
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:33
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Comparison of Bulk and Monolayer
Behaviour of Selected Methyl-
Branched Lecithins
G. Brezesinski a , W. Rettig a , F. Kuschel a , B. Dobner b & P.
Nuhn b
a Martin-Luther-Universität Halle-Wittenberg, Halle, 4010, S.,
GDR
b Sektion Chemie and Sektion Pharmazie, Halle, 4010, S., GDR
Version of record first published: 22 Sep 2006.

To cite this article: G. Brezesinski , W. Rettig , F. Kuschel , B. Dobner & P. Nuhn (1990):
Comparison of Bulk and Monolayer Behaviour of Selected Methyl-Branched Lecithins, Molecular
Crystals and Liquid Crystals Incorporating Nonlinear Optics, 193:1, 83-91

To link to this article:  http://dx.doi.org/10.1080/00268949008031807

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008031807
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1990, Vol. 193, pp. 83-91 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

COMPARISON OF BULK AND MONOLAYER BEHAVIOUR OF 
SELECTED METHYL-BRANCHED LECITHINS 

GERALD BREZESINSKI, WILL1 RETTIG, FRANK KUSCHEL, 
BOD0 DOBNER+ and PETER NUHN' 
Mart in-Luthe r - U n i v e r s i t i $ t  Hal le-Wi t tenberg , 
S e k t i o n  Chemie and Sek t ion  Pharmazie*, 
4010 Halle/S., GDR 

A b s t r a c t  The bu lk  p r o p e r t i e s  o f  i somer i c  1-(x- 
methylpalmitoyl)-2-hexadecyl-PCs w i t h  methyl  
groups a t  v a r i o u s  l o c a t i o n s  x a r e  reported. DSC 
measurements show t h a t  the m a i n - t r a n s i t i o n  para- 
meters s t r o n g l y  depend on the p o s i t i o n  o f  t he  
methy l  branching. X-ray and e l e c t r o n  s p i n  reso- 
nance s t u d i e s  suggest t h a t  i n  the l a m e l l a r  g e l  
phase o f  the PCs i n v e s t i g a t e d  the hydrocarbon 
cha ins  are i n t e r d i g i t a t e d .  The F/A-isotherms o f  
t h r e e  s e l e c t e d  homologues methyl-branched i n  3- 
p o s i t i o n  o f  the f a t t y  a c i d  res idue  were measured 
over a wide range o f  temperature. The c r i t i c a l  
temperatures o f  the monolayer were est imated and 
compared w i t h  the T,-values. The disagreement be- 
tween Tc and Tm is discussed i n  terms o f  i n t e r d i -  
g i t a t i o n  o f  chains i n  the g e l  phase. 

INTRODUCTION 

The s e l f - o r g a n i z a t i o n  o f  phosphol ip ids as double-chain 
amphiphi les i n  water l eads  t o  the fo rma t ion  o f  mono- 
and m u l t i l a y e r a ,  which can be considered as s imple mod- 
e l  systems f o r  b i o l o g i c a l  membranes '. More r e c e n t l y ,  
phosphol ip ids were e s p e c i a l l y  used t o  understand the 
phase t r a n s i t i o n s  i n  monolayers . 

The i n v e s t i g a t i o n s  o f  the i n f l u e n c e  o f  the head 
group s t r u c t u r e  and the c h a i n  l e n g t h  of unbranched 
phosphol ip ids on the phase behaviour have shown t h a t  
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84/[864] G .  BREZESINSKI e t  a l .  

Tm ( m a i n - t r a n s i t i o n  temperature o f  the b u l k  phase) and 
Tc ( c r i t i c a l  temperature o f  the monolayer) agree 
Prev ious s t u d i e s  on monobranched phospha t idy l cho l i nes  
(PCs) have revealed t h a t  t he  l e n g t h  o f  the s i d e  c h a i n  
i n  2 - p o s i t i o n  has a remarkable i n f l u e n c e  on the phase 
behaviour 4. The r e s u l t s  show t h a t  Tm and Tc o n l y  agree 
i f  the cha ins  o f  the PCs i n v e s t i g a t e d  i n  the  b i l a y e r  
a r e  i n  opposi te  arrangement. However, i f  a g e l  phase 
w i t h  i n t e r d i g i t a t e d  chains e x i s t s ,  the Tc-values a re  
much l o w e r  than the  T,-values. The ques t i on  a r i s e s  
whether t h i s  i s  a l s o  v a l i d  f o r  methyl-monobranched PCs 
w i t h  d i f f e r e n t  l o c a t i o n s  o f  the methy l  s i d e  group. 
Therefore,  we have i n v e s t i g a t e d  the  b u l k  p r o p e r t i e s  o f  
homologous l-(x-methylpalmitoyl)-2-hexadecyl-PCs, For 
t h r e e  s e l e c t e d  homologues w i t h  the methyl  group i n  3- 
p o s i t i o n  o f  d i f f e r e n t  f a t t y - a c i d  res idues the b u l k  and 
monolayer behaviour m e  i n v e s t i g a t e d  and compared. 

