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1 – The SANS Technique



The NIST Old Guide Hall



The NIST New Guide Hall
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2 –SANS Data Analysis



• Standard Plots (Guinier Plot, Porod Plot)

• SANS Models

• Inverse Fourier Transform

• Shape Reconstruction Method

SANS Data Analysis



0.0001

0.001

0.01

0.1

1

10

0.001 0.01 0.1 1

Cylinder with R
g2

 = 100 Å and R
g1

 = 10 Å

 F
o

rm
 F

a
c
to

r 
P

(Q
) 

 Scattering Variable Q (Å
-1

) 

1/Q
1
 

1/Q
4
 

1/Q
0
 

Low-Q 

Guinier 

Region

Intermediate-Q 

Guinier Region

Porod 

Region

Guinier-Porod Regions Guinier Plots

2

R

12

L
Rg

 yields slope

22
2

2 

-1

-0.8

-0.6

-0.4

-0.2

0

0 0.0001 0.0002 0.0003 0.0004

 L
n

[P
(Q

)]
 

 Q
2
 

2

R
Rg

 yields slope

2
2

1 

-7

-6.5

-6

-5.5

-5

-4.5

0 0.01 0.02 0.03 0.04

 L
n

[Q
*P

(Q
)]

 
 Q

2
 



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

B- Polymer Co-solvation and Co-nonsolvation

C- SDS Micelles with Ethanol Co-surfactant

3. SANS Research Topics



A - Phase Transitions in Pluronic P85 Solutions
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The Core-Shell Particles Model

core region A

shell region Bsolvent region C

10% P85 Pluronic/D2O, 40 oC

RA=43.9 Å

RB=72.0 Å

rC = 6.4*10-6 Å-2

rB = 5.9*10-6 Å-2

rA = 1.7*10-6 Å-2
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The Core-Chain Form Factors

Term1=Pc(QR)=Fc
2(QR)

Term3= Fc(QR) Ec(QR)Fp(QRg) Term4= Fp(QRg) Ec
2(QR)Fp(QRg)

Term2= Pp(QRg)



C- Polymer Co-solvation and Co-nonsolvation
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Co-solvation and Co-nonsolvation
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PNIPAM in d-ethanol/d-water
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PNIPAM in d-ethanol/d-water Mixtures
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- Most polymers dissolve better in solvent mixtures (cosolvation)

- PNIPAM obeys a co-nonsolvation rule

- PEO is characterized by a “perfect” solvation window for 10 % d-water.

- PEO dissolves in water while PMO and PPO do not dissolve. 

- Water and water-ethanol mixtures form cage-like structures.

- PNIPAM is characterized by a non-solvation window for 60 % d-water. 

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

well as nanostructures

Results



C- SDS Micelles with Co-surfactant



- 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)

- What is the effect of ethanol co-surfactant on SDS micellar structure

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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P85 Micelles

Summary –All Three Projects

PEO and PNIPAM 

Polymers

-CH2CH2-O-

CH3CH2-OH H-OH

-CH2CH2-(O)NH-(CH3)2-
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Cage-like Structures



4. Final Points
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Final Words

THE SANS PROGRAM AT NIST

200 experiments per year

80 publications per year

http://www.ncnr.nist.gov/staff/hammouda/

S33 - Approved Proposals

polymer science

materials science

complex fluids

biomolecular science

earth science

hard condensed matter

magnetic materials

materials chemistry


