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Université Louis Pasteur

30 August 2005

Thierry Charitat IUCR 2005



Introduction
Specular reflectivity

Off-specular reflectivity

Introduction

Neutrons specular reflectivity study (ILL D16-D17)
with E. Bellet-Amalric, G. Fragneto, F. Graner (Grenoble),
K.Mecke (Stuggart)
G. Fragneto et al, Europhys. Lett. 53 (1) 100-106 (2001).

K. Mecke et al, Langmuir 19 (6) 2080-2087 (2003).

X-rays off-specular study (ESRF BM32 F. Rieutord)
with A. Braslau and J. Daillant (Paris)
J. Daillant et al, PNAS, 102 (33), 11639-11644 (2005).
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Self-assembled phospholipidic systems
Why double bilayer ?

Multilamellar stack Vesicle Black Lipid Membrane

Supported bilayer

Thierry Charitat IUCR 2005



Introduction
Specular reflectivity

Off-specular reflectivity

Self-assembled phospholipidic systems
Why double bilayer ?

We are looking for :

a supported membrane with controlled position :

to use molecular level probe as Neutrons, X-Rays, FRAP...
to work on a unique, accessible and non-confined bilayer

not to strongly bound to the substrate to investigate
dynamical properties
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Self-assembled phospholipidic systems
Why double bilayer ?

We are looking for :

a supported membrane with controlled position :

to use molecular level probe as Neutrons, X-Rays, FRAP...
to work on a unique, accessible and non-confined bilayer

not to strongly bound to the substrate to investigate
dynamical properties

(a) (b)
b A. V. Hughes et al J. Phys. Chem. Chem. Phys., 53 :100, 2001.
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Temperature effect : giant swelling
Theory of quasi-plane membrane
Data analysis
Bending modulous

Going from Gel Phase (T < Tm) to Fluid Phase (T > Tm)
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Large swelling around
transition temperature
Tm.

Dw increase correlated to
σf increase.

Large increase of thermal
fluctuations ?
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Temperature effect : giant swelling
Theory of quasi-plane membrane
Data analysis
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H ≃
1

2
κ

∫

dS (∆u(x , y))2

in an external potential U(z)

Symmetrical potential : Helfrich repulsion (Z. Naturforsch.

1978) UHelf ≃ (kBT )2

κ
1
d2

Asymmetrical potential in large fluctuations regime :
renormalisation theory (S. Leibler et al PRL (1986)).

Asymmetrical potential in small fluctuations regime :
self-consistent approach (with K. Mecke)

z and σ controlled by β = (kBT )2

Aκ
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Temperature effect : giant swelling
Theory of quasi-plane membrane
Data analysis
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Lee C. H. et al Phys. Rev. Lett. (2001)
Dimova R. et al Biophys. J. (2000)
Méléard P. et al Biophys. J. (1997)
Mishima K. et al Chem. Phys. Lipids (2001)
Our data
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structure of bilayer
Surface tension-Bending modulous
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θ
sc

θ
in

dσ
dΩ = dσ

dΩ spec
+ r2

e |t0,1in |2|t0,1sc |2
〈

∣

∣

∫

d3~rδρ(~r )e i~q.~r
∣

∣

2
〉

< δρ(r)δρ(r ′) >
?
↔ holes, protrusion, domains, ripples,

fluctuations... ?

thermal fluctuations spectrum :
〈

ζ(q‖)ζ(−q‖)
〉

= kBT

A+γq2
‖
+κq4

‖

Thierry Charitat IUCR 2005



Introduction
Specular reflectivity

Off-specular reflectivity

Off-specular reflectivity
structure of bilayer
Surface tension-Bending modulous

ESRF, BM 32, 20 keV (λ = 0.62Å)

Si substrate

incidence angle Θi ≃ 1 mrad . Θc to limit diffusion by
substrate
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ESRF, BM 32, 20 keV (λ = 0.62Å)

Si substrate

incidence angle Θi ≃ 1 mrad . Θc to limit diffusion by
substrate
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diffusion by bulk larger than diffusion by bilayer
⇒ difficult background subtraction

Signal-Background
Background
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IB(θsc) = [Isl(θsc) + R(θin) × Isl (θsc − 2θin)] /2
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Off-specular experimental results
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Only sensitive to second bilayer electronic density profile
4 first Fourier coefficient

⇒ ρ(z) − ρw = F0
D

+ 2
D

∑hmax

h=1 Fh cos
(

2πhz
D

)
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Coherent with specular reflectivity
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surface tension roughly constant σ ≃ 0.5 ± 0.2 mN.m−1

Larger than for vesicles σ ∼ 10−5 mN.m−1 (Pécréaux et al)

Smaller than lysis tension σL ∼ 5 − 10 mN.m−1
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absolute measurement of bending modulous in Gel and Fluid phases
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Comparison with value from self-consistent theory
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Conclusions

well controlled (composition, position) free supported bilayer

Off-specular reflectivity : powerful tool to study single bilayer

Direct measurement of Structure and Fluctuations spectrum
1.2.106m−1 < q < 1.2.108m−1

(Pécréaux et al 0.5.106m−1 < q < 7.106m−1)
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Perspectives

precise off-specular study around main transition ;

going to smaller q to investigate bilayer-substrate interaction ;

out of equilibrium fluctuations : bilayer under electric field...

Thierry Charitat IUCR 2005
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