3 

EX PER I MENTAL 

The c a l o r i m e t r i c  s t u d i e s  were done by means o f  a DSC-2 
(Perkin-Elmer, Conn., U.S.A.). X-ray d i f f r a c t i o n  mea- 
surements 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.) u s i n g  a 
t ransmiss ion  technique '. The ESR spec t ra  were recorded 
w i t h  a JEOL (Japan) JES-PE 1 X  spectrometer u s i n g  100 
kHz modulat ion '. The F/A-isotherms were taken on a 
home made Langmuir balance (Wi lhelmy-type) equipped 
w i t h  cont inuous measuring system. For  d e t a i l e d  desc r ip -  
t i o n  see re fe rence  6, The syn thes i s  o f  the PCs w i t h  one 
me thy l  branched f a t t y  a c i d  i n  l - p o s i t i o n  and an un- 
changed hexadecyl  res idue i n  2 - p o s i t i o n  w i l l  be pub- 
l i s h e d  elsewhere. The a b b r e v i a t i o n  1-(xCm-n:O)-2-H-PC 
( x  = p o s i t i o n  of  branches i n  the main chain,  n = t o t a l  
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METHYL-BRANCHED LECITHINS [865]/85 

l e n g t h  of the f a t t y  ac id ,  m = number o f  C-atoms o f  the 

branches) i s  used. 

RESULTS and DISCUSSION 

The m a i n - t r a n s i t i o n  temperatures and e n t h a l p i e s  o f  1- 
(xC1-16:0)-2-H-PC/water d i spe rs ions  show a s t rong  de- 
pendence on the p o s i t i o n  x o f  the methy l  s ide-chain 
( F i g u r e  1). The heat  o f  t r a n s i t i o n  decrease l i n e a r l y  
w h i l e  the t r a n s i t i o n  temperatures show a weak a l t e r n a -  
t i o n .  Obviously,  the i n t r o d u c t i o n  and the stepwise 
s h i f t i n g  o f  the  methy l  s ide-chain i n r o  the hydrophobic 
r e g i o n  cause an i n c r e a s i n g  f l u i d i z a t i o n  o f  the b i l a y e r .  
The same tendency has been observed f o r  the homologous 
d i  ( xC1-16 :0) PCs 5 . 

FIGURE 1 M a i n - t r a n s i t i o n  temperatures (0) and 
e n t h a l p i e s  (0)  of l-(xC1-16:0)-2-H-PC/ 
50 (w/w) water d i spe rs ions  as a 
f u n c t i o n  o f  the p o s i t i o n  x o f  the 
m e t h y l  branching. 
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86/[8661 G. BREZESINSKI e t  a l .  

The b u l k  phase and monolayer p r o p e r t i e s  o f  the ho- 
mologues w i t h  x - 3 and a cha in  l e n g t h  o f  n rn 14, 16 
and 18 C-atoms heve been i n v e s t i g a t e d  i n  more deta i ls .  
The comparison o f  the Tm-values w i t h  thoee o f  the cor-  
responding unbranched PCs shows t h a t  the f l u i d i z a t i o n  
e f f e c t  o f  the methy l  s i d e  group decreases w i t h  increas-  
i n g  l e n g t h  o f  the main cha in  (see Table I). As an ex- 
ample l e t  us d iscuss the s t r u c t u r e  behaviour o f  the 1- 
(3C1-16:0)-2-H-PG. The a n a l y s i s  o f  the X-ray d i f f r a c -  
t i o n  p a t t e r n s  r e v e a l s  t h a t  i n  the temperature range 
from 253 K t o  323 K the phases have a l a m e l l a r  s t r u c -  
ture.  The repeat d is tance o f  the g e l  phase inc reases  
s l i g h t l y  w i t h  i n c r e a s i n g  temperature. The h a l f = w i d t h  
o f  the s h o r t  spacings increases w i t h  decreasing temper- 
a t u r e  i n d i c a t i n g  a tendency t o  a t i l t e d  arrangement o f  
the cha ins  i n  the g e l  phase. The dL-value o f  about 5.5 
nm, j u s t  below the main t r a n s i t i o n ,  i s  much lower  than 
the dL-values of  g e l  phases w i t h  opposi te  arranged 
chains. A n  o rde r  parameter can be measured r a t h e r  eas- 
i l y  from the ESR spect ra o f  nonor iented l i p i d  d i spe r -  
s ions  u s i n g  the  extreme h y p e r f i n e  s p l i t t i n g s .  The in -  
v e s t i g a t i o n s  i n d i c a t e  t h a t  t he  order  parameter o f  a 
f a t t y  a c i d  s p i n  l a b e l e d  near the t e r m i n a l  methy l  has 
been d r a m a t i c a l l y  increased. The l a r g e  increase i s  
mainta ined up t o  the  m a i n - t r a n s i t i o n  temperature, where 
the  h i g h l y  o r i e n t e d  a n i s o t r o p i c  mot ion i s  t ransformed 
i n t o  an i s o t r o p i c  type o f  mot ion 4. Therefore,  a g e l  
phase w i t h  i n t e r d i g i t a t e d  chains i s  assumed. Above the  
main t r a n s i t i o n  a l i q u i d - C r y s t a l l i n e  phase Lo( w i t h  a 
dL-value o f  about 6.93 nm c o u l d  be observed. 

