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Perspective
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¢ Therise of u4-TAS

High surface to volume ratio : improve heat and mass transfer
Need only small quantities of reagents and sample
Potentially portable

High resolution and sensitivity

Suitable for biological assay

Extracted on 20121212 http://www.condenaststore.com/-sp/I-
Pal et al., Lab Chip. 2005 see-by-the-current-issue-of-Lab-News-Ridgeway-that-you-ve-
been-work-New-Yorker-Cartoon-Pridi8_i8562947_.htm



M ® R
" S

Volume force (mass) ~ d°
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Line force (surface tension) ™ d?
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What is the volume of a droplets ?
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MICROFLUIDIC DEVICES Micropumps/ valves/ flow sensors
.
" 4
Microfilters/ microreactors
A
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Nanotechnology/ Nanodevices? Microneedles Microanalysis systems
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OTHER OBJECTS Bacteria Conventional fluidic devices

Nguyen and Wereley,
2003
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Characterisitcs of particles & particle dispersoids
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Characterisitcs of particles & particle dispersoids
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Characterisitcs of particles & particle dispersoids
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(Selected primary air pollutants and their sources, 2015)

o ———

Sulfur Nitrogen Particulate Carbon Volatile organic
dioxide oxides matterys monoxide compounds

85% 92% 66%
ENErgy ENErgy ENergy Energ'r

a M = 5 E pw

Ammonia

>99%

ENergy

Power Industry Transport Fuel supply MNon-energy
Combustion of  Fuel combustion, Exhaust, brake Extraction, storage,  Agriculture
coal, oil, gas, process and tyre and transport and solvents and

bioenergy Eemissions road wear, transformation waste

and waste fuel evaporation of fossil fuels

World Energy Outlook Special Report 2016 Energy and Air Pollution, 2016

19



Air pollution emissions by sector and scenario, 2015 & 2040

IEA, World Energy Outlook-2018

S0, NO, PM,..
i ] ' ; : 2015
Power P
i 2040
Industry r W NP5
. W SDS
Transport r
Buildings r
Dtherr
15 30 30 60 10 20
Mt Mt Mt

Pollutant emissions generally fall in the New Policies Scenario,
but in most cases by much less than in the Sustainable Development Scenario

Notes: NP5 = New Policies Scenario; SDS = Sustainable Development Scenario. Industry includes fuel combustion in the
industry sector and transformation processes other than power generation.

Source: |EA analysis; International Institute for Applied Systems Analysis.
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Digital Microfluidics
gie

Fang & Yang, Sens. Actuators, B, 2009

v' Eliminate micropumps and valves
v’ Controllability
\/\ Accurate dose control

v gurface area to volume ratio

closed

\/&\‘/ / Droplet/plug flow
(digital flow)

Extracted on Oct. 23
http://blogs.rsc.org/chipsandtips/201l tor-

xtracted on Oct. 7 http://www. dolomite-
microfluidics.com/ en/applications

A f ~ x Unlimited to microchannels
o8 o # ~ Go® - .
R L x Maneuverability

- 48 F @ Fl/ 48 8 A —0

X Vaporize



http://blogs.rsc.org/chipsandtips/files/2011/03/Figure-5.jpg
http://blogs.rsc.org/chipsandtips/files/2011/03/Figure-5.jpg
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Hydrophilic and Hydrophobic Features of Leaves

" BN

wetted plant leaf

SR s

Gnetum gnemon Hellconla den5|flora Fagus sylvatica Magnolla denudatc

non-wetted plant leaf
160.4° 159.7°

Nelumbo nucn‘era Coloca5|a esculenta Brassma oleracea Mut|5|a decurrens
(Barthlott et al., 1997)



Lotus leaf

Lotus leaf, Super-hydrophobic surface

Apparent contact angle, 6. ~160.4
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Schematics of Surface Effects
" N
(a) Wetted surface (b) Composite surface n 9 = 110°

Smooth surface

0 app /

) m 5-10.um roughness 6~ 135°

Air gap Surface with micro-structure

Microstructure

= T
Smooth su rfgce cosO=\r. -1 7.
Young equation

. (]
Wetted surface cosd_ =rcosb, m composite surface 6 ~ 160°
Wenzel equation w

omposite surface
. P cosfl = fcosf, + f, cos b,
Cassie and Baxtereq. % : :

Surface with hybrid structure

2o b s R s Pa Y S




Objectives inspired by lotus leaf
" -=EE

Mimicking lotus leaf

l N/MEMS, SAM

Ultra-hydrophobic surface

J. MEMS, 2006; Langmuir, 2008
JMM, 2009; Lab Chip, 2010a, 2010b, ...

l Gradient surface R 7374 %, 2007

Droplet spontaneous moving
and reacting on a microchip
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Step 1

