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Wim Bouwman
• Spin-echo small-angle 

neutron scattering (SESANS)
• Reactor Institute Delft
• Food
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Stefan Egelhaaf
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Diffraction from non-crystalline materials 1

• Non-crystalline materials?

• Small-angle approximation

• Phase map

• Single particle scattering, form factor

• Concentrated scattering, structure factor

Diffraction from non-crystalline materials 2

• Structure factor again

• Intensity

• Contrast variation
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Non-crystalline materials

• Metals
– Defects

– Precipitates

– Magnetic domains

• Polymers
– Conformation of polymer molecules in solution and in the bulk

– Structure of micro-phase separated block copolymers

– Factors affecting miscibility of polymer blends

• Chemistry
– Structure and interactions in colloid suspensions, micro-emulsions, surfactant 

phases etc.

– Mechanisms of molecular self-assembly in solutions

• Biology
– Organization of biomolecular complexes in solution

– Conformation changes affecting function of proteins, enzymes, protein/DNA, 
complexes, membranes etc

– Mechanisms and pathways for protein folding and DNA supercoiling
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Non-crystalline materials

• Length scales >> interatomic distances

• Small angles (reciprocal space)
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Huygens wave scattering
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Numerical approach: Lassi Tiihonen
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Reminder: Scattering length density 
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Many symbols and definitions used

• SLD, Nb, Nb,  

•    

• Q, -Q, q, -q

• P(q), F(q)

• I(q), q
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Small-angle approximation

Exercise class
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Models for (r)
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Non-crystalline materials

• Metals
– Defects

– Precipitates

– Magnetic domains

• Polymers
– Conformation of polymer molecules in solution and in the bulk

– Structure of micro-phase separated block copolymers

– Factors affecting miscibility of polymer blends

• Chemistry
– Structure and interactions in colloid suspensions, micro-emulsions, surfactant 

phases etc.

– Mechanisms of molecular self-assembly in solutions

• Biology
– Organization of biomolecular complexes in solution

– Conformation changes affecting function of proteins, enzymes, protein/DNA, 
complexes, membranes etc

– Mechanisms and pathways for protein folding and DNA supercoiling
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2-phase models for (r)
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Characterisation particles

Form factor P(q)

Size

Shape

Structure
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Characterisation organisation particles

Structure factor S(q)

Dilute
Hard 
sphere

Attractive Repulsive



17

2 phase: particles in solvent

Concentration 
[particles/volume]

Volume particle 
[volume]

Scattering length 
density contrast 
[length/volume]

Form factor [-] 
(of particle)

Structure factor [-]
(between particles)
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Phase map
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Addition atoms - integration density
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Single sphere, r = 50 Å
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Amoebas?

Guinier law:
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Discuss with your neighbour what you 
expect for:

Needles

Plates
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Other dimensions
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2 phase: particles in solvent

Concentration 
[particles/volume]

Volume particle 
[volume]

Scattering length 
density contrast 
[length/volume]

Form factor [-] 
(of particle)

Structure factor [-]
(between particles)
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Multiple particles, dilute
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Aggregation, structure factor S(q)
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Discuss neighbour: S(q << 2/R)

Dilute

Trimers

Repulsion
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Analytical single sphere

Exercise class
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SasView expressions for shapes
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https://pages.nist.gov/reflectometry-calculators/fourier_webcam/

Discrete Fourier Transform
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Do it yourself
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https://wimbouwman.nl/oxford.php
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Diffraction from non-crystalline materials 1

• Non-crystalline materials?

• Small-angle approximation

• Phase map

• Single particle scattering, form factor

• Concentrated scattering, structure factor

Diffraction from non-crystalline materials 2

• Structure factor again

• Intensity

• Contrast variation
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Diffraction from non-crystalline materials 2
Wim Bouwman, Delft University of Technology

Oxford School of Neutron Scattering
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Diffraction from non-crystalline materials 1

• Non-crystalline materials?

• Small-angle approximation

• Phase map

• Single particle scattering, form factor

• Concentrated scattering, structure factor

Diffraction from non-crystalline materials 2

• Structure factor again

• Intensity

• Contrast variation
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Phase map
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2 phase: particles in solvent

Concentration 
[particles/volume]

Volume particle 
[volume]

Scattering length 
density contrast 
[length/volume]

Form factor [-] 
(of particle)

Structure factor [-]
(between particles)
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Isotropic - density correlation function



44

Correlation function sphere
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Cylinder Sphere?
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Radius? 1 Å, 10 Å or 100 Å
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Most realistic outcome?
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5 minutes, discuss in your group
Cylinder Sphere?      1, 10 or 100 Å?

          Most realistic?

10-2      10-1      1
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Cylinder Sphere?
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Radius? 1 Å, 10 Å or 100 Å
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Most realistic outcome?
Resolution in SANS 
or polydispersity in SAXS
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Polydispersity

R/R=±0.1
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Radial distribution function g(r)

By The original uploader was Wiki47222 at Wikimedia Commons. 

                           
   

   

   

   

   

   

   

Average density at distance r from other particle g(r)
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Structure factor

Discuss with your neighbour S(q) dilute case
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Dumbbell structure factor

d

R

Exercise class
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Dumbbell cross section

d

R

Exercise class
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Characterisation particles

Form factor P(q)

Size

Shape

Structure
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More than 2 densities

solvent

shellcore
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Contrast variation tunes visibility

Morna Fisken, Britlab
https://youtu.be/OZxtwIc3ieM

https://youtu.be/OZxtwIc3ieM
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Why contrast variation solvent?

1. Increase signal

2. Decrease signal

3. Reduce background

4. Determine scattering length density

5. Light up different features
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Contrast variation 1 density
H2O = -0.56x1010 cm-2 D2O = 6.34x1010 cm-2

solvent

match
point
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Contrast variation 2 component
match
point 

ellipse

match 
point 

spheres
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Contrast variation core shell
match
point 
shell

match
point 
core
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Rs = 1.5 Rc

c = 2x1010 cm-2

s = 4.5x1010 cm-2

int = 3.0x1010 cm-2

Exercise class
qrc
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Diffraction from non-crystalline materials 1

• Non-crystalline materials?

• Small-angle approximation

• Phase map

• Single particle scattering, form factor

• Concentrated scattering, structure factor

Diffraction from non-crystalline materials 2

• Structure factor again

• Intensity

• Contrast variation
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