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A Biosensing Platform Integrating ZnO Nanowires

and Blood Plasma Separation Microfluidic Device
Student : Chia-Che Wu Advisor : Prof. Jeng-Tzong Sheu
Institute of Nanotechnology, Department of Materials Science and Engineering

National Chiao Tung University

Abstract

In this thesis, a biosensing platform -integrating zinc oxide nanowires and
blood plasma separation.microfluidic device was demonstrated and investigated;
Plasma microfluidic system utilizing gravity separation was prepared for effective
filtering of the blood cells that usually caused signal interference in fluorescence
intensity identification. The ZnO nanowire with biocompatibility nanopillar
structure was optimized for the increase of the surface area in capture of target
molecules. Prior to sensing, both Amino Propyl Triethoxy Silane (APTES) and
Biotin were modified on the ZnO nanowire via self-assembly technique for
Streptavidin detection. Whole blood samples spiked with various concentrations of
Streptavidin were adopted to characterize the efficiency of the proposed system and
the limit of detection (LOD). Fluoresence images confirmed the enhancement of the
proposed sensing platform; with ZnO nanowire the LOD was enhanced from 42 pM
to 4.2 pM. Finally, an automatic fluid flow mechanism was demonstrated to increase
the feasibility of the proposed system. It is believed that by integrating these features

the proposed platform can be beneficial to future point-of-care applications.
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- Material Contents

B 2-1-1 ~ w2 M S o
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Property Name WValue Unit Property group
+" Dynamic viscosity mu 3e-3 Pa*s Basic
+" Density rho 1125 kg/.. Basic

Ratio of specific heats gam 1.0 1 Basic

Electrical conductivity sigma 5.5e-6.. S§/m Basic

Heat capacity at constant ... Cp Cp(TL Wik Basic

Thermal conductivity k AT[L, W/(.. Basic

Speed of sound c s(T[1 mys Basic
- n 13



YRS AR T B M RN A AR Y A 8

v R # 2 k8 4§ Navier—Stokes equations » ¢t 238 5 it iR B frz: § 2

REp @ d en™ f250 0 (% R L R P M B T H P 220 TR

Fed R R R FHPAIVRA ZRFA MG 25T T ed £ R

Sl B AU s o R R S AR Gl DR A S it A A H) o

plu-Viju= v- [—pI + uw(Vu+ (vu)®) —%u(? . u:]I] +F (2.1.1)

V-(pu)=0 (2.1.2)

G Tk p g T R 7L VRBR IR e £ LR o

Tl A RART A E LG VRR L AL R R HE S S

Wl s gy B E o oy ¢ K on? i@ * Navier-Stokes equations :& {7 #-#t >

4o @] 2-1-2

== Laminar Flow ~_ [[l] Model Library| 8 Material Browser

= Interface Identifier
Identifier: spf

Domain Selection

Selection: | All domains v]

1
2

& 5 &
- 0 =

m

- Equation

Equation form:

’Study contralled

Show equation assuming:

lStudy 1, Stationary

plu-Viu=
\Y -[—pl + ,u(Vu + (VU)T] —%p(v . u)l] +F
V-(pu)=0

Bl 2-1-2 ~ 3@ * 48+ & Navier-Stokes 2> 3% i& {7 fickg -

/e
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AF AP ERIES B R Z AR o SR i S A
Mok o TP AHERY de b RS 20T o SR IRt £ 1250 kg/m® 1 2 B T
10um % 4o 2-1-3> S r £ 4 3F 258 hoB] 2-1-4 0 £ B Sl Bk

M+ £ & ~ pofd B R) -

_ (pg—p)
F= mpg—Lp (2.1.3)
B
BiE PO N R BRI B R S chi o T S B R

2 Partcle Properties . [[] Model Library %8 Material Browser =0

=)

» Equation

+ Particle Properties

Particle property specification:

‘ Specily particle density and diameter v
Particle density

Py 12500kg/m*3] kg/m®
Particle diameter:

dy 10E-6[m] m

¥ Charge Number

Charge number.

Z 1

Bl 2-1-3 ~ o ST S o
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| Domain Selection

Selection: | All demains vl
1 B, o
2 F =

o

"'y Override and Contribution

'+ Equation

F= (.pp'p)

Pp

"'» Model Inputs I

|+ Gravity Force

Gravity vector:

0 X
g0 ¥ mis?

1T §
= '/n‘“'ﬁgi'g%ﬁ‘ ’
FF B R 1. % kg/m® > 5 iE #
100um > @ fCff 5 AR E X B o £ 4 %] 2000-1000-100 um £ » 7 X

% % 2000 um x 2000 um > A= 4ok 8.675e-4 m/s » iE {7 ir % X fhirst o
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Time=5260 Particle trajectories
Vy

