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MISCIBILITY BETWEEN THE SMECTIC A PHASE OF A 
CONVENTIONAL LIQUID CRYSTAL AND THE LAMELLAR 
PHASE OF AN INVERSE SALT 

G. PELZL, S, DIELE, A. HUMKE, D. DEMUS and 
H, ZASCHKE 
Sek t i o n  Chemie, Mart in-Lu t he r- Un i v e r  s i t  4 t Ha l l e -  
W i t  ten berg, WB Phys ika l i sche Chemie, Mi jh lpf  o r t e  1, 
DDR-4020 Halle/S., G.D.R. 

Abs t rac t  The i s o b a r i c  phase diagram o f  a b i n a r y  
system i s  presented which g i v e s  evidence t h a t  the 
smectic A phase o f  a convent iona l  l i q u i d  c r y s t a l  
i s  complete ly  m i s c i b l e  w i t h  the  l a m e l l a r  phase 
o f  an inverse  s a l t .  Wi th  respec t  t o  the r u l e  o f  
s e l e c t i v e  m i s c i b i l i t y  t h e  l a t t e r  t h e r e f o r e  corre-  
sponds t o  the  phase type smect ic A. According t o  
X-ray measurements i n  the s a l t  component as w e l l  
as i n  the  mix tu res  the  l a y e r  spacings d o f  t h e  
smectic A phase a r e  c l e a r l y  smal le r  than t h e  mole- 
c u l a r  l e n g t h s  resp, the average molecu la r  length.. 
A pecking model is proposed f o r  i n t e r p r e t i n g  the  
exper imenta l  resu l t s .  

1. INTRODUCTION 

Up t o  now only a few c lasses  o f  i nve rse  s a l t s  a re  
descr ibed i n  the  l i t e r a t u r e  which e x h i b i t  thermotro-  

p i c  smectic l i q u i d  c r y s t a l l i n e  phases1”. According 

t o  o p t i c a l  observat ions t h e  smect ic phase o f  these 
s a l t s  i s  g e n e r a l l y  c l a s s i f i e d  as a l a m e l l a r  smect ic A 
phase type. To our knowledge o n l y  the smect ic  phase 

cot- r e  spond i n g  t o  t he p ha se o f  N-4- hexadecyl pyr i d  i n  ium 
c h l o r i d e  was c l e a r l y  i d e n t i f i e d  as smect ic A phase by 
X-ray i n v e s t  i g a t i ~ n s ~ ~ ~ .  The l a y e r  spacing d o f  t h i s  
SA phase was found t o  be  g r e a t e r  than t h e  molecule 
l e n g t h  L. The r a t i o  d/L v a r i e s  between 1.1 and 1.3. 
I n  t h i s  paper the  r e s u l t s  o f  s t r u c t u r a l  i n v e s t i g a t i o n s  

307 

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:
57

 1
9 

Fe
br

ua
ry

 2
01

3 
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f o r  another  C l a s s  of  thermotropic  inveree  salts are 
presented. 
I n  add i t ion ,  t h e  m i s c i b i l i t y  of t h e  l a m e l l a r  phase of 
t h i s  inverse  salt w i t h  t h e  emectio A phase of a con- 
vent i o n a l  l i q u i d  c r y a t  a1 is s tudied .  

2. MATERIALS 
We used f o r  our  i n v e a t i g a t  i ons  5-n-octyl-2- L4-n-dode- 
cylphenyl] -1,4,5,6-tetrahydropyrimidine-chloride~B) 
first synthes ized  by ZASCHKE8. 

+ 

This substance has a t r a n s i t i o n  scheme: 
K 159 S 197 Ier 
(K: s o l i d  c r y s t a l ;  S: smectic l i q u i d  c r y s t a l ;  
Is: i s o t r o p i c  l i q u i d )  

I n  microscopical  observat ion the smectic phase of th i s  
subetance e x h i b i t s  a fan-shaped t e x t u r e  o r  a homeotro- 
p i c  t e x t u r e  which point  at a lamellar phaee correepon- 
ding t o  the  A phase type. 
As mixing component we used t h e  fol lowing t h i a d i a z o l e  
dc r iva t  i v e  t 

9 K 99 SA 126 1s ( S A t  smeotic A) 

3. RESULTS 
3.1. The Binary system 
The i s o b a r i c  phwe  diagram of t he  b inary  system i s  
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shown i n  Figure 1. The phase diagram waa s t u d i e d  by 
p o l a r i z i n g  microscopy us ing  tihe con tac t  method'' and 
by determining t r a n s i t i o n  temperatures  in prepara-  
t i o n s  of s p e c i f i c  concent ra t ions .  The e s s e n t i a l  r e s u l t  
is  t h e  complete m i a c i b i l i t y  between t h e  l a m e l l a r  phase 
of the inve r se  salt  (component B) and the  smectic A 
phase of a convent ional  l i q u i d  c r y s t a l  (component A ) .  
A t o p o l o g i c a l  f ea tu re  of the diagram is t h e  minimum 
i n  t h e  t r a n s i t i o n  curve SA _jl 18. 

A P / O C  

A 50 
mole ?h 

197 

159 

8 

Figure  1 I s o b a r i c  phase diagram of the b inary  
ws tem M B  
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310 G .  PELZL ET AL. 

