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ABSTRACT

Langmuir films behavior of asymmetric glycerol dia-
lIkyl nonitol tetraether (GDNT) lipids at the air-water
interface (temperature 19°C + 1°C) investigated the
stability of the mean ratio of Langmuir films for dif-
ferent spreading time prior to the transfer film. Float-
ing monolayer films stability is an important para-
meter to obtain high-quality Langmuir-Blodgett films
for their aplications. Hysteresis loop of the compres-
sion-decompression (p-A) isotherms of Langmuir film
GDNT used to analyze the thermodynamic stability of
the monolayer films and its features. Langmuir films
stability of tetraether lipid GDNT shown more stable at
the time of spreading longer than a short time.
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1. INTRODUCTION

Amphiphiles Langmuir films on water have been inten-
sively studied as model systems for two-dimensional mat-
ter [1], the cell membrane [2], and more recently for use
in nanoscience and nanotechnology. Langmuir films, which
are formed when a solution of non-soluble amphiphilic
molecules spreads out by means of a solvent on the wa-
ter’s surface, are of great interest in biology as model
membranes [3], in molecular electronics and specialized
in the manufacture of electrodes [4] and biosensors [5].
Monolayers at the air-water interface provide an im-
portant and convenient model system to investigate the
experimental chemical and biological problems. There are
many other reasons to study the Langmuir monolayer
films. One of the aspects related to the elaboration of nan-
otechnology growth controlled nanoscale systems. Gen-
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erally speaking, nanobiotechnology requires the organi-
zation of atoms and molecules into a two- or three-dime-
nsional space. The efficiency of nanofabrication strategies
and recent developments of methods enabling the direct
characterization at the molecular scale open up new routes
in the development of self-organized nanostructures. Un-
ique geometry of the air-water interface has allowed the
measurement of certain macroscopic properties of these
systems (eg, pressure-area (p-a) isotherms), the experim-
ental difficulties inherent in collecting data interface has
limited spectroscopic studies. Analysis of surface structures
and features of the interface is very important to compare
and understand the properties of nanosystems. Analysis
at the molecular and supramolecular biological systems,
such as cell membranes, is an outstanding model to develop
“smart nanostructures” based on molecular self-assembly
of biological macromolecules. The potential of two-dim-
ensional molecular self-assemblies is clearly illustrated
by Langmuir films of lipid molecules.

Archaebacteria, which proliferate under extreme envi-
ronments, are one class of organisms that have been found
to provide a rich source of inspiration. Archaebacterial
tetraether lipids very different from the conventional lipids
in the structure and physicochemical properties. They are
based on ether linkages instead of ester linkages and
contain biphytanyl chains instead of fatty acyl chains.
Membranes of Sulfolobus acidocaldarius mainly contain
two classes of tetraethers, the glycerol dialkyl glycerol
tetraethers (GDGTs) and the glycerol dialkyl nonitol
tetracthers (GDNTs). Both lipid species containning two
nonequivalent polar heads linked by two hydrophobic
C40 phytanyl chains, with up to four cyclopentane rings
per chain. GDGT contains two glycerol moieties, while
in GDNT one of the glycerol moieties is substituted by
nonitol, a polyol with 9 carbon atoms

Sulfolobus acidocaldarius can grow at temperatures up
to 85°C and pH 2 - 3. Archaebacterial membrane adapted
such extreme environmental conditions are considered
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very stable. Tetraether lipid membranes formed are more
resistant to oxidation and high temperature because of
their ether linkage than the more labile ester links found
in lipids from Bacteria and Eukaryota [6].

Monolayer films formed from archaeal tetraether lipids
at the air-water interface, it is not easy to distinguish bet-
ween two possible molecular configurations, and constr-
uction of the model clearly has been difficult [7,8]. The
relatively stiff tetraether lipids symmetric as well asym-
metric can adopt several conformative supramolecular
arrangements. Driving force in all cases is the hydropho-
bic interaction between the tetraether core thus inducing
domain formation already very early after spreading of
the lipids at the water surface. At this point the molecules
lie flat on the subphase forming float-like domains which
later after compressing begin to elevate and adopt a hors-
eshoe conformation which at the end flip up into an up-
right conformation [9]. Stability of tetracther lipids mon-
olayer films on solid substrates also depends on the prop-
erties of the substrates surface [10].

According Bakowsky ef al. (2000) [11], the organiza-
tion tetraether lipids Langmuir films at the air-water in-
terface strongly depends on the spreading time and lateral
surface pressure. Floating monolayer stability is a crucial
parameter to obtain high-quality Langmuir-Blodgett films.
In this paper, we report the comparative stability of Lang-
muir films of tetraether lipid GDNT at the air water in-
terface with different spreading time.

