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icrofluidics— two folds

Droplet/plug flow

Open system

v Compartmentalization/isolation

v' Controllability
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What is the volume of a droplets ?
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Micropumps/ valves/ flow sensors

MICROFLUIDIC DEVICES
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Droplet Applications
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Manipulate droplet using
hydrophobic ferrofluid
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Development and validation of a method to
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The self-assembly of inorganic nanocrystals
(NCs) confined inside nanoliter droplets (plugs) into
long-range ordered superlattices.
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drop sorting based on chemical contents

Droplet manipulation
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Hydrophilic and Hydrophobic Features of Leaves
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wetted plant leaf
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non-wetted plant leaf
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lenta Brassica oleracea Multisia decurrens

Nelumbo nucifera Colocasia escu
(Barthlott et al., 1997)

Schematics of Surface Effects
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Technology

J. T. Yang, 20081116

Schematics of Surface Effects
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Biophysics = Biomechanics - Biomimetics
Lotus and Microchips

J. T. Yang, 20091026

Objectives of Our Research
" A

Mimicking lotus leaf

1 N/MEMS, SAM

Ultra-hydrophobic surface

J. MEMS, 2006; Langmuir, 2008 Gradient surface F 7&74] #&, 2007
JMM, 2009; Lab Chip, 2010a, 2010, ... PFUFGE LB B

Droplet spontaneous moving
and reacting on a microchip

46




Lotus leaf

" T

The first idea :

We have integrated the nano/micro fabrication to mimic the
morphology of a lotus leaf and made the hybrid structures on
the solid surfaces.

Such an artificial surface would be similar to a lotus leaf
with superhydrophobicity.
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Contact Angle & Surface Wettability
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(a) Smooth surface (b) Wetted surface (c) Composite surface
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system
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Arrays of Micropillars

Artificially Superhydrophobic Surfaces
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Lee, S. M., and Kwon, T. H. 2007. J Micromech Microeng, Vol.
17(4) pp. 687-692.

= Koch, K., Schulte, A. J., Fischer, A., Gorb, S. N., and
Barthlott, W. 2008. Bioinspir Biomim, Vol. 3(4), pp. 046002.




Transport and Manipulation of a Droplet
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mic @ By means of modulating the patterned density of
tran microstructures, f;, a transport path with a surface
gradient has been created.
B Asingle droplet will move spontaneously along a
specified direction from the surface with a lower
Ele patterned density to that with a higher one.
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Engineering Application & Patents

ROC / USA patent, 2005,

@ GIeftT Grignt J.T. Yang, etal.
1
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Stronger hydrophobic surface

Sub-channel 1 Sub-channel 2 Sub-channel 3

Microfluidic device with a
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Main channel

External v
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ROC / USA patent, 2007,
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[ Schematic of geometric parameters of

| each microgrooved pad.

(a) (b) (c)
. Those surfaces become
per unit of the microstructure f= I S 2H hydrophobicity using a
TwaeG 7 m+G FDTS vapor

nanocrystals

——, W=10pum G, spacing
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! Microgrooved surface Hybrid-structured surface
1 | |

T o . o s =

Z.H.Yang, C.Y.Chiu, J. T. Yang,* and J. A. Yeh, 2008, "Hybrid-Structured Surfaces with Ultra-Hydrophobic
Character using Micro/Nanofabrication," submitted to Applied Physics Letters.
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Hybrid structured surfaces

" S

Photographic Scans of a Hybrid Structured Surface with a SEM: (a) The Sight Field
at a Small Magnification; and (b) The Sight Field at an Increased Magnification
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mng et aI., JMM, 2009 (times cited: 13)

{a} Young's model {b) Wenzel's model {c) Cassie's model

o,

Contact interface Alr pockets (©) " Unit: pm

Smooth surface Wetted surface Composite surface
(a) (b) , 2
Per unit of the microgroove - L =1+ 2H

