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POLYMORPHISM IN LANGMUIR FILMS FROM A FLUORESCENTLY MARKED 
PHOSPHOLIPID 

GEORGE R. IVANOV AND ALEXANDER G. PETROV 
Laboratory of Liquid Crystals and Molecular Electronics, 
Institute of Solid State Physics, Bulgarian Academy of 
Sciences, Blvd. Lenin 72, 1784 Sofia, Bulgaria 
(Received March 1 I, 1991) 

Abstract Surface pressure - mean molecular area isotherm is 
measured for a monolayer from dimyristoil-nitrobenzoxadiazol- 
phosphat idylethanolamine at the air-water interface. The 
observed very rich polymorphism is discussed. 

Keywords: langmuir films, fluorescent lipids, P-A isotherms, sugace polymor- 
phism 
INTRODUCTION 

Two-dimensional layers of amphiphilic molecules with polar "head" 
groups and hydrocarbon "tails" attached to a waterlair interface 

represent a class of physical systems of great interest. Such 
monolayers bridge the gap between two-dimensional and three- 
dimensional systems especially in the area of cooperative phenomena 
and phase transitions. The monolayer polymorphism is of practical 
interest since it provides a possibility for the controlled 
preparation of Langmuir-Blodgett (LB) films with heterogeneous 
lateral organization. In the field of molecular biology monolayers of 
phospholipids have gained great attention as model systems of 
biological membranes. Intensive investigations of phospholipids in 
the last decade by the groups of E. Sackmann , H. McConnell , H. 
Mohwald3 two 
chain amphiphilic molecules. 

1 2 

has made this compounds almost as model system for the 

A very valuable technique for the investigation of the shape of 
domains during phase transitions , the nature of the phase 
transition , the defect structure of the crystalline phases , the 

pattern preservation during deposition , is fluorescence microscopy. 
First developed for examination of monolayers on solid supports and 
at the air-water interface recently the technique was applied for 
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real-time observation of the LB transfer by monitoring the meniscus 
area . In most of this investigations of phospholipids as a 
fluorescent probe W-fimn-pE (dimyristoil-nitrobenzoxadiazol- 

phosphat idyle thanolamine)  was used. Because of its poorer 
solubility in the condensed phase high contrast microscopic 
observation is possible, The polymorphism of this substance by itself 
is, however, largely unknown. It is important to consider this 
polymorphism, especially at room temperature where most of the above 
mentioned experiments were carried, for better understanding of the 
achieved results. 

7 

This zwitterionic compound with strong dipole moment is 
interesting also as a head modified molecule in molecular electronics 
applications. Commercially available are also tail modified molecules 
with the same chromophore group and different tail lengths. 
Systematic investigations of charge transfer and aggregation would be 
desirable. 

MATERIALS AND METHODS 

DM-NBD-PE (Fig. 1) (Avanti Polar Lipids, Inc., USA) with purity in 
excess of 99% was in chlorophorm solution. It was further diluted 
with chlorophorm (p.a.) to a concentration of 0.1 mg/ml. A new ampule 

0 
II 

2 13 27 , C H -C-0-CH 

C H -C-0-CH ‘3 
II I I 13 27 

0 H-C-0-P-0-(CH, DM-NBD-PE 

N02 

FIGURE 1 The compound used is dimyristoil- 
ni t robenzoxadiazol -phosphat idyle thanolamine  
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LANGMUIR FILMS FROM FLUORESCENT PHOSPHOLIPID [591]/247 

was opened the day the isotherms were taken. Thus effects from 
oxidation and concentration uncertainties were minimized. 

The shape of the isotherm was very critical to cleanliness and 
the compression velocity. The trough was machined from one piece of 
bulk Teflon (PTFE) and thus contaminations from seals were avoided. 
Distilled water with no additives (pH 5.8) was used as subphase. The 
isotherms were taken on the fully computerized film deposition system 
designed by us . It comprises Wilhelmy type surface pressure 
transducer with resolution of 0.02 mN/m, nonlinearity below 1% and 
long-term drift stability of ~f: 1.2 mN/m. Before taking the isotherms 
a precise calibration of the pressure was performed according to the 

well known 25.6 mN/m break point of the Arachidic acid. The absolute 
error of the mean molecular area measurement was below nm per 
molecule which is several orders of magnitude better precision than 
in other troughs. 6 data points were measured per second giving a 
total of around 8000 data points per isotherm. All measurements were 
performed at room temperature of 23 C. Compression was started 10 
min. At compression rate of 0.002 
nm / ( s  x molecule) already no kinetic effects were observed and lower 
speeds did not change the shape of the isotherms. This velocity 
corresponds t o  an area decrease of 0.08 cm /s. Total trough area is 
400 cm . When compressibility modulus was calculated a linear least 
squares curve fit on 80 sequential data points was performed. 
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0 

after spreading of the monolayer. 
2 

2 

2 

RESULTS 

The isotherm of DM-NBD-PE together with its compressibility modulus 
is presented on Figure 2 and the coordinates of some specific points 
together with a proposed explanation is given in the Table 1. 

