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SOME ASPECTS OF AMPHOTROPIC BEHAVIOUR OF 
HOMOLOGOUS n-ALKANE-l,2-DIOLS 

GONTER FURSTER, GERALD BREZESINSKI, SABINE 
NEUMANN, CARSTEN TSCHIERSKE, HORST ZASCHKE 
and FRANK KUSCHEL 
Martin-Luther-Universitat Hal le-Wi t tenberg,  
Sek t i on  Chemie, 4010 Halle/S., GDR 

A b s t r a c t  The phase behaviour o f  s imple n-alkane- 
1 ,Z-d io ls  and t h e i r  m ix tu res  w i t h  water i s  r e -  
por ted.  The a d d i t i o n  o f  water s t a b i l i z e s  the li- 
q u i d  c r y s t a l l i n e  behaviour. The h igher  homologues 
show seve ra l  t r a n s i t i o n s  above the m e l t i n g  p o i n t  
i n  the water-saturated region. The s t r u c t u r a l  be- 
hav iour  o f  n-pentadecan- l ,2-diol  i n v e s t i g a t e d  by 
means of X-ray d i f f r a c t i o n  i s  described. 

INTRODUCTION 

Simple n-a lkane- l ,2=d io ls  show bo th  thermot rop ic  and 
l y o t  r o p i c  l i q u i d - c r y s t a l l i n e  behaviour ', which i s  
t y p i c a l  f o r  amphotropic ma te r ia l s .  From Z-n-a lky l -  
propane- i ,3-d io ls  i t  i s  known t h a t  they show a l i q u i d -  

2 c r y s t a l l i n e  behaviour only a f t e r  a d d i t i o n  o f  water . 
For  i ns tance ,  i n  a 2-n-hexadecyl-propane-l ,3-diol/wa- 

t e r  m ix tu re  t w o  phase t r a n s i t i o n s  were found above the 
m e l t i n g  p o i n t ,  i n d i c a t i n g  the occurrence of  a second 

l i q u i d - c r y s t a l l i n e  phase. From the comparison of the 

phase behaviour o f  t he  analogous 1,2- and 1 ,3 -d io l s  
the ques t i on  a r i s e s  o f  whether t h e  n-a lkane- i ,2-d io ls  
w i t h  l o n g e r  a l k y l  chains show a s i m i l a r  polymorphism. 
There fore ,  we have synthes ized and i n v e s t i g a t e d  addi -  
t i o n a l  members o f  t h i s  homologous se r ies .  
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EXPERIMENTAL 

The syn thes i s  o f  t h e  n-alkane-1,Z-diols 

‘nH2n+1 
weighed q u a n t i t y  o f  the d i o l  was mixed w i t h  excess wa- 
t e r  (50 wt . -g ) .  The d i spe rs ions  were deposi ted in DSC 

pans o r  sealed i n  c a p i l l a r i e s .  
The c a l o r i m e t r i c  measurements were performed us- 

i n g  a Perkin-Elmer (Norwalk, CT) DSC-2 inst rument .  X-  

r ay  d i f f r a c t i o n  measurements were c a r r i e d  ou t  w i t h  a 
powder d i f f r a c t o m e t e r  HZG 4 (VEB Prazisionsmechanik 
F re ibe rg ,  G.D.R.) using a t ransmiss ion  technique . 
The repeat  d is tance o f  l ame l lae  dL o r  t h e  l a t t i c e  con- 
s t a n t  o f  the hexagonal phase aH were c a l c u l a t e d  from 
the l o n g  spacings. The s h o r t  spacings cha rac te r i ze  t h e  
p h y s i c a l  s t a t e  o f  the chains,  and an area per  molecule 
AM i s  deducib le  a f t e r  index ing.  

