Creating a Nafion thin-film with a surface
water layer in order to increase the accuracy
of Neutron Reflectometry studies of lipid
bilayers
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Background Information
—

1 So what is a lipid bilayer?
The Cell Membrane drate

Glycoprofein s—

Lipid Bilayer

-

Peripheral Protein Cell Interior

Alpha Helix Protein
Integral Protein

http://www.sparknotes.com/biology/cellstructure/cellmembranes/section2.rhtml



http://www.sparknotes.com/biology/cellstructure/cellmembranes/section2.rhtml

Neutron Reflectometry Studies of
Biological Membranes

Neutron Reflectometry can be used to determine
the structure of biological membranes.

In order to hydrate the biological membrane, water
reservoirs are typically used.

Water produces interference by scattering neutrons
meant to be scattered by the membrane.

By reducing the amount of water required to secure
and hydrate the membrane, Neutron Reflectometry
scans will reveal more accurate structures.



Nafion

1 The first ionomer created

fuel cells.

N

_ o 3
V/d.m (a B
S o © O
> = n
O O o v
W.MU&O
5 E 9 ¢ ©
S 5 o0 O
- O o 9
o - 0ox °
5% 8 2
fund.m
© 002 G
e W InU
c K 920 ©
O ‘'»n = 4 O
o ¢ 0 c o w«
Uomh—“-—lf
N UV o 3 0 @
L] L]
5
O
A4
TSNS

o

it
o,

¥

F,

Cqu;
F*‘Trf N
CF,

-
F
O0——-cC

[

e



Presenter
Presentation Notes
In a Nafion thin film, Nafion and water arrange into alternating layers. Our goal is to produce this alternating structure, but without the Nafion layer on top, thereby exposing a surface water layer where a biological membrane can sit.


Introduction

We will prepare several different concentrations of
Nafion in an ethanol solution and deposit each onto
a silicon wafer.

We will use X-Ray Reflectometry to determine the
structure of these films.

We will create a graph representing the
relationship between Nafion concentration and
Nafion thickness.



Goals

To create a thin-film with a surface layer of water
to hold down and hydrate a biological membrane.

This thin layer will provide less interference at
higher incident angles, and allow for more accurate
Neutron Reflectometry scans.



Creation of the film

We created 4 films of different Ethanol to Nafion

concentrations:
16:1, 32:1, 64:1, 128:1

The experimental films were created by physical deposition.

We used a spin coater, which uses centrifugal force to spread
the Nafion solution.

The thickness of the resulting film is dependent on spin rate,
Nafion concentration, and on viscosity of the fluid.

The sample is then annealed in a vacuum oven and placed in a
desiccator.



Spin Coat Video
=
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Characterization of Samples

1 X-Ray Reflectometry can be used to discern the
thickness of each layer and its individual properties.

- By varying the angle of

ejection of the X-Rays m/

ki; k
we can create a graph medium 1. X1i K1£ ~

medium 2 kt

representing the depth

profile of the sample. "'I

ki
medium 0 [ o
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As we vary the angle of incidence of the X-Rays, the constructive and destructive interference from all of the interfaces produces a unique oscillation. The shape of the reflectivity curve is dependent on the number of layers, composition of layers, the thickness of layers, and the roughness between the layers. Qz is a function of wavelength and angle of incidence. Because the wavelength is kept constant in this experiment at 1.54, Qz is simply an expression of the angle of incidence of the X-Rays


Characterization of Samples contd.
=

Reflectivity of Layered Structures
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Different layers introduce different oscillation patterns and frequencies.
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We can then use this logic in reverse, by determining the type and frequency of oscillation, we can determine the layer structure of the film
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X-Ray Reflectivity of Nafion films at various concentrations. From these reflectivity curves, we can use a computer algorithm to determine the SLD depth profiles of the films.
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Si, SiO2 are always constant, and the dip in scattering length density about 3 angstroms thick is a thin layer of water, because the SLD of that layer matches with the bulk SLD value for water. After this a Nafion layer approx 300 angstroms thick is represented by the elevated plateau because the SLD of the layer matches with the bulk SLD value for Nafion.
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Depth Profile of 32:1 Nafion film. In this film, the dip in SLD after the SiO2 is not as severe as that of the 16:1 film, showing that the water is now mixed with Nafion. The following Nafion layer is about 100 Angstroms thick. This shows that as we decrease the concentration of Nafion in the film, the effective thickness of Nafion in the film decreases.
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The interfacial layer with SiO2 is still a mix of Nafion and Water. The following Nafion layer is now 30 angstroms, a 1/3 thinner than the 32:1 film. At the top of the Nafion layer is a relatively flat layer near the SLD of water. This suggests that there is some water forming at the top of the Nafion layer.


128:1

Provided low reflectivity data which was due to
high reflectivity on the background scans.

This can be attributed to either: the extremely thin
nature of the film, or to unintended warping.

The 128:1 data was not considered in the

calibration curve.



Determining Nafion Thickness

Each layer above the interface is a combination of
Nafion and water.

We can find the effective thickness of Nafion by
determining the percent Nafion of each layer (from
SLD), and then multiplying it by the thickness of the
layer.



Effective Thickness of Mafion (&ngstroms)

Calibration Curve

Created two fit curves for the
thickness /concentration data, one exponential and
one linear.
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Final Results

Ethanol:Nafion | Linear Fit | Exponential
Fit

5-Layer 65.6:1 71.6:1

3-Layer 82.9:1 98.8:1
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According to the exponential fit curve, a ratio of 71.6:1 ethanol to nafion will produce a 5-Layer structure with a surface water layer, while a 98.8:1 concentration will produce a 3-Layer structure with a surface water layer.


®
Future Research

Ratios will be further tested to determine if desired
water layer is accomplished.

If one of the ratios yields the desired structure, the
film can be used to secure and hydrate hybrid lipid
membranes for more accurate neutron reflectometry
scans.
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Ratios will be verified that they produce the desired water layer.
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