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MONOLAYER PROPERTIES AND LYOTROPIC PHASE BEHAVIOUR 
OF LIQUID-CRYSTALLINE 1,3-DIOLS 

WILL1 RETTIG, GERALD BREZESINSKI, ANNELORE 
MADICKE, CARSTEN TSCHIERSKE, HORST ZASCHI<E and 
FRANK KUSCHEL 
Martin-Luther-Universitat H a l l e - W i t t e n b e r g ,  
S e k t i o n  Chemie, 4010 Hal le /S . ,  GDR 

A b s t r a c t  The i n f l u e n c e  o f  a c y c l o h e x a n e  r i n g  a t  
v a r i o u s  l o c a t i o n s  a l o n g  t h e  a l k y l  c h a i n  on t h e  
mono layer  and b u l k  phase p r o p e r t i e s  o f  i s o m e r i c  
p r o p a n e - 1 , 3 - d i o l s  is d iscussed.  The a d d i t i o n  o f  
w a t e r  s t a b i l i z e s  t h e  l i q u i d - c r y s t a l l i n e  b e h a v i o u r  
r e m a r k a b l y .  The monomolecular  f i l m s  a r e  o f  t h e  
condensed type.  

I NTR OD UCT I ON 

The i n v e s t i g a t i o n  o f  s i m p l e  2-n-alkyl-propane-l,3-diols 
r e v e a l e d  t h a t  t h e s e  compounds e x h i b i t  a l i q u i d - c r y s t a l -  

l i n e  b e h a v i o u r  o n l y  i n  t h e  presence o f  w a t e r  ’. The ca- 

p a b i l i t y  o f  s e l f - o r g a n i z a t i o n  l e a d s  t o  t h e  f o r m a t i o n  o f  

monolayers  a t  t h e  a i r - w a t e r  i n t e r f a c e  w i t h  a pronounced 

f i l m  po lymorph ism *. The i n c o r p o r a t i o n  o f  t h e  c y c l o -  

hexane r i n g  i n  t h e  a l k y l  c h a i n  e f f e c t s  t h e  o c c u r r e n c e  

o f  l i q u i d - c r y s t a l l i n e  phases a l r e a d y  in t h e  w a t e r - f r e e  

s t a t e  ’. The p r e s e n t  study d e a l s  w i t h  t h e  e f f e c t  o f  an 

i n c o r p o r a t e d  c y c l o h e x a n e  r i n g  a t  v a r i o u s  l o c a t i o n s  a-  

l o n g  t h e  a l k y l  c h a i n  on  t h e  mono layer  and bulk phase 

p r o p e r t i e s  o f  i s o m e r i c  p r o p a n e - l , 3 - d i o l s  w i t h  t h e  ge- 

ne r a l  f o r m u l a  
m ,CH -OH 2 , where n+m = 8. -CH 
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EXPERIMENTAL 

The c a l o r i m e t r i c  s t u d i e s  were performed u s i n g  a Perk in-  
Elmer DSC-2. The t e x t u r e  observat ions were c a r r i e d  ou t  
on a p o l a r i z i n g  microscope equipped w i t h  a h o t  stage. 
The compression curves (F/A-isotherms) were taken on a 

home made Langmuir balance (Wi lhelmy-type) equipped 
w i t h  cont inuous measuring system '. The f i l m s  were 

spread from a hexene s o l u t i o n  ( 4 2  mg/ml) and were com- 
pressed con t inuous ly  (0.01 nm2*moleculeD1*min'1). The 
measurements were performed a t  22 C. The temperature 
was kep t  constant  w i t h i n  0.2 OC. 

0 

RESULTS and DISCUSSION 

The b u l k  p r o p e r t i e s  were i n v e s t i g a t e d  bo th  i n  the wa- 

t e r - f r e e  s t a t e  and i n  the presence o f  excess water 
(50 wt . -%) .  On the base o f  t e x t u r e  obse rva t i ons  the me- 
sophases were p r e l i m i n a r y  designated as SA and SB. The 
cross  i n d i c a t e s  t h a t  the smect ic phases do n o t  show a 
complete m i s c i b i l i t y  w i t h  conven t iona l  l i q u i d  c r y s t a l s .  