A 4.8471x10%

-
ol | x10
200 b 45
400
40
$00 ‘
S0+ " 35
1000 ¢
30
1200
1400 25
1600
20
1800 b \
2000 ¢ 15
500 0 L 1000 1500 2000 2300 v 1.3353x10%
Time=5260 Particle trajectories
1 1 1 1 1 1 A 2.4583x107
x10%
ol
200}
-400 - R 20
600 1
800
15
-1000
-1200
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1400 |
-1600 |
5
-1800
-2000 —
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2-3 Mg Bl 1%
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(4) #.33-PDMS £ 2
ARSI S gk 5 PDMS R4 ¢ chd o 278 R § TR
- A5 PCD 150 Plasma Cleaner 5 &4t m 2 4 - &-OH £ > w2 4
Mok E REE S kR d e ER > pAE 750 mtorr 5 F 0 F B #K
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Ca¥Fl2 |-
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SEI 15.0kvV X300 10um_ WD 12.1mm

B 2-3-3- B3R LY B 2 ER L -
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(2)

3)

(4)

AF e it ERe

Flghfs

KgIg e A RES SNANF B P REE L FRS 107 torr
LTH50W » ArOyin B vt 20120 » PERY - ) B 0 § it 4885 & 50 nm o
FEZRUR

felifit it kK3 A8 E A k&R 10mM ZnSO, 12 2
300 MM 1 NH,Cl 122 1 mM 1 Aly(SO4)3 - 18~14H,0 4r » # 500 c.c =4 3
Fokg P RIS o PR R MR o B g BEFY b
B Ak pH Rk 0 R 30% NaOH 4e» >t 2 303 kg @ > ife
iR F R A 4TI E > B KA ARERE Y 2 B > F DR R

ESEN e
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ZF &0 4 = £ 4R S SEM Bl % & 10,000 150,000 4§ 2-4-1
5 B12-4-2 72 2 EDS Bl4-®l 2-4-3 0 H 4 f 4 o ff 0 2 ¥ R PIINA o
kAR L&
FU* B 2-4-4 R EE o B RIAFHD TEC BRHIF > 5 K6 &Y
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Tum WD 10.0mm

B 2-4-1 -~ 5 it 4 SEM [®](X10,000) -

0KV X50,000 100nm WD 10.0mm

Bl 2-4-2 ~ 3 it # SEM [](X50,000) °

1 2 3 q 5 ]
Full Scale 2799 cts Curzar: 0,000 ke

B 2-4-3 ~ 5 i 4 EDS(Energy Dispersive Spectrometer) @] -
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LabVIEW

PDMS
Zn0O seed layer. Power
TEC supply

Acrylic sheet

244 2 EFEFH R ETRELF -

U ks ] 2 L ERpE s SR R S VA £ R
R % F* LabVIEW #5808 - % 70 59425 0 4ol 2-4-5 > ,%ﬁ%* Agilent e3646a
THERBBSLT R ofl 2-4-6 0 SiEA2 A 4r 58 L 4422 TECH ¢+ > &
ERIEERFPERY R FLG > BB EMEF Zn0O Lk pliy @ 28 > Z 58
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||H

current time

EF11:50:24.8
2013/8/28
physical channels

% Devi/aid =

Instrument Resource Name ("GPIB:5:IMSTR")

% GPIB:S:INSTR =

Sampling Time (5]
jo:)og ey 6506 PV [
Af L
Setpoint (V) ad Qutput (V)
100.00- 100.0-
10.00-§
80.00- i 8.00- I
60.00- FILH 6.00-
40.0- _
40.00- 400
20.0- 2.00-
20.00-
0.0-, , =
0.00- 0 85
6.75
9 65.00
PID Structure

Academic (Standard) |w . .
Proportional Unit
Proportional | 10.000 |5 |Band W
Integral | 0.05 2 Imin  |w

Derivative  0.001 = min |w

OK Button

B 2-4-5 ~ LabVIEW #28 #25° /i & o

Calibrate  Secure

B 2-4-6 T RERE -
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2-5 # & 13 4F Biotin- Streptavidin

Rypm B & B T2 F P& A S H LS RERIDRAR
#H o AL nd a3 3 AR G 4RSS 4 3% o0 Biotin-Streptavidin - 38 * 3 42
¥ ke Streptavidin %3 > B4 F #4448 f1* F LRI RITT ¥ ki
MBBEEZF RS F 2 gk X G FRAS TR FERBRE - UT L F

Sk ¢34 A T o

(1) @75
ReF ot P R CE AL P R PAE S 2R G Y BN
ARTBERES PG BRI I LRI TE REF F§
PRHC

(2) 24 APTES(Amino Propyl Triethoxy Silane)
SRR 1050 M-APTES /302 85 kg ¥ » M kst 2 gl it
WERE O ARENRIARTIZRIAE BFFE 9L ki ¥l
P al0sdp NI RAENRFTARTEN R34 T Bdi
*FOF BRI AT e e

(3) 12 4% Biotin
#- NHS-Biotin 7 3¢ PBS 1X # o fie i 20k & Img/ml ;377 > 1 F ¥ o Boif £
BROFLBFET RGO DZENEBET A T ERREN O F RER 2 o

