implies a large l a t e r a l  ex- 
tension of the volume occupied by the a l i p h a t i c  p a r t s .  
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SMECTIC A PHASES IN PYRYLIUM PERCHLORATES 223 

~~ ~ 

Phase 

S A 

TABLE I1 

Variat ion of t he  layer  spacing with 
the temperature f o r  the compound - 3 

~ 

T O C  Layer spacing i 
145.5 31.6 

139.5 32.2 

133.5 32.8 

127.5 3 3 . 3  
..- 

~~ 

s 2  1 120 29 .3  

To summarize : our experimental observat ions i n  the  SA phase 
a re  r a t h e r  wel l  described by the model of the  f igu re  5, the  
chains  being highly melted, but  may be they are l i t t l e  i n t e r -  
d i g i t a t e d  too.  I n  order  t o  f i l l  the  excess volume due t o  the  
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224 G. SIGAUD. e l  aL 

counter ion w e  expect e f f e c t s  on the s p e c i f i c  volume t o  be 
g rea t e r  than i n  the SA s t r u c t u r e s  of  non i o n i c  amphiphilic 
compounds. 

a b 

Figure 6 

REFERENCES 

la. R .  Fugni t to ,  H .  S t rze lecka ,  A.  Zann, J . C .  Dubois, - JCS 
Chem. Corn. 211 (1980). 

Mol. Cryst .  Liq. Crys t .  1983, i n  p re s s .  
b .  V .  Gionis, R. Fugni t to ,  H.  S t rze lecka ,  P. Le Barny, 

F.D. Saeva, G.A.  Reynolds, L .  Kaszczuk, J. Am. Chem. SOC. 
104, 3524 (1982). 

See f o r  example : E.M. B a r r a l l  11, J.F. Johnson, Liquid 
Crys t a l s  and P l a s t i c  c r y s t a l s  2, chapter  10 (1974) ; 
G.W. Gray, P.A. Winsor Ed. ; John Wiley and Sons Inc.  

E.J.R. Sudhol ter ,  J.B.F.N. Engberts, W.H. De Jeu,  J. Phys. 
&em. 86. 1908 (1982). 

See f o r  example : J. Charvolin, J. Chimie Physique 80, 15 
(1983) . 
A .  DeVries, A.  Ekachai, N. Spie lberg ,  Mol. Crys t .  L i q .  
Cryst. L e t t .  49, 143  (1979). 

L .  L iebe r t ,  A.M. Levelu t ,  P r iva t e  communication. 

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

1:
18

 2
1 

Fe
br

ua
ry

 2
01

3 


