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When bigger is faster: 
how non-commensurability in particle size favors
self-diffusion in smectics.

Rotterdam, 24th of June 2018| Pavlik Lettinga 
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Dynamics of colloids

Vorführender
Präsentationsnotizen
need a motor to probe the environment
to get to lowest free energy state






big particles middle size small particles

a = 1.5 µm                                1.0 µm                                            0.5 µm
E.R. Weeks, Austin

J.B. Perrin

Stokes-Einstein: big is slow

A. EinsteinG.G. Stokes

Dynamics of colloids



Probability  for  displacement  
r during  time t :

Mean square displacement and Self-van Hove function

Free particles:

Diffusion is continuous process

Vorführender
Präsentationsnotizen
Particles continuous disperse over space. 
Different ways to quantify this. MSD and SvH



Weeks et al, Science., 2000

Diffusion in complex hosts: colloidal glasses

Vorführender
Präsentationsnotizen
Diffusion is more complex in complex fluids.



Kang et al., J. Chem. Phys. 122, 044905 (2005)

Diffusion in complex hosts: local probing of the host 

mimicking

Generally: big particles are slower than small particles

Vorführender
Präsentationsnotizen
Viscosity can as mean cannot be considered anymore.
Consider mesh size!
A rod-like virus that I will introduce later



Diffusion in ordered complex hosts

m
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icking
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Vorführender
Präsentationsnotizen
Careful looks tells you that there is orientational ordering in a cell
There is layered structures constituting cell wall.
It is of interest to know how matter diffuses through such structured layers.
Phases of Colloidal rods at elevated concentrations mimick such structures.

IN SHORT: you have to think of ordering. In colloidal crystals it is rather limited.



2D

L

Top View:

Nematic

Smectic

Isotropic

Columnar

Cascade of phase transitions for rod-like colloids

S↑: free space

Vorführender
Präsentationsnotizen
Phase coexistence in traffic
Probing parameter space frustrated by the presence of the other rods.
Hexagonal positional order �




Goal

Experimental tool

 Dynamics at increasing degree of ordering
Focus: 

I-N transition

Smectic

 Size dependence of diffusion in ordered systems 

 Fluorescense Video Microscopy on mono-disperse rods

Vorführender
Präsentationsnotizen
Probing parameter space frustrated by the presence of the other rods.
Hexagonal positional order �
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100 nm

Genetic Modification/different phages:

system L [µm] Lp [µm]

fd wild type 0.88 2.8
fd Y21M 0.91 9.9

Pf1 1.96 2.8
M13k07 1.2 2.8

Labelling with red and green dye ( ratio 1:104)

φI-N=4Deff/LOnsager rod:

Model system: bacteriophages

Vorführender
Präsentationsnotizen
Mutations of fdY21M and M13KO7 (writen or said?)



Grelet et al., J. Phys.: Condens. Matter 20, 494213 (2008).
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Lettinga, Grelet, PRL 99, 1997802 (2007)Lettinga et al., Euro.Phys.Let., 71, 692 (2005) Naderi et al., PRL 111, 037801 (2013)

Raw data

Smectic

Isotropic

Columnar

S↓
: O

rientation
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C [mg/ml]

MSDs and diffusion rates

 Signature increase entropy
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Dynamics around I-N transition

Remember:

for



Analysis of the Self-Van Hove function:

Isotropic Nematic

a2=1  Gaussian

a2=0.5  Lèvy-flight

C [mg/ml]

 I-N transition: glassy to Gaussian

Dynamics around I-N transition
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x

Find jumps in trajectories:

Open: 110 mM
Solid: 20mM

L=880 nm

Quantized Brownian motion in smectics

Vorführender
Präsentationsnotizen
Di Leonardo: dynamic measurement of force

The simplest way of a system that orders, now also positionally, purely by undergoing random brownian motion.
Kom ik op terug

How dynamics couples to structure

Maar nu de vraag of zelf-ordening ook op nano-schaal plaatsvindt
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 Diffusion in Smectic = jumping in 1D periodic potential 

Dnem.

Dsmectic.

Mean square displacement through layers

Lettinga and Grelet, PRL, 2007

Quantized Brownian motion in smectics

Vorführender
Präsentationsnotizen
Note: strongly depends on flexibility and length
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Quantized Brownian motion in smectics: so...



