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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 #) J0LICH
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Dvnamics of colloids
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Mean square displacement and Self-van Hove function
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Diffusion in complex hosts: colloidal glasses

#) JOLICH

Gir,t)

/\
I'llufﬂ'u'ﬂ ||I .l"nl'-\j,-"l, |I~|I\_,-“-"'~ ij
E I'|I ."I.)- \'.II J ||I fn I|l - V
w L/ '.lJ-"“U
!

-

X

2014

I I| \
1E-3} Y

r [umj

Weeks et al, Science., 2000

FORSCHUNGSZENTRUN




log(MSD)

Diffusion in complex hosts: local probing of the host #) J0LICH
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Kang et al., J. Chem. Phys. 122, 044905 (2005)



Diffusion in ordered complex hosts J JULICH
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Cascade of phase transitions for rod-like colloids #) JULICH

F AN

Nematic

ST : free space

Smectic
Columnar



Goal

> Dynamli:(;sca';:increasing degree of ordering 7\)' |I I‘V
I-N transition ‘ll \
AL

smectic NI

» Size dependence of diffusion in ordered systems |” "|| I Hl
L

» Fluorescense Video Microscopy on mono-disperse rods

Experimental tool




Model system: bacteriophages 4 JULICH

Genetic Modification/different phages:

Labelling with red and green dye ( ratio 1:10%)

system Lum] L, [um] M13KO7Dylight550
fd wild type 0.88 2.8 fdY21M-fdY21MAlexad488
fd Y21M 0.91 9.9 Onsagerrod: ¢, \=4D/L
Pfl 1.96 2.8
M13k07 1.2 2.8 Lguest/"host_ 1.3
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Isotropic
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Grelet et al., J. Phys.: Condens. Majfter 20, 494213 (2008).

Columnar

8
Naderi et al., PRL 111, 037801 (2013)

Lettinga et al.,, Euro.Phys.Let., 71, 692 (2005} Lettinga, Grelet, PRL 99, 1997802 (2007)



MSDs and diffusion rates
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» Signature increase entropy
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G(z,t)

G(zt)

Dynamics around I-N transition

0.1 -

0.01 4

] Isol (16 m.g/r;'m L).
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Dynamics around I-N transition

Analysis of the Self-Van Hove function:

Ln(G(z,t)) = ap—a (sz)‘:“2
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» |-N transition: glassy to Gaussian
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a,=1 Gaussian

a,=0.5 Levy-flight
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Quantized Brownian motion in smectics #) JOLICH

A

L\ L=880 nm

position / L

-1.0 -0.5 0.0 0.5 1.0
z-position / L

Open: 110 mM

Solid: 20mM
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Quantized Brownian motion in smectics
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Mean square displacement through layers
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{E_Lrlayer (;:}XRT} {e'{ﬂrlayer* (Z)X’I‘T}

D —

1.5

i Dnem.

D

smectic.

msd [um?/s]

0.0

1500

DIFFUSION COEFFICIENT FOR A BROWNIAN

PARTICLE IN A PERIODIC FIELD OF FORCE

Physica 90A (1978) 229-244

R. FESTA and E. GALLEANI d'AGLIANO

-1.0 -0.5 0.0 0.5 1.0
z-position / L

» Diffusion in Smectic = jumping in 1D periodic potential

Lettinga and Grelet, PRL, 2007
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Quantized Brownian motion in smectics: so... #) JOLICH
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Diffusion of non-commencurate rods in smectic phase #) JOLICH
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Alvarez, Lettinga, Grelet, PRL 118, 178002 (2017)



Diffusion of non-commencurate rods in smectic phase J JU'—'CH
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Longer is faster! H
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Diffusion of non-commencurate rods in smectic phase J JULICH

Longer is faster! ‘m

...when size of particle does not fit length scale potential

Wﬁ*ﬂwﬂ“w P(z) ~ EKP[ U]amer XI‘BT]
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Diffusion of non-commencurate rods in smectic phase J) JULICH

Longer is faster! | even

...when size of particle does not fit length scale potential

ﬁ, director
Par (z)
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Create free accesible volume

Vacancy needed to jump 22
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» 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
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Diffusivity parameter
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Dynamics at the phase transition: diffusion ratio
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Hydro-Dynamics of rod-like colloids #) 0LICH
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WOUVEMENT BROWNIEN D'UN ELLIPSCIDE (I).
DISPERSICN DIELECTRIQUE POUR DES MOLECULES ELLIPSOIDALES

Par Fzancls PERRIN.
(Iastitat W, Poincaré et Institut Bd. de Rothechild, Prrig).