On the base o f  t e x t u r e  observat ions the meso- 
phases i n  the water- f ree samples were p r e l i m i n a r y l y  de- 
s igna ted  as SA and SB. I n  the hydra ted  samples the no- 
menclature o f  t he  l y o t r o p i c s  i s  used (subgel  L s ,  g e l  
Lf3, l i q u i d - c r y s t a l l i n e  phases L# o r  H a ,  c r y s t a l  c r ,  

OH 
t 

-CH-GH2=OH has a l ready  been descr ibed 3. A 

4 

+ + 

i s o t r o p i c  phase i s )  1,4 . 
RESULTS and DISCUSSION 

The water - f ree  compounds form an i s o t r o p i c  phase a f t e r  
me l t ing ,  However, metastable l i q u i d - c r y s t a l l i n e  phases 
can be observed on c o o l i n g  the  i s o t r o p i c  sample. I n  
homologues w i t h  n = 6-8 the SA- and SB-phases were 
found, whereas the  h igher  homologues show o n l y  the  Sg- 

phase be fo re  r e c r y s t a l l i z a t i o n .  With i n c r e a s i n g  cha in  
l e n g t h  the  c r y s t a l l i z a t i o n  is more hindered. No crys-  
t a l l i z a t i o n  c o u l d  be observed f o r  the d i o l  w i t h  n = 17 

+ + 
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AMPHOTROPIC BEHAVIOUR OF DIOLS [9031/123 
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F I G U R E  1 T r a n s i t i o n  temperatures of homologous 
n-a lkane- l ,2-d io ls  i n  the  water-satu- 
r a t e d  s t a t e  (50 wt,-% water)  in de- 
pendence on the  cha in  l e n g t h  n. 
0 m e l t i n g  temperatures ( c r  - LB or  Lg); 
V t r a n s i t i o n  LQ - LE; x t r a n s i t i o n  L8- 
La; I t r a n s i t i o n  LOG - H#or  i s ;  
A t r a n s i t i o n  HoC- i s  (DSC); + t r a n s i -  
t i o n  H a -  i s  (microscopy). 

i n  the  measured temperature range. 

l i z a t i o n  o f  the mesophases i n  a l l  cases i n v e s t i g a t e d  
(F igu re  1). 

nat ion .  The c l e a r i n g  temperatures rise w i t h  inc reas-  

The a d d i t i o n  o f  water causes a remarkable s t a b i -  

' The m e l t i n g  temperatures show an even/odd a l t e r -  
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F I G U R E  2 System: n-pentadecane-l,2=diol (n = 13)/ 
water (50 wt.-%). Temperature depen- 
dence o f  t he  repeat  d is tance o f  lemel- 
l a e  dL and l a t t i c e  constant  o f  the 
hexagonal phase aH. 
Hatched area - r e v e r s i b l e  phase t r a n -  
s i t i o n  region. Phase no ta t i on :  c r  - 
c r y s t a l l i n e  phase; LB - g e l  phase; 
Loc, H d -  l i q u i d - c r y s t a l l i n e  phases; 
i s  - i s o t r o p i c  phase. 

i n g  cha in  l eng th .  The d i o l s  w i t h  n = 11-12 show two 
and the  compounds w i t h  n = 13-14 th ree  phase t r a n s i -  
t i o n s  above the  m e l t i n g  p o i n t .  A monotropic t r a n s i t i o n  
occurs on c o o l i n g  the homologues w i t h  n = 9-12. 

t h e  phase s t r u c t u r e s  o f  n-pentadecane-1,Z-diol (n=13) 
were s t u d i e d  by means o f  X-ray d i f f r a c t i o n  i n  a 50 wt.- 
% water mixture.  Below 322 K a c r y s t a l l i n e  phase was 
found cha rac te r i zed  by a s e t  o f  sharp peaks i n  the  

To g e t  more i n f o r m a t i o n  about the  polymorphism D
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AMPHOTROPIC BEHAVIOUR OF OIOLS /905]/125 

d i f f r a c t o m e t e r  trace. A t  322 K t h e  t r a n s i t i o n  i n t o  t h e  
g e l  p h a s e  LB w i t h  r i g i d  c h a i n s  occur s .The  i n c r e a s e  of 
t h e  r e p e a t  d i s t a n c e  i n d i c a t e s  t h a t  s i m u l t a n e o u s l y  t h e  
h y d r a t i o n  o f  t h e  d i o l  t akes  p l a c e .  The  v a l u e  o f  dL = 
4.75 nm i n  compar i son  t o  t h e  molecular l e n g t h  (2.15 nm) 
s u g g e s t s  a n  o p p o s i t e  a r r a n g e m e n t  of t h e  c h a i n s  i n  t h e  
b i l a y e r s  of  t h e  g e l  phase .  The  area p e r  m o l e c u l e  o f  