L=2mm h=wie " wic
E B [ , spacing

— a—

? AFM scanning snapshat, resolution 286 by 256
______ & W Hybrid-structured surfaces consisting of
J microgrooves and nanocrystals have been

Mi rooved surf; q g g .
realized via an integration of

© () Hybrid-structured Pads nano/microfabrication.
Those surfaces become mare
hydrophobic using a FDTS vapor.

ww =17

B The nanocrystal-decorated microgrooves
were arranged and fabricated on a silicon
substrate followed by vapor deposition of a
fluorinated self-assembled monolayer
(FDTS), yielding an ultra-hydrophobic

surface. ‘

Manocrystals

.

Hybrid-structured surface

(.
Surface Hydrophobicity of Three Levels

1 7, P

@, apparent contact angle

18 5= 43.6° &
All measurements obtained from those microgrooved 1
surfaces and hybrid-structured surfaces -

0.2 0.3 0.4 05 086 0.7 08 09 1.0 1.1
1, patterned density “
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ROC Patent, 2009.

Lai et al., Lab Chip, 2009;Yang
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A Microchip using SAM & Gradient Surface

Lai, Yang, Shieh, Lab Chip, 20
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A biochemical droplet transporting across
superhydrophobic to hydrophilic surfaces.

u Lai, Yang,* ShiEh, Lab Ch (times cited: 13)

a microstructure and
SAM composition
gradient surface

transport of
droplets across
superhydrophobic
to hydrophilic
surfaces

a double-direction gradient

-- Rose's 'Petal Effect’

This fascinating "petal effect” could lead
to unique new adhesive materials,
coatings and fabrics.

.
ScienceDaily (Apr. 25, 2008)

Petal Effect:

A Superhydrophobic State with High
Adhesive Force

The rose's ability to grip water droplets
in place, even when the flower is
upside down.

Feng et al., Langmuir, 2008.




etal Effect and Lotus Effect

Petal (Cassie impregnating wetting  state) Lotus (Cassie’s state)

AFM, and Platform for Biochips
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Application

Research Motive

Laboratory

current

Manz et al., SNA-B. 1990 i . 74

AIChE J 48, 1593, 2002 ' !
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= General flow chart of a chemical analysis

(Manz et al., Sens. Actuators, 1990)

sampling

Ideal chemical sensor

Transport

Sample
prefreatment

Transport

Detection

Transport

Ref. : http://www.ost.gov.uk/link/news/images/9903chip.jpg
http://w4.siemens.de/en2/html/press/newsdesk_archivgfindex.html : www.genpoint.com/ Files/illustration.html

http://www.ost.gov.uk/link/news/images/9903chip.jpg . http://www.giannigiorgetti.com/pcr/

Droplet Technology

¥

Formulate
Load
Combine
Mix
Split
Timing

9

s,

Droplet

g RainDance

Store

Sequential add
Detect
Direct

fdancetechnologies.com/tech.html
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volume droplets 3
"~ discrete PCR reactions'p




b T A LR £ Wt

Ll

Xk
L -

s

i e M EK P AL A~

HighEfficiency

[

Yang et al.,

fluorescence
dye _
gl i i - AuNP
Target
Probe DNA
DNA
O

f1* & & (-NH,group) &
# s & (-COOH group) 4%

1 4 1 p ek ivs

; ﬁﬁ?ﬁs&ﬁﬁ“ o
i

B2 RpIER

Probe
DNA

ITO

Au NP

Target
DNA

Lxght |




A novel method of self-assembling nano-particles or
long chain molecules for the formation of surfaces with
g

controllable wettability

transition. R
FITC . /@\Dmuﬂh

hydrophobic TR
i ! o § [

; - Auplumu-um
mal Cﬂ

| Eailphieiisinre | hydrophobic _
¢ ¢ £ AL E RS, 2007 I Ll |§| [ |
AARS 2 LN pRRUE | S e
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A Patent- Manipulate Droplet by SAM
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Droplet transport

e NN/
Y @
R7

| 27 7
7. ’

