Applications of Microfluidics / Nanofluidics
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Applications of Microfluidics / Nanofluidics

(Desired) benefits

» Higher sensitivity

« Faster system response

« Low fluid volumes consumption

« High throughput analysis

« Controlled microenvironments
for studies of fundamental cell
biology

 Lower costs :

« Realization as lab-on-a-chip! .

http://www.gene-quantification.de/lab-on-chip.html



Microfluidics: Materials

"'o"e Thermoplastics

Ren et al. Acc. Chem. Res. 46 (2013)
DOI: 10.1021/ar300314s

Fabrication cost

Greatly amplified
material properties
Specific
microfabrication
strategies
Elastomers and
plastics are both
rather cheap and
allow fast
microfabrication



Components: Valves

San-Miguel et al. 2013 http://www.wormbook.org/

http://wwiw.labautopedia.org/mw/ DOI: 10.1895/wormbook.1.162.1

Microfluidic_sample_transport
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channellayer
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« Passive vs active valves ol
« Passive: one flow direction, Ve heater oo

closing/opening by backward pressure
» Active: several operation modes

(piezoelectric, magnetic etc.)

fluid

(®) Valve closed (heateron)

Pitchaimani et al. Lab Chip 9 (2009)
DOI: 10.1039/B909742B



Components: Pumps?
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Physical basics: The Reynolds number

For decreasing system size:
* Viscous forces 1

* Inertial forces |

* Reynolds-Number:

= R SR pav inertial forces
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Physical basics: The Reynolds number
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Physical basics: The Reynolds number

pav

Let's Watch Oliver Swim

Ina Tub of Water

https://www.youtube.com/watch?v=GxthWm3F96Q&t=189s

https://www.goodground.com/wp-
content/uploads/2017/08/honey.jpg

NewScientist

https://www.youtube.com/watch?v=hHSbdbQHkOM

https://mww.youtube.com/watch?v=UpJ-kGI1074



Components: Mixers

Problem in microfluidics: Low Re = no turbulence !
Must mix via diffusion !
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Components: Mixers / Filters

The H-Filter:
« Solution with 2 types of particles of different Pe-numbers (small, large)

« The particles with the smaller Pe-number diffuse faster the channel
(upper/right area) - can be extracted

http://mww.mf20.org/applications/extracting-analytes-h-filter
H. Bruus: Theoretical Microfluidics



Components: Separators

External field
Sample Outlet 1

| - =

Splitter — <—— Splitter

Carrier Outlet2 (Lenshof and Laurell 2010)

« Active separation using external fields
« External force may be magnetic, dielectrophoretic, acoustic etc.

http://www.youtube.com/watch?v=RNpwgHCB5hQ



Hagen-Poiseuille Law?

Paradox of drinking-straw model
of the butterfly proboscis
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Tsai et al. J. Exp. Biol. 217 (2014) » Alrbus A320 with riblet foil St M e
DOI: 10.1242/jeb.097998 Miller, Phys. J. 17 (2018)

SPIE article, DOI: 10.1117/2.1201604.006419 Domel et al. J. R. Soc. Interface 15 (2018)
DOI: 10.1242/jeb.097998



Electrophoresis
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Barz et al. Lab Chip 5, 949-958 (2005).

Good review: Pagaduan et al. Anal.
ity S Bioanal. Chem. 407, 6911-6922 (2015).
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Mobility of DNA in Liquid
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Fig. 4 The free solution electrophoretic mobility of DNA molecules in
TAE buffer. As can be clearly seen in this graph, the DNA molecules
reach o plateau phase around a size of 400 bp. The plateau electropho-
retic mobility here is ~3.75 x 10 ' em® V' s ', Thus, larger fragments
cannot be separated from each other, Reprinted with permission of John
Wiley & Sons, Ing.*
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Fig. 5 The three different regimes of (bio) polymers in free solution. In
regime A, the molecule can be treated as a charged rod in a sphere. Here,
p > ip > R,. Here separation is possible. In regime B, the molecule can be
seen as a random coil, R, > p > Ap. In regime C, the molecule is seen as

a long rod, where p > R, > D. In regimes B and C, no separation is
possible. Image after ref. 75.

Salieb-Beugelaar et al. Lab Chip 9, 2508-2523 (2009), DOI: 10.1039/B905448K



Mobility of DNA in Gel
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Fig. 4 Mobility of DNA (—-—) and DNA migration time
(—o-) for different lengths of DNA fragments, (inset to
b) concentration of DNA sample vs. averaged
response peak (calculated for 117 bp peak).

PCR microfluidic chip

Jha et al. Lab Chip 12 (2012) 4455



Gel Electrophoresis
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Dielectrophoresis
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Review: Gossett et al. Anal. Bioanal. Chem. 397 (2010)
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Magnetophoresis

Magnetophoresis of Microparticles
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Kang et al. JACS 130 (2008)

External static magnetic field

Magnetophoresis of Circulating Tumor Cells
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