(4) @75
SRS S SRR AR T B 308

(5) 24+ Streptavidin
#3426 ¥ k(L & 546/488 nm)z Streptavidin i3t 2§ ¢ o H ¥ 2 g oehik
FACE 77 EDTA e A% g g 4 ¢ 0 4oB 2-5-1 EDTA Z ¢ =

i ¢ fik(CioH16N2Og) » EDTA 7 € AL TR B4 - 3 & % REL5 & 4 i
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SPpUR S A o ApEFe R R R K 10PM 2 10M 2 T =7 FIER

Streptavidin- > & ;3 7% » @ PR 2 % & 2 4F Streptavidin en2> s > 12 2-2 & 2
HHE D AT 2 2 g TP RTFRA . BARE L 304 0 ik
& wl i 3D *é-ﬁg‘: 50 ulL/hr » 2D %—f# 20ul/hr > iz 4 = & {5 5 IXPBS &7

M- MM MR AEA B AT ERRE R BEFY L B

Biotin-Streptavidin /= #2. i B]4-®] 2-5-2 -

] 2-5-2 ~ i3 & Biotin- Streptavidin /i 42 ] (a) i 45 APTES (b)i2 & Biotin (c) 2 4%

Streptavidin -

37



B AR IR S (T 5 e 2°6-3 46 - R d L T B AR
FRREE TSP R IR E IR P Rl Rk
FHME S BRS¢ FHRE R BT S ERE PR N

Findlo EAE o

? '?’67’?‘

/ Optica roscope

B 2-5-3~ % & 13 &5 R P F Sk (EE 5 o

38



2-6 PDMS +3#Lg2 2 % M 4%
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ERFEP > A-BRRETUFRE AEF A IR AP EARFY

AR EH BN BRI B B R E

>\_
kit
o+
ER .
A 3
uuy
$

S RAPE > VR SR A o

(2) ® sgw v
P g ke o BoRA¥3 3] 100 ok o R ARE R OR BIAR § 4 A
feo AR S b F CEIFEREL EMZ LR Rl EARY FRF L
i FLEREE SR 0 ]t ER T B G v ch PDMS 4L e
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{REEE - FEd PDMS 07 8 F 0 ) 2§ R PDMS & & 5 ki pF o
focen WY R e .

(4) #AzgE$
PDMS @ iTad MR 2 Glie g b o ABW R £ T BT 4 0 > =
AR L0 L X BEEHN AR AR EE RN Fy
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EAFF o TPl kg Btk 2R B4R 2 (S PBS buffer w 4p k%
ek FRAR AREHRN > LR YRR R ROPEE AR FILT
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AR BARRIET THE T Y REI R F AR BAFIEET IR

Boow BET RN D AR 7B SR A G R R R B &Y
3

% 311~ = f}ﬁév\%ﬁ%f'%%ﬁ}iii‘. Z o

I Flourescence 546 nm
40 _ I Flourescence 488 nm

Intensity (AL

10~

£

20 ulthn 20 ul/min
Flow Rate

3-1-2 & R & B F

ARRLL TR IRRY 2L FRERI A F DT R LRT
ERABIEHNR PSS DRE F ALY RN BT PR
Fo R AR A E AR L E S UT e RARI T RAEL R AR
AP RE»F > A FRI 228 18 AP Ppaad {fEEAENE CE
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20312 iR A R R A -

2D 3D
Cell-Capture efficiency | (2 mm X2 mm X 100 um) (2 mm X 2 mm X 2 um)
Exp1l 99.1622 99.7514
Exp 2 99.0723 98.0262
Exp 3 96.8328 96.3403
Exp 4 97.21 99.4719
Exp 5 96.265 97.9136
Avg. 97.70846 98.30068
+ 1.189306 + 1.223881
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3-2 i34 % F k& 2 Streptavidin
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W W I o A A ir 1 i34 APTES £ Biotin o k¥ A 4 g 7l
T L BFRE F R R S Streptavidin i % & 48 0 Streptavidin ¥ kg A £ S
546 nm > kA& A W E 42nM > 4.2nM ~ 420pM ~ 42pM ~ 42pM B E T BIER o
12L& % g3 Streptavidin e i g RS RR 2 0 2T 2D 2 3D SR (T4 A L st
Fop Benag A % 20ul/hr 2 50 ul/min 7 # 88 :E » &P 5 5 ke %Hbﬂ?
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420pM  42ndd  42ndd

42pM  42pM

control

B 3-2-1 - 2D 15 LW -

Streptavidin-546 Jk & /LT & B : 42nM ~ 4.2nM ~ 420 pM ~ 42 pM ~ 4.2 pM
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42ndd

420ph  4.2ndd

42pM  42pM

control
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Streptavidin-546 & & /LT & 5 : 42nM ~ 4.2 nM ~ 420 pM ~ 42 pM ~ 4.2 pM
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