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A SELF-PROPELLED MICRO-MACHINE

Microhydrodynamics

a) SELF PROPELLING BACTERIA

ovam

b) CONFINED SWIMMING

Noam

-4

TODAY
Statistical Mechanics

d) BACTERIA POWERED MICRODEVICES




STOCHASTIC DYNAMICS IN ACTIVE BATHS |
targeted delivery of colloidal cargos



Brownian motion: thermal motion at equilibrium

1827
“Extremely minute particles of solid
matter, when suspended in pure
water ... exhibit motions for which I
am unable to account.”
ROBERT BROWN

——

———
1867
“Brownian motion [...] provides us with one of
the most beautiful and direct experimental
demonstrations of the fundamental principles
of the mechanical theory of heat, making
manifest the assiduous vibrational state that

must exist both in liquids and solids”
GIOVANNI CANTONI
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Langevin equation

1908 PAUL LANGEVIN: LANGEVIN EQUATION
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Colloidal delivery at equilibrium
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Transport with external fields

ELECTRIC FIELDS

N TEMPERATURE FIELDS (LASER HEATING)

MAGNETIC, FLOW ...




Optical micromanipulation: Holographic Tweezers

GRIER, NATURE (2003)
SPATIAL LIGHT MODULATOR MICROSCOPE OBJECTIVE PADGETT & DI LEONARDO, Lab Chip (2011)
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LIQUID CRYSTALS SLM
8 bit, 0-271 phase modulation
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DIGITAL PARALLEL HOLOGRAPHY ‘;;. R
Highly optimized holograms in real time
DI LEONARDO et al., Opt. Express (2006)

BIANCHI & DI LEONARDO Comp. Phys. Comm. (2010)




Using active particles as micro-oxen

SYNTHETIC SWIMMERS SWIMMING CELLS
CATALYTIC Pt-Au NANOMOTOR C. reinhardtii
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Colloids In active baths
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Non-equilibrium random walks

t
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ANGELANI, COSTANZO, RDL, EPL (2011) 50

1D RUN AND TUMBLE

t
COLORED DICOTOMOUS(1D) NOISE
() =0
= (£(0)¢(1)) = &ge T
FREE PARTICLE ¢
i(t) = () / RUN & TUMBLE IN EXTERNAL FIELD (J=0)
0 =€/ AN O i
9 22}8 N p(0)  T*(x) P o kpT*(x) dr
<AT( ) >: v()\t—l—ke_ t)
T* — T* _ 2
LT v % BALLISTIC () Feyr/y
t>T
2 D*t DIFFUSIVE
2
«__ Yo _ % WHITE NOISE LIMIT .
D _X_KBT /7 50 p(a:)ocexp[—[[(];T)*]

fOUO)\_l T(x)—T"



Holographic microfabrication

OPTICAL UV GLUE
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N. J. JENNESS, ET AL. OPT. EXPRESS 16, 15942 (2008).
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A MICROPATTERNED SURFACE WITH A 3D TOPOGRAPHY
ACTS AS A STATIC (GRAVITATIONAL) ENERGY LANDSCAPE

SPATIAL LIGHT MODULATOR
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Collecting and ejecting structures

KOUMAKIS, LEPORE, MAGGI, RDL, Nature Comm. (2013)




Targeted delivery of colloids

KOUMAKIS, LEPORE, MAGGI, RDL, Nature Comm. (2013)
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Average particle densities

KOUMAKIS, LEPORE, MAGGI, RDL, Nature Comm. (2013)

ACTIVE BATH

THERMAL BATH




number of beads
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Fitting transition rates

KOUMAKIS, LEPORE, MAGGI, RDL, Nature Comm. (2013)
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Curvature effect

KOUMAKIS, LEPORE, MAGGI, RDL, Nature Comm. (2013)
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Two-photon lithography

TWO PHOTON ABSORPTION

UZATI(

G. VIZSNYICZAI, UNPUBLISHED



STOCHASTIC DYNAMICS IN ACTIVE BATHS |
a bacterial ratchet motor



Work from fluctuations

UNBIASED RANDOM FLUCTUATIONS

WORK?



Work from fluctuations

UNBIASED RANDOM FLUCTUATIONS
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Work from fluctuations

UNBIASED RANDOM FLUCTUATIONS

“C’est la dissymétrie qui crée le
phénomene”  p.curie, J.pvs 3,393, (1894)

WORK?



Brownian ratchets

XXIl. EXPERIMENTELL NACHWEISBARE, DER UBLICHEN
THERMODYNAMIK WIDERSPRECHENDE MOLEKULAR-
PHANOMENE.

Physikalische Zeitschrift, XIIL. Jahrgang, pp. 1069 -1080. 1912, Vortrag vor
der 84. Naturforscherversammlung zu Miinster (Westfalen).

%@W

LECTURES ON e i
P H Y S I C S 'E‘-'j:i-"":_i'aﬂlm'q gomajalT
Q M. SMOLUCHOWSKI

MAINLY MECHANICS, RADIATION, AND HEATY

|
b
“So it is impossible to design a machine which, in the long run,

is more likely to be going one way than the other,
if the machine is sufficiently complicated”

“It 1s based on the fact that the laws of mechanics
are reversible”



Bacterial dynamics violates detailed balance




Micro-fabrication

E. Di FABRIZIO BIONEM LAB, CATANZARO
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2D geometries




2D geometries
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R. DI LEONARDO, et al. PNAS (2010)
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Bacteria-boundary interaction




High concentration regime
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STOCHASTIC DYNAMICS IN ACTIVE BATHS

o persistent (non FDT) forces due to bacteria generate stationary states
characterized by probability distributions that strongly deviate from Boltzmann

o these stationary states are also microscopically not invariant under time reversal

o these peculiar properties of active matter allow to exploit bacteria as a workforce
in miniaturized environments
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