N

Different patterns of SAM

HEdE IR R r% NS vEfT; % ik TR0 200744 4 p
EEEITRTRA R 22 KR Y Y AR SREMN S
76 (No. 096114775, 96/04/26 + &),




A Patent : Manipulate Droplet by SAM

e
Bio-molecule detection DNA in the droplet doesn ‘t hybridize
with the DNA connected to the substrate

Remain
’ hydrophobicity

Different kinds and
l patterns of SAM

DNA in the droplet hybridize with the " .
., DNA connected to the substrate hydrophobic — hydrophilic
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A novel fluorescent device with ultra-resolution and
its application (- a2 4¢3 245 & 2 st Bir ~ 2 % 8)
J. T. Yang,* D. B. Shieh, W. F. Fang, C. Y. Chiu, T. L. Tasi, and Y. N. Wu
Taiwa[.l Patent No. 1373681, issued in 2012
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Mixing and Reaction within Droplets




Sequence of images during two droplets collision

1)

(41

s , ‘ 1.1?35, m Each droplet
of volume 5 pL

31.1623 , ! 1.166s ’ ‘ 1.17
n (DI water).
——| = Transport
l 1.1955! ! 1.20-15J ! 1.21
velocities of
1.226s 1231s 10305 19345 58.14 mm/s
and 54.35
n a : : mm/s .

[}

sJ 1.2195J path: 8 mm by
2 mm.

Sequence of images during two droplets
collision (2)
g

o e ST
1 12455 {‘! 1 2465
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1 12525 {1 12545
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1.240s

p
o

1.248s 1.251s
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1.265s 1.280s
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Numerical Simulation

(a) D=1mm

Bo =0.026

Fluorescence
microscopy \\- Dyed droplet
¥
o i T E T o st
High speed camera —»
PC

Collision and Mixing of two Droplets

Research Targets in bio-medical diagnosis
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Droplets in a Straight Channel

.._ Tung, Li,, and Yang, Microfluidics & Nanofluidics, 2009
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108 L
X (pm) X (pm)

Micro-PIV measurement of the velocity field inside an aqueous moving droplet. (a) Orginal
image, (b) velocity field, (c) velocity field after subtracting velocity of the droplet and (d) the
streamlines at the center of the droplet. 87

Mixing and Hydrodynamic Analysis of a Droplet in

a Planar Serpentine Micromixer '
Microfluidics and Nanofluidics, 2009 (times cited 17)
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Mixing Mechanism

Stretch

Reorient Fold
o R

Mixing is promoted by periodic motion of the fluid. It is
conducted by iterated reorientation, stretching and
folding of the interface here.

89
D rop let In PSM- Numerical Simulation
L Flow diec bty a3 initial
ra ¥
- L | .
Ii)ﬂ |.ll'l'l 200 pm 30!] um -10l] um Sﬂl) pm 200 um 400 pm 500 pm
600 um 700 pm 800 pm 900 pm 1000 pm T00 pm 'Jllil um 1000 pm

u:mg Ty

2D simulations showing dye mixing inside droplets in which
bye is injected throughout the bottom half of the droplet (150

um & 100 um ) in a PSM.
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chematics of u-P1V Measurement

LA HEE Microfluidics and Nanofluidics, 2009

Micro-strobe

/\\

; Syringe Pump
. (Kd S200)
] [ Micro-channel | :
— DI water + particle

40x Objective Lens

Control computer

High speed
CCD camera

amlme abka .
owing-droplet—

roplet IN PSM- p1v Measurement

) L Tian 0 )40 w0130 160 200 2400
X (ym)

|,|,ln

gltlirl:!ii;ii[
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W0 130 148 300 1483 40 %0 110 160 190 2408 40 S0 129 16D 260 2400 48 A8 120 1es 209 24
X (ym) X (um) X (ym)

B N1 119 160 108 2400 46
X (jm) X (yym)

o Orlglnal droplet images
¢ Original contour and vector of velocity field inside the droplet along P

e Contour plot of vorticity inside the droplet along PSM.