Step 2 Step 3

Scheme A
Test of drug type

Qy
& Cell/bacteria
A

AADrug A
' ’Drug B
g4

» Drug C
% Marker

~ Textured surface

e

OAJA

Positive

Scheme B
Test of drug
concentration

-

+DrugD
* concentration

Strength
(Stretch)




Droplet Applications

(@) oays Day 7 Day 14

(a) 150 um

<

aRererer o0

4!‘6’((((_(((x)

Cygan et al., Langmuir, 2005

Chemical reacti erapeutic agent  Sugiuraetal., Biomed.

delivery Microdev., 2007
Srinivasan et al., Lab Chip, 2004

Move and dry droplet
containing sample and impurity

vmm’|  gEE————— Diagonostic Biomolecule
Rinse 4 = NoRinse CNIPS synthesis

e sample

Move d(flel of water to dried sio« Move and dry droplet containing matrix Transcription/
- translation mix
H 2 (enzymes. RNAs,
— amino acids 1
: and so on) N

y

Remove water + impurity

BMUrea + 1M
angiotensin |, rinsad

<
AFAF /
[ Genelibrary

NPT P
AN

(a) Dittrich et al., Nat. Rev. Drug Discovery, 2006

Move and dry droplet containing matrix

Teh et al.."Droplet microfluidics." Lab Chip. 2008.

BM Urea + 1M

angootensin i, not (b) Dittrich et al., ChemBioChem, 2005

rinsed
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A  (NHg)2804 in NagHPO4/NaH,PO4 buffer, pH = 6.0

. =N ™y e L T

/9Li et al., P. Natl. Acad.. Sci. USA , 2006/0

ﬂ D G PG

no dispersion
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b
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(Sugiura. et al., Biomed Microdev., 2007)
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Ay = 4.0 mN/m

vy =5.1 mN/m
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top view

side view
—%-00

Droplet 1 (fluid 1)

Droplet 2 (fluid 2)

N

Hole in the
» Substrate

substrate

Light source
Test drops
=
Ahorizontal adjustment device
_. 20 B
E
£ 15
£
8 10
°
>
5
A C
0
3.0 35 4.0 4.5 5.0

X [mm]

Wang et al., J Supercond Nov Magn, 2010

Karpitschka and Riegler, Langmuir, 2010
10

e 1,3-Propanediol
HE F © 1,2-Propanediol
£ o 1,2-Butanediol
Z 8l = Ethanoic Acid
1 A Propanoic Acid
'6' delayed e 1,2+1,3-Propanediol
5
L sE
=
E .
5
R
c
S z :
)
§ 2
£ L
3 | fast
0 . / XX
1 10
Viscosity of Drop 2 [cP]
(@)

L
P

Kapur and Gaskell, Phys. Rev. E, 2007

Growing Pre—positioned

Test surface droplet roplet
O-ring sea \A \ ZI/\L 4
Syringe N e P\,’d -
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Thru' hole Internal chamber
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<

X
Water Drops Diffuser
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Sanded Teflon Surface / \
I
|

30

§¥
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1
f |
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Aluminum substrate
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Nilsson and®2R@0641€ih25. Colloid interface Sci., 2011
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Droplet-based microfluidic system for membrane |
crystallization within lipidic mesophases

a Precipitant

cartridge Protein target

(optional)

Spacer plug

LCP undergoes

Precipitant plug W— o€
LCP maintains phase ————— phase transition

a oncQgene.

i[Fe. - =+
. Vo ® 6 290 6 ©
R i ee— # spacerplig
| =
E - ®® 0o
=] —g:—h —— 400ym
200 ym 400pm No cross cohtammation between conditions
b
™ S—
- c y - v,
( g ¥ >
\‘/ ” .
- — - - A
Zﬂn ZMn 200&1 200 pm
Li et al., Microfluid. Nanofluid., 2010
a 400 um

nNCS

e
«—— solvent

carrier fluid —

bw@OGQGGfG

LI R

Development and validation of a method to
allowed the highly sensitive and quantitative
detection of mutations in the KRAS

Pekin et al., Lab Chip, 2011

TagMan reagents

0| e

|-

OTED) | Emulsion
i) | Collection

1T 1
Droplet Production Mixing =~ Col|ectlon .

J Mow : é_/L}oooooo\ d /ooooooL %

b Out tubing In tubing Out tubing In tubing
(Emulsion) (Oil) [ Thermocycling (Oil) (Emulsion)
Tube cap u
gl
PDMS plug s PDMS plug PDMS plug 7
Water-in-oil Water-in-oil Water-in-oil /
emulsion emulsion emulsion
Droplet Spacing
C
oil(O= @nﬂt@
L Oil
Fluorescence Detection
Droplet | X .
re-injection Detection Point

The self-assembly of inorganic nanocrystals
(NCs) confined inside nanoliter droplets (plugs) into
long-range ordered superlattices.

