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"y Diffusion — how and why?

Diffusant in an environment

Drug release, chemical reaction kinetics
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Methods to study diffusion in solutions

Particle tracking

Scattering of light, neutrons, X-rays ...
PFG NMR

Fluorescence recovery after photobleaching (FRAP)
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" Fluorescence correlation spectroscopy (FCS)

Fluorophores
(fluorescent tracers)

Selectivity

Single-molecule sensistivity

Sub-micron sized focal spot

Tracer diffusion in its
environment

Popular in biosciences
Works also in vivo
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e Autocorrelation of fluorescence intensity fluctuations
(31(10)01(to + 1))

G(t) =

(01(1))?

¢ Inverse problem — solved by curve fitting

~
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'my Analysis of FCS experiments

e Autocorrelation of fluorescence intensity fluctuations

51(1)51(to + 1))

L
Gl =512
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¢ Inverse problem — solved by curve fitting
e Single-component diffusion

G = L (1+ 300 (14 22
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a4 Analysis of FCS experiments

Autocorrelation of fluorescence intensity fluctuations
 (8M(t0)o(to + 1))
=G

Inverse problem — solved by curve fitting
Single-component diffusion

Gty = (1

4Dt
N

+22) (14

—0.5
s2 WZ)
Multi-component diffusion + photophysical relaxation
4D;t
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7 A glimpse on experimental FCS data

Two different tracers in dilute polymer solution
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T Concentration regimes in polymer solutions

Semidilute

Concentrated

e Overlap concentration:
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"y Diffusion of polymers in solution

Rouse: no hydrodynamics Zimm: hydrodynamics

e Real concentrated solutions e Real dilute solutions
e Langevin thrermostat e LB-fluid, DPD

e Rouse time e Zimm time

TRNT()N(1+2V) TZNT()NSV

e Long time scales 7 > R e Longtime scales 7 > 77

D _ keT _keT b, _ keT ke T
"7 %R NG ‘T 1sbN¥

e Zimm is faster than Rouse for the same N
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"y Clue: polymer-tracer interactions
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" Model system setup

20 athermal polymers
(WCA potential)

e Chain length M =50

-stuttgart.

e 10 athermal tracers @
(WCA potential)

« 5 attractive tracers Coodf st od o
(LJ potential) *

e Variation of ¢ rads “
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e Concentrations: -§
c/c* € [1073: 107 §

e g g=1nm, Do = D(Rh6G)

e Langevin thermostat
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e G(t) from simulation trajectory

-stuttgart.

AXE(t)  AyR(t)  AZ3(1)
G(1) = <exp(— w2 w2 s2w2 >>’
F. Hofling et. al., Soft Matter, 7, 1358—1363 (2011)

e Realization in ESPRESSO:

.Icp.uni

set fcs [correlation new obsl $tracer_positions
corr_operation fcs_acf $wx $wy $wz dt 1.0
tau_max $tot_time tau_lin 16];

correlation $fcs autoupdate start

# antegration loop

correlation $fcs finalize
correlation $fcs write_to_file "Gt.dat"

] = =
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my Fits to G(t)
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Athermal tracers: crowding-induced slowdown
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Attractive (¢, = 2.5): two-component diffusion
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w =~ 30 nm

J. Enderlein, PRL 108, 108101 (2012)
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i History-dependent observable: binding lifetime

e Definition: time interval between two events
(binding or unbinding)

e Event = change of a state
e Need to know the state in the past
¢ Realization in ESPRESSO:

set bound_1ft [observable new interaction_lifetimes
type $type_tr_att type $type_mon $cut 1];

for {set i 0} {$i < $maxil} {incr i} {
integrates $nsteps;

observable $bound_1ft update

set lifetimes observable $bound_l1ft print;

] = =
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e Survival probability
P(t) = exp(-t/7)
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Quantitative comparison of length scales

2
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" Resolved issues

¢ Diffusion slowdown critically depends on polymer-diffusant
interactions

Universal behaviour for athermal diffusants

Slowdown deep in the dilute solution for interacting diffusants

FCS can resolve the two processes when attraction is strong
enough

"~i It yields D¢t when attraction is weaker

Clear comparison of length scales from simulations

~
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' Open questions

e Deviatoin of Rh6G slowdown from simple binding.
e Saturation of Fgoy ~ 0.5
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e Origin of slow A488 slow component at high ¢

ttp://www.icp.uni

Da

~l

P. KoSovan et. al. Tracer diffusion 26/2



Thanks and Acknowlegement

e Experimental collaborators:
A. Vagias, K. Koynov, G. Fytas

$ DFG SPP 1259 Intelligente Hydrogele

1!
/!
\/\‘\\’&(

tip://www.icp.uni-stuttgart.

ESPResSo

Thank you for your attention!

o & - = =
P. KoSovan et. al. Tracer diffusion 27/27



	Motivation
	Experiments
	Simulation model
	Summary and conclusions

