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1 – The SANS Technique

The NIST Center For Neutron Research
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Nanoscale Structures
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Zero contrast

Multiple contrasts Contrast match

Finite contrast

The Contrast Match Method

2 –SANS Data Analysis
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• Standard Plots (Guinier Plot, Porod Plot)

• SANS Models

• Inverse Fourier Transform

• Shape Reconstruction Method

SANS Data Analysis
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SANS Models
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Fourier Transform
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A- Phase Transitions in Pluronic P85 Solutions

B- Structure of SDS Micelles

C- Polymer Co-solvation and Co-nonsolvation

3. SANS Research Topics
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A - Phase Transitions in Pluronic P85 Solutions

Dissolved Unimer
(low temperature)

Formed Micelle
(high temperature)

PEO

PEO

PPO

hydrophobic

hydrophilic

PEO PPO

PEO

P85: EO26PO40EO26

Pluronics

EO:-CH2CH2-O-

PO:-CH(CH3)CH2-O-



6/8/2013

10

0.1

1

10

100

0.01 0.1

0.5 % P85 in d-Water

100 oC 

90 oC  

70 oC 

50 oC 

10 oC 

 S
ca

tt
er

in
g

 In
te

n
si

ty
 (

cm
-1

) 

 Scattering Variable Q (Å-1) 

1/Q4

1/Q1

1/Q2

1/Q0

unimers

spherical
micelles

cylindrical
micelles

lamellar
micelles

1/Q5/3

Pluronic Micelles

lamellar
micelles

cylindrical
micelles

spherical
micelles

unimers

0

20

40

60

80

100

120

140

0 0.05 0.1 0.15 0.2 0.25 0.3

P85/d-Water 

demixed lamellae formation line
cylindrical-to-lamellar micelles
spherical-to-cylindrical micelles
unimers-to-spherical micelles

 T
em

p
er

at
u

re
 (

o
C

) 

 P85 Fraction 

unimers 

spherical micelles  

cylindrical micelles  

lamellar micelles  
demixed lamellae  

  paracrystalline
spherical micelles  

   paracrystalline
cylindrical micelles  

Phase Diagram

0.1

1

10

100

1000

20 30 40 50 60 70 80 90 100

 0.5 % P85/d-Water 

 G
u

in
ie

r 
F

ac
to

r 

 Temperature (oC) 

26 oC 62 oC 82 oC

spherical
micelles

cylindrical
micelles

lamellar
micelles



6/8/2013

11

Core-Shell Spherical Particles Model

core region A

shell region Bsolvent region C

10% P85 Pluronic/D2O, 40 oC

RA=43.9 Å

RB=72.0 Å

C = 6.4*10-6 Å-2

B = 5.9*10-6 Å-2
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In the core:
2,795 PPO monomers
690 PEO monomers
490 D2O molecules

In the shell:
2,943 PEO monomers
34,167 D2O molecules

Material Balance Equations: Results for 10% P85 
at 40 oC:
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B- Structure of SDS Micelles

- Surfactants are formed of a hydrophilic head and a hydrophobic tail

- Micelles form when enough surfactants aggregate (above the critical 
micelle concentration or CMC)

- SDS surfactants form micelles in water (or deuterated water)

Micelle Formation
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Ellipsoid Micelles Model Fit

- Power law (low-Q) + ellipsoidal micelles (high-Q) model fits well
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- Micelles become smaller at higher temperatures and lower volume fraction
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- Salt addition affects lateral growth only
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Material Balance Equations

- SDS surfactant fraction remains constant above the CMC

SDS MASS FRACTION (%)

T      
E    
M    
P   
E   
R   
A   
T   
U   
R   
E

(oC)

25

50

75

100

25 50 75 1000
0

lamellar 
phase

intermediates

spherical 
micelles

hydrated 
SDS crystals

hexagonal
phase

intermediates
+ crystals

hexagonal phase
+ crystals

lamellar 
phase
+crystals

Phase Diagram

- SDS/water phase diagram from calorimetry
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C- Polymer Co-solvation and Co-nonsolvation
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PNIPAM in d‐ethanol/d‐water Mixtures
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PNIPAM in d‐ethanol/d‐water Mixtures
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- Most polymers dissolve better in solvent mixtures (cosolvation)

- PNIPAM is the only known polymer to obey a co-nonsolvation rule

- PEO is characterized by a “perfect” solvation window for 10 % d-water. 
This corresponds to 10 d-water, 25 d-ethanol molecules per PEO 
monomer

- PNIPAM is characterized by a non-solvation window for 60 % d-water. 
This corresponds to 2.5 d-water and 4.4 d-ethanol molecules per PNIPAM 
monomer

- The Random Phase Approximation (RPA) is useful for describing 
ternary mixtures (polymer/solvent 1/solvent 2)

- SANS is a valuable thermodynamic probe to study phase transitions as 
well as nanostructures

Results
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4. Final Points

Upgrade and VSANS 
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SANS, VSANS and USANS Ranges
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Final Words

THE SANS PROGRAM AT NIST

200 experiments per year

15 theses per year

80 publications per year
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