Bodnarchuk, J. Am. Chem. Soc., 2011



Contact Angle & Surface Wettability
"

(a) Smooth surface (b) Wetted surface (c) Composite surface
droplet N 0 0.
6 w
2 BEED
_ . 4 HEERNE A RARN R
c (@) PPFC, microstructure (b) PPFC, microstructure )
. stature of 3.2 um stature of 24.1 mm i
B SMo rface
Your r Eq. (1944)
CoS 6 7, + f, -1
m Ju . parameter:
col n of
e 126.1° 124.8° 157.6° 158.0° S ty of
Ires, f;

Collapsed droplet Suspended droplet
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Young equation Wenzel equation Cassie and Baxter Equation
S r -
cos 6, :%Vy_m cosb,, = (75Vy 7s) =rcosd, cosd. = f -cosé + f,-cosé,
LV LV
Z:‘:\' [ﬁ E’] E‘} );E r=_Aa0tua| fleS—L fZZA/—L
Gs ( )2/3 ( )1/3 Apojces Aot Aot
=(1-cosé 2+co0s6
B f

BBEG 66, HEAR,0 — 25 pd i, 6
Hedd 606
(Patankar, 2003)
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Design Parameters for Hybrid-structured Surfaces

" -=EE

(@) (b) oH (€) Those surfaces become

Per unit microgroove ) 1+ more hydrophobic using
W +G W +G a FDTS vapor.
L=2mm i Nanocrystals
aas /R W::ZI:-Oum ’ p .

4 —> — i

<

I

NIRRT Bl B

£

3

Microgrooved surface

m The pattern density and roughness are functions of
geometrical dimensions of microgrooves.

41



Gibbs Surface Free Energy

.
_. : M V=3uL
interfacial area of the Liquid-vapor phase J = D=18mm
,/ Needle -
%, volume of the microdroplet - E
.V apparent contact angle L b =
R, radius RIIE LH
’ FER T Initial droplet
Ad2Z R
ey o
A 7 i (G)

Silicon substrate

A: interfacial contact
Patankar (Langmuir, 2003)

G, =7y XQy_min =1y x47r® =7.31x107 J
GS

39V 2/37Lv

Lagrange multiplier method
Rk iR 2w opd Ao

=(1-cos6,)"” (2+cos 6, )"

Droplet on a composite surface
at the steady state
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Micro/Nano-Fabrications
&
Experimental Measurement




Micro-fabrications & Microstructures
|

Photolithography and Pattern

(AZ 5214)

Development and Dry etching

(ICP)

Patterned density of microstructures, f;

Coating a layer of hydrophobic film

(FDTS monolayer) £=08 fi=05

The geometrical dimensions : 2000 um
In length, 10 um in width, 50 um in

helght 20kV X209 180pm B30627
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Hybrid-structured surface (1)

Microstructure

v ‘guo_
) el 2
5 2120
o 3
o BL 8
oo -
5000009 o B TR TR

-t Voltage (V)

m Wang, Z., Koratkar, N., Ci, L., and Ajayan, P.
M. 2007. Appl Phys Lett, Vol. 90(14), pp.
143117.

Bhushan, B., Koch, K., and Jung, Y. C. 2008., Soft
Matter, Vol. 4(9), pp. 1799-1804.




Hybrid-structured surface (2)

" SEmmm—

m Lee, S. M, Jung, l. D., and Ko, J. S. 2008. J Micromech
Microeng, Vol. 18(12), pp. 125007.

(b)

Figure 1. Wetting modes of liquid drops on a rough surface:
(a) Wenzel mode: () Cassie—Baxter mode.

| Nano structures
Micro structures

(a)

(a) (b) (c)

W-W model W-C model C-C model

(b)

(b)
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Self-assembly method
"
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P

' Distance (mm)

L ; ~ FA-NH A - Figure §. Th'e movement of a water drop and its related equation.
—» Water drop size = 2 uL.
Si0, In DCC Si0,

Ito, Y., Heydari, M., Hashimoto, A., Konno, T., Hirasawa, A., Hori, S., Kurita, K., and Nakajima, A.
2007. Langmuir, Vol. 23(4), pp. 1845-1850.
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Surface Energy State

