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Miniaturized tools - Process & Analysis

Introduction
Concept of droplet-based microfluidics for chemistry

Coupling inline analytical tools




Radical Copolymerization Kinetics Obtained
From Droplet-Based Microfluidics

Microfluidics

& The science and
technology of systems
capable to handle fluids,
and where at least one
of their characteristic
dimensions is of the
micrometer

At small length scales, transport phenomena can be precisely controlled:

Mixing - Thermal transfers - Concentrations - Flows
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v Importance of the size of the microreactor

Flow-rates
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v Microfluidics : a miniaturized continuous approach

oil

~—ocee

oil

© 0 =

Sarrazin et al. 2006

Droplets = independent chemical microreactors ] .
Analysis = inline monitoring in ‘real time’ by using non-intrusive

%écﬁﬁmij)égfﬂows/mixing & Control of concentrations

Compartmentalization = Control of residence times
% Transparency 2  Migigseopsidpentwaticioyc i doeneogorphy
Sequential production &  Povemagdierighf Tivasghpvsreperiments
Very high S/V ratio & Favors heat exchange

e Ao focJinglit Heka peien
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v" Low cost & user-friendly Droplet-Based Micro- or Millifliduics

Tubing FEP 1/8”’0D & 1/16”ID

e “Same” microreactors, hydrodynamic properties and possible “inline” analysis
& High S/V ratio, space/time correspondence, ...

e Higher residence times (about hours)

e Good chemical resistance (PTFE, glass, ...)

e Large choice of commercial tubing, capillaries and connectors

e No need of a cleanroom nor expensive microfabrication machines 7
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e Raman (back scattering)
Heating Probe

— ldentification device

Mixing by
Raman imaging
(false colors)

— Conversions

Tube FEP 1/8

e Thermal Infra-Red CCD
— Heat of reaction

e Spectroscopy UV-Vis
— Turbidity (frequency of droplets)
— Absorption
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v For a qualitative determination

e (OceanOptics Laser: 532nm, 500mW S B

InPhotonics probe
— Optical fiber: polyurethane, length: 5m, @: 200um
— Material: stainless steel and quartz

— Backscattering
— Focus distance: about 7,5mm

e OceanOptics QE65000 Spectrometer
— Resolution: 18cm™!

— Software: SpectraSuite
— USB

Possible sample holder
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v In depth quantitative analysis by Raman spectroscopy

e Laser NdYAG
— 632 nm, 500mW
— Doubled frequency

$SS

e Olympus BXFM Microscope:

........
........

- ObjeCtiveS: X10 ; XSO ou 100X Spcctrograph(; J—b**r*m

oooooooo

— Backscattering

I'rou confocal
ajustable

>

e Jobin-Yon LABRAM HR800 Spectrometer
— Resolution: 1 cm™?
- SOftwa re. La bSpeC IloILg:z)ii?;;Ll » . Laser

e Motor drive control of x-y-z table Objectif 4

Echantillon R 3 iu

. Platine x,y,z ] l Z 10
e Possible sample holder ¥
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Polymerization reactions within droplets

Methodology
Polymerization of acrylic acid

Copolymerization of acrylic acid with Sodium Styrene sulfonate

11
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Monitoring of acrylic acid polymerization Yoy

v' Experimental set-up

Fluorous oil

|

—
2
Generation of droplets Calibration based on Raman spectroscopy
120600
ypocon | Calibration @ 1640 cm™?
and @ high temperature d
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P e

v' Experimental set-up
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v Droplets allow using the time vs space correspondence

14
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v" Kinetics =
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v Kinetics o S0
HO pFI{IZSYZA.S

Conversion:
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Overall activation energy of the poly rate:
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v" Raw Raman spectra from monomers 1. Baseline

Water spectra in the
interest area (zoom)

= 2800
1.210" \'\\N
7000
2200 - EUUU |
110* | 0=3-0
(I)Na 1800 |- 000
1600 Sr
g000 | wop A000F
12DE‘IIESD 1600 SUUU -
6000 - 2000 |
Internal 1000 -
4000 ~ reference
| | | | | |
200 1400 1600 1800 2000 2200 2400
WV (cm'lj
2000 et U
Water
0k I 1 I 1 I I 1] 1
1200 1400 1600 1800 2000 2200 2400 1400 1600 1200
v cm ™

-1
wiLm 17



LABORATORY universite

<o Monitoring of the copolymerization

UNIVERSITE DE BORDEAUX (f SOLVAY
SOLVAY - CNRS - UMR5258 @ s mor romanemisiye

v Corrected Raman spectra from monomers
2. Deconvolution

1500 |

1000

500 -

| | | | | |
1550 1600 1650 1700 1750 1800
v (cm’lj

Intensity (area) is proportional to the concentration
18
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v" Validation of the calibration
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v" Validation of the calibration 1. Baseline
2. Deconvolution
Temperature ) .
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Assume terminal model of copolymerization:
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H,C=CH
SN

NaPs  ,CC S @ " ﬁé‘}db‘
HO Q .2§ vy

H,0

v Continuous synthesis of (co)polymers within droplets in a wide
range of conditions

v Reaction monitoring by Raman confocal microspectrometry
v’ Straightforward data acquisition platform
% No manual handling of samples
Data non-accessible in ‘conventional’ batch reactors

v Better heat transfer allows performing fast/exothermic reactions

** Molecular weights with residence time by off-line SEC Ny
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