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Ge-Se:  GeSe9 - GeSe

fragile strong

Te-As-Se:  Te2As3Se5 (TAS)

fragile strong

Infrared spectroscopy for biology

Tg (°C)Tg (°C) µ (GPa)
GeSe9 92 4.6
GeSe4 162 5.7
TAS 137 6.6

GeSe4

strong

(TAS)

strong

Infrared spectroscopy for biology

µ (GPa)
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Common fluorescente light bulbs

Ge-Se: suband-gap light corresponds to low light intensity
low absorption, volumic effectslow absorption, volumic effects

TAS: no suband-gap light, E>Eg,

high absorption, effects limited to the surface

Condition
Common fluorescente light bulbs

gap light corresponds to low light intensity
low absorption, volumic effectslow absorption, volumic effects

gap light, E>Eg,

high absorption, effects limited to the surface



Photoinduced decrease of the viscosity (in chalcogenide glasses)

Hisakuni, H. & Tanaka, K.

103 cm

Hisakuni, H. & Tanaka, K.
Optical Microfabrication of Chalcogenide Glasses
Science, 1995, 270, 974-975

Low absorption: few photons absorbed
No temperature increase due to laser heating

absorption

Photoinduced decrease of the viscosity (in chalcogenide glasses)

absorption

photon energy

cm-1

photon energy

Eg

Low absorption: few photons absorbed
No temperature increase due to laser heating



tensile creep 
tests on fibers

TAS: no photoinduced effects even for high absorption
effects limited to the surface, no macroscopic fluidity

�300 µm

light intensity

no photoinduced effects even for high absorption
effects limited to the surface, no macroscopic fluidity



evolution of mechanical/physical properties during 
structural relaxation

Ageing:

Evidence of photorelaxation at low light intensity

Relaxation-recovery tests

Evidence of photoageing 

A model for photofluidity

evolution of mechanical/physical properties during 
structural relaxation

Evidence of photorelaxation at low light intensity

recovery tests

Evidence of photoageing 

A model for photofluidity



GeSe9 fibers (����300 µm)

dark

Fast relaxation under irradiation
∼35 days under irradiation
>10 years (estimated) in the darkRelaxation time

light

Fast relaxation under irradiation
∼35 days under irradiation
>10 years (estimated) in the dark
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Ge10Se90 fibers, aged 2 months under irradiation

strainstrain
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Photofluidity
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dark



Ge10Se90 fibers, aged 2 months under irradiation

increases when it is placed in the dark, At 2 months, 

fibers, aged 2 months under irradiation

Photofluidity

light

dark

light

increases when it is placed in the dark, 



fibering

intermediate 
photoinduced equilibrium

Two processes:

photoageing due to photorelaxation
photofluidity due to ?

fibering

What process induces an instantaneous increase of the 

Photofluidity

η(Tf�20�C)>1019

Structural relaxation

intermediate 
photoinduced equilibrium

Two processes:

photoageing due to photorelaxation
photofluidity due to ?

What process induces an instantaneous increase of the 



Photofluidity

fixed
point

Viscoelastic composite

unirradiated volume: known

fiber

unirradiated volume: known

viscosity of the composite:

viscosity of the irradiated 
imposed rotation

viscosity of the irradiated 

E. Lépine (Verres et Céramiques UMR CNRS 6226 SCR)

Photofluidity

Viscoelastic composite

unirradiated volume: knownunirradiated volume: known

viscosity of the composite:
measured

viscosity of the irradiated viscosity of the irradiated 
volume

Collaboration: 
E. Lépine (Verres et Céramiques UMR CNRS 6226 SCR)



0.795 Eg<E<0.810Eg

Gueguen et al., Physical Review B, 2010, 82, 134114

Photofluidity



Localized state

+
-

+
-

Exciton creation: VAP

Diffusion

Fritzsche’s model

Conell’s model

Philos. Mag. B, 

Physical Review B, 

Recombination

Irradiation induces creations of photoinduced metastable 

Photofluidity

Localized state

Energy

Configuration

Exciton creation: VAP

Diffusion

Fritzsche’s model

Conell’s model

Philos. Mag. B, 1993, 68, 561-572

Physical Review B, 1981, 24, 4560-4565

Recombination

Irradiation induces creations of photoinduced metastable 



Photoinduced viscosity changes

Photoageing produced 
by photorelaxation

PhotorelaxationPhotoexcitation Photorelaxation
defects mobility

Photoexcitation
disorder due to 

defects creations

Photoinduced viscosity changes

Photoinduced defects Photoinduced defects 
mobility

(photofluidity)
should dominate at high 

fluence

PhotorelaxationPhotorelaxation
defects mobility



Photoinduced glass-forming
Photoageing: are other mechanical properties sensitive to light?
Can giant photoinduced effects be explained by photofluidity?
Photoageing: are other mechanical properties sensitive to light?
Can giant photoinduced effects be explained by photofluidity?



LARMAUR ERL CNRS 6274

QuickTime™ et un
décompresseur 

sont requis pour visionner cette image.

QuickTime™ et un
décompresseur 

sont requis pour visionner cette image.

Arizona Material Lab

Tucson, Arizona

LARMAUR ERL CNRS 6274

Arizona Material Lab

Tucson, Arizona
Glass and Ceramic Team

University of Rennes

UMR 6226


