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Chimie du verre

Verres Phosphate d’argent photosensible
Verres pour l’optique non linéaire
Verres d’oxyde lourd pour l’IR
Verres chalcogénures
Matériaux Luminescents

Fibrage
Couche mince

Irradiation laser femto seconde

Plateforme SIV (Spectroscopie et imagerie Vibrationnelle)
Raman, IR (20 spectromètres, 15 permanents)
Analyse structurale, Analyse de surface
Optique non linéaire

Poling thermique

Chimie de surface
Bio fonctionnalisation
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Impression Laser 3D de composants photoniques.
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Biofunctionality :

 Increase IR sensitivity
 Add selectivity

IR optical materials
Optical fiber

Biofunctionalization

IR 
spectroscopy

Blood serum signature up to mid-IR

Fiber Based IR sepctroscopy for bio-detection



Ge25Sb10S65



Methods for surface biofunctionalization

ATR IR spectra of pristine GeSbS glass









STV detection at 10O ppm



STV detection at 1 ppm



Kinetic vs. STV concentration

STV concentration at the probe surface governed by the surface bio-
functionality and not limited by the STV volumetric concentration and 

diffusion processes



STV detection at 10ppb



IR sensing based on tapered chalcogenide glasses.:
Hocdé et al. have tapered Te-As-Se fibers from a diameter of 
400 µm down to 100 µm to measure the concentration of 
acetone diluted in mythylene chloride, they obtained values as 
low as 2.5%.
S. Hocdé, C. Boussard-Plédel, G. Fonteneau, D. Lecoq, H.-L. Ma, and J. Lucas, “Recent 
developments in chemical sensing using infrared glass fibers,” Journal of Non-Crystalline Solids, 
vol. 274, no. 1, pp. 17–22, Sep. 2000, doi: 10.1016/S0022-3093(00)00179-4.

Le Coq et al. have employed Te-As-Se fibers tapered to a 
diameter of 50 µm to detect ethanol in water and a detection 
limit of 0.5% was acquired. 
D. Le Coq, C. Boussard-Plédel, G. Fonteneau, T. Pain, B. Bureau, and J. L. Adam, “Chalcogenide 
double index fibers: fabrication, design, and application as a chemical sensor,” Materials 
Research Bulletin, vol. 38, no. 13, pp. 1745–1754, Oct. 2003, doi: 
10.1016/j.materresbull.2003.07.003.

Velmuzhov et al. manufactured IR-tapered fiber sensors based 
on Ge20Se80 with different geometries of the sensitive zone 
(straight, U-shaped form, one loop, two loops) to detect the 
content of an additive to diesel fuel and hence attained a 
detection limit of 0.02% (# 200ppm) 
A. P. Velmuzhov et al., “Optical fibers based on special pure Ge20Se80 and Ge26As17Se25Te32 
glasses for FEWS,” Journal of Non-Crystalline Solids, vol. 517, pp. 70–75, Aug. 2019, doi: 
10.1016/j.jnoncrysol.2019.04.043.

V. Voisin, J. Pilate, P. Damman, P. Mégret, and C. Caucheteur, 
“Highly sensitive detection of molecular interactions with plasmonic
optical fiber grating sensors,” Biosensors and Bioelectronics, vol. 
51, pp. 249–254, Jan. 2014, doi: 10.1016/j.bios.2013.07.030.

Optical biosensor based on biofunctionalized fiber
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Thermo Electrical polarization

Mobile Cation depletion
↘High Composition variations
↘Strutural modification
lever for the control of the physico-
chemical properties of glass

Static Electric Field implantation
↘ Eint up to 108-109 V/m
Allow second order otical properties

 Understanding and control of high field solid state electrochemical processes in glassy matrices 16

intE.)3(c3 = ) 2(c

 Charge Dissociation150-300 °C – 0.8-5000 V



Optical properties

Chemical properties

Surface Electrical properties

Non linear optical properties

Surface reactivity: Selective dissolution
OMEX (2022)
Surface durability
JACER (2020)

Patent (2016)
Adv. Opt. Mat. (2016)(2020)
Adv. Phot. Res. (2021)
OMEX (2017)
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Glass Chemistry:
Silicate
Phosphate 
Borate
Heavy metal oxide
Chalcogenide

Thermally Poled glasses / (Multi) functionalities

Structural/compositional 
Variations

Thermo-electrical polarization influence

Charge implantation
Static electric field
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Can we use  surface electrical properties on glassy materials to influence 
orientation and/or conformation of molecular systems ?

Adv. Func. Mater 2010, 20, 2657

J. Phys. Chem. C (2020)

ANR Surf Glass IR starting January 2024

Liquid Cristals on poled glassy surface

PhD A. Goillot 2022
PhD A. Maillard 2024

Surface chemistry on poled glassy surfaceSpatial and geometry control of electrical or electro-optical effects

JNCS (2024)
J Phys Mater (2024)
J Mat Chem C (2022)
Adv Opt Mat. (2020)
Opt Mat Express (2018)
Adv Opt Mat. (2016)

Surface electrical
potential on a 

chalcogenide glass

Second order optical
properties













-20 -10 0 10 20

-20

-10

0

10

20

D
is

ta
n
ce

 (
µ
m

)

Distance (µm)

-20 -10 0 10 20

-20

-10

0

10

20

D
is

ta
n
ce

 (
µ
m

)

Distance (µm)

-20 -10 0 10 20

-20

-10

0

10

20

D
is

ta
n
ce

 (
µ
m

)

Distance (µm)

-20 -10 0 10 20

-20

-10

0

10

20

D
is

ta
nc

e
 (
µ
m

)

Distance (µm)

IXX

IYY IXY

IYX

0,00

0,01

0,03

0,04

0,05

0,06

0,08

0,09

0,10
IXX

0,000

0,001

0,003

0,004

0,006

0,007

0,008

0,010

0,011

X

Y

Spatial and geometry control of the embedded static electric field



Thèse Alice Goillot, Alexis Maillard
Collaboration COPL Quebec
OMEX 12 (7) 2022, 2462
Patent 2022

PLASMA ASSISTED MICRO POLING OF GLASSY SURFACES: A NEW TOOL TO
ACHIEVE LIQUID CRYSTAL MULTI-DOMAIN ALIGNMENTS



PLASMA ASSISTED MICRO POLING OF GLASSY SURFACES: A NEW TOOL TO ACHIEVE LIQUID CRYSTAL MULTI-DOMAIN ALIGNMENTS

Surface Plasma 
spatialy and 

géometrically
controlled

Static Electrical
Field at the glass 

surface

Liquid Cristal Cell
Fabrication

LC multi domains
alignment

26
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