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Part V. Mixing, Diffusion, Separation



Introduction : Lab On a Chip

Lab On a Chip (laboratories on chip) LOC
uTAS (micro Total Analysis System)
Point of Care

A lab-on-a-chip (LOC) is a device that integrates one or several [aboratory functions on a single chip of
only millimeters to a few square centimeters to achieve automation and high-throughput screening

Functions operated on a Lab On Chip
Fluid transport (Electro-osmosis, Electro-phoresis, Hydrostatic pressure)

Preparation (Heating, Filtration, Extraction)

Separation (diffusion, electrophoresis, isoelectric focusing)

Mixing (diffusion, forced mixing)

Reaction (culture chambers, markers)

Detection (Chemiluminescence, electrochemiluminescence, fluorescence, Electrochemical

detection, mass spectroscopy, Surface Plasmon Resonance)
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1 http://faculty.washington.edu/afolch/FolchLabResearchProjects.htm,  Lab Chip, 4 , 342-350, 2004



Dilution

Logarithmic Dilution
Equivalence with Kirchoff law in electricity

Inlets for sample and buffer
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Mixing

In microfluidics, low R, : highly laminar flow, no transport in between liquids

Albert Folch, Univ. Washington

How to mix liquids?



Albert Folch, Univ. Washington



Brownian motion

1 is the mobility (not viscosity) D= ﬂka



Brownian motion
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11 is the mobility (not viscosity) D = /"ka



Diffusion

Diffusion is the net movement of molecules or atoms from a region of high concentration
to a region of low concentration.

Fick's law
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Diffusion

A distribution of a quantity (p(r , [ )

Fick's law
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Diffusion

Some Diffusion coeficients

Molecule in a gaz )=2.107 pm2.5"1
Water molecule in water D=2000 pm2.s-
on in water )= 200 pm2.s-
INA 30ph )= 40 pm?2.s
INA SKhp J)=1pm2s
Al'in Cu (solid solid) J)=1,3.10-18 pm2.s-
Stokes Einstein equation
Diffusion coeficient for a particule of radius » ka

in a liquid with a viscosity 1 (low Reynolds)  6mur



Diffusion

More diffusion
coefficients

molecule

H,0

H,0

H* (from H;0" to H,0)

0;

co,

tRNA (=20 kDa)

protein (=30 kDa GFP)

protein (=30 kDa GFP )

protein (=30 kDa GFP )

protein (NLS-EGFP)

protein (=30 kDa)

protein (=40 kDa )

protein (=70-250 kDa )

protein (=140 kDa Tar-YFP)

protein (=70 kDa LacY-YFP)
fluorescent dye (carboxy-fluorescein)
fluorescent dye (carboxy-fluorescein)

transcription factor (Lacl)

morphogen (bicoid-GFP)
morphogen (wingless)
mRNA

mRNA

ribosome

measured context

water

nucleus of chicken erythrocyte
water

water

water

water

water

eukaryotic cell (CHO) cytoplasm
rat liver mitochondria

cytoplasm of D. melanogaster embryo
E. coli cytoplasm

E. coli cytoplasm

E. coli cytoplasm

E. coli membrane

E. coli membrane

A. thaliana cell wall

A. thaliana mature root epidermis

movement along DNA (1D, in vitro)

cytoplasm of D. melanogaster embryo
wing imaginal disk of D. melanogaster
Hela nucleus

various localizations and sizes

E. coli

diffusion coefficient
(um?/s)
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Diffusion

In cells

time for protein diffusion across cell

time scale (T) to traverse distance (R)
given diffusion coefficient (D)

1=R?/6D
pm?>
protein in cytoplasmD =10 =

EcoliR ~ 1pm — T=10ms
HeLacell R = 20pym — 1 =10s

neuronal cellaxon, R = 1cm —> T=10%s= 20 days!

Ron MILO and Rob PHILLIPS, CELL BIOLOGY by the NUMBERS
http://book.bionumbers.org/



Diffusion P

Diffusion time 7 ~ =

Grenadine syrup
1=10cm 107
1-10.9 t=107s (100 days)
S0cks

1=170cm
D=2.10"

t=0,85 105 (1 day)




Diffusion Advection

transport of a quantity (scalar or vector) by a vector field

Advection diffusion equation
C interest value (concentration,

X o V(DVC)-V5C+S temperature.
ot D diffusivity (coefficient of diffusion)
V velocity
Simplifies in % = div(D gradC) — div(vC) + §
dC .
—=DV’C-vNVC
ot |f D=0, pure advection
UL _% ﬁ
P=-—

Peclet Number compares the advection time S
to the diffusion time




Diffusion Advection

Peclet number in microfluidics?
For D 10-° cm2/s

100pm wide channel and Tmm/s velocity -> Pe=100
Tum wide channel and 10pum/s velocity -> Pe =0,01

If Pe>> 1 high Peclet regime, advection preponderance
Reductant AgX

\

SOO_pm

Kenis,P.J.A., Ismagilov, R. F. & Whitesides, G. M. Science 285,83-85 (1999)



Mixing

How to improve diffusion in microfluidics?
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Mixing

Diffusion + geometric dispersion




Mixing

Diffusion + geometric dispersion T ‘ I i ‘
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Separation

Difference of diffusion can be used to separate species :
difference of diffusivity in a H-shaped bifurcation




Separation Pinched flow fractionation

Particles are stucked along one wall by a buffer stream
-different particle size = different position regarding the wall
-Expansion of the flow

-Collection of particles by streamlines

particle stream broadened detection

N segment line
L ]
- ..

buffer
strea

N.Pamme Lab Chip, 2007, 7, 1644-1659



onation

Separation Pinched flow fract

Example

University of Twente and BIOS.
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Separation

Separation by filtering
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Separation Acousto fluidics

- Creation of ultrasonic standing wave in a fluidic microchannel
-Nodes and anti nodes are created along the channel
- Compressive particles are sorted by size

dand 8 pm pm
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Lenshof et al. Lab Chip, 2012, 12, 1210

Glass

>< Standing wave

Laurell et al. Chem. Soc. Silicon
Rev., 2007, 36, 492-506
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