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i. Microfluidica

Quake Lab (on line)



1. Sample injection

Harrison et al., Science

2. Spot formation

261 (1993) 895 =

3. Separation

micronit.com




Caliper/Agilent Technologies (1998)



10 cm

Transformation
25 uL
2h

l

Plate and grow cells

300 mL
20h

|

Pick colonies
10 mL
10 min

DNA amplification
10 uL 18 h

l

Sanger extension
10 pL 120 min

I. Todo el laboratorio...

1

Product purification
30 uL
650 min

Electrophoresis
15ul
150 min
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Pal et al., Lab Chip 5 (2005) 1024




I. Ensamble de micro y nanotecnologias

TODO UN
LABORATORIO
. EN UN CHIP
lab-on-a-chip
UTAS
nanotechnology
MEMS | E
biosensors « Claucio Berl

Investigador Independiente
del CONICET (INTEC)
Profesor Titular de la FICH, UNL




I. Chips “listos para usar” (POC, health care)




I. POC + telefonia movil: mHealth
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Erickson et al.,,
Lab Chip 14 (2014) 3159 Laksanasopin et al., Science Trans Med 7 (2015) 273



I. Microfluidica y mHealth

Nutrition monitoring Disease diagnostics

Personalized

lab-on-a-chip devices
o

Low entry
barrier

Erickson et al., Lab Chip 14 (2014)

Rapid patient
monitoring
ol . i
\_ Y/

Early diagnosis
(Smartphone based\

Better

Disease
tracking

3159



I. Chips para especialistas (labs)

Elveflow

CytoFluidix

/ Dolomite



I. Mercado asociado ala microfluidica

Microfluidic Devices marketin MS
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Microfluidic Devices market in MS

& cinical & veterinary diagnostics ® Point of Care cagnostics
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B Industrial and environmental B Qrug delivery (mhalers, micropumps, microneedies)

® Micro Reaction Technology

www.psmarketresearch.com/press-release/microfluidic-devices-market



I. Publicaciones en microfluidica

—— Microfluidics in engineering journals

. S o= , ~1,200
—— Microfluidics in multidisciplinary journals
—— Microfluidics in biclogy and medicine journals
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I. Hot topic: érganos en chips

Liver Chip
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Huh etal.,, Lab Chip 12 (2012) 2156




I. Microgotas: una gran ventaja de la microfluidica

dolomite-microfluidics.com



I. Nanoparticulas/nanocristales

D DD

A mixing

Duraiswamy and Khan, Small 5 (2009) 2828



I. Particulas: microgeles, capsulas, multiples

@|

(b)

Microgel
Particles

(©

To UV Exposure

Seiffert et al, JAOCS 132 (2010) 6606




I. Particulas con gran precision

Cao et al,
RSC Adv 5
(2015) 79969




I. Particulas activas!

iker D .““',",'( y ’ r 4 .;
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I. Microfluidica: una herramienta de laboratorio!

nature

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

PRACTICAL
MICROFLUIDICS

ENANN

Lab-on-a-chip technologies
in biomedical research and
diagnostics PAGE181
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I. ¢, Por qué microfluidica en nano-ciencia/tecnologia?
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Escobedo,
Lab Chip 13
(2013) 2445



I. Porque es la conexion con el mundo macro...

On-chip nanohole array Reader

based sensor _ o
Light l F uid inlets
"’and outlets

Sample inlet

““““ Analysis

Microfluidic
layers

Nanofabricated
glass/gold layer

Escobedo,
Lab Chip 13
(2013) 2445




Segunda parte

» i. Introduccion
P ii. Circuitos de microcanales

» Fundamentos y abordaje académico

» Navier-Stokes, regimenes de flujo

» Perfiles de velocidad 1D

» Relaciones flujo-fuerza

P Redes de microcanales

P Co-flujos (juntura Y, juntura X, aplicaciones)

» Flujos 2D y 3D: simulacién
P iii. Ejemplo: nuevos materiales



Il. ¢ Para qué estudiar los fundamentos?

fundamentos 4}> :iil:eul‘:z‘;;én,
y modelado fabricacion

g operacion
@ de los chips

nuevos conocimientos



ii. Escalas de la microfluidica

1mm 100 pm 10 um

Tul 1nL 1pL



ii. Dimensiones caracteristicas
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1 mm- 10 cm " interface
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Multi-escala nm
Multi-fisica




