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Abstract: Micro-nanochannel is one of hot topics in microfluidics application recently. In this paper, a single nanochannel
and a nanochannel array were used to simulate the influence on depletion effect in the junction of micro-nanochannel,
respectively. The ion concentration, the electric potential field, the velocity field and the pressure distribution in both systems

were calculated. We found that the depletion efficiency in hybrid micro-nanochannel was 5 times stronger in nanochannels-array
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than that in the single nanochannel configuration. From Nerst-Planck equation, we analyzed that electric immigration is the

dominant effect in the depletion process. Further simulation based on Navier-Stokes equation with electrical body force showed

that the nanochannel array resulted in complex multi-vortices flow in the depletion region. This could enhance the velocity of

depletion region expansion, and keep lower concentration and larger space in the depletion region, and thus could explain how

the nanochannel array leaded to stronger depletion effect.
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Fig.2. The temporal variation of negative ion concentration dis-
tribution in the hybrid micro-/nano-channel system con-
nected by a single nano-channle
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Fig.3. The concentration profile cross-section of negative ions
in the hybrid micro-/nano-channel system connected by
a single nano-channle

x =0
3 a
y" =-0.25
1 mM y =0.25
y =-0.25
t'=05
10 y =0.25
t'=0.1
y =0.4 t' =05
y =0.8 a t =5
y >1
3 b y" =0.75
t'=3
X ==+1 0.1 mM
t'=5
X =+1.5



60 A 2013 1

t'=1 X =
+0.7 t'=5 X =+1.8
4
N
8
. w
X
4
y =075
Fig.4. The concentration distribution of negative ions in the
center line (y* = 0.75) of the upper microchannel of the
micro-/nano-channel system connected by nano-channel o
array g
3.1.2 I~
i
R
Ry
4 o
(b) HIFIREES R
5
t=1 y =075
X =407 t =5 X = Fig.5. The electric potential and electric field strength distribu-
+2 3 b tion in the center line (y" = 0.75) of the upper microcha-
t'=5 nnel of the micro-/nano-channel system connected by
- nano-channel array
x =10
0.03 mM 0.05 mM 6
0.3 mM
5
t =
3 X =+1 t =
5 X =+15 76 V
3.3
3.2
5
« 7 7 a
y =+0.75
5 a t'=1 X =+0.5 7 b
0.7V t'=5



Kim [

Helmholtz-
Smoluchowski
vV, =&(Eln 107° mis

0.1 m/s 2

10.0
9.5

9.0

A/ Vv

85

8.0

7.5 L 1 1 1 1 1 1 J
2 -15 -1 05 0 0.5 1 15 2

.
(a) AR

2.0
1.5
1.0

o
W

0.5 p==

=
S

HIZRE / (MV-m™)

-1.5
-2.0

2 15 -1 05 0 05 1 15 2
et
(b) FIHREN

y =0.75
Fig.6. The electric potential and electric field strength distribu-
tion in the center line (y* = 0.75) of the upper microcha-

nnel of the micro-/nano-channel system connected by
single nano-channel

3.4N-P
5
Nernst-Planck
Nernst-Planck 2
:uep I:Ci.
V¥/[v
vy 5 b 10° Y
7 0.01m/s 0.1 m/s
Uy FCV AY; 10 100

3

1)

2

-
(b) FEFIgPKIEE

7 t'=3

TR (/)
0.55
0.45
0.35
0.25
0.15
0.05

T FE (m/s)

0.38
0.34
0.30
0.26
0.22
0.18
0.14
0.10
0.06
0.02

Fig.7. The stream line at distribution t" =3

in the micro-/nano-channel system

N-P

61



62

A 2013 1

(1]

[2]

(3]

(4]

[5]

(6]

[7]

®)

[M]. : , 2012.
LI Zhan-hua, WU Jian-kang, HU Guo-qing, et al. Fluid
flow in microfluidic chips[M]. Beijing: Science Press,
2012.

, , N

[J]. , 2009, 39(5): 555-565.
WU Jian-kang, GONG Lei, CHEN Bo, et al. The pro-
gress of electroosmotic flow research in micro/nano-
fluidic system[J]. Advances in Mechanics, 2009, 39(5):
555-565.

, , , /

[ (
36(9): 48-51.
GONG Lei, WU Jian-kang, WANG lei, et al. The ele-
ctroosmotic flow in submicro-/nano-channel and its

), 2008,

control[J]. Journal of Huazhong University of Science
and Technology (natural science), 2008, 36(9): 48-51.

KUO T C, CANNON D M, SHANNON M A, et al.
Hybrid three-dimensional nanofluidic/microfluidic de-

vices using molecular gates[J]. Sensors and Actuators A:

Physical, 2003, 102(5): 223-233.

PU Q, YUN J, TEMKIN H, et al. lon-enrichment and
ion-depletion effect of nanochannel structures[J]. Nano
Letters, 2004, 4(6): 1099-1103.

WANG Y C, STEVENS A, HAN J. Million-fold pre-
concentration of proteins and peptides by nanofluidic
filter[J]. Analytical Chemistry, 2005, 77(14): 4293-
4299.

KIM S M, BURNS M, HASSWLBRINK E. Electro-
kinetic protein preconcentration using a simple glass/
poly (dimethylsiloxane) microfluidic chip[J]. Analytical
Chemistry, 2006, 78(14): 4779-4785.

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

KIM S J, KO S H, KANG K H, et al. Direct seawater
desalination by ion concentration polarization[J].
Nature Nanotechnology, 2010, 5(4): 297-301.
RUBINSTEIN |, ZALTZMAN B. Electro-osmotically
induced convection at a permselective membrane[J].
Physical Review E, 2000, 62(2): 2238-2251.
ZALTZMAN B, RUBINSTEIN I. Electroosmotic slip
and electroconvective instability[J]. Journal of Fluid
Mechanics, 2007, 579, 173-226.

YOSSIFON G, CHANG H C. Selection of nonequili-
brium overlimiting currents: universal depletion layer
formation dynamics and vortex instability[J]. Physical
Review Letters, 2008, 101(25): 254501.

RUBINSTEIN S, MANUKYAN G, STAICU A, et al.
Direct observation of a nonequilibrium electro-osmotic
instability[J]. Physical Review Letters, 2008, 101(25):
236101.

KIM S, WANG Y C, LEE J, et al. Concentration polari-
zation and nonlinear electrokinetic flow near a nano-
fluidic channel[J]. Physical Review Letters, 2007, 99(4):
044501.

LI Zhan-hua, YU Qun, KONG Gao-pan. The experime-
nts about ionic exclusion-enrichment effect in a hybrid
micro-/nano-channel[C]. Proceedings of the 2nd
European Conference on Microfluidics, Toulouse,
France, 2010.

JIN X, JOSEPH S, GATIMU E N, et al. Induced ele-
ctrokinetic transport in micro-nanofluidic interconnect
devices[J]. Langmuir, 2007, 23(26): 13209-13222.
MANI A, ZANGLE T, JUAN G S. On the propagation
of concentration polarization from microchannel-nano-
channel interfaces[J]. Langmuir, 2009, 25(6): 3898-
3908.

POSTLER P, SLOUKA K, SVOBODA M, et al. Para-
metrical studies of electroosmotic transport characteri-
stics in submicrometer channels[J]. Journal of Colloid
and Interface Science, 2008, 320(1): 321-332.

WANG J Y, XU Z, LIU C, et al. Effects of electrophore-
sis and electroosmotic flow on ion enrichment in micro-
nanofluidic preconcentrator[J]. Microsyst Technology,
2012, 18(1): 97-102.



