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Separation of charged particles is a major problem in biological and chemical researches. There are several
techniques for separate charged particles, one of them is electrophoresis. electrophoresis separates electrically
charged particles by applying external uniform electric field. In recent years, conventional cross-form of
geometry has been used for microchip electrophoresis. this paper represents new cross-form geometry of
microchip capillary electrophoresis with low separation time and high resolution and efficiency and are
respectively equal to 100s,3.1,1166.5 while these values for conventional geometries are respectively equal
to 120s,2.85,1004.8. these geometries are simulated by comsol.
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1. INTRODUCTION

In the last two decades, the use of microfluidic
platforms for chemical and biochemical
applications has achieved remarkable progress [1-
4]. separating species is an application of these
devices. one method of separation is
electrophoresis. electrophoresis is motion of
electrically charged particle in a medium by
applying external electric field [5]. Electrophoresis
phenomenon first discovered by a Reuss in 1807.
The capillary electrophoresis was performed in a
capillary tube, but from 2001 expanded microchip
capillary electrophoresis [6,7]. rapid separation,
high efficiency, low electrolyte and sample
consumption and low cost, are the main advantages
of this method compared to others techniques.
different geometries represent for microchip
capillary electrophoresis, In 2005, chien hisung tsia
and et al tested different geometries of micro
channel and found cross-form of geometry better
than other geometry because of less leakage during
injection therefore it has high resolution[8]. Since
then, the usual geometry for micro channel has
been cross-form. this paper represents new cross-
form  geometry of microchip capillary

electrophoresis with low separation time and high
resolution and efficiency.

2. THEORY OF ELECTROPHORESIS

Two major electro kinetic effects contribute in
electrophoretic separation; electro-osmosis and
electrophoresis. this section explains these two
effects. electro-osmosis, the movement of liquid
relative to a stationary charged surface induced by
an applied electric field. Electrophoresis, the
movement of suspended charged molecules
relative to a stationary liquid induced by an applied
electric force. Electrophoretic and electro-osmotic
velocity are obtained respectively, according to
Fig. 1 (a