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ẑ

c
hnp 22

ẑ
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Light-fluid interaction in a liquid mixture
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Electrostriction in a binary liquid mixture
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Osmotic Pressure: where N: particle number/unit volume

Concentration variation:

where Osmotic compressibility

Induced dipole:

where the beam intensity is:

Field



A. Ashkin et al, Optics Letters 1981-84



Thermal effects in a binary liquid mixture

Pure Heating:
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Scattering effects in a binary liquid mixture
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Bulk versus individual scattering effects in a 
binary liquid mixture

pu uCollective flow:

pu u« radiation pressure » on individual particle:
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Field variations of thermodynamic variables

Incompressible Fluid mixture:
0 0

1 E dDdf sdT Pd dC (free energy per mass unit)

Note: s and µ are field modified quantities!
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Mass diffusion in presence of light

Continuity equation: 0
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Thermal diffusion constant: T TD Dk

B. Jean-Jean et al, PRA 39, 5268 (1989)
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Thermal diffusion in presence of light

Heat transfer equation: 0 T
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Summary
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Applications: artificial Kerr media
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Self-focusing in critical micellar phases of microemulsion (r=4nm):
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B. Jean-Jean et al, Europhys Lett.7,  219 (1988)



Applications: characterization of transport 
coefficients

Thermodiffusion: more than 1000 publications since 2000 for a 150 years old problem!
sign, amplitude of kT?
size, charge

Detection method:  forced Rayleigh scatteringMain features determining thermodiffusion behaviour

Other methods:  Thermal lens, Z-scan



Applications: segregation in microchannels



Applications: manipulation in microchannels



Kinetics of first-order phase transitions
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Laser-induced first-order phase transitions?

Lutidine/water
Tc=32°C

Domain
growth

The laser-induced heating case



Field variation of the concentration:

Laser quenching in composition to drive first-
order phase transitions?

Illustration in a micellar phase of microemulsion:

Quench in temperature: 
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Laser effect on the critical point 

Adapted from: P. Debye et al, J. Chem. Phys. 42, 3155 (1965)

Free-energy per unit volume of a binary mixture according to the Hildebrand description:
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Laser-induced quench in composition
For the sake of simplicity we investigate the growth of a spherical drop in a « spherical » laser wave:
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Droplet Growth Rate in a “spherical” beam 
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Droplet Growth law



Influence of finite size effects on droplet growth



Confrontation to experiments: the optical bottle

1

10

100

10 2 10 3 10 4

D
ro

pl
et

 R
ad

iu
s  

R
 (µ

m
)

Time t (s)

slope:1/3

slope:0

0

0

8
142

1C

a µm
P mW
T T K

C. Lalaude et al, PRL 78, 2156 (1997)

Gaussian beam of
Cylindrical symmetry



Stability of the final droplet radius

J. P. Delville et al, PRE 59, 5804 (1999)



Early stage growth

Formation of a droplet grating

t=0s t=240s t=600s

0 05 , 1 , 0.5Cµm P W T T K



S. Buil et al, PRE 63, 1504 (2001)

Growth law at early stage

Droplet grating formation
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Universal behavior at early stage
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Laser-induced quench in temperature

Coexistence curve: 00
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Related works



Recent developments 1

nucleation
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Recent developments 2

one-phase spinodal

Patterning by thermodiffusion driven by laser close to a critical point 0Tk



Concluding remarks

Optical manipulation of liquid mixtures by non resonant laser waves 

local/nonlocal couplings (electrostriction/thermodiffusion)

(application in surface patterning )

Should be able to drive flow (illustration in the next lecture)?

Extension to anisotropic liquids (LC)

Extension to resonant fluids
- generation of new species
- photochemical patterning  through liquid/solid transition
- (photoprecipitation)

…