Multi-color Micro-PI1V & Species

= ESITCTETETSoncentrations
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A Microchip using SAM & Gradient Surfaces

L Lai, Yang, Shieh, Lab Chip,
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A biochemical droplet transporting across
superhydrophobic to hydrophilic surfaces

,* Shieh, Lab Chig

a microstructure and
SAM composition

transport of
droplets across
superhydrophobic
to hydrophilic
surfaces

a double-direction gradient

Confocal Fluorescence Microscopy

u Beam Lab., NTU
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DNA hybridization in Reaction
Lab Chip, 2010; Beam Lab., Chan nels

Application and pilot-test

z=300 pum =300 pm

z=150 um

3

DNA hybridization in Reaction
" SEEIEMNTETT Channels Application and pilot-test

20 mm's

al (r=9.5ms) a2 (r=11.5ms)

a3 (r= 13.5ms) a4 (= 16.5 ms)




Droplets Coalescence and Mixing with Identical and Distinct
Surface Tension on a Wettability-Gradient Surface

S.1.Yeh, W. F. Fang, H. J. Sheen, J. T. Yang*
Microfluidics and Nanofluidics, doi: 10.1007/s10404-012-1096-2, 2013

wattability
gradient
surface

ye
vz e\

objective l-engl' | i

high-speed
camera |

This study investigates the influence of different viscosities and surface tensions on
droplet coalescence and mixing processes after a head-on collision between a moving
droplet and a stationary droplet by micro-PIV and micro-LIF technique.

Reconstruction of Species Concentrations
Interior the Colliding Droplets

S p g, o e, 2010




Flowfield Measured with Micro-PIV in
Two Coalescenced Droplets

u Beam Lab., NTU Application and pilot-test

al (r=9.5ms)

al (r=13.5 ms)

Next-generation microfluidic system for

' drug screening and cell analysis
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Tunable nano/micro—composute structure platform for high
throughput cell analysis via manipulating nano-liter droplets
2011/08/01-2014/07/31, NTD 8,000,000 (2011)/7,000,000 (2012)
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US Patent 2005/0045539 Al
Taiwan Patent No. 1242466 ST
Taiwan Patent No. 1261572
Taiwan Patent No. 1336401 |} =
Taiwan Patent No. 1346780}
Taiwan Patent No. 1350370 & gl

Taiwan Patent Publication No. 201111269
Taiwan Patent Publication No. 201113524
Taiwan Patent Publication No. 201038465
Taiwan Patent Publication No. 201038635
Taiwan Patent Publication No. 201111272
JMM Highlights, 2009

Institute of Physics IOP Select, 2009

Chorsad vl

FikimEIiR R

- L X £ X
\\ Qﬂ‘u sysicm iri_&.é;
HEFHLLRAS N
L3 HARRE
RS
v AN

Taiwan Patent No. 1230683
JMM Highlights, 2006

film

i s

2213 TR TS
BT RH S
HRE R IR

F ) ehHciR RV ARG %%
g AgaE
/R AR
VE SR 2 MR SR
A (pL~uL) > @ 5 #H
R E WA
thic-L g4 b

Vi kSRR B
% =8 @ 1l
bR eV B A
FREIEN Wy
2 A#FT

EEEALH,

(1.0Fl ulL/s)

2011




Next-generation microfluidic system for
drug screening and cell analysis

SRR TN B R TPk

H Yang et al., submitted to Lab Chip, 2011
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eliminary Tests

i Yang et al., submitted to Lab Chip, 2011

SEF AL, 2011
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Droplet Fission

Capillary number (Ca)

LI =l e

Submitted to MNF, 2011

dit1
dsi
dr2
ds2
dt
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t Fusion and Mixing

Submitted to MNF, 2011

60 um 30um
1<Q;=Q,<1.6
Qi=Q, <056 e os - on 2<Q:=Q; Q1=Q;<02 04<Q,=Q,
(Ca<0.0048) : 0.0127) (0.0159<Ca) (Ca<0.0016) (0.0032 <Ca)

Fusion Stable fusion Stable No fusion Stable fusion No fusion
Unstable breaking breaking No breaking Stable breaking Breaking
Fusion process During the two droplets impact with each none During the two droplets none
other. tend to separate.
(side-by-side) (decompression)

Breaking process Asymmetric breaking none More symmetric b

Mixing process « Stretching and folding at the 3-D none Agitating by two inver:
overlap region. recirculating flows
- Agitating by two inversely recirculating
flows at the narrower straight outlet
channel.

channel.

Film of droplet fusion
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Droplet Fission (2)

Droplet Fusion (1)
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Droplet Fusion (2)

{01/01/2011) 00:00:00:000000 (CF = Ox00000000)

lization of Droplets Fusion and Fission

Frame rate : 1000 fps
Spatial resolution : 63.9
- m/pixel

Frame rate : 6000 fps

Spatial resolution : 2.13 high-speed CMOS camera
- mipixels Observation zone : 800 x 600 pixels

Phantom V310




Mechanism
ets Fusion, Fission, and Distribution

a.) fusion and fission (b.) fission and distribution (c.) fission and distribution

Deep of single layer: 51 um Deep of single layer: 51 um Deep of single layer: 51 um
DI water: 0.5 pl/min DI water: 2 pl/min DI water: 2 pl/min

Silicone oil: 1 pl/min Silicone oil: 2 pl/min Silicone oil: 5 pl/min

Re: 0.031 ; Ca: 0.0006 / Re:0.083 ; Ca: 0.0016 Re: 0.145 ; Ca: 0.0028

Droplets Simulation




Droplets simulation 200-50 (2D)
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Deep of single layer: 51 um
DI water: 0.5 pl/min DI water: 2 pl/min
Silicone oil: 1 pl/min

Silicone oil: 2 pl/min Silicone oil: 5 pl/min
Re: 0.031 ; Ca: 0.0006 Re:0.083 ; Ca: 0.0016

HEFEFE: Lggr ~ o) 2.5~ 3Rk (R4

Deep of single layer: 51 um

mw to control distance between droplets?
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Deep of single layer: 51 pm
DI water: 2 pl/min

VA |

4

Re: 0.145 ; Ca: 0.0028 '

' Future Work
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Mixing Test— food coloring & chemical reaction

Sometimes a color change is the result of a chemical
reaction. Sometimes it is just the result of mixing colors.

Tartrazine (stationary Indigo Carmine (moving drople

droplet)

Round-head shaped

Mushroom-shaped Heart-shaped

[ 9@ [SIS)

T=0.100 T = 1.000 T=0.100 T =1.000 T=0.100 T =1.000
124s s 1280 x 800 pikels, 3200sfps, 512X Slow métion s




Chemical Reaction in Colliding Droplets

" S

PESRL - ZSSE 9P » pH > 10/ FRRSHT &1 O] -
Fll= ;‘ff[s{ i p degﬁ‘p ] o

firfis+ NaOH (PH=12) 3200 fps

0 2.5ms 5ms 15 ms 50 ms

2.5ms 10 ms 25 ms 55 ms

Beam Lab

Chemical Reaction in Droplets

Mode % 800 pixels, 3200 fps Mode D
512X Slow motion

T=25ms T=25ms T =250

T=50ms T= 1000 T= 1500 T= 2500

126




Next-generation microfluidic system for
drug screening and cell analysis

Contact Angle Decreases

~
\'Hr'\

t=0.310s, 6,=122.54  t=0.363s, 6, = 105.17

Contact Angle Recovers

N i
L

t=2.530s, 6,=121.36 t=2.298s, 6,=91.80

Droplet/plug-based microfluidics (open syste

" Tuh@Blefextured surfaces (1D)
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A Pneumatic Open-Surface Microfluidic Platform for

Droplet Manipulation
Iﬁ Chip design and operating conception

(a) b)

Droplet moving direction
=

Q=
L L

Superhydrophobic area Air suction activated

Thin-film PDMS
membrane™ %

Alir suction outlet

Thick-film PDMS

layer )
Air chamber

Channel

Glass substrate
-

129

Droplet/plug-based microfluidics (open system)

Tunable textured surfaces
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Encapsulation of single cells to evaluate the cytokines &
protein of WBC in animals receiving different therapies

gie

PDMS 1 — —
' . i \ Liquid channel
PDMS 2 — 1

I 14— Glass substrate

Air cr']amber

Alir suction activateﬁ

Droplets generation
Particle test

Single Cell encapsulation
Drug therapies
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Droplet-based Mi€FeFotal Analysis Device to Enrich and to Separate Hydrophobically
Blctionalized DNA in Free-Flow Microdroplet
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TAMRA-labeled
DNA /3 %

Aggregation-based Detection of DNA in a Microseperator
Biosensors and Bioelectronics (in revision), 2012

) W y
T, oY ¥
- ! Broadening ~ Single particle
g o~ o
L » \ =" Probe DNA1 b~ segment (No targets)
>
- ~,
Fluorescent Biotin labeled pyope-labeled Target DNA
PSbeads ProbeDNA  pspeads 4 .E_’, S
e R e hAZ by
E =t P - Xy
l\ ' pr > _’ }/ro e Aggregated ".I r ))
Bt I = Particles 2 3 >
Streptavidin " Large ? y ~
aggreqated | el &7 Aggregated parides
Probe DNA-L:  Biotin-5-GCGCT AGAGT CGTTT-3' particles 'A (Mediumtargetconcentration)
Probe DNA-2: 5-CCTAT CGACC ATGCT-3-Biotin (High target 4
Target DNA: 5-AGCAT GGTCG ATAGG AAACG ACTCT AGCGC-3' concentration) ;
Test DNA: 5-GAGGG ATTAT TGTTA AATAT TGATA AGGAT-3 -

1-mismatch DNA: 5-AGCAT GGTTG ATAGG AAACG ACTCT AGCGC-3  (a) 2-outlet design (b) 6-outlet design

broadening segment

A novel aggregation-based method :
to execute oligonucleotide detection . °
in a PFF (pinched flow fractionation)
microseparator is proposed and
developed. The label-free target DNA
hybridizes with the probe DNA on the
surface of microspheres and causes
the polymeric aggregate, thus enlarging
the average size of the aggregated particles.




Next-generation microfluidic system
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Hybridization-mediated growth of gold nanoparticle probes for
visual and spectrophotometric screening of DNA mismatch

g

Before After  color q
appearance TEM photos nZ UV-vis spectra a) Concentration (HM)
7 | 003 006 008 011 014 0.7 0.20
Unmodified gold nanoparticle rr N
(unmodified AUNP, 0.4 nM) 3 coi
: som &
ProbeDNA =y B Growth ~<i So. y v Y L1 Y ’
] 5 s, £
gég"g*gz*m“ RN NHQOH&HAucu,/ ‘? — g Rl R N
AAG-3 31'&_‘- @ o)
Corsan Lo 2 &| SMDNA
AunP mallifed with probe 4 * < e y v
DNA (AUNP probe) Lo / B | o % v !_ ! ’ !
DNA complementary to E
e TMDNA
Ty e £ % £ VY YRVRIRIRY
COTCT g g L . s il Bt
017y “\An \ 1 * |
e ridized wif S 3
AT X g oy y gy oy gy
Sequence (20 mer) pra 5 — —
Probe 3 i 3
E 5'-thiol-GAGCTGGTGGCGTAGGCAAG-3 HMONA oy eyl el
CDNA 5'.-CTTGCCTACGCCACCAGCTC-3' YOYRYRYRYQYRY
SMDNA 5'-CTTGCCTACTCCACCAGCTC-3'
TMDNA 5-CTTGCCTACTTTACCAGCTC-3' 0TONA Y W WYY
SixMDNA 5-CTTGCCTTTTTTTCCAGCTC-3' ; ¥ i
HMDNA 5-CTTGCGGTTT TTTGGAGCTC-3’ 02
5

