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Abstract

Monolayers of L-a-Dipalmitoylphosphatidylcholine (DPPC) on the air-water
interface have been transferred at a middling applied surface-pressure onto
the mica substrates using the Langmuir-Blodgett (LB) technique. AFM was
applied to observe the formation of morphology of DPPC. Our results show
that the Langmuir-Blodgett monolayers of DPPC on mica substrates gener-
ate a structured surface with periodic channels and stripes. The LB mono-
layers obtained at a surface pressure correspond to 20 mN/n. We take into
account several explanations to understand the observed surface topological
views. On the other hand, a lot of lipids, their Langmuir monolayer and
Langmuir-Blodgett monolayer are excellent models of half-layer biological
membranes, which can provide closer biological environment. Therefore, us-
ing the lipid Langmuir-Blodgett or Langmuir monolayer as prototype, one
can simulate further biological environment and make further investigation
on biomineralization mechanism of template-controlled.
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1. Introduction

Phospholipid bilayers are the matrix of biological membranes. It is well known

that phospholipid, owing to amphiphilic character, is able to form stable mono-
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layers at the air-water interface [1]. Therefore, phospholipid monolayers can be
considered as a simple model system for biological membranes to study the
biomembrane mimetic systems [2]. For example, phospholipid Langmuir mo-
nolayers or Langmuir-Blodgett monolayers can be used as a template to control
the growth of inorganic materials [3]. A structure characterization of the LB
monolayers is essential in order to use them in model studies or as functional
templates. From these reasons, phospholipid monolayers, both Langmuir
monolayers and Langmuir-Blodgett monolayers, have been widely characterized
using a variety of techniques [4]-[10]. Among of them, AFM has been shown as
a powerful tool in providing molecular scale topographic views of a variety of
materials ranging from solid surfaces to organic thin films and biological sys-
tems [11] [12].

Nano-lath lattices consisting of stripes and channels can be produced by using
physical or chemical methods, such as microcontact printing [13] [14] [15], mi-
cromachining [16], photolithography [17] [18], and vapor depositon [19].
Another strategy for introducing anisotropic texture is based on the use of the
intrinsic material properties of stretched ultrathin polymer coatings [20]. At
1992 years Riegler H. et al, 1996 years Yuan Chunbo et a/ and 2000 years M.
Gleche et al respectively produced stripes domain structure and stripes and
channels with periodic structure of L-a-Dipalmitoylphosphatidylcholine Lang-
muir-Blodgett monolayer film [21] [22] [23]. Riegler H. et al added the dye mo-
lecules into the DPPC chloroform solution observed by fluorescence microsco-
py, finding, Yuan Chunbo ef a/. made use of Lanthanide ion to induce formation
of stripes domain structure, and M. Gleche et al. applied rapidly (60 mm/min)
withdrawing a mica by LB technique at very low surface pressure (about 3
mN/m) without adding any ion to the subphase solution. Here, we study the to-
pology of DPPC Langmuir-Blodgett monolayers at surface-pressures equal to 20
mN/m with the pure water subphase, the results show that the DPPC could form
a surface structure consisting of stripes and channels with a slowly (5 mm/min)
withdrawing a mica substrate from the interface of monolayers-water at middle
surface pressure. In this paper, the surface structure of the DPPC LB monolayers

is studied by atomic force microscopy (AFM) at dynamic force mode.

2. Experiment

L-a-Dipalmitoylphosphatidylcholine (DPPC, Sigma Co.) monolayer was spread
from chloroform solution (1 mM-L™) into aqueous triply distilled de-ionized
water in a KSV 5000 Langmuir-Blodgett trough (KSV Instruments, Finland).
The pH of the subphase solution is about 5.8 - 6.0. The temperature was main-
tained at 25°C with an accuracy of +0.5°C. The surface pressure (Ps) was meas-
ured with a precision of 0.1 mN-m™. The DPPC monolayer was compressed at a
controlled rate to a pre-specific surface pressure and transferred to a freshly
cleaved, hydrophilic mica substrate by vertical dipping at a speed of 5 mm-min™.

Transfer ratios were approximately unity monitored by the computer system.
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AFM measurements were carried out by using a commercial system (SPA400,
Seiko. Instruments Inc., Japan) in the dynamic force mode in air. The scanner
used is 100 um. Soft cantilever is long with an integrated pyramidal silicon tip,

exhibiting a spring constant of 17.5 N/m.

3. Results and Discussions

3.1. Formation of Films in Aqueous Solution

Figure 1 displays the pressure-area isotherm curves of the DPPC monolayer
spreading on a subphase of distilled water. The pressure-area isotherm of DPPC
is coincident with previously published results [24] [25]. Obviously, with the in-
creasing the pressure, the compressibility of LB monolayers decrease gradually.
When the surface-pressure is equal to 20 mN/m, the DPPC Langmuir-Blodgett
monolayers stand in a ligiud-condensed (LC) phase.

In this case, the Langmuir monolayers have a little compresibility, therefore,
the monolayers have a stable state, which provides a good condition to withdraw
the DPPC Langmuir monolayers to form a compact LB monolayers from the in-

terface of monolayers/water.

