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Blind dates

Mathematicians           vs                Physicists

Neutrons     vs X-Rays
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Surfactants – the molecular ice breaker



Surfactants – the molecular ice breaker
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The system of interest

Dioctyl sodium sulfosuccinate (AOT)

AOT (C20H37O7SNa): 5.1 vol.%

D2O: 2.5 vol.%

d-hexane (C6D14): 92.4 vol.%

AOT

n-hexane water

ordered phase
as lamellar

water-in-oil
droplet

2 phase
gel
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oil-in-water
droplet
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[water]
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Kotlarchyk et al., Phys. Rev. A 29, 2054 (1984).
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static structure-from SANS

Rcore=20.9Å

Shell thickness=7.5Å

Core polydispersity=0.19

hexane

water

AOT

How to study microemulsions

bulk contrast

water

oil

film contrast

oil

water



Dynamic structure

oil

water

Translational diffusion Shape fluctuation 

So we need a technique that can measure  both on length 
scale and time scale

How to study microemulsions



What are NSE advantages?

Larger length scale

Larger time scale



NSEEi, ki

Ef, kf

sample

FT

The “Special” Instrument: Neutron Spin Echo

NSE directly measures the intermediate scattering function in time domain! 



• elastic scattering

S

sampleB B

Encoding neutron velocity (energy) into spin orientation!  

The Idea of NSE: Precession of Spin
B

L

S

N

N = S´B

BL  

Torque in a magnetic field:

Larmor Precession Frequency:

Neutron Properties

• Spin, S = 1/2 

• Gyromagnetic ratio  = gnn/

• quasi-elastic scattering

Larmor Precession
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NSE measures the Fourier Transform of the Dynamic Structure Factor,

namely, the Intermediate Scattering Function. 

I(Q, t) from Polarization Measurement

Quasi-Elastic scattering
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NSE: Instrumental Setup

Neutron Velocity Selector

Mezei Cavity,

Transmission Polarizer

1st /2 flipper

Start of the Precession

Phase coil

 flipper, phase 

inversion

Sample

2nd /2 flipper

Stop of the Precession

Polarization Analyzer

Area Detector

1st and 2nd main precession coils



Polarization & Phase 
for Range of Q and Fourier Time

Polarization 
Intensity vs. Phase 

vs. Fourier Time

Polarization 
Intensity vs. Phase



Physical Information 
Embedded in 2D Detector

• 2D Detector

• Each pixel encodes an echo

• I(Q,t) calculated pixel by pixel and 
averaged by Q value
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Data Analysis
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Full Cumulant Expansion

I Q, t( )
I Q, 0( )

= exp -D
eff
Q( )Q2té

ë
ù
û

Deff Q( ) = D0

1

S Q( )
First Cumulant Expansion

0.00E+00

1.00E-08

2.00E-08

3.00E-08

4.00E-08

0.03 0.08 0.13 0.18 0.23

τ
(s

)

Q (Å-1 )

Chart Title

Γ(Q) = Deff(Q)*Q2

T 298 K

KB 1.38E-23 m2kg/s2K

p 0.188

η 0.31 cP
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R0 26.8 Å



Data Analysis

Deff =Dtr + Ddef

Hydrodynamic Limit: (Q0): Deff =Dtr

D 0=
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Stokes-Einstein Equation
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Bending Modulus of Elasticity

k = 0.69 KBT

Thermally Active 

λ2 4.39E+08 s-1

D0 1.84E+10 Å^2/s

R0 23.4 Å



Summary

Diffusion

Shape 
Fluctuation

Rotation

Self H 
dynamics

Atomic/molecular
Dynamics
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Thank You!


