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Outline of Lecture 1

1 - History and prospectives of microfluidics

2 - Microsystems and macroscopic approach.
3 - The spectacular changes of the balances of forces as

we go to the small world.

Outline of Lecture 2

- The fluid mechanics of microfluidics
- Digital microfluidics



Outline of Lecture 3

1 - Basic notions on diffusive processes
2 - Micromixing
3 - Microreactors.

Outline of Lecture 4

1 - Electroosmosis, electrophoresis
2 - Miniaturisation of separation systems
3 - An example of a lab on a chip



Electrophoresis : Charged particles migrate

Electroosmose : Fluid 1s driven by charged layers close to the walls

Diélectrophoresis : Particles move under the effect a gradient of
Electric field.




Using electric fields in miniaturized systems is easy because

E~V/I



A FEW THINGS TO KNOW ABOUT
ELECTROKINETICS

1 - Electrophoresis
Coulomb law F — q E

In a fluid, the flow equations are
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Double electric layer
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ELECTROOSMOSIS

3) Electroosmosis = Flow of an electrolyte produced by the presence
of an electric field driving the charged layer close to the walls

p ebye layers



Vitesse de Smoluchowsky



STREAMING POTENTIAL

The inverse effect of electroosmosis

A flow generates an electric field



Various fields requiring separation sciences

J Pharmaceutical and other various industries
J Public health

 Food security (involves environment, agriculture, fishing,
food prodution industry, packaging..)
J Environmental protection

J Safety of manufactured products (ex: toys for infants)
J Frauds and counterfeiting

J Doping

 Historical heritage, archeology

Marie -Ciane Hevaabn, Laboraiode Envimvmnamas ef Cfamie Ansytigos, EaPs




Principle of chromatography
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Microfluidics and separation

techniques

The first separation experiment was done by Tswett (1902)
This led to the discovery of chlorophylle.

Column filled with

Spinach leaves

| Disolved in toluen




Statistical model for chromatography
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S fundamental types of chromatography
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Electrophoretic separation

For an 1solated particle of charge q, mass m, Coulomb force reads :

F=qk
In a fluid, the charged particle move according to the law :
dV

qE—E}:m—zO F;/=67Z'RIIJV

<a’t\
Therefore Viscous friction

V=ukE where u,= 4

677R 1y

Seperation is feasible, because ions with different ratio /R will
migrate at different speeds




Separation techniques using electric

fields

— FSCE : Electrophoresis in a free medium
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- CEC : Capillary Electro Chromatography
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13 mAU

Un example of an electrochromatogram

1. Potassium 0,97
2. Calcium 0,46
3. Sodium 1,65
4. Magnesium 0,17

[ [ [ [ [ I [ [ I |
4,00 5,00 6,00 7,00

Temps (min)



How much the bands spread ?

Taylor
Aris estimate

0="D D, Pe?D; U?b?/D



SOME IMPORTANT QUANTITIES USEFUL FOR THE
CHARACTERIZATION OF THE PERFORMANCES
OF THE SEPARATION TECHNIQUE



The number of theoretical plates

N [dis tan ce parcourue par la bandej ’
[ argeur diffusive de la bande

Basic data: column number plates

U Separations based on the distribution of the analyte A between
the stationary phase S and the mobile phase M
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O If the injected amount is low
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(From M.C.Hennion (2004))
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OTHER QUANTITIES OF INTEREST

Selectivity

Resolution (1)
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IS MINIATURIZATION ADVANTAGEOUS ?

1) NON ELECTRICAL SEPARATION TECHNIQUES

- Small samples
- Intégration possible
- Parallelism possible

But no improvement of the analytical performances

gD t o/ U~1
b’




Nanocolumns for chromategraphy

COMOSS = "collocated monalith support structure®

CH TR A Volume = 18 nl (COMOSE do 4.5
- o fong par 150 pbY), surface 450

(Dinreis £, Regrier ot af, Anal, Cheve, 70/ 1988)3780) o
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(From M.C.Hennion (2004))



Le premier lab on a chip était une colonne
chromatographique a gaz (Terry, 1975)

vanne d'
injection des gaz

colonne de séparation
(1.5 m de long)

bloc de mesure de conductivit
thermigue




2)Electrical separation techniques

Hro FEL Number of theoretical
= D plates

N

Maximum electrical field that can be applied
273
O~ KATI ~ KoEl
Therefore

E~1"

Thereby

N~ [



The number of plates remains the same, while
the retention time becomes :

to~ L/V ~I?

