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Vorlesung zum Haupt/Masterstudiengang Physik
WS 2008/9
G. Grübel, M. Martins, E. Weckert et al.

Location:SemRm4, Physik, Jungiusstrasse
Thursdays 10.15 –11.45

G.Grübel (GG), A.Meents (AM), C. Gutt (CG), S. Roth (SR)

Methoden moderner Röntgenphysik I:
Struktur und Dynamik kondensierter Materie
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Soft Matter Applications

Stephan V. Roth

22.01.2009 Basics, theory, preparation – a primer
29.01.2009 Small-angle X-ray scattering and its applications
03.02.2009 Polymer, colloidal and nanocomposite surfaces

(Note change Thursday (5.)-> Tuesday) (3.)

Introduction (GG)
Modern Crystallography (AM)
Coherence based techniques (CG)
Soft matter applications (SR)

Aim: Overview over use of soft matter and x-ray scattering of soft matter
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Summary last lecture
Polymers:

Macromolecules, build up of a large number of molecular units

Radius of gyration

Block copolymers: ..AAAABBBBBBAAAABBBBBB…

Flory-Huggins-theory

Colloids

Polymer-Metal nanocomposites
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Flory-Huggins-parameter
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Small-angle X-ray scattering

Introduction – Theory of SAXS
Form factor
Approximations
Structure factor
Beamlines

USAXS
Microfocus & nanofocus x-ray beams

Application to polymer systems
Thick colloidal films
Deformation
Cracks & crazes
Tomography (3D-reconstruction)

Following [Lindner] and R. Gehrke, „SAXS“, Summer student lectures 2008
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Small-angle X-ray scattering

A Note in advance

There are many formulas and derivations inside this lecture!

Our aim is NOT to follow in every detail the derivations etc., but more to explain the
significance and practical application of these formulas!
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SAXS – rep. from lecture GG
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Scattering geometry
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Important approximations for Form factor
We will derive them, as they are frequently used:
-Guinier approximation
-Porod approximation

Single particle scattering, dilute Systems
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Form factor and structure factor

Now let‘s take a closer look into F(q)
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Single Particle Scattering in Dilute Systems
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Colloid: homogeneous sphere of radius R
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Colloid: homogeneous sphere of radius R

See lecture 4 of GG
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Single Particle Scattering in Dilute Systems

∫
∞

⋅⋅⋅==
0

22 )sin()(4)()( dr
qr

qrrrqFqI γπr

+

+
particle

ghost

For homogeneous particles γ(r) is just the
overlapping volume

Average over all directions for a given r = |r|

γ(r)⋅r2 ≡ p(r) ≡ Pair Distance Distribution Function

rr1r
r

2r
r



Methoden moderner Roentgenphysik I - Vorlesung im Haupt/Masterstudiengang Physik, Universität Hamburg, WS 2008/9 S.V. Roth 14

Guinier-Approximation
1) From the formulas
2) For polymer systemsTwo derivations:
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Guinier-Approximation – for polymer systems
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Guinier-Approximation – for polymer systems
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Porod‘s Theorems - I:
Two-phase system
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Porod‘s Theorems - I: Derivation
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Porod‘s Theorems - II: large q

Scatterd intensity:
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General
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Structure factor

[Hu, 2008] q [nm-1]

Gaussian distribution
of particle sizes

Latex spheres

)()()( qPqSqI =
Low  φ P(q)
High φ S(q)P(q)

Shift in maximum:
Decreasing distance



Methoden moderner Roentgenphysik I - Vorlesung im Haupt/Masterstudiengang Physik, Universität Hamburg, WS 2008/9 S.V. Roth 24

Structure factor
Latex spheres
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Small-angle X-ray scattering

Introduction – Theory of SAXS
Form factor
Approximations
Structure factor
Beamlines

USAXS
Microfocus & nanofocus x-ray beams

Application to polymer systems
Thick colloidal films
Deformation
Cracks & crazes
Tomography (3D-reconstruction)
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Resolution of a SAXS Instrument
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2nd Mirror 
V focussing1st H slits

V tilt
absorberWiggler

1st Mirror 
H focussing
Pt coated Si

Slit 1
0.4mm

Guard slit
2 mm

Sample

LSD=1.8m - 13m

Detector
Beamstop

0 20.2 27.7 31.7 35.432.6 42 44

Distance from source [m]

32.2

Fixed exit
Monochromator
(Si-111)

Focus on Detector

Resolution (maximum observed correlation distances) depends on sample to
detector distance: 90 nm to 700 nm, photon flux 5⋅109 sec-1 (monocromatic)

SAXS Instrument - Example BW4 - USAXS
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Microfocus @ BW4

0 20.2 27.7 31.7 50.035.4 42.0

Distance from source [m]

32.2 50.0

DSD=2.21m

Slits 0
(horizontal slits)

Absorber
(vert. tilt)Wiggler

Mirror 1
horiz. focussing
(Pt coated Si)

Guard slits
(1mm*1mm)

Sample
Monochromator

(fixed exit) Lenses
(Be-CRL -15)

Mirror 2
vert. focussing

Si(111)

Si(111)

Detector
(CCD)

Beamstop

Focus on Sample
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Small-angle X-ray scattering

Introduction – Theory of SAXS
Form factor
Approximations
Structure factor
Beamlines

USAXS
Microfocus x-ray beams

Application to polymer systems
Thick colloidal films
Deformation
Cracks & crazes
Tomography (3D-reconstruction)
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fcc (111)

270 nm

Core: PS (hard)
Shell: PMMA (soft)

SAXS at Polymeric Core-Shell Particles (Photonic
Crystals)
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s = 0.0069n 
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blue
green
yellow
red

Core:   Polystyrene
Shell:   Polymethylmetacrylate - polyethylacrylate

Fcc lattice

Blue:     145 nm
Green:   189 nm
Yellow:  200 nm
Red:       217 nm

Radial Intensity

Colloidal Crystals in Latex Films
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Deformation of polymers - SBS
Triblock-copolymer

x

y

DSD=1-13m
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Deformation of polymers - SBS

ΔL / Δt =  0.05mm/s
tacq=50s

visual
Clamp movement

0.275nm-1
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Deformation – cracks & crazes

Roth et al., J. Appl. Cryst. 36, 684 (2003)

Strong overlap to materials science
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Deformation – cracks & crazes
Roth et al., J. Appl. Cryst. 36, 684 (2003)

Statistics!
Thick sample
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SAXS-Tomography
Tomography => 3D reconstruction of objects

X-ray beam

Detector

Volume element Vi: Scattering center

Greek: tomé (cut) & gráphein (write, draw) 
Produce a virtual cut through object without actual slicing
Mathematical technique for extracting a certain feature, e.g. absorption
coefficient from the object, starting from integral of this feature.

f,g: ~exp(-µL)
-> absorption coefficient µ

p~r(Vi)~S(q)*P(q)

r

s

x

y

φ

rotation

translation
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Tomographic Reconstruction of µSAXS Pattern (BW4)

V

BeCRLs

x-ray

Lfoc=1.74 m

Irradiation direction of a volume element is 
varied step-by-step during the tomographic
acquisition
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Tomographic Reconstruction of µSAXS Pattern (BW4)

Beam size 60x30µm2

Lupolen 6021D by BASF
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Results
For each translation and rotation (r,φ) => one value for Iq(r,φ)
Solve system of linear equations to extract pq,φ

SAXS cross section

q=1nm-1

qz

qz

∑
k

jkjkq rsyrsxp
j

)],(),,([~ ,φ

Integral of curve = grey scale
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Results


