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Why NSE?
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Surfactant film

Goals:
• Spontaneous curvature

• Bending elasticity

• Saddle splay elasticity

Diffusion:
• NMR
• Dynamic light scattering
(t scale > 100 ns)

Spontaneous curvature,
bending elasticity,

saddle splay elasticity

shape fluctuations

NSE
(t scale ~ 1 - 10 ns)

Diffusion

Shape fluctuations are in 
very short time and 

length scales!



Experimental

Hydrophobic tail Hydrophilic head

Surfactant molecule AOT

Experiment I

Diffusion of AOT micelles in C10D22
(5.4 % vol. fraction)

Experiment II

Shape fluctuations in
AOT/D2O/C10D22 microemulsion

(5.4/4.6/90 % vol. fraction)

Inverse microemulsion droplet
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Principle of NSE
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• elastic scattering
• inelastic scatteringAngle 0 ϕ ϕ
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Neutrons posses spin and magnetic moment. 
They precess in magnetic fields with the Larmor
frequency that depends on the strangth of the 
magnetic field only. (g =1.83×108 s-1T-1)
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Summary of data analysis
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Experiment I
AOT micelles in C10D22
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Experiment II
AOT/D2O/C10D22 microemulsion
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Goal:
• Calculate the bending modulus of elasticity
• Calculate the frequency of deformation



Echo Point determination 
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Field Change (uT)

 Amplitude=1954.54±20.4036
Phase0=326.41±0.790732

Width=797±0
Period=371.594±0.887037
Average=3397.62±13.5669

 
Chisq=0.610096

Chi0=0
Chi1=0.610096

Chi2=0
 

Signal=0.808307±0.0106032

 "/var/nse/m2117" AOT microemulsion in 2mm cell at 25C q0p12 55s
Q=1.201e+09 m-1 t=1.00379e-09 s 

• Measured echo point for 13 fourier time points at three Q values (.05,.085,.12)

Echo Point:- Phase current where the magnetic field integral in the two magnets are 
balanced.



Results 

6
7

0.01

2

3

4
5
6
7

0.1

2

3

4
5
6
7

1

I(Q
,t)

/I(
q,

0)

70605040302010

Time (ns)

 0.050
 0.059
 0.069
 0.094
 0.12

( )
( ) )exp(

0,
, 2tQD
QI
tQI

eff−=








• Faster decay at high Q

2QDeff−



Results
• Stokes-Einstein Relationship:

D = (1-ϕ)kBT/6πηRh, 

Rmicelle=1.6nm
Remulsion= 3.4nm

Values are in good agreement with the SANS Data.



Results 
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• Fitting model
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• Bending modulus 

λ2- damping frequency
<|a|2> - amplitude of deformation
p2- size polydispersity, measured by SANS

k= .1kBT

• Fluctuations are thermal in origin



Summary
• Energy resolution is very high (10-5meV)

• Measures the Intermediate scattering function(I(Q,t))

• Provides information on the Brownian dynamics of the particle

• Very small shape fluctuations can be characterized
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