Conclusion : it is tremendously advantageous

-Same performances, must smaller times
-(800 us, Jacobson et al)



Miniaturization in this case thus leads to :

- Small volumes

- Intégration and parall¢lization possible

- Conservation of the efficiency of the column
- Considerable gain of time



The first chip electrochromatography
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Maria -Ciave Hennin, Labonaioie Enviovnamans of Clamla Ammyhiges, E5PC

J S5emx 2,5 cm (serpentine 1 cm x 1 cm)
10-pm deep, 70-
pm at the E-nﬁn-m
- Peak broadening due to the U-turns

- Re ucibility of injection (=90 pL in
plnm mode ?ﬂd = J00 pL en gur'ms mode)

o Channel : 165 mm long,
pum wide at surface, r?ﬂ

(Doprés M, Ramsey, Arol Chem, 6199401 107)

(From M.C.Hennion (2004))



The first chip electrochromatography

- In situ bonding of the canal surface .
with octadecylsilane ..
- Electroosmotic flow for both injection

and separation
J Plate number : 11700 for C440,
2950 for C450 and 1290 for C460

. Peak broadening due to the
serpentine shape
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taw of 3 coumarines, réfraborare buffer,
piH 2.2 10mM with 25% acétenitrile, v=0 65
mmes (V= 138Viem)
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(From M.C.Hennion (2004))



More than 1 million plates within 46 seconds

48,0 465 4 7.5 48.0
migrakon ims [ge

Electrophoregramme of dichlorofluoresceine and impurity
70 Woem, 22 7 cm spiral boree ooid 20mM weth TRIS buffer I00mM
N= 1 100 000 plateaun
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(From M.C.Hennion (2004))



A microfluidic system for DNA separation

From Agilent-
Caliper

Allow to characterize DNA
Fragments with excellent
Resolution, and in a small
time
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Miniaturization
of electrophoretic
separation systems

.
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Miniaturization of electrophoretic separation systems

Séparation

QuickTime™ et un;
décompresseur H.263:

sont requis pour visionner cetté image.
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Experiment done by E. Brunet (MMN)



u-Wet Analysis System
Environmental Heavy Metal (Co) Analysis Chip

Time : 3~4hours — 50sec
Quantity : 1 kg — 1N

Sens. : pmol — 0.08 zmol

(From Kitamuri (2004)



SOME DEVELOPMENTS

OF MICROFLUIDIC SYSTEMS DEDICATED
TO SEPARATION




A novel method, based on microfluidics

Big particles .
Move fast Small particles

move slower




Self-Assembled Magnetic Matrices
for DNA Separation Chips

Patrick S. Do l.'E,‘| jérﬁme Bibette, Aurélien Bancaud,
Y
jean-Louis ViOV}':;*

(arb. units)

Flucrescence intensity

Institut Curie
ESPCI

400 BO0 aon 1000 1200
Time (s)

www .sciencemag.org SCIENCE VOL 295 22 MARCH 2002 2237



SAMPLE ANALYSIS IS AN IMPORTANT

TOPICS IN MICROFLUIDICS.
ALL SORTS OF SYSTEMS HAVE BEEN

MICROFABRICATED



Macro- & Microspace for Immunoassay

Microtiter plate Microchip
(Macrospace) (Microspace)
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Diffusion distance ~ 1 mm Diffusion distance ~ 10 ym
(Reaction time ~ 15 hour) (Reaction time ~ 10 min)
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Multi-Channel Micro ELISA System
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@ TLM detection conditions
Excitation : YAG laser (532 nm)
Probe : He-Ne (633 nm)
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LAB ON A CHIP DEDICATED TO PROTEOMICS
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The end



