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Scattering theory by pictures

Daniel Read
University of Leeds, UK

Reading:
M. Rubinstein and R.H. Colby, Polymer Physics, Oxford (2003)
Chapters 2, 4



Adverts!
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Useful software for rheology: Reptate

https://reptate.readthedocs.io/

RepTate (Rheology of Entangled Polymers: Toolkit for Analysis of Theory &
Experiment) is a free and open source software package for viewing,
exchanging and analysing experimental data.
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https://reptate.readthedocs.io/

Waves

Wave described by amplitude and phase
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Waves - the “phase clock”

Wave described by amplitude and phase
A= 0 cos (oot )
j%wé B

Think of this as an
“anti-clockwise clock”




Geometry of a scattering experiment
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Scattering wavevector
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Size range of different scattering methods BDBY

| | | | |
1 10 102 103 104 Dimension, nm

X-ray small Angle Scattering SAS Ultra-SAS
Neutron < g

Static Light Scattering SLS

n < n

Raleigh-Debye-Gans Lorenz-Mie Fraunhofer Diffraction

Dynamic Light Scattering DLS

Light Microscopy

Electron Microscopy
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Scattering from one particle
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Scattering from many particles

Sum of all the “clocks”
from all the particles!




Scattering from many particles

Sum of all the “clocks”
from all the particles!




But.... Detector measures intensity!
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This is what we try to calculate...
essentially the “square of the sum over clocks”
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Scattering — introduction

A nice video!

https://www.youtube.com/watch?v=aiKrrGR57al



https://www.youtube.com/watch?v=aiKrrGR57aI

Crystal scattering

If all particles lie in crystal planes perpendicular to g

Bragg law
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Indexing of crystal structures

d is a function of chainlength, angle of inclination (if bilayer) and water layer thickness

Type of liquid d-values ratio Diffraction Planes or Miller's
crystal indices {hkl}
Lamellar 1:%:1/3:Y {10}, {2 0}, {3 0}, {4 0}
Hexagonall 1: 13 :1N4  ANT  1N9 {10}, {11}, {20} {21}, {30}
Cubic (Pm3n, 1:1N2:1N3:1N4:1N6:1/N8: | {100}, {110}, {111},{200}

bicontinuous)

1/49 :1/410

[211},{220}, {221}, and {3 1 0}

Cubic (la3d,
bicontinuous)

1 : 3/N4 : N3INT : V38 : V310
- V3/V11 V3412 : V3/413

Cubic (Fm3m or F23
or Im3m,
discontinuous or
primitive)

1:1N2:1N4 16 : 1N8 :
1/410

{100},{110},{200}, {21 1},
{220} and {310}

Multilayer Vesicle

1:%:1/3:V

{10}, {2 0}, {3 0}, {4 0}

Unilamellar vesicle

1 very broad peak

broad peak at g* characteristic of
the bilayer thickness

JA_Svensson etal 1 Phys Chem B
Engg Aspects; 358, (2010), 50-56.
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SAXS of Lamellar Gel Network in Beauty Products BDBY
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Identification of soft matter phases using scattering

MMHM TRAINING NETWORK

e.g. Christopher N. Lam and Bradley D. Olsen Soft Matter, 2013, 9, 2393-

2402
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Rapid Formulation: Investigate Surfactmw

Aggregation Like Vesicle Formation in Real Time

Mixing anionic and zwitterionic
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& mixed

surfactants

vesicle

Disk-like

micelles

GAwAS,

2160 ms (x5°)
1300 ms (X5°)
560 ms (X5°)

130 ms (x5%)
2.3 ms

TDMAO+LPFO (25 mM)
X[TDMA]=0.43
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Finite crystals....
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Scattering from random particles




Scattering from random particles
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“Form” factor W

Finite sized particle
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“Structure” factor BDBY WA

Finite sized particles..... With some arrangement in space
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“Structure” factor and “Form” factor DDB\{ (&4

STRUCTURE factor gives scattering contribution

from arrangement of particles S ( B p< )
- L

FORM factor gives scattering from each individual
particle
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INITIAL TRAINING NETWORK

Size exclusion
chromatography

« Apparatus and principle

High MW Low MW

conc.
response

Detector

ctive |
Viscosity

Light scattering
uv

Detection;

Size exclusion
mechanism




Light Scattering —a few comments @DBY

 Light-Scattering probes:
(1) number density of chains (intensity)
(2) radius of gyration (angle-dependence)




o0 information typically conveyed through the scattering vector
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Light scattering OUB7TI0.

If it Is a VERY dilute solution:

R — KCMP(@) The Rayleigh Ratio Rg _ Ir

0

Number of scatterers

\ 4

K — Ar°n® (dnjz
AN \dc

Av

If it is a MORE CONCENTRATED dilute Kc 1

solution, then account for interactions = + ZAZC
. R, M P(9)

between polymers: 0



STATIC LIGHT SCATTERING — More Detail 7‘
-assume incident light which is polarised perpendicular to the scattering plane
-scattering units of interest are monodisperse flexible polymer chains

-no extreme interactions such as strongly interacting polyelectrolytes
-not too concentrated which would promote multiple scattering (n.b. transmittance
should exceed 0.95)—-Dilute solutions (mgs per ml)

Ke_ 1 47202 (dn)? (1)
R,™ M P(@)+2A2C where K= N A2 [dc]
«WHAT YOU NEED

0
Ng solvent refractive index
c(g cm™) concentration of solute in grams/ml /@/
Na (mol™) Avogadro’s number

Ao (Cm or nm) vacuum wavelength of incident light
*Re (cm™) excess Rayleigh Ratio
*dn/dc (cm’g™) refractive index increment JWHAT YOU GET
M (g mol™) molar mass
*P(0) particle scattering factor that describes the angular

variation in the intensity of the scattered light and
leads to an indicator of size
*A,(cm® mol g™ second virial coefficient (solvent-solute interactions)



Pulling it all together.....

2
167 . 9( 0
Kol = R 2sin?( 2 | 2
9 32 9 2
C->0; 620
cos20 deals with Zimm Plot
unpolarised
radiation and
becomes
1 for vertical e
polarisation 72
5
sin®(6/2) + kc
2 : Kc
Ry M ama2 9 2 i
C=0 0=

mﬁk Mot

Filled symbols are
data

Open symbols are
extrapolations

1
:W+2A2C

0

When considering polydispersity, M is actually the weight average molecular weight,

M,, and <R > is actually <R,>>,



Goniometer Style Laser Light Scattering/-aOB\7
Top View

il Goniometer

Laser
POWer su pply

Single-board correlator

Multi-Angle Laser Light Scattering- Top View
(Wyatt Technology-www.wyatt.com)

LJ Laser light source




