Characteristic length and time scales

|
colloids: latex, microgels, micelles
polymers
molecules virus, DNA, vesicles
atoms proteins
Y
10° 107 2 molar mass
]. radius
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10ps ~ molecular time scales
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surface
microscopic macroscopic systems
atomic/molecular solid state physics
physics and chemig
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Two generic experiments for dynamic information

photons || Scattering vector g = (4x/3)sin(6/2)

(neutrons) = | 0 spatial resolution ~ 1/g

( Problems:
Eod J iy J -, e average‘ * Line width for soft matter samples
r=Dg?
oy Ao, o) < I(wy)> _
. Example: nanoparticle, R = 10 nm
I(w,) : D =2.5x10"" méls
@ : forq=0.6 nm" ->=9x10° s

* Intensity
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The neutron spin

Is there any information the  Larmor precession in
neutron carries with itself? constant field:

— Yes: f
Spin Direction <y I

Neutron spin in magnetic

field described by B

used as individual stop-watch

(courtesy R. Zorn, Bombannes-Lectures)

Neutron Spin Echo
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Spin development, elastic:
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(courtesy R. Zorn, Bombannes-Lectures)




Neutron Spin Echo

Velocty Selector (10-20%)

Polanzer

=/2 Flipper

Spin development, elastic:

E,
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(courtesy R. Zorn, Bombannes-Lectures)
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Neutron Spin Echo

Velocty Selector (10-20%)

Polanzer
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Spin development, elastic:
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(courtesy R. Zorn, Bombannes-Lectures)
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Neutron Spin Echo

Oetoctor Ay
2. Velocty Selector (10-20%) ( y
Polarnzer Analyzer
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Spin development, inelastic:
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energy loss |

Eo
(courtesy R. Zorn, Bombannes-Lectures)
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NSE Theory

sensitivity proportional
o+’

Precession angle mismatch:

2mg, My < 4
A¢ __f tgn ':l\"'n)li/ (/‘.' _/‘.‘) ~ l’*n
\ h

—> Loss of polarization: time parameter
proportional
P =cosA¢ to & and current

... averaged over all scattered neutrons:

' S(O,w)cos(owf ., )dw o N
l,((.)s’\\l )_J. . ( et _I(Q)J\.\l )

| SQ.o)do 1(Q,0)
Neutron Spin Echo measures directly the normalized
intermediate scattering function! '\:'F;:‘;-\
/o4 \‘w‘ l;('\!'/y fe
(courtesy R. Zorn, Bombannes-Lectures) ¢' d ’;\4, ';1 v
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Example: Diffusion of concentrated proteins

SANS
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measurement of S(q,t) for concentrated q (A7)
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Two generic experiments for dynamic information
D
photons Scattering vector g = (4x/A)sin(6/2)
(neutrons) spatial resolution ~ 1/q
inelastic/quasielastic  detector dynamic
PR s p (for coherent radiation)
Filter © PM - time average PM < Recorder
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A short introduction to dynamic light scattering

Detector

DLS

Laser

Sample
Traramssion > 95%

Interlude: Particle dynamics in real and reciprocal space

Particle tracking with a microscope

Dynamics in reciprocal (Fourier) space




Interlude: Particle dynamics in real and reciprocal space

Particle tracking with a microscope

J. B. Permrin, "Mouvement brownien
et réalité moléculaire,” Ann. de
Chimie et de Physique (VIIl} 18,
5-114 (1909)

Interlude: Particle dynamics in real and reciprocal space

Dynamics in reciprecal (Fourier) space:

The typical time scale for the
duration of a fluctuation is
determined by the time it takes
the relative phase differences
between the two paths to change
by approximately unity.
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Interlude: Particle dynamics in real and reciprocal space

Dynamics in reciprecal (Fourier) space:

<l(g1) Iig.t+0)>
Intensity > 1) [ (g0 )f

autocorrelation g K

function <[> T
o

Delay time T

Structure of intermediate scattering function,
Rq.7), gives information on scatterer——_
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Correlation functions for a dilute colloidal suspension

PS, 71 nm in glycerol

y 4 @ PS Latex in Glycerine
e 10 oi—1 |/} DQ 41
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(L. Lurio)
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Other examples
concentrated particle suspensions Atomic Diffusion in Metal Alloys
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Scattering techniques, length and time scales

Structure SANS: 10%<g<1 A"

SAXS: 10%<q<1A1ESRF

102<q<1A"Lab.

SANSISAXS: 109<g< 1 A"

USALSSLS: 2x10%< q<25x10% A"
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10° 102 10" 10°
scattering vector [A)
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Advantages and disadvantages

NSE

+ no beam damage

+ isotope-selective

v large g-range

- limited time window (< 1 us)
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XPCS

large q-range
in principle large time window, but
currently limited because of detectors

beam damage
limited signal (low coherence of x-rays)