Il. Escalas y métodos de abordaje

System level
cm Equivalent circuit theory

Rin-o Rout

Macroscopic

Continuum equations
Transport phenomena

Velocity [m/s]
.0004 0.0008 0.001  0.002
it
0.000238 0.00185

Mesoscopic
Lattice Boltzmann e of:
v Dissipative dynamics
nm Microscopic |

i

Molecular dynamics
Monte Carlo

Ly




ii. Breve historia académica

Happel and Brenner (1965) Low Re Number Hydrodynamics
Batchelor (1977) Microhydrodynamics
Probstein (1989) Physicochemical Hydrodynamics

Karnidiakis and Beskok (2002) Microflows
Tabeling (2005) Introduction to Microfluidics
Bruus (2008) Theoretical Microfluidics

Lab-on-a-Chip (RCS, 2000)
Microfluidics and Nanofluidics (Springer, 2004)
Biomicrofluidics (AIP, 2007)



Il. Propiedades de los flujos confinados

Pan et al, JMM 17 (2007) 820



Il. Reynolds, Navier y Stokes

Newtoniano
incompresible
V.u=0 isotérmico Navier, 1785-1836
Stokes, 1819-1903
du
o| —+U.Vu |=-VP+uV-u
dt
Reynolds, 1842-1912
h[ = u
— puh
Re="—

L



Il. Reynolds, Navier y Stokes

>90 separated
>5 unseparated
<1 creeping

> 4000 Turbulent

.
<2000 Laminar
Re<1

— Regimen de Stokes

— Sin aceleracion, reversible

—> Alta viscosidad, baja velocidad
— —» o altamente confinado



Il. Regimenes de flujo

Re ~ 103 Re ~ 107
- Inviscido — Velocidad constante
— Energia mecanica - Microorganismos

— En tuberias: Bernulli, 1739 - Microcanales



Il. Regimenes de flujo




ii. El sello de la microfluidica

Kenis et al.,
Science 285
(1999) 83

IAFCIATION FOR THE ARVASCIETNT

COVER

Seven aqueous
streams, each
colored with a
different dye,
converge in a
microchannel and
proceed in parallel
laminar flow,
without turbulent
mixing.

[© F. Frankel]



Il. Bombeo elemental: control la presion

umech.mit.edu

elveflow.com



Il. Flujos inducidos por presion

Mic’.‘rpﬂi]‘idic devicé

5 P A P _ ’ Pout




Il. Flujo en canales rectangulares

VP = MVZU Re << 1, ftd

P _ (&, 2y, h :
oz "o oy* I /

U, (0) = T2 G(x,Y)
4

G(X,y) = 322 (_12

m

m-l (1_ ch(B,. x/h)

ch(Bmw/Zh)jCOS(B ny/h)
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ii. Caudal volumétrico

h yT—»x

W

Q :Huz(x,y)dxdy

~ Wh°AP & 96 1_tam(Bmw/Zh)

- 12p0 AHBL| 3, wi2h
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12pe Dy 0.99 1/60
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1. Caudal vs presion

3
Q:Wh fG AP h yT_’X u
121/

Q=L AP \ /O

AP=R Q

R 8|J.l Hagen, 1838
, ir? Poiseuille, 1839




Il. Microcanales en serie/paralelo

Caso mas simple: un puerto de entrada y uno de salida
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Il. Redes de microcanales

@ (b) | N canales/nodo

1, - lincdgnita

_Z




Il. Redes de microcanales

(@ @ > ||z N canales/nodo
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Il. Co-flujos, juntura 'Y

PS — Patrrblr

L, =L, =L, m S

1/2 <P, /P, <2 w  Py/P+1




Il. Co-flujos, juntura Y: aplicaciones

Takayama et al., Chem. Biol. 10 (2003) 123




Il. Co-flujos, juntura X

PE = PatrruI
L1 — L2 — L3 — L4
2/3 <P,,/P, <3/2

w o 1+42Q,./Q

:> Wy 3/2—P2,4/P1
w 1/2+P,,4/P



Il. Co-flujos, juntura X: aplicaciones

<
«

External
fluidic
connections

External

electrical ] Vs
connections .