3.2. AFM Characterization

Figure 2 shows a series of AFM images of a DPPC monolayer transferred onto
mica substrate, which is obtained at two different scales respectively. We have
observed a superstructure consisting of stripes and channels with periodicity at
the larger scale as shown in Figure 2(a). These images clearly show two distinct

height regions. The higher regions are brighter and can be designated the solid

Surface pressure versus Mean molecular area
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Figure 1. Surface pressure-area (/I-A) isotherms of the DPPC monolayers on triply dis-
tilled water.
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Figure 2. Series of AFM images of DPPC monolayer transferred onto mica substrates
with different scale pressure. Corresponding to 5 um (a); 1 pm (b) including the height
profile respectively.

phase, while the dark regions represent the liquid phase. From the alternant re-
gions of light and shade, surface topography inspections with an atomic force
microscopy reveal regular channels of about 120 nm in width, which are sepa-
rated by regular stripes of about monolecular height and a latitude of about 400
nm as shown in Figure 2(b). These stripes are more closely packed than that
observed at low pressures (data no given). Using AFM we can measure the
height difference between the stripes regions and channels region in a monolay-
er. The measurement results show that their height difference is about 1.2 nm,
which is less than the length of DPPC molecule 2.8 nm. Also, we note that the
atomic level flat mica substrate used here has no effect on this height measure-
ment. Thus, it can be inferred that the molecules in solid phase are standing
straight up, while those in the ligiud phase are not lying close to substrate sur-
face but forming a tilt angle with both alkyl-chains on the water surfaces.

How can we understand the stripes and channels deposition? The answer can
be found in how the equilibrium meniscus height is related to the surface pres-
sure, the various interfacial energies and the electrostatic interactions et al In
equilibrium, the meniscus height is given by the competition between minimiz-
ing the interfacial energies and the hydrostatic energy. In details, several expla-
nations have to be taken into account to understand the observed periodic
two-dimension lattices consisting of stripes and channels. It is well known that
monolayers of an amphiphilic organic molecule spread at air-water interface can
be tranferred during a constant vertical upstroke of a solid substrate immersed
in the subphase (hydrophilic deposition). The transfer behaviour of monolayers
onto solid substrates depends strongly on the interaction of amphiphilic mole-
cule with the substrate [26]. The strongly interaction will result in a repid adhe-
rence of the molecules, causing a reduction in the surface energy [21] and an in-
crease of the contact angle as described by the well known Young’s equation.
Thus, these alterations are caused by monolayer/substrate interactions which fa-
cilitate the condensation of the monolayer into a higher ordered phase. As a
consequence, in a stationary configuration the equilibrium meniscus height is
lowered. On the other hand, the meniscus height will tend to increase due to the
continuous solid substrates motion (upstroke) resulting in an acceletated mole-

cular adsorption on the sbustrate [27]. Thus, the dynamic behaviour of the
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miniscus height is controlled by two counteracting processes, which may induce
the Langmuir-Blodgett to form a nano-lath lattices consisting of stripes and
channels when it was transferred onto the hydrophilic mica substrates. Addi-
tionally, it is well known that anisotropic domain growth at air-water interface
can also lead to stripe patterns at a high-pressure, which can be understood in
the terms of a lowered line tension competing with the dipole-dipole interac-
tions [28]. Moreover, long-range electrostatic dipole repulsion between DDPC
molecules have led these nano-stripes to repel one another and form a super-
structure phase with regular nano-channels [22]. Finally the interfacial binding
energies between the monolayers/water is more than that of between the mono-
layers/mica substrates. Thus, it is proposed that monolayer/substrates interac-
tions can lower the free energy of monolayers compared to the aqueous sub-
phase, and thus facilitate its condensation onto the substrates. By reviewing of
the above factors, we consider the surface structure consisting of stripes and
channels was controlled by several factors through their interactions each other.
This structured surface can be used as template to control the inorganic
growth, such as calcium carbonate, calcium phosphate and the other inorganic
materials by electrostatic interactions and capillary et a/ Our group will further

study the potential use of the nano-lath lattices in our followed work.

4. Conclusions

We have used AFM to investigate the surface structure of
L-a-Dipalmitoylphosphatidylcholine LB monolayers on mica substrates. The
formation of nano-lath lattices consisting of stripes and channels was observed.
The height difference between the stripes and channels (about 1.2 nm) shows
that the DPPC molecules in the solid phase are standing straight up, while those
in the liquid phase are not lying down. The calculating results show that the
channels form a tilt angle through the interaction between the head group of
DPPC with mica substrates. We concluded that the several factors play an
important role in the transferring process, such as the interfacial energy, elec-
trostatic interactions and interactions of dipole-dipole between DPPC molecules.
Consequently, surface structure consisting of stripes and channels was formed
on the mica substrates.

Finally, we consider that withdrawing Langmuir-Blodgett monolayers on mica
substrate is a displacement and competing process. Transferring the monolayers
onto the mica substrate from the interface between water and monolayers is as
important as persuading the adsorbed water to keep away from the monolayers

there.
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