Sammairs. — Extension da in théeriz do mouvemeank hrownisn de transistion ot de roiation vu cas

d'una parHsale ellipsoidale guelecongue. Applicalion @ U'étode de Ja dizpersion di&leelrigque pour Ces
wolicules poluires cllipsoidnies en milisu ligmide.

F. Perrin, J..Physique, 7, (1934)
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Dynamics in the columnar phase JULICH
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Dynamics in the columnar phase

Half-jump in columnar phase: scenario?
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Enhanced Diffusion in layer! m
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Effect of stiffness o JoLicH

Enhanced Diffusion in layer! ‘m
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E.Grelet, J. Phys. Condens. Matter 20, 494213 (2008)
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Effect of stiffness < JULICH

» Origin of disappearing smectic N-Sm.,. N_Smﬂlm

phase?

» Residence time set by potential
barrier set by concentration

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

|
» Anisotropy in diffusion o5l '
|
* Decreases for Stiff rods ol D/D = 5] i
* |ncrease for Flexible rods after al o ' i
N-Sm. : S
00 13 |
| u |
sl " | | o
Pouget,Lettinga, Grelet, PRE., 2011 85 %0 95 100 105 110 115

virus concentration [mg/ml]



Rotational Diffusion at infinite dilution #) JOLICH
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Rotational Diffusion in isotropic phase J JULICH
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Effect of flexibility and length in Isotropic Diffusion
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Diffusion of non-commencurate rods in smectic phase #) JOLICH
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Production of the viruses and purification </ JULICH

1. Production

q 1 colony
LD ::}

Pre-amplification of
E.Coli ER2738

Amplification of E.Coli
ER2738

v

7h, 37°C, stirring
Overnight, 37°C, stirring

E.Coli+Virus

< Infecting solution of
virus

(fdY21M/M13K0O7)

7h, 37°C, stirring

2. Purification

Depletion of Viruses
Bacteria Removal PEG+ NaCl

- -Final purification by centrifugation

-Concentration of the sample by Ultra Centrifugation
-Dialized against TrisHCI 20 mM pH=8.2

-
»

Centrifugation




#) JULICH

NO fit ® FORSCHUNGSZENTRUN
Longer is faster! |
sof fin i, '
2sf & P 0
6 ;f 20} i O ® A
:J% 1_5-_ o ..n""h..'~ “n o ...J" "‘Oq... o i
1of. & SR s )
05" ..‘:. o) .'I.I. L]
41 oo o < -
U0 ° szl " ?
- i i L] ® J
: :
2r 5 O e 7
L m . ® ! | i
| | | ® M13KO07 guest
(] oL | | O fdY21M host | |
85 90 05 100
O ! | | L Q
o~ | ; QL |
& g y oS 2
g | 9 Co& Y |
< < o

Alvarez et al PRL 2017 43




Dynamics of the guest particle: Mean Square Displacement

MSD = %Zlmm R MSD = ZDE

#) JOLICH

FORSCHUNGSZENTRUN

o i i o | i
o fd¥ Z21M Smectic Hod
0.20 # WM13KO7guest | ;g5 \ . g HHH ‘
—_— | o
o .
a m .
o Nematic E| ® SN
) 0.15 - = — N - —_—
=, ol - e
0 - B Per
0.10 5 % 0 ' a0 1 g5 -
gl O @ O Crgyo[mginil] *)
' I
0054 ¢ h ¢ 5 i 5 i mAi -
* O gE% sm.
0.00 - T T T T T ' | :Eﬁ -
20 40 60 80 100

[mg/mL]

Cfd Y21M



Literature

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



#) JULICH
Short-Time Dynamic Signature of the Liquid—Crystal—Glass
Transition in a Suspension of Charged Spherical Colloids ‘

P. Holmqyvist™

ICS-3, Forschungszentrum _]iilich Postfach 1913, 52425 ]iilich Germany
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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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