= 0.217 nm is h i g h l y  compared t o  v a l u e s  of a l i p h a -  
t i c  c h a i n s  ( (0 .2  nm ). T h i s  f i n d i n g  e x p r e s s e s  t h e  
c o m p e t i t i o n  i n  t h e  l a t e r a l  p a c k i n g  of  t h e  molecule be- 
tween t h e  vo luminous  d i o l  g r o u p  a n d  t h e  a l i p h a t i c  
c h a i n .  

small. A t  325 K t h e  m e l t i n g  of t h e  a l k y l  c h a i n s  l eads  
t o  a lamellar l i q u i d - c r y s t a l l i n e  p h a s e  L a .  I t  is con-  
n e c t e d  w i t h  a r e m a r k a b l e  d e c r e a s e  of t h e  r e p e a t  d i s -  
t a n c e  ( v e r t i c a l  c o n t r a c t i o n )  a n d  a l a t e r a l  d i l a t a t i o n :  
t h e  %-va lue  i n c r e a s e s  t o  AM = 0.24 nm . I n  t h e  LrX- 

p h a s e  o n l y  a s l i g h t  t e m p e r a t u r e  dependence  o f  dL c a n  
be o b s e r v e d .  A t  342 K a p h a s e  t r a n s i t i o n  i n t o  a s e c o n d  
l i q u i d - c r y s t a l l i n e  p h a s e  HoCtakes  p l a c e .  From t h e  mo- 

lecule  s h a p e  of t h e  1 , 2 - d i o l s  t h e  e x i s t e n c e  o f  a n  i n -  
verse h e x a g o n a l  p h a s e  c a n  be deduced .  

By means of t h e  s t r u c t u r a l  p a r a m e t e r s  dL a n d  
a b i l a y e r  u n i t  c a n  be d e f i n e d .  The  c o m p a r i s o n  of t h e  
volume o f  t h e  m o l e c u l e s  d e t e r m i n e d  by t h e  p r o c e d u r e  o f  
K I T A I G O R O D S K I  6 8 7  w i t h  t h a t  of  t h e  b i l a y e r  u n i t  a l lows 
t h e  c a l c u l a t i o n  of a p a c k i n g  c o e f f i c i e n t .  I n  t h e  g e l  
p h a s e  a v a l u e  of  60 was estimated. S u r p r i s i n g l y  a f t e r  
t h e  m e l t i n g  o f  t h e  c h a i n s  t h e  p a c k i n g  c o e f f i c i e n t  i n -  
creases t o  63.5 % i n  t h e  LaL- phase .  Then i t  d e c r e a s e s  
l i n e a r l y  t o  58 4t; w i t h  i n c r e a s i n g  t e m p e r a t u r e .  A t  t h i s  
c r i t i c a l  v a l u e  t h e  t r a n s i t i o n  L S -  HoCoccurs. Tak ing  

2 
2 

The t e m p e r a t u r e  r e g i o n  of t h e  g e l  p h a s e  is very 

2 
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i n t o  c o n s i d e r a t i o n  the above mentioned compe t i t i on  i n  

the  l a t e r a l  pack ing of headgroups and chains the  in -  
crease o f  the pack ing c o e f f i c i e n t  a t  the  t r a n s i t i o n  
LB = L a i s  easy t o  understand: the  molden cha in  occu- 
p i e s  the  b i l a y e r  u n i t  b e t t e r  than a r i g i d  chain,  

From the r e s u l t s  of the  X-ray i n v e s t i g a t i o n s  the  
polymorphism o f  the  whole homologous s e r i e s  can be de- 
sc r ibed.  The diol with n = 13 is the first member with 
a s t a b l e  g e l  phase. The d i o l s  w i t h  n = 9-12 show o n l y  
a metastable g e l  phase on c o o l i n g  the  sample. S t a r t i n g  
from n = 10 the  l i q u i d - c r y s t a l l i n e  phase L W i s  desta- 
b i l i z e d  w i t h  i n c r e a s i n g  cha in  l e n g t h  n and an i n v e r s  
hexagonal phase H d e x i s t s  between the LOC- and the iso- 
t r o p i c  phases. I n  the homologues w i t h  n = 17 a L d -  

phase was no t  observed. The c r y s t a l l i z a t i o n  o f  t h i s  
compound i s  very slow. I n s t e a d  o f  t h i s  a subgel  phase 
Ls w i t h  o r tho rhomb ica l l y  packed chains appears on 
c o o l i n g  the  g e l  phase .  
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