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The very first experiments on drops and bubbles

A recent review

J. Fluid Mech. 6, 350 (1959)

J. Colloid Interface Sci. 133, 211 (1989)



Experiments on films

Thermocapillary: splitting propelling turning fingering



Thermocapillary flows (L/G and flat interface case)
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infinite medium in x and z:
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Thermocapillary flows (L/G and flat interface case)

NS: 

Boundary conditions: 

and 

Flow and interface deformation



Laser-Induced thermocapillary interface 
manipulation and deformations



Thermocapillary migration of drops (I)
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Thermocapillary migration of drops (II)
substitution
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Thermocapillary migration: effect of confinement

N-heptane

Ethanol

Same behavior, slowing down due to wall friction

3D

2D



CO2 laser

cooled

Thermocapillary levitation



Thermocapillary trapping of drops by laser

2

2

8                    -
3

atm
S V

F PndS P dV
R

R T
T



(JACS 2005)
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Thermocapillary-Induced Droplet Motion



Chaotic mixing in microdroplets



?

Optical microfluidics in microchannels ?

1) Optical trapping: nw<no, 1-10 pN

2) Radiation pressure: large surface tension: nw<no, 1-10 Pa

3) Thermocapillary actuation:                                                 , 0.1-1 µN !0
0

0

T
T 1 T

1) Device for fast production (kHz, 1-10mm/s)
2) Strong Stability of permanent regimes

Tuning parameters fast?
3) Stiffness of Circuits

strong dependence of functions on µC geometry
difficulties in building some functions (sorting, mixing, fusion,…)



Thermocapillary-induced large scale flows

Air

Water+ Tracers
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H2O+ Dye (0.1% Wt) /
Air bubble (20 µm)

Laser Ar+

25fps

Thermocapillary Force
0.1-1 µN !

C. Baroud et al., Phys. Rev. E 75, 046302 (2007)



Experimental setup

Water + Dye (1/1000 Wt)
Hexadecane + Surfactant (2% Wt>CMC): 
Microchannels: PDMS@Glass; Thickness: 50µm

100 µm

Oil

Oil

Water



QW=0.01µl/min et QO=0.1µl/min; 200 fps; P=100 mW
sec=(140 x 35)µm2; Tracers : toner (ø~1µm)

Thermocapillary vortices inside and outside (U~1cm/s)
(Oil velocity: 500 µm/s)

Vorticity (linked to CSurfactant>CMC)
Drop blocking by the laser

Thermocapillary coupling in a microchannel



vmax (1.2 cm/s) 
Tracer velocity in oil : 480µm/s max

Vortex Analysis

Inside Outside

Tracer trajectories: t = 0,005 s between two points



Optical valve († configuration)

actuation of the drop size and the emission frequency
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Optical valve (T configuration)

C. Baroud et al, Lab. Chip 7, 1029 (2007)

channels 100 mm wide. 
Qoil = 0.05 mL/min and Pwater = 2.3 103 Pa 

0 = 2.6 µm. 
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Drop Switching

Drop Sorting

Laser Off

Laser Onbeam400 µm

water

water+dye

beam

Laser off

Laser on

t=0-0.49s

t=0.5-0.89s

400 µm

M. Robert de Saint Vincent et al, APL 92, 154105 (2008)



Holographic control of droplet routing

M. L. Cordero et all. APL 93, 034107 (2008)



W/D: 0.02 µl/mn,  O/S: 0.2 µl/mn, P=94 mW, 0=5.2µm

Optical asymmetric divider

Drop volume ratio = l1/l2
D. R. Link et al, PRL 92, 054503 (2004)
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Thermocapillary Stresses Induced Jetting?

1 kHz, 0.9 mJ, 30 fs, 800 nm
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Deformation
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(Marangoni eddies in a weld pool)
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Concluding Remarks 

Focusing thermocapillary stresses on fluid interfaces
An optical toolbox for flowing droplets in microchannels

(force in the range of the several nN)

Further questions and developments
Several mechanisms remain unclear (coalescence)
Quantitative descriptions are difficults
What are the final performances?
Are they sufficiently robust for contactless microfluidics

A final dream
Can we couple RP effects and thermocapillary stresses to build and 

drive a « total optical lab on a chip »?