Rodriguez et al.,
Microfluid Nanofluid 3 (2007) 171




li. Flujos 2D y 3D: simulacion

B Upper layer
B Lower layer

=~ Sperm

Han et al., Lab Chip 10 (2010) 2848

Newtoniano
O incompresible
isotérmico

p| —+u.Vu |=-VP+uVeu

50 ym 100 pm 150 ym 200 pym

50 pm 100 pm 150 pm 200 pym




Il. Flujos 2D y 3D: simulacion

Velocity [m/s]

0.0004 0.0008 0.001 0.002
Eemmmmmes Gommmes ' e
0.00185

0.000238

pH

5 / 8 9
WHTWHHWHHHM
Kler et al. 4.5 05
Comp Mech

51 (2013) 171



li. Flujos 2D y 3D: simulacion

Escobedo et al,
Anal Chem 82
(2010) 10015
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li. Aplicaciones del problema basico: co-flujos




iil. Gradientes de concentracion

Schaumburg et al (2017)
Reservoir



1. Difusion molecular




lll. Tiempos caracteristicos de difusion

z—> o, =(2Dt)Y?2  D=51010m2/s
t = z2/2D

1mm 100 pm 10 um

1000 s 10 s 0,1s



lll. Tiempos caracteristicos de difusion

D ~ 103 um?s D ~ 40 um?/s D~2um¥s D~ 0.2 um4s

H:C cl (c”x
HN “NH

a
LA
H,C' C H.\
giod’\cﬂ’

<1nm

t ~ (100 um)?/2D

5s 2 min 42 min 7 h



li. Transporte difusivo, fluido estanco




ll. Transporte difusivo, flujo transversal




1. Difusion en co-flujo

J.-B. Salomon
www.lof.cnrs.fr

|
‘ micronit.com



li. La difusion como problema: mezclado

FLOW

/

Strook et al., Anal Chem 74 (2002) 7306 Biddis et al., Anal Chem 76 (2004) 3208



_ e

* ¢ @ "pamcles
> waste

extracted"
part1c1es<_

Brody and Yager,
Sens. Actuators A 58 (1997) 13

li. La difusion en positivo: filtros sin membranas

Blue BSA

Tartrazine

[]

Blue BSA +
Tartrazine

Blue BSA +
Tartrazine

Osborn et al,
Lab Chip 10 (2010) 2659



lll. Reacciones en co-flujo: auto-ensamblados

)

FRR = 18.0

(a) (c
Water
FRR=3.0

AUNRs

in THF FRR=1.8

FRR = 3.0

22%55’ BCP-tethered NP (or THF)/water ratio
e ——— |
AuNRs 10 08 06 04 02 00

(b) FRR: =180
l l To.s - %6
. 3 — 45
h G .2?, soal — 3¢
>/ 3 = —
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S
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- nm m < NS CE |
cLUBE LU L
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He et al., Angew. Chem., Int. Ed., 52 (2013) 2463



lll. Reacciones en co-flujo: auto-ensamblados

AT P+ water -
a) pH>7.0 C)

lonic Complex /[ S

Chitosan+* water

i

o PH<60 1 T 220 -
; | = » ) 200 - mZ Average (nm)
: A3 N0 - - 1 b 20 ‘;
L \ﬁ/ ~d 3 == Time of mbang (ms) E
"o o B c 180 < e
= S ¢ L < 15 &
- " + }160 é
T i + 10y
+ + 7 z 140 4 g
120 1 bS5 =
AT P+ water 100 + v v v 0
003 0.05 007 009

pPH>7.0 == Flow Ratio

Majedi et al., Chem. Commun. 48 (2012) 7744



lll. Reacciones en co-flujo: auto-ensamblados

/" CHI/ATP
Nanoparticles

oo
2
By

Pessoa et al, M
Lab Chip 17
(2017) In press

Regular configuration

WLk 1Y
“ S

CAS configuration




li. ¢ Hasta donde podemos con esta configuracion?

v 4
PO, K+ HY
*— 4 B sheet
unfolded rich silk
H =
. protein shear & elongation ,—=—=——
5
N -
H,0, CI, Na*
laminar elongational  wider channel
mixing flow for analysis

laminar mixing
& elongational flow

'o_-_ ""“*

Rammensee et al,
PNAS 105 (2008) 6590



I11. Nuevos materiales imitando la naturaleza

iSilk gland

Tm

Peng et al, Sci Reports
6 (2016) 36473



I11. Nuevos materiales con la naturaleza

'_—-’—~~~

/

random coil/
a-helix

— Control-S
— SWNT1-S
— SWNT2-S
— GR1-S
— GR2-S

"4 6 8 10 12 14 16
Strain (%)

2

Wang et al, Nano Lett 105 (2016) 6695
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