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SANS

SAXS

NSE

A bit of context, and the data at hand

NSE

Unilamellar vesicles prepared from phospholipids

extracted from porcine brain tissue

Red blood cells liposomes



Ideal and actual membranes

Phys Rev. E paper
(phospholipid vesicles)

J. Appl. Crystallography paper
(RBC liposomes)



Slab-like models for SAXS/SANS analysis



Dynamics of membrane bending fluctuations 



(Experiments with deuterated tails

so-called head-contrast)
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Two-point correlation functions
For elastic scattering

Peter Debye (1884-1966)



Van-Hove correlation functions

time

For inelastic scattering
Leon van Hove (1924-1990)



Elastic & inelastic scattering by multiphase
structures



Gaussian fields : a well-defined type of disorder

Power spectral density

Correlation function

« some mathematics »

Field correlation function
Fourier

Scattered intensity
Fourier



The type of mathematics in Gaussian-field models

C(r) = probability for the two ends of a random stick with length r to be in the white phase

           same as “ to have a W > threshold “

w1

w2



Modelling membranes with Gaussian fields



The big picture: the surface area



The scattering by Gaussian membranes

Average SLD profile Fluctuations

incompressible compressible



Effect of bending fluctuations on 
scattering: l and lXY



SAXS & SANS fitting

SANS

SAXS

1D slab model



Time-dependent Gaussian fields

Ballistic

with velocity c

Diffusive

with coeff D

« jump »



Timely crossing rate (Rice’s formula)



Intermediate scattering functions

Diffusive Ballistic

(in)finite slope ? Quadratic



NSE data analysis

Dash: Zilman-Granek (streched exp)

Red: diffusive model
(same parameters as SAXS/SANS 

+ D = 1.65 A2/ns)

Blue: another diffusive-like model

(same parameters as SAXS/SANS 
+ c= 975 ns)

One-parameter fits



Thickness fluctuations 
& ZG relaxation rate ?

Decreasing
lZ

Chain contrast Head contrast Chain contrast Head contrast
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?



A cookie-cutting approach



It is more flexible than it seems



Correlation function & scattering

Assuming statistical independence of the membrane and protein

Membrane structure 
with adjusted SLDs

Protein structure 

Average SLD 
(membrane+protein)

SLD contrast
(membrane - protein)



A simple particular case

Slab membrane model Hard-disk protein model



SANS

SAXS

Protein scattering

Membrane scattering

SANS & SAXS of red blood cells liposomes  (25 % proteins)
slab & hard disk model



SANS & SAXS of red blood cells liposomes  (25 % proteins)
Gaussian membrane model



The second protein contribution is negligible in our neutron experiments. 
We could not probe the protein diffusion within the membrane

NSE of red blood cells liposomes  (25 % proteins)
Gaussian membrane model



Ideas for future work (emulsions)

Discriminating interface fluctuations
from in plane protein diffusion



- Qualitative aspects : validate data analysis
procedures with an exact model 
(Cf compressibility, SAXS & NSE)

- Quantitative: fitting all the data with a 
single model

- Very transparent contributions to 
scattering (average SLD  & constrast)

- Can experiments be designed to 
discriminate membrane fluctuations from
protein diffusion?

Conclusions : parcimonious models



Leon van Hove (1924-1990)

Solvay conference (1927)

T. De Donder

I. Langmuir

W. Bragg M. BornL. de Broglie
P. Debye

Ilya Prigogine (1917-2003)



Thank you 
for your attention
 

and for your questions





A metaphor about models and reality

Fred Astaire & Ginger Rogers
Swing Time (1936)

Marx Brothers
A Night at the Opera (1935)
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