3.2. X-ray Inveetigationa 
The layer  spacings d of the  smectic A phases were mea- 
sured by X-ray d i f f r ac t ion  using a small angle equip- 
ment. The emectic A phase of component A i s  a monolayer 
SA phase where d i s  between 2.72 nm (126OC) and 2.76 nm 
(97OC). The molecular length is 2.78 nm. For the 
smectic A phase of the inverse salt (oomponent B) the 
d-value waa found t o  be 2.71 nm. This means t h a t  d is 
considerably smaller than the molecular length L of  
the most stretched conformation (L = 3.56 nm). In con- 
trast t o  the  smectic A phase of N-4-hexadecylpyrW- 
nium chloride the r a t i o  d/L is c l ea r ly  smaller than 
unity (d/L 0.76). 
For the aingle components and f o r  th ree  mixtures of 
epec i f ic  concentrations (75, 50, 25 mole-% A) the d- 
values of the SA phase, the molecu&ar lengths  L reap. 
the average molecular lengths of the  mixtures % are  
l i s t e d  i n  Table 1. It is obvious f rom the Table that 
the r a t i o  d/L decreases w i t h  increasing amount of the 
aomponent B, 

6 

TABLE 1 

mole-$ A d/nmx L/nmxx d/L 
I00 2.76 2.70 0.99 
75 2.86 2.99 0.96 
50 2.85 3.18 0.90 
25 2.74 3.37 0.81 
0 2.71 3.56 0.76 

x) The l aye r  spacing d shows a small temperature 
dependence. The value8 noted a re  r e l a t ed  t o  a 
temperature ju s t  above the melting point. 
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xx) I n  b ina ry  mixtures  an average molecule l e n g t h  
L 

L is taken which has been c a l c u l a t e d  by 
L = xALA + xBLB where LA, $ a r e  the molecular  
l eng ths  of the compounds A and B and xA, xB 
a r e  the corresponding molar f r a c t i o n s .  

- 

The r e s u l t a  a r e  i l l u s t r a t e d  i n  F igure  2 where t h e  layer  
spacing d i s  p l o t t e d  against t h e  molar f r a c t i o n .  Fo r  
comparison, the averaged molecular  l e n g t h  i s  drawn. 
It is  seen that at low concen t r a t ions  of oomponent B 
t h e  l a y e r  spac ing  d inc rease8  and a f te r  that  dec reases  
t o  t h e  value of t h e  pure component B. Otherwise, t h e  
d i f f e r e n c e  between L and d i n c r e a s e s  w i t h  i n c r e a s i n g  
amount of component Be 

of b ina ry  smect ic  A mixtures correspond n e a r l y  t o  the 
averaged molecule l e n g t h  
Espec ia l ly  i n  terminal-polar  compounds and t he i r  mix- 
t u r e s  o f t  en d/fi > 1 w a s  found 1**13914.  Only a f e w  
smect ic  A materials are known where t h e  r a t i o  d/L is 
c l e a r l y  sma l l e r  t han  u n i t y  

To exp la in  t h e  e s s e n t i a l  d i f f e r e n c e  between the 
molecular  l e n g t h  and t h e  p e r i o d i c i t y  of the smect ic  A 
l a y e r s  a model f o r  component B as sketched i n  F igure  
3 i s  assumed. If the moleculee are packed a n t i p a r a l l e m  
and s h i f t e d  one t o  ano the r  i n  such a way that the posi-  
t i v e l y  charged pyrimidinium r i n g s  are neighboured t o  
the  oxygen atoms of the adjacent  molecules,  t hen  a 
l a y e r  t h i ckness  i n  agreement w i t h  t h e  experimental  
r e s u l t s  can be modelled (F igure  3). An i n t e r d i g i t a t i o n  
of the molecules i n  t h e  ad jacent  layers l e a d s  t o  a 
l a y e r  t h i ckness  cons iderably  smaller than t h e  l eng tha  
of the moleoules. The r e l a t i v e l y  s m a l l  a l t e r a t i o n  of 

It should be noted that i n  most ca ses  the d-values 

( d / h l ,  see ref .”) .  

15,16 
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t h e  l a y e r  thicknesa by inco rpora t ion  of the 
molecules of t he  second component (A) p o i n t s  at 
a s t rong  i n t e r a c t i o n  between the  molecules of 
component Bm 
It can be aasumed that t h e  c h l o r i n e  is l o o a l i z e d  
nea r  t o  the  p o s i t i v e l y  charged centre of the 
pyrimidinium r i n g  
The s p e c i f i c  oonduct iv i ty  of t h e  lamellar phase 
of oompound B was found t o  be between loo3 and 
10-40b-1 c m  This value is i n  the a m e  o r d e r  
of magnitude as f o r  t h e  lamellar phase of m e t a l  
a lkanoatos  1 7 * 1 8  and f o r  the i s o t r o p i o  melt of 
organic  salts 19, but s e v e r a l  o rde r s  of  magnitude 
lower than  f o r  molten anorganic  salts19. This 
r e s u l t  i n d i c a t e s  the p a r t i a l  covalent  bond 
c h a r a c t e r  of oompound B i n  the f l u i d  phasres whioh 
can exp la in  the m i s c i b i l i t y  of the lamellar phase 
w i t h  emectic A phaate of non-ionogenic compounds. 

of' a convent ional  l i q u i d  c r y s t a l  proves that the 
l a m e l l a r  phase belongs t o  the phase type smeat ia  
Am This is the  first case of complete m i s o i b i l i -  
t y  between a non-polar l i q u i d  c r y s t a l  and a s a l t -  
l i k e  p o l a r  oompound. Former i n v e s t i g a t i o n s  of the 
m i s c i b i l i t y  r e l a t i o n s  between non-polar and 
s a l t - l i k e  oompounds l e d  t o  the conclueion that 
complete m i s o i b i l i t y  i a  not p o s s i b l e  s i n c e  even 

-1 

The complete m i s c i b i l i t y  with the SA phase 

i n  the ierotropic e ta te  t h e r e  i s  a d i s t i n c t  
m i s c i b i l i t y  gap 20,21 - 
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