Several peculiarities should be pointed out. The transitions at 
points 4 and g are very sharp and the straight line between them is 
almost horizontal as judged from the compressibility modulus which is 
almost zero for that region. This means that in that region a "weak" 
first order phase transition probably takes place. 

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

4:
53

 1
8 

Fe
br

ua
ry

 2
01

3 



248/[592] G.R. IVANOV AND A.G. PETROV 

MEAN AREA/ MOLECULE [nm2l 

FIGURE 2 Surface pressure vs. mean area per molecule 
isotherm of DM-NBD-PE at 23OC and its compressibility modulus 
(the noisy curve). 

TABLE I Some characteristic points of the isotherm of DM- 
NBD-PE at 23' 

P (mN/m) A (nm2) Interpretation 

a 0.2 ca. 2.6 beginning of gas to fluid transition 
b 0.9 2.23 end of gas to fluid transition 
c 16 1.10 isotropic fluid - anisotropic fluid 
d 27.5 0.75 beginning of fluid - solid transition 
e 27.8 0.68 end of fluid - solid transition 
f 34 0.52 solid I - solid I1 transition 
g ca. 43 0.45 collapse 
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DISCUSSION 

In the literature there are very few discussions of the details of 
such complex isotherms. It is important however to compare results 
with similar compounds. The closest to DM-NBD-PE is dimyristoyl- 
phosphatidylcholine (DMPC) which is also an uncharged zwitterionic 
phospholipid with bulkier head in comparison to 
phosphat idyle thanola ines .  The isotherm is presented on Fig. 3 where 
also the isotherm of d ipa lmi toy l -phospha t idy lcho l ine  (DPPC) is given. 

c- 

'E 
Z 
E 

501 I 

I I I I 1 

0,4 0,6 o,a t o  
MEAN AREA I MOLECULE [ n m *  I 

FIGURE 3 Isotherms of d imyr i s toy l -phospha t idy lcho l ine  (1) at 

19OC and d i p a l m i t o y l - p h o s p h a t i d y l c h o l i n e  (2) at 2OoC 

In the case of DM-NBD-PE the surface pressure rises at more than two 

times larger mean molecular area. This could be due to the bulkier 
head and stronger interactions with water because of the higher head 
polarity. On careful examination of the isotherm an almost 
horizontal region up to pressures of around 0.9 mN/m is visible where 
the end of gas to fluid transition is expected. Following the 
discussion in Ref. 9 a transition from fluid isotropic phase, where 
there is no orientational order, to fluid anisotropic phase (at 
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higher pressures) where there is anisotropic orientation of molecules 
can be ascribed to the point c . This could be a first order phase 
transition point E being the end of such a transition. 

The complexity of interpretation of isotherms of such molecules 
with large heads comes also from the necessity to describe molecules 

with at least two stretching vectors describing separately the 
orientation of tails and heads. Such molecules may also have 
different crystal lattices in condensed states for the heads and the 

tails . 1 

The beginning of the fluid - solid transition (at point &here) 
is largely debated in the literature . In the case of DM-NBD-PE the 
process seen 
from the large surface area A = 0.75 nm . In contradiction to DMPC 
and DPPC the decrease in area here is smaller and the end of the 
"weakly" first order transition at point e is very sharp. At point g 
the mean molecular area is 0.68 , nm2 which corresponds to the 
projection of the molecule with fully stretched head in the plane of 
the water and tails strongly tilted in the direction of the head as 
calculated from molecular space filling models (not shown). On 
increasing the pressure probably starts the bending of one of the 
tails and the head goes partially below the tail projection on a 
lateral direction. In the region between points 2 and f bending of 
the head towards normal direction to the water probably occurs as 
judged from the relatively large decrease in area. At a pressure P = 

39 where A = 0.463 probably the processes are already governed by 
tail interactions. Two densely packed tails in hexagonal lattice and 
in all-trans configuration have an area of 0.388 nm2 lo. At point f 
the average tail tilt angle is about 40' to the normal assuming dense 
packing the 
mean molecular area. Our previous experiments for small-angle X-ray 
diffraction of LB films from DP-NBD-PEll support such a conclusion 
because they revealed bilayer thickness of 5. 21 nm which was shown to 
correspond to a tilt angle of 40'. From these measurements the 
expected thickness for a monolayer from DM-NBD-PE at point &would be 
2.35 nm. An increase in the layer thickness of 0.19 nm when 
increasing the deposition pressure from 35 to 50 mN/m was observed. 
This is most probably due to tail tilting towards normal direction 

5 

is probably governed by the head group interactions as 
2 

and all-trans conformation of the t a i l s  as judged from 
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ending with an angle of 30" at point g. The conformation of the 
molecule in this last region is shown on fig. 4.  The water level 

FIGURE 4 Conformation of the molecule of DM-NBD-PE at 
condensed states. The bar on the right hand is equal to 
1 nm. 

probably passes through the oxygen atoms of the carboxyl tail groups. 
Further experiments like FTIQ spectroscopy of L3 films are now 

in progress for better understanding of the polymorphism of DM-NBD- 
PE. 
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