The methylene u n i t s  between the propane-3,3-diol 
and the  cyclohexane r i n g  may be considered as  a spacer 
which decouples these two p a r t s  o f  t he  molecule. A t  

f i r s t ,  the decoupl ing l e a d s  t o  a s t a b i l i z a t i o n  o f  t he  
mesophase behaviour i n  bo th  the water- f ree and the wa- 
t e r - s a t u r a t e d  s t a t e .  The compounds w i t h  an odd-numbered 
spacer e x h i b i t  the broader mesophase range. The f u r t h e r  
s h i f t i n g  o f  t h e  cyclohexane r i n g . t o w a r d s  the end o f  the 
a l k y l  cha in  d e s t a b i l i z e s  the  mesophase behaviour. 

The a d d i t i o n  o f  water l e a d s  t o  a remarkable s t a b i -  
l i z a t i o n  o f  t he  l i q u i d - c r y s t a l l i n e  behaviour.  The melt- 
i n g  p o i n t s  a r e  decreased and the  c l e a r i n g  p o i n t s  a r e  
i nc reased  i n  the presence o f  excess water. From F i g u r e  
l ( b )  i t  becomes e v i d e n t  t h a t  the h i g h e r  ordered 

+ + 
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FIGURE 1 T r a n s i t i o n  temperatures as a f u n c t i o n  
o f  the l o c a t i o n  o f  t he  cyclohexane 
r i n g .  ( a )  wa te r - f ree  s t a t e ,  (b )  water-  
s a t u r a t e d  s t a t e .  o =  m e l t i n g  p o i n t :  

V =  S& - i s o t r o p i c ;  = s;5 - S: o r  
S: - i s o t r o p i c .  

Si-phase i s  d e s t a b i l i z e d  i n  the presence o f  water ,  
whereas the SA-phase is s t a b i l i z e d  o r  induced by addi -  
t i o n  of  water. On  c o o l i n g  the  compound w i t h  n = 0 from 
the i s o t r o p i c  s t a t e  a monotropic SA-phase appears. 

curves a t  T = 22 OC, which a r e  represented i n  F i g u r e  2, 

i n d i c a t e  t h a t  the d i o l s  i n v e s t i g a t e d  form o n l y  con- 
densed f i l m s  i n  the temperature range up t o  50 C. The 
diols with n = 4-6 show a t r a n s i t i o n  w i t h i n  the  con- 
densed f i l m s .  I t  seems t h a t  t he  compound w i t h  n = 4 ex- 
h i b i t s  a f i r s t - o r d e r  t r a n s i t i o n .  On the o t h e r  s i d e ,  the 
n-alkyl-propane-1,3-diols ', which show a s i m i l a r  f i l m  
polymorphism as the n -a l coho ls  ', form ma in l y  l i q u i d -  
expanded f i l m s  i n  the temperature range i n v e s t i g a t e d .  
T h i s  obse rva t i on  i n d i c a t e s  t h a t  the cyclohexane r i n g  

+ 

+ 
The monolayers c h a r a c t e r i z e d  by the  compression 

0 
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/ 
A' I/; 

FIGURE 2 F/A-isotherms as a f u n c t i o n  of  the l o -  

h a s  a s t rong  condensing e f f e c t .  The assumption i s  sup- 
p o r t e d  by the exper imenta l  f a c t  t h a t  n-octy l -cyclohex- 
y l -methanol  (M8) can o n l y  form condensed f i l m s ,  w h i l e  
n-dodecanol, which has n e a r l y  t h e  same cha in  l e n g t h  as 
M8, forms l iquid-expanded f i l m s  a t  T = 22 OC. 