The spread monolayers o f  the t h r e e  homologues 
were s t u d i e d  i n  the temperature range between 2 OC and 
40 OC. As an example, the F/A-isotherms o f  1-(3C1- 
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METHYL-BRANCHED LECITHINS [8671/87 

06 08 10 1.2 

A/nm2  molecule^' 

F I G U R E  2 F/A-isotherms o f  1-(3C1-18:0)-2-H-PC 
monolayers as a f u n c t i o n  o f  temperature. 
The temperatures, from the lowest  t o  
the h ighes t  curve, are: 6.0, 11.2, 

27.3, 28.8, 30.0, 31.0 and 32.4 O C .  
13.7, 16.3, 18.4, 21.3, 22.7, 24.6, 

18:0)-2-H-PC measured a t  v a r i o u s  temperatures are 

shown i n  F igu re  2. 

densed s t a t e  w i t h  a molecular area AK' (area where the 
f i l m  r u p t u r e s  ') of 0.47 nm2. A f u l l y  expanded s t a t e  
e x i s t s  o n l y  s t  T = 32.4 OC. The l i f t - o f f  area A,, 

The isotherms below T = 11 OC show o n l y  the con- 
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88/[8681 G. BREZESINSKI e t  a l .  

where the f i r s t  observable f i l m  pressure occurs,  is 
1.0 n m  . 

Between 11.0 OC (= To, see reference 4 )  and the 
c r i t i c a l  temperature Tc = 32 OC (see below) t h e  two 
monolayer phases coex is t .  The A K ' -  and the Ao-values 
a r e  r a t h e r  independent of  temperature and lie i n  t h e  
range o f  0.47-0.50 nm2 and 0.97-1.0 nm2# r e s p e c t i v e l y .  
The p l o t s  o f  t he  t r a n s i t i o n  pressure F1 a s  a f u n c t i o n  
o f  temperature a r e  g i ven  i n  F i g u r e  3. I n  accordance 
w i t h  pub l i shed  data o f  d i - i s o -  and di-anteiso-methyl-  
branched PCs 7,8 the F,-T-curve i s  n o n l i n e a r  a t  l o w e r  

2 

& 

temperatures. Above t r a n s i t i o n  pressures o f  22 mN*m" 

the p l o t s  become l inear .  I n  t h i s  r e g i o n  the  s lope 

60 
- - 

50 
'? 
Y 

I 
. 

LO 

30 

20 

10 

FIGURE 3 T r a n s i t i o n  pressure F1, area of t r a n -  
s i t i o n  h A  and t r a n s i t i o n  en tha lpy  A H  
o f  1-(3C1-18:0)-2-H-PC as a f u n c t i o n  
o f  temperature. F 1  and A A  a r e  o b t a i n -  
ed  from the  curves i n  F i g u r e  2. A H  i s  
c a l c u l a t e d  by means o f  Eq. (1). 
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METHYL-BRANCHED LECITHINS [869]/89 

has a v a l u e  o f  2.8 mN.m-l.K'l. T h i s  i s  cons ide rab ly  

The area change a t  t he  t r a n s i t i o n  A A  = A1 - A 

i s  p l o t t e d  i n  F i g u r e  3. A i s  the molecular  area a t  
the t r a n s i t i o n  pressure.  A is t he  area of the condensed 
€llm l i n e a r l y  e x t r a p o l a t e d  t o  F1. The procedure 

i s  desc r ibed  i n  d e t a i l  i n  re fe rence  4 and 6. There a re  
n e a r l y  two l i n e a r  p a r t s  o f  the curve, separated by a 

smooth break. The change o f  area becomes zero upon ap- 

The enthalpy o f  t r a n s i t i o n  A H  can be ob ta ined  by  

h i g h e r  than t h a t  o f  unbranched PCs 4,s . 
C 

l C  

proaching the c r i t i c a l  temperature Tc 4,9 

a p p l i c a t i o n  of  t h e  Clausius-Clapeyron-equation (1): 

dF 1 A H  
- f -  

dT T *  A A  

From the p l o t s  o f  A H  vs. T i t  can be seen t h a t  AH 
converges a l s o  towards zero a t  Tc. Due t o  the  s t r o n g  
temperature dependence o f  AH i n  the  v i c i n i t y  o f  Tc, 
the c r i t i c a l  temperature can be es t ima ted  more pre-  
c i s e l y  f rom the  p l o t s  A A  vs. T. 