Gs, (x107J) stable surface energy state

7.5 1 T 1 T r 1 T 1 -
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T b "_,\ 2 N :'»
7.3 _ - . ----- ﬁ ..... oy A ...... _ IIQ I’* 7: é J;H‘E(Z» g z‘\, ‘_"
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A o g e m f
7.2 - The direction ! ~ 7
’ L= prh | 2 2
y in motion | o i doaefg o B F 128
e s |37 i el R A
] Microdroplet o @ ] S B £
7.0 i 5 5 7 R
| e N - Y. 2 !
Q) 3 Lo i
6.9 - | lower energy state A 7 I g X eNZEk o p E}
] The hybrid-structured |, The only microgrooved ZF ] &= pp 1Y F1 AL
- surfacewithf,=0.8 !  surfacewithf,=0.8 O - v fa ﬁ—’}i R R
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Yang et al., J. MEMS, 2006 (91)
I

Low density structure | High density structure

Ap (left) > Ap (right)
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F: Direction of actuation force and movement
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J.T. Yang, J. H. Chen, K. J. Huang, and J. A. Yeh, 2006, “Droplet Manipulation over a Hydrophobic
Surface with Roughened Pattern,” IEEE Journal of Microelectromechanical Systems, Vol. 15, June,

pp. 697-707.



Microstructure method
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Yang et al., Langmuir, 2008 (83)
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Design Parameters for Hybrid-structured

Surfaces (Table 1)
i

Pad No. fii re G/um G/W g,  deg 0./ deg 6, [ deg
1 0.15 2.5 56.7 5.67 159.7 154.98 152.8
2 0.2 3 40 4 NA 151.04 150.85
3 0.25 3.5 30 3 NA 147.53 147.5
4 0.3 4 23.33 2.33 NA 144.33 143.4
5 0.35 4.5 18.57 1.86 NA 141.36 140.3
6 0.5 6 10 1 NA 133.42 133.15
7 0.55 6.5 8.18 0.82 NA 131 131.45
8 0.6 7 6.67 0.67 NA 128.66 130.1
9 0.65 7.5 5.38 0.54 NA 126.41 128.5
10 0.8 9 2.5 0.25 NA 119.98 120.9
11 0.85 9.5 1.76 0.18 NA 117.93 118.5
12 1 11 0 0 NA 112 112

Pad No. it} f1 nano It nano 6.,/ deg 6, / deg 6. | deg g,/ deg
13 0.25 2.54 0.08 150.85 NA 171.17 173.1
14 0.35 2.54 0.08 140.3 NA 170.09 170.5
15 0.5 2.54 0.08 133.15 NA 167.44 167.6
16 0.65 2.54 0.08 128.5 NA 166.27 166.2
17 0.8 2.54 0.08 120.9 NA 164.4 164.5

18 1 2.54 0.08 112 162.3 162.3 162.3
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Morphology & Surface Modification

Molecule Vapor
Deposition

system, MVD

Surface Roughness
Ra =155 nm
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Mechanism of Self-Assembly Monolayer
i (b)

Terminal group, CF,
; / FDTS molecule
: + H,O (Water vapor)

Head group, SiCl;

(Hydrochloric acid)

. ‘e,

-
......
.....

(c)
A hydrophobic surface with
excellent anti-sticking
Dehydration
o 3 Covalent bindings
o :

3
-----
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Spectrum for a FDTS Monolayer on the

_ H;brid-structured Surface
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Measurement platform for the

: droPlet Contact angle

Contactangle instrument, OCA20
High speed camera system, XS3

Needle Hybrid-structured surfaces

| 1‘ lean room

LED light Testplatform Optical table Microdroplets CCD Lens
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Hybrid structured surfaces

Yang et al., Highlights of JMM, 2009 (33)
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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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SEM, AFM, and Platform for EWOD Biochips— 2004-2008

US Patent 7,189,359, 2007, cited 93




Engineering Application & Patents

. ROC / USA patent, 2005,
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Lai et al., Lab Chip, 2009;Yang e ROC Patent, 20009.
B/ EF BACE P R

A ReERERT LG E
N

(a) (b) Sy
DTS solution L smooth
surface
i
structure
gradient
r /

(d) sohd liquid

elenenenenzne
%"/ mnmnn

il

liquid-vapor interfaces

1agrm 830627




A Microchip using SAM & Gradient Surface
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A biochemical droplet transporting across
superhydrophobic to hydrophilic surfaces.
Lai, Yang,* Shieh, Lab Chip 2010a (77)

a microstructure and
SAM composition
gradient surface

transport of
droplets across
superhydrophobic
to hydrophilic
surfaces

a double-direction gradient
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Bo = 0.026

Fluorescence
microscopy

Challenges for Numerical Simulation

Dyed droplet

PC

High speed camera —»

Collision and Mixing of two Droplets
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Sliding.wmv
The droplet climbs two steps of a staircase.mpeg

-- 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.



