
SANS

Scattering (or diffraction) of X-rays, light, or neutrons at 
small

 
angles is used to examine objects that are large 

compared to the
 

wavelength
 

( λ
 

) of the radiation used.



Sizes of interest = “large scale structures” = 1 – 300 nm or more
•Mesoporous structures
•Biological structures (membranes, vesicles, proteins in solution)
•Polymers
•Colloids and surfactants (micelles and more)
•Magnetic films and nanoparticles
•Voids and Precipitates





In the case of light or X-rays, the scattering 
cross-section of an atom (a concept which may 
be likened to the collision cross-section 
encountered in the classical derivation of 
chemical kinetic theory) increases in direct 
proportion to the number of electrons present; 
that is, it increases with increasing atomic 
number, Z. However, the strength of the 
neutron-nucleus interaction varies completely 
irregularly with Z; not even isotopes of the same 
element have the same neutron scattering cross- 
section, σ

 

. The most significant isotopic 
variation occurs when Z = 1. Hydrogen has a 
(coherent) σ

 
coh of 1.75´ 10-24 cm2 (or, in 

physicists units, 1.75 barns) which is roughly the 
same as that of manganese. On the other hand, 
for deuterium σ

 
coh = 5.6 barns, similar to the 

value for carbon-12. Thus, and unlike X-rays, 
not only can neutrons "see" hydrogen isotopes, 

but they can differentiate between them.



• Neutron “contrast variation”
 

provides powerful 
and often unique

 
insights.

• Carefully designed experiments
 

provide 
information on much more

 
than “structure”

 alone.
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Small Angle Neutron Scattering (SANS)
Transmission mode

(elastic scattering) kS = ki +Qs
Qs =|Qs |=4π sinθs / λ

2D 
detector

A diffraction pattern is obtained (not a direct image)

• Rather than use scattering angle
 

2θs to show the 
diffraction pattern

 
we use the scattering vector

 
Q (in 

“reciprocal space”











Why such a long instrument ?

When you perform an experiment you’ll always try to 
have as much intensity as possible with a good 
resolution (δQ). Essentially L1 L2



TOF instruments























Small Angle Neutron Scattering (SANS)

|3-D Fourier Transform of scattering contrast|2
normalized to sample scattering volume
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Reciprocity in diffraction:
Fourier features at QS => size  d ~ 2π/QS

Intensity at smaller QS (angle) => larger structures

Measure: Scattered Intensity => Macroscopic cross section
= (Scattered intensity(Q) / Incident intensity) T d

Macromolecular structures: polymers, micelles,complex fluids, 
precipitates,porous media, fractal structures



1)  Scattering from sample
2)  Scattering from other than sample (neutrons still go through sample)
3)  Stray neutrons and electronic noise (neutrons don’t go through sample)

Stray neutrons
and Electronic noise 
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• Contribution to detector counts
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At “contrast match”
 

ρ1

 

= ρ3

 

, then we see “hollow shell”
 

with oscillation in I(Q)

which is very sensitive to the details of the structure.













scCO2

 

is a very poor solvent for most high MW polymers, 
with the possible exception of fluoropolymers, silicones, and 

poly(ether-carbonate)

(T. Sarbu, T.Styranec
 

and E.J. Beckman, Nature, vol. 405, 11 May
 

2000)

It is then possible
 

to
 

design copolymers with
 

a CO2

 

-phobic
 and a CO2

 

-philic portion  that behave as surfactants, giving 
micellar-like aggregates in certain conditions
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• Model

dΣ(Q)/dΩ
 

= Np [dΣ(Q)/dΩ]RC +NAgg [dΣ(Q)/dΩ] Agg

Random coils Aggregates+

2 Np [(QRg )2 + exp[-(QRg )2]-1]/(QRg )4

P. Debye (1944)

Nagg P(Q) S(Q)

Core+shell 
(polydisperse) 

spheres

+

+

PY hard spheres
+

ECF
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P (1-uom) ρ
 

CS Agg. Z

172 0.925 0.821 1.00 29.5(1) 17.0(1)

179 0.925 0.830 1.0(1) 29.3(3) 17.0(1)

186 0.925 0.838 1.1(1) 29.2(5) 17.4(1)

199 0.900 0.849 1.1(1) 28.0(3) 19.5(3)

213 0.900 0.858 1.1(1) 24.8(5) 18.4(5)

227 0.875 0.868 1.1(2) 21.7(2) 18.0(2)

241 0.875 0.879 1.1(3) 19.4(2) 17.0(2)

255 0.850 0.889 1.1(1) 18.6(2) 17.0(2)

268 0.750 0.900 1.6(2) 14.8(3) 17.0(2)

282 0.65 0.909 1.8(2) 12.0(2) 10.0(2)

295 transition zone, 0.91 g/cm3

310 transition zone, 0.92 g/cm3

357 0.917 Random coil,   Rg 43.5 Å















Gaussian
Chains

Hard
Spheres

compact sphere-likediffuse star-like

amphiphilic block copolymer:

•synthesized by anionic polymerisation
•predetermined MW 
•predetermined composition
•low polydispersity
•high interfacial tension (PEP/water)

n≈mn»m



J. Stellbrink, G. Rother, M. Laurati, R. Lund, L. Willner and D. Richter, J. Phys.: Cond. Matter, 16, S3821-S3834, 2004.
R. Lund, L. Willner, J. Stellbrink, A. Radulescu and D. Richter, Macromolecules, 37, 9984-9993, 2004.

R. Lund, L. Willner, J. Stellbrink, P. Lindner, and D. Richter, Phys. Rev. Letters, 96, 068302, 2006.

n»m

n≈m

micellar morphology in water
PEP0.5- PEO0.5 PEP5- PEO5 PEP22- PEO22

PEP1- PEO20
increasing softness



M. Laurati, J. Stellbrink, R. Lund, L. Willner, D. Richter, and E. Zaccarelli, PRE, 76, 041503, 2007





J. Stellbrink, B. Lonetti, G. Rother, L. Willner and D.

Richter, J. Phys. Cond. Matter (in press)





Rheology: Steady Shear
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Rheology: Steady Shear



Rheo-SANS
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Interesting Links:

http://scattering.tripod.com

http://scattering.tripod.com/
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