To discuss t h e  monolayer p r o p e r t i e s  i n  more de- 
t a i l s  t he  parameters (see F i g u r e  3) proved u s e f u l  i n  

a n s l y s i n g  the isotherms a re  compared w i t h  those of s i -  
m i l a r  compounds. The f o l l o w i n g  r e s u l t s  c o u l d  be ob- 
ta ined:  

c a t i o n  o f  the cyclohexane r i n g .  
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LIQUID-CRYSTALLINE 1,3-DIOLS [899]/119 

The f i l m  behaviour depends s e n s i t i v e l y  on the l o -  
c a t i o n  o f  t h e  cyclohexane r i n g .  I f  i t  i s  l o c a t e d  i n  
the middle p a r t  o f  t he  c h a i n  ( n  = 4-6) a t r a n s i t i o n  
i n t o  a more densely packed condensed f i l m  occurs and 
the h i g h e s t  f i l m  pressures are  observed. 

1 ,  , , , 1 , x F K  ' 0301: ~ ~ 1 1 o A K '  

10 
025 

M 8 6  6 1 2 0 n M 0 6  6 L 2 0 n 

FIGURE 3 C h a r a c t e r i s t i c  f i l m  pressures and mo- 
l e c u l a r  areas o f  i somer i c  propane-1,3- 
d i o l s .  For  M8 see t e x t .  
A, = l i f t - o f f  area '; A ~ ' ,  F ~ '  = mole- 
c u l a r  area and f i l m  pressure a t  densed 
packing, va lues  used from the compres- 
s i o n  curve where the f i l m  rup tu res ;  
FK = e q u i l i b r i u m  c o l l a p s e  pressure 4 

M8 and the homologous n-alkyl-propane-1,3-diols 

. 
2 

occupy the same molecular  area a t  densed packing (0.24 

- 0.25 nm ) i n  the  condensed f i l m s .  I n  the case o f  M8 

the AK'-value i s  determined by the cyclohexane r i n g ,  
whereas the AK'-value o f  t he  n-alkyl-propane-l,3-diols 
i s  determined by the head group. I t  i s  i n t e r e s t i n g  
t h a t  the d i r e c t  l i n k a g e  o f  the bo th  m o i t i e s  l e a d s  t o  
an increase o f  the c h a r a c t e r i s t i c  area va lues  (com- 
pounds w i t h  n = 8 , 7 ) .  T h i s  may be exp la ined  by an ex- 
treme h indrance t o  f r e e  r o t a t i o n  o f  these groups. 
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K '  I f  t h e  s p a c e r  i n c r e a s e s ,  t h e  molecular a reas  A 

a n d  a l s o  A, d e c r e a s e  a n d  r e a c h  n e a r l y  t h e  m o l e c u l a r  
a rea  of t h e  b o t h  moities.  However, i f  t h e  s p a c e r  be-  
comes l a r g e r  t h a n  m = 4,  t h e  a reas  i n c r e a s e .  T h i s  i s  
a c c o m p a n i e d  by a d e c r e a s e  of t h e  f i l m  p r e s s u r e  i n d i c a t -  
i n g  t h a t  t h e  c o n d e n s e d  f i l m s  were d e s t a b i l i z e d .  

From t h e  s t r o n g  i n f l u e n c e  of t h e  l o c a t i o n  of  t h e  
c y c l o h e x a n e  r i n g  on  b o t h  t h e  b u l k  p h a s e  a n d  t h e  mono- 
l a y e r  p r o p e r t i e s  t h e  q u e s t i o n  a r i s e s  o f  w h e t h e r  t h e  
a r r a n g e m e n t  o f  t h e  m o l e c u l e s  i n  t h e  l a y e r s  a l s o  de -  
p e n d s  on  t h e  l o c a t i o n  o f  t h e  r i n g .  T h i s  p r o b l e m  i s  
p r e s e n t l y  u n d e r  i n v e s t i g a t i o n .  
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