2. MATERIALS AND METHODS
2.1. Lipids and Other Materials

Lipids from the archaebacteria Sulfolobus acidocaldarius
were used for the experiments. The lipids were prepared
from the dried bacteria according to the method by du
Plesis (2008) [12]. The lipid was lyophilised at 10 Torr
and stored over phosphopentoxide. All other chemicals
were obtained from Merck (Damstadt) or Sigma (Deis-
enhofen). The Langmuir film experiments were performed
with tetraether lipids of the highest available purity. The
chemical structure of GDNT is shown in Figure 1.

2.2. Langmuir Film Experiments

The original Langmuir method was based on directly me-
asuring the outwards horizontal force exerted on a floating

CH.OH

Figure 1. Chemical structure of GDNT (glycerol dialkyl
nonitol tetraether).
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barrier that divides the film-covered surface from a clean
surface. The spread monolayer can be compressed by
means of a movable barrier while the surface pressure
and the area are continuously recorded. Surface poten-
tial-area isotherms are also recorded.

All surface pressure-area isotherms were measured
using a computerized Langmuir trough, manufactured
by a commercial film balance company (R & K GmbH,
Mainz, Germany), with a rectangular thermostated Teflon
trough (area 418 cm”, 1 cm depth). For the film balance
experiments the tetraether lipids were dissolved in chlo-
roform:methanol at 2:1 (v:v) consisting of a concentration
1.0 mmol/l. Pure water of Milli Q quality (18.2 MQ, pH
5.6) was used as a subphase. All experiments were per-
formed at a temperature of 19°C + 1°C. After spreading,
the lipid films were equilibrated at zero surface pressure
before the measurements were taken. For each isotherm
experiment, 30 pl of 1.0 mmol/l for the GDNT solution
in chloroform was spread onto the subphase. The com-
pression-decompression was started 1 h and 15 h after
spreading. All films were compressed-decompressed at a
constant speed of 0.045 cm?s™' (2.5 x 102 nm*s™' per
molecule).

3. RESULT

Recorded pressure vs. area/molecule (1/A) isotherms for
the compression-decompression Tetraether lipids Langmuir
films GDNT cycles with different time spread is shown
in Figures 2(a) and (b).

For each compression-decompression cycle the sam-
ples compressed to a surface pressure approaching the
collapse pressure and then decompressed to zero surface
pressure. The first compression-decompression cycle is
attributed to a difference in the organization and disorg-
anization of the molecules or to the domains formed dur-
ing compression reverting to their original state after de-
compression. The second compression-decompression be-
gan after both lipid films have been equilibrated at zero
surface pressure for 1 hour, and then the third cycle be-
gins after the second cycle has been equilibrated to zero
surface pressure for 1 hour.

Compression-decompression hysteresis cycles performed,
and resulting compression-decompression curves show-
ing the thermodynamic stability of the tetraether lipids
GDNT monolayers [10].

4. DISCUSSION

Phase behavior and molecular organization tetraetherli-
pids are of special interest, because the lipids of very
stable with potential pharmaceutical applications. However,
the findings are contradictory and many opinions remain.

Many studies on Langmuir film GDNT determined.
The molecules studied are shown Rolandi ef al. (1986) [7]
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Figure 2. (a) Representative surface pressure/area isotherms for
compression-decompression cycles of Langmuir films GDNT
(30 uL of 1 mM) after 1 h spreading at the air-water interface; (b)
Representative surface pressure/area isotherms for compression-
decompression cycles of Langmuir films GDNT (30 uL of 1 mM)
after 15 h spreading at the air-water interface.

showed that Langmuir film GDNT area per molecule
ranging from 14 nm’ for the first compression-decompr-
ession cycle and 11 nm”at the seventh cycle. Dote et al.
[13] and Elferinck ef al. [14] reported that GDNT mole-
cules are organised in an upright standing configuration
with a molecular area of 0.82 nm’ in the monomolecular
films. In monolayer experiments with GDNT from Sul-
folobus acidocaldarius, De Rosa [15] found molecular
areas between 1.0 nm” and 1.6 nm’. And many determined

Copyright © 2012 SciRes.

from different research groups [16] were found molecu-
lar area of GDNT between 0.8 nm” - 1.0 nm”. From this
experiment, we report an interesting phenomenon studied
the stability behavior of Langmuir monolayer GDNT tet-
raether lipid at air-water interface with different spreading
time.

The film pressure = is defined as the difference be-
tween the surface tension of pure solvent y, (generally
pure water) and that of y-covered surface of the film.
Compression state of the film is defined in terms of sur-
face pressure (n), defined as:

T=y,~7 (D

where © is defined as the surface pressure or differential
surface tension, y, is the surface tension of the gas/liquid
interface and y is the surface tension of the gas/film in-
terface. We can best observe whether or not this is in
accordance with the usual three-dimensional concept of a
pressure through thermodynamic arguments. Amphiphile
monolayer formation associated with certain thermody-
namic properties of air-water interface. Surface pressure
(m)-area (A) isotherm is a plot of the change in surface
pressure as a function of the area available to each mole-
cule on the aqueous subphase surface. Behaviour of the
spread of the film can be determined from this curve.
This isotherm is the most common indicator of monolayer
formation and properties of a monolayer of amphiphilic
materials.

We explored the molecular properties of the Langmuir
films GDNT by analyzing the surface pressure-area (n-A)
isotherms of 30 pl of 1 mmol/l GDNT after 1 hour and
15 hours of spreading on the subphase at the air-water
interface. The isotherms exhibited significantly different
compression-decompression profiles for different struc-
tural features of tetraether lipids GDNT after two differ-
ent times longer to spread.

Dynamic compression-decompression Langmuir films
of GDNT at the air-water interface provides detailed inf-
ormation on molecular dimensions, packing properties and
phase transitions of the film. In addition, measuring the
compression-decompression cycle provides information
about the stability of the film, feature thermodynamics
and kinetics.

Thermodynamic features were observed for the com-
pression-decompression of Langmuir monolayer films as-
ymmetrical GDNT tetraether lipid with different spread-
ing times is shown in Figure 2. Langmuir monolayer films
stability of GDNT is checked by performing hysteresis
experiments, in which the film was compressed to surface
pressure-area fixed and then relaxed to its original state.
Compression-decompression cycles performed hysteresis
and compression-decompression so that the curves show
thermodynamic stability of the Langmuir monolayer films
of GDNT. Hysteresis curves were observed for the stable
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films [9,10].

Figure 2(a) shows the Langmuir films of 30 ul of 1
mmol/l of the asymmetric GDNT tetraether lipids 1 hour
after spreading at the air-water interface. The first cycle
shows that the film is the most stable at a surface pres-
sure of around 28 mN/m and a molecular area of between
1.8 nm® and 2.2 nm’. The second cycle also showed that
the highest surface pressure was 28 mN/m, but with sharp
little smaller molecular area of between 1.3 nm® and 1.8
nm’. For the third cycle the molecular area was continu-
ous and sharp, between 0.9 nm” and 1.2 nm? and the high-
est surface pressure of only 27 mN/m.

Compression-decompression Langmuir films of 30 pl
of 1 mmol/l GDNT tetraether lipids after 15 hours of spr-
eading on the subphase at the air-water interface is shown
in Figure 2(b). The first cycle was found to have the
highest surface pressure around 25 mN/m and a molecu-
lar area of between 1.4 nm” and 0.9 nm®. The second cycle
also showed the most stable surface pressure of 25 mN/m
and a molecular area that was almost the same as in the
first cycle (between 1.4 nm” and 0.9 nm?). In the third
cycle the molecular area is slightly smaller, between 1.2
nm’ and 0.9 nm’, with the highest surface pressure of 25
mN/m.

Langmuir monolayer films stability of 30 pl of 1 mmol/l
GDNT at the air-water interface displayed on a curve
generated from the surface pressure-area (m-A) isotherms
of 1 hour and 15 hours after spreading. A hystersis loop
performed for each cycle. For 15 hours after spreading,
the hysteresis loop cycles are shown toward lower curve
of GDNT after 1 hour of spreading. Langmuir film of
GDNT after standing for 15 hours is more stable than the
Langmuir film after standing for 1 hour. Bakowsky et al.
(2008) [11] also showed that TEL-organization at the
air-water interface is strongly dependent on the spreading
time and the lateral surface pressure. For poorly stable
monolayers, continuous changes of the hysteresis loops
towards lower mean molecular areas are observed in
isotherms, respectively. This can be attributed to a loss of
film-forming molecules in the bulk (the dissolution of
the monolayer) or molecules to form bi- and multilayer
structures (monolayer collapse) [17].

Analysis of the hysteresis loops show the Langmuir
monolayer films stability and thermodynamic features.
Langmuir monolayer film of GANT after 15 hours of spr-
eading more stable than one hour after spreading. Floati-
ng monolayer stability is an important parameter in obta-
ining very high-quality Langmuir-Blodgett films. Although,
efforts were made to obtain high-quality Langmuir-Blodget
films of tetraether lipids [7,9-11,13-16]. Langmuir-Blodget
of tetraether lipid films depends on many parameters
such as substrate surface properties (hydrophobic, hydro-
philic, aminosilanised) [10], temperature, sub-phase, etc.

Repeated compression and decompression cycles can

Copyright © 2012 SciRes.

be necessary to analysis achieve reproducible and produces
tracks isotherms stable film. Highly stable Langmuir films
are important and determine to get very high quality of
Langmuir-Blodget monolayer of tetraether lipids.
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