201 DNA Strrrrrrrrrrrrrrrrrre-g 0.03 DN%’(B:oncem‘v)é%laon(pMo)w

A novel color approach to detect rapidly and conveniently DNA samples is proposed
based on a concept of DNA hybridization-mediated growth of AuNP probes. With this
method, one can not only evaluate semi-quantitatively the target DNA but also screen

mismatches of DNA samples with a naked eye or simple spectrophotometer.
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The Investigation on Collision Behavior and Combustion
Characteristics of Binary Droplet

B4 4 2% 7 58 (Jhuang, Zong-Ying)
iz 2 @& {11 (Dr. Wang, Ching-Hua)
#H 4% % L (Dr. Yang, Jing-Tang)
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Summary
and future
work
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National Taiwan University
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, high speed camera, 8496 fps, relative velocity 1.13 m/s
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Rotation counter-clockwise
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Droplets collision RS e

Water-Diesel, high speed camera, 4200 fps ~ Water-Diese , high speed camera, 4200 fps

Bouncing (head on) Coalescence (head on)
2R it J 335um 382 um
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Locally enhanced concentration and detection of
oligonucleotides in a plug-based microdevice

'P Lab Chip, in revision
ybridization test

Fluorescence resonance energy transfer

DNA hybridization in a designed device (FRET) ’V\@ éﬁ\
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Progress of droplet-based microfluidics
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Multi-color Micro-PI1V & Species
" ETmENITEEEsConcentrations
Simultaneous measurement (micro-PI1V & particle counting method)

Configuration of the T-shaped channel
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Droplet/plug-based microfluidics (open system)

o mn‘r on textured/SAM surfaces

60 0.0 -- MEEINN

éﬂi"l . . Sba . emvial W psa ﬁ&‘/l’%ﬁt

_a -—a—ﬁ._n TR
Q ﬁ 4'\ a W of RAH Tl (g R kR

J=4k4 & Yang et al., IMM,2009 #
B A T - R T T
3

(JMM Highlights of 2009)
3~ B3k a4y Yang et al., Langmuir, 2008

o
~F

i Cm

TS solutics

150 — 30
EXY 3 f?i(ffzv/- + F( ?2

(SAM) £ &R R K BEHLAS B (-1
LR SicE: S 1@@1 Lai et al.,
| ah Chin 20103




. Droale‘l’/glua-based microfluidics (open systq
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. Rroalef‘alua-based microfluidics (closed system)
& “’i‘" raster scan

&
separating reagent B T amples £
stream '§
reagent §
L N ety pasition
1) localize reagents into wells detect product index reactions as
2) deliver target sample of i fi ion of spatial locati
carrier
fluid / stationary =
H
no dispersion b) Hutectol i
-— mw flow § sample flow H
&
use flow to
b 1) localize reagents within move samples time
pulses in the flow detect product index reactions as a
2) deliver target sample of i fi ion of elution time

Song et al., Angew. Chem. Int. Ed., 2006

Co-flow T-junction Flow-focusing

phase

Baroud et al., Lab Chip, 2010




Multi-emulsion & Janus particles Biochemical reaction monitoring Advanced materials