The behaviour o f  the two o t h e r  homologues is v e r y  
s i m i l a r  a l t hough  e q u i v a l e n t  s t a t e s  a re  found a t  d i f -  
f e r e n t  temperatures. T h i s  can be d e r i v e d  from the sys- 
t e m a t i c a l  s h i f t  o f  the temperatures Tc and To (Table I). 
The i n t e r m e d i a t e  r e g i o n  (Tc - To),  where the t r a n s i -  
t i o n  occurs,  e x i s t s  i n  a l l  cases s t u d i e d  over n e a r l y  
20 K. By comparison, t h i s  r e g i o n  i s  more extended i n  
the  case o f  unbranched PCs (Tc - To - 2 5  K 4 p 8 > .  The 
reduced t r a n s i t i o n  reg ion  seems t o  be t y p i c a l  f o r  the 
branched systems 4,7,8 

The AK'-values which a re  independent o f  the cha in  
l e n g t h  i n d i c a t e  t h a t  the i n t r o d u c t i o n  o f  the methy l  

branch l e a d s  t o  more expanded condensed s t a t e s  as also 
found f o r  o t h e r  methyl-branched PCs 7,8,10 * 
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901 [ 8701 G. BREZESINSKI e t  a l .  

TABLE I Comparison o f  the c h a r a c t e r i s t i c  tempe- 
r a t u r e s  o f  the 1-(3C1-n:0)-2-H-PCs i n  
b u l k  and monolayer. 

n 

16.0 5.7 
25.5 4.2 16 29.7 5.2 

18 35.6 11.4 32.0 3.6 

14 21.7 <o 

The Ao-values tend t o  decrease i n  the s e r i e s  n 

14. T h i s  seems t o  be due t o  the f a c t  t h a t  the compound 
w i t h  the l onger  c h a i n  e x h i b i t s  the same p h y s i c a l  s t a t e  
a t  h i g h e r  temperatures. T h i s  i n v o l v e s  t h a t  the area 
change o f  t r a n s i t i o n  A A ,  p l o t t e d  i n  a reduced tempe- 
r a t u r e  sca le ,  is l a r g e r  f o r  the compounds w i t h  t he  
l o n g e r  chains.  

l a y e r  p r o p e r t i e s  y i e l d s  some i n t e r e s t i n g  conclusions. 
( a )  The i n t r o d u c t i o n  and stepwise s h i f t i n g  o f  a methy l  

s i d e  c h a i n  i n t o  t h e  hydrophobic r e g i o n  l e a d  t o  an i n -  
c reas ing  f l u i d i z a t i o n  o f  the b u l k  phase and the mono- 
l a y e r  systems. 
(b )  Tc of t h e  monolayer agrees w i t h  Tm o f  the bu l k  
phase o n l y  i n  the case o f  an opposi te  arrangement o f  

the a l k y l  chains i n  the g e l  phase. I n  the case o f  an 
i n t e r d i g i t a t e d  gel phase Tc i s  always lower  than Tm. 

( c )  The i n t e r d i g i t a t i o n  o f  the chains l eads  t o  a cer-  
t a i n  s t a b i l i z a t i o n  of  the g e l  phase o f  branched-chain 

PCs. Such an arrangement cannot be r e a l i z e d  i n  the mo- 

nolayer .  Therefore,  the f l u i d i z a t i o n  e f f e c t  o f  the 
methy l  s i d e  chain i s  more e f f e c t i v e  i n  the monolayer 
than i n  t h e  corresponding b i l a y e r .  

( d )  Both i n  b u l k  phase and monolayer systems the  s h o r t -  

en ing o f  the c h a i n  l e n g t h  o f  the methyl-branched f a t t y  

18,16, 

F i n a l l y ,  t h e  comparison between the bu lk  and mono- 
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METHYL-BRANCHED LECITHINS [871]/91 

a c i d  e n h a n c e s  t h e  f l u i d i z a t i o n  e f f e c t  i n  r e g a r d  t o  t h e  
c o r r e s p o n d i n g  u n b r a n c h e d  PC. 
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