Petal Effect and Lotus Effect

" —

Petal (Cassie impregnating wetting state) Lotus (Cassie’s state)
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A biocompatible open-surface droplet manipulation
platform for multi-nucleotide polymorphisms detection

" -=EEEENN Lab on a Chip, 2014a

Target DNA loading and Superhydrophobic area Transducers 2013
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Origami Paper-Based Fluidic Batteries for

= .ﬂ Electrophoretic Devices
Lab on a Chip, 2014b
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Application




Droplets Transport and Mixing

= _
Dantec Dynamics
. Micro-strobe

Syringe Pump
(Kd S200)

' DI water + article
Microscope Lens

(40x Objective Lens)

High-Speed CMOS
Digital Camera (XS-5)
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Mixing and hydrodynamic analysis of
droplet in a planar serpentine micromixer

Kai-Yang Tung, Chih-Chieh Li, and Jing-Tang Yang

PSM-part 2
Dantec Dynamics Gl 75 um

. . =" 250 4m, 150 cells > 50 cells
Micro-strobe - Qi0; 190 cH% o P o 8
:I _ \l()() um
75 um 75um; | 75 um 75 pm 90 cells
40 cells 40 cclli 50 cells 30 cells !
. | \\\ /l
Syringe Pump N 100 pm P
¢ o S~ | |60 cells S
(Kd S200) RN s it
\ X ———n f "o 1 l‘;\];;;:;l ‘I i
| 100~150 pm s
: DI water + particle Gl 50 ym I
Microscope Lens cellsy|_ i
(40x Objective Lens) S 20 Boudl: o7

High-Speed CMOS
Digital Camera (XS-5)




Mixing and Hydrodynamic Analysis of a Droplet
in a Planar Serpentine Micromixer

- .. Tung, Li, Yang, Microfluidics & Nanofluidics, 2009 (80) ]
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Mixing Mechanism

Stretch

Reorient Fold
Mixing is promoted by periodic motion of the fluid. It is

conducted by iterated reorientation, stretching and
folding of the interface here.
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Droplets Transport and Mixing (1/2)

Flow direction
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Droplets Transport and Mixing (2/2)

-
(a) original image (b) Velocity field
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Micro-PIV measurement inside a droplet.
Original droplet images along a PSM
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Multi-color Micro-PIV & Species Concentrations

Lai and Yang, Lab Chip, 2010
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Sequence of images during two droplets collision
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Sequence of images during two droplets collision
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DNA hybridization in Reaction Channels

Lai, Hsu, Yang,*, Lab Chip 2010b (47
Application and pilot-test
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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.

MNF, 2013

Tartrazine (stationary
droplet)
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Chemical Reaction in Droplets
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Droplets Coalescence and Mixing with Identical and Distinct
Surface Tension on a Wettability-Gradient Surface

S. l. Yeh, W. F. Fang, H. J. Sheen, J. T. Yang*
Microfluidics and Nanofluidics, doi: 10.1007/s10404-012-1096-2, 2013
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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.
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An overlapping crisscross micromixer using chaotic mixing principles
Lilin Wang and Jing-Tang Yang
Highlights of J. Micromech. Microeng. 16 (2006) 2684—-2691

S, g

Figure 3. Lagrangian trajectories of the SOC g-mixer from (a) a
vertical view and (b) a front view near the crisscross junction.
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Droplet FlSSlOIl (2)




Droplet Fusion (1)
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Droplet Fusion (2)




Visualization of Droplets Fusion and Fission
N

Frame rate : 1000 fps
Spatial resolution : 63.9 um/pixel

Frame rate : 6000 fps Phantom V310
Spatial resolution : 2.13 pm/pixels high-speed CMOS camera
Observation zone : 800 x 600 pixels



Mechanism
Droplets 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
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Progress of droplet-based microfluidics

O @ *® _ Y
| » N,
2 pL/miﬁ\»Q\ *0.75 pL/min 2
i& P—k 'fkb’fl& ;* 1 e "\_. Aus, 3 Case B
b ‘;b'zg /5 ; i
mbﬁﬁj

10 ms

2 Y :

Fusion and fISSIOI‘l of droplets 2 Wi%k]\)ﬁ,ﬁ%ﬁﬁfgm
2 fcRskinte ¢ BAPRES BERY 273