Diffusion of non-commencurate rods in smectic phase

Alvarez, Lettinga, Grelet, PRL 118, 178002 (2017)
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Longer is faster!
Diffusion of non-commencurate rods in smectic phase

Vorführender
Präsentationsnotizen
Check out the green rods#Longer is faster, but not too long!



Diffusion of non-commencurate rods in smectic phase

…when size of particle does not fit length scale potential 
Longer is faster!

Vorführender
Präsentationsnotizen
Effective periodic energy landscape in 1D due to the layered ordering�Probability of finding th eparticle with respect to the middle of the layer
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…when size of particle does not fit length scale potential 

Diffusion of non-commencurate rods in smectic phase

Longer is faster!

n, director

Par (z)

Per (y)

Par (z)

Per (y)

Create free accesible volume

Vacancy needed to jump



Conclusions

 Phase Transitions:
Glassy dynamics before transition, Gaussian after transition

 Diffusion in smectic phase:
Discontinuous, quantized jumps through 1-d periodic potential

 Longer not always slower!
Particle size helps crossing Smectic Potentials:
Not commensurated in the Smectic ordering potentials



Diffusivity parameter



Dynamics at the phase transition: diffusion ratio
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F. Perrin, J..Physique, 7,  (1934)

Hydro-Dynamics of rod-like colloids

)

)

)



Half-jumps!!! Time scale huge compared to 
the N and Sm

Dynamics in the columnar phase



Half-jump in columnar phase: scenario?

Tonks gas…

Dynamics in the columnar phase



Enhanced Diffusion in layer!
Effect of stiffness






fd wt virus fdY21M (Stiffer)

E. Pouget, Physical Review E, 84,41704 (2011)

Par

Per

E.Grelet, J. Phys. Condens. Matter 20, 494213 (2008) 

M.P. Lettinga,E. Grelet, Phys. Rev. Lett. 99, 1997802 (2007)

ONSAGER ROD!
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14
1000.091

87 119

Pouget,Lettinga, Grelet, PRE., 2011

1000.32
115 130

S C

Effect of stiffness
Enhanced Diffusion in layer!
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N-Smstiff N-Smflexible

 Stiff rods diffuse within layer 
Flexible rods (almost) don‘t.

 Anisotropy in diffusion
• Decreases for Stiff rods
• Increase for Flexible rods after 

N-Sm.

Pouget,Lettinga, Grelet, PRE., 2011

 Origin of disappearing smectic 
phase?

 Residence time set by potential 
barrier set by concentration

Effect of stiffness



Rotational Diffusion at infinite dilution



Effect of flexibility and length in Isotropic Diffusion

Rotational Diffusion in isotropic phase



Diffusion of non-commencurate rods in smectic phase



Production of the viruses and purification

Pre-amplification of 
E.Coli ER2738

7h, 37°C, stirring

Amplification of E.Coli 
ER2738

LB media + TET

1 colony

Infecting  solution of 
virus 
(fdY21M/M13KO7)

Overnight, 37°C, stirring

7h, 37°C, stirring

          

E.Coli+Virus

Bacteria Removal
Depletion of Viruses 
PEG+ NaCl

Centrifugation

-Final purification by centrifugation
-Concentration of the sample by Ultra Centrifugation
-Dialized against TrisHCl 20 mM pH=8.2 

1. Production

2. Purification
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No fit 

Alvarez et al  PRL 2017

Longer is faster!

Vorführender
Präsentationsnotizen
I discuss one highlight which concerns a pradigma breaking observation, namely that that long rods, the red labeld particles,  can diffuse faster than short rods, the green labeled particles.
This is the case  when they are embedded in a host structure with a periodic  energy landschape that has a typical lenght just shorter than the long rods, namely smetic layers formed by the shorter rods. 
Crucial in this study is that we exploit  a newly available Phage Library,  consisting of monodispers rod-like viruses with varying morphology. We use this library also for bottom up rheological investigations. 

From video microscopy on differently labeled tracers we not only find the diffusion rates, but also the potentials felt by the rods, which indeed islower for the long rods.

We explain these finding assuming that long rods are always partly present in adjasent layer, creating space to diffuse, as is examplified by this movei.
In collaboration with Grelet and co-sponsored by KU Leuven






Per

Dynamics of the guest particle: Mean Square Displacement



Patti and Cuentas, ORE, 86, 011403 (2012)

Literature
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“Of some interest in this connection is the fact that the high g(O') states seem to be 
characterized by relatively free diffusion, while in the low g(u) states diffusion is much 
restricted.”
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