Droplet spllttmg H' Lab Chip, 2012

) & - uTAS-2012

Expansion

Coalescence and Mixing of Colliding Droplets
icrofluidics & Ngnofluidics, 2012

Droplet sorting and

separation P OV &

DNA enrichment and
separation in free-flow
microdroplets

A - Target DNA (TDNA) t=10ms t=100ms t= 151 ms t=153ms t=160ms t=300ms

j " complementary with the PDNA
Gold nanoparticle probe 10;::‘mmopelrtw\c (AT /" Mismatched DNA 9 0
(AuNP probe) : B
1. &% Kd TR 6 2. %k 3 1% o) AuNP AR AERES

(AuNp _probe) £ probes & & & 3% R DNA <
= v th ADNA®GY 5 i
v vf ¥ | aa ToNA b J‘{ﬂ —\,\_\v-l'\ltilyrzt)rl and -30°
TDNA SMDNA TMDNA UCDNA NoDNA f {‘h“
TAS 2012 -\dd mismatched DNA HH;; — Add NH,0H and
“ - . ;H;\u("l, 9 :600
to be submitted /ﬁ“ i
to Small — L\g ~_ Add NH,0H and
- T VHAUCI
= ‘TL:‘« Be———

Colorimetric screening
of DNA using hybridization-mediated AUNP probes

N 5

To be submitted to Biomicrofluidics
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Bio-Microfluidics & Lab-on-a-Chip
" B

Continuous flow

— Microreactor -

Droplets flow

Open system [

Microchannel-

- DNA detection

Carbohydrate synthesis
Protein analysis
Cell manipulation

- (trapping, separation, tec.)

Multi-nucleotide
polymorphisms detection

Islet screening

PLGA synthesis (drug release)
DNA concentration
Biodiesel synthesis

Precision medicine
(concentration gradient of drug)
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Personalized Diagnostics at Sight: Droplet-based Gene Screenmg
Point-of-care model * 115 B 7374 - 2014
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A Biocompatible Open-surface Droplet Manipulation Platform

for Multi-nucleotide Polymorphisms Detection
C. J. Huang, W. F. Fang, M. S. Ko, H. Y. E. Chou, and J. T. Yang*
Lab on a Chip, Vol. 14, pp. 2057-2062, 2014

1L DNA complementary to probe DNA (CDNA)
5-CTTGCCTACGCCACCAGCTC-3'

"\ Probe DNA
5'-thiol-GAGCTGGTGGCGTAGGCAAG-3'

—> Mfé’” i —> _";:' s
g% Qo
i X v % A
Unmodified gold nanoparticle AuNP modified with probe DNA AuNP probe hybridized with
‘ (unmodified AuNP) (AuNP probe) complementary DNA
Au Growth

Reddish > Pink

droplet manipulation

air suction D Indigo

DNA hybridization

AuNP and sample loading
— {4

air suction activated
droplets moving and coalescing

=

|-—i—ﬁ.—-|

air suction activated
mixing and DNA hybridization

Au growth

NH,OH & HAuCL, loading
— <&
air suction activated
droplets moving and coalescing

—

|-—iﬁ—-|

air suction activated
mixing and Au growth




Colorimetric Determination of DNA Concentration and Mismatches
using Hybridization-mediated Growth of Gold Nanoparticle Probes

0.2

W. F. Fang, W. J. Chen, and J. T. Yang*
Sensors and Actuators B, Vol. 192, pp. 77-82, 2014

Complementary DNA (uM) —No DNA
PO P - —0.03 uM
—0.06 uyM
| 1180 o [TomM
YV yyvvyny oS
0 0.3 0.06 0.08 0.11 0.14 0.17 0.20 B0t fom—
s —  — , I —0.22 uM
s —0.25 uM
8 0.28 uM
L < 0.35 uM
' ' ' v ' v v 042 iM
, 0.56 uM
Z 4 < ® = - — 0.84 uM
0.22 0.25 0.28 0.35 042 0.56 0.84 0 —
400 450
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0.03 0.06 0.08 0.11 0.14 0.17 0.20 5 3
: [ *SMDNA
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K
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This method can be employed
not only in semi-quantitative
analysis of the given DNA but
also in the identification of
base-pair mismatches (SNP &
MNP)of DNA samples
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High-throughput Biodiesel Transesterification Device

using the Droplet-based Co-axial Fluidic System
S. I. Yeh, Y. C. Huang, C. H. Cheng, C. M. Cheng, and J. T. Yang*
uTAS-2014, San Antonio, USA, October, 2014 (submitted);

¥ 12 B R374) - 2015

‘ ’ CHZOOCR

A M/O volume ratio= 1

B M/O volume ratio = 1/2

—®— catalyst 0.5% @ 23°C
—=— catalyst 0.5% @ 55°C
—®— catalyst 1% @ 23°C
—®— catalyst 1% @ 55°C

MeOH
(IZHOOCR
Catalysns | CH,00CR
Glycerol ME
. ME ME
CH,-OH
MeOH Glycerol 2 /‘ T
(& catalysis) i ' y
catalysis MeOH <j CHOOCR  ‘Me P
(& catalysis) CH,00CR Catalysis ME
Methyl ester e &
Syban oil ME : methyl ester ; MeOH : mathanol
1.0 — ol 1.0
g 5 o0s]
\ 5 0.8 4 z
. >
Reverse reaction § §
S 5
—— M/O=1 —a— M/O=1 0.6
—— M/O=1/2 06 —s— M/O=1/2
—e— M/O=1/3 : ,Y —=— M/O=1/3
, : T T 0.0 = T T T T 0.0 ®
0 2 4 6 8 10 0 2 4 6 8 10 0

Residence period (min)

Residence period (min)

4 6 8

Residence period (min)

10



Separation and Purification of Biodiesel by a Millifluidic System

" -«EEENN

1. Droplet-based rapid reaction device Key Techniques

(in progress)

HOOCR
H,00CR

CHy-OH

Upper outlet Lower outlet

\\ R.P. ﬁ’. J \ » ) :
2. Passive device for separation and purification ' ‘t
soybean oil
j | C B Biodiesel
‘ Aqueous

methanol
114
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Biodiesel

— cEE———
@ Biodegradable

Transesterification A

H
|C|) Traditional industrial
RO 8 C—H methods for biodiesel production 3 H—C—OH
R,0 g C—H * Need continuous stirring s + H—C—OH
I ,C,)  High temperature and pressure
| R:O—C—C—H  High energy consumption 5 H—C—OH
» Take several days
H H
Triglyceride Methanol Biodiesel Glycerol
(Soybean oil) (880 kg/m?) (1260 kg/m?3)

Transesterification Biodiesel

ISR ictillation

Biodiesel

Water

Static settling Static settling
for 10 min for 30 min

Heater

116
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Biodiesel Producion Chip

‘ washing |

5 125 B 7374 fE

droplet | Green Tech & ~ f H £] & 5 5
generation | 2014 3; & ~ A 5 B

reaction

 Faster reaction characteristic
 Inputs of raw materials, outputs of available products

« Low energy consumption and easy operation
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Microencapsulation of Dual-release PLGA Microparticle for

Curcumin and Doxorubicin Released in Stages

S.1Yeh, K. H. Yang, and J. T. Yang* sk Cooperating with NHRI
UTAS-2015, Gyeongju, Korea, October, 2015

CO,
PLGA solution with drug
B NaHCO,; aqueous solution

(b)

Add 0.25% alginate to - o~
Vi a L
aqueous solution ~... ~.
[ ]

(with Doxorubicin) ". Py 0

. \
s
\.. s ~ "

0 00.7

Double-Drug Released Particle

Porous PLGA Particle

Homogenization 1.0

0.6

0.4

Drug released (%)

—e— Non-porous particle
—@— Porous particle

(5 mg/ml NaHCOy)
—e— Porous particle
(10 mg/ml NaHCO;)

0.2 1
burst release

0 ; lTO 115 2T0 2T5 30
Time (day)

The dual-release of curcumin and doxorubicin would

decrease the cardiotoxicity of chemotherapy drugs

which is highly serviceable in cancer therapeutics and

the clinical management of intractable diseases.



Microencapsulation of Dual-release PLGA Microparticle for

Curcumin and Doxorubicin Released in Stages
S.1Yeh, C. C. Hau, C. J. Huang and J. T. Yang*

uTAS-2014, San Antonio, USA, October, 2014
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PDMS 1

*

PDMS
Glass substrate

% live cells

100

drug concentration, C (uM)

Liquid channel Air channel

sk Cooperating with NTUH

M

— -

(@) Chip design

(d) Drug injection

°° o '0‘0.00‘0 000 ©
o o ..

.

™

-

00° 00 0%

-
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(b) Place beads/cells into the liquid channel

(e) Withdraw the drug
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(c) Withdraw the superfluous sample

(f) Membrane vibration




Assessment of Insulin Release Rate and Screening
of Islet Cells on a Droplet-Manipulation Platform

Image Capture

Use camera to capture
the image of coalesced
droplet at 0 s and 180s

®

Manipulate the Solenoid Valves

@ : the droplet of FluoZinTM-3 coalesces

-
P

with microencapsulated pancreatic islets

Manipulate the Solenoid Valves

0s 180 s

- nl Image Processing
(N ] evaluate the function
N. Grayscale :
S of the islets
[E—

Contrast the Intensity

separate the functional
and functionless islets




Development of an Automatic Screening System for Islet Function

"

Chip Design Superhydrophobic Surface
Thin-Film | b Air
PDMS Chamber
Membrane
. . | i ]
Thick-Film | I| |I/| I
PDMS ! ! . Air
Membrane " || Channel
Glass —

Substrate



Experimental setup
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Tomato & Orchid







http://gizmodo.com/5917046/what-color-were-tomatoes-before-the- Ellipsoid
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Oxheart

Obovoid

Y ‘3‘ Q

Long

MW”

L (CLGANIY X[ SOH/18Q)
L soH/1eq

1<7hang et al. Nat. Commun. 6 (2015):8635.

Rodriguez et al. Plant Physiol. 156 (2011) 275-285.
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. ¢ Tomato leaf curl virus (TLCV) g Tomato
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Tomato disease diagnosis

. Powdery mildew
L NS, The symptoms applied to monitor
31374 T tomato diseases are following as below:
1) Problems on leaves
P dark, gray, or white spots; yellowed
Spotted wit Qp®! R\ O or mottled foliage; curled leaves

2) Problems on stems
mushiness, dark, gray, or discolored

(e {'/uk streaks, mold, stunted growth
A) ccccc {\(“ 3) Problems at the crown
it / TEBiT formations at the plant crown,
| rotting roots
@ 4) Problems on fruit
N sunken or discolored spots, mottled

9 skin, mold, misshapen or
N N undeveloped fruit

X :391 B -~ é‘\l‘\v’

cf. Buchanan et al(2000) Biochemistry and Molecular Biology. of
Plants pp. 1104 Figure 21.3




3

%*jg sl Growth 20 min
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P ,é‘ AuNP probe
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& : Total DNA
R’ Final result: :
B & extraction
25°C/ 5 min
Start
| )
First step:
Second step: Recombinase iPA
23 ! Hybridization polymerase & 5553 S 2
1»_3 rJJJJ AUNP amplification
S probe 95°C/ 5 min ;- 5
33°C/ 10 min ‘
4
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Primer Recombinase Recombinase-primer complexes Single strand binding protein DNA polymerase



Introduction of recombinase polymerase amplification'(RPA)
RPA
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Primer Recombinase Recombinase-primercomplexes Single strand binding protein DNA polymerase 133



Basic concept of gold nanoparticles (AuNPs)

e bl el aray

Surface plasmon resonance (SPR)
H —

A

Light Wave

Electric Field

Different sizes and sharps of AUNPs

1.2 4

A B A
1
e g B
jI" 10 0 o6
0.2
0 T N
400 500 600 700 800 $00
Wavelength (nm)
Aggregation state of AUNPs
1.2 4 A
F g 1 Blue shift
5 0.8 1
50. B
' 00 500 600 l(')o 800 9(‘10

Wavelength (nm)

http://www.cytodiagnostics.com/store/pc/Gold-Nanoparticle-Properties-

AN Lt

rJ

Different sizes of colloidal AuUNPs

s

»

S 6 2 16 18 24 60 20 150
https://www.meritnation.com/ask-answer/question/how-does-
size-of-particles-effect-the-colour-of-gold-sol/surface-
chemistry/5788885

1.2 1

1 P
—=20nm
0.8 —30nm
%‘ —=40nm
S —50nm
O 0.6 1. —60nm
g —80nm
a §§\§=//_/ —100nm
O 0.4 150nm
250nm
300nm

0.2 4 400nm

0 - T - T - Y - !

400 450 500 550 600 650 700 750 800
Wavelength

Figure 2. Gold nanoparticle size dependant surface plasmon resonance. Note the
shift of the absorption maximum as the gold nanoparticle size increases.
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Sensitivity of amplification effect

" =N
Conventional PCR (10 pL)

A
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S
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Template concentration (copy/ulL)
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B
o
o
o

Intensity (a.u.)
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O

RPA (4 ulL)
33°C, 10 min
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Sensitivity of colorimetric assay _

i
I Template concentration (copy/uL)

S S S S S S S <
i\i\o d\'\ dﬁ\ '\t\:& ’;po d} i\i\, \fp' 10 1 NTC

Yy VY VWY VWYV Y VW VY T

Concentration of
artificial complementary ssDNA

10 5 1 05 01 50 10 1 05 0.1 50 AuNP probe
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Assessment of Insulin Release Rate and Screening

-.uroplet-l\/lanipulation Platform

Image Capture

Use camera to capture
the image of coalesced
droplet at 0 s and 180s

®

Manipulate the Solenoid Valves

@ : the droplet of FluoZinTM-3 coalesces

-
P

with microencapsulated pancreatic islets

Manipulate the Solenoid Valves

(N ] evaluate the function
N. Grayscale :
S of the islets

I_'_l

Contrast the Intensity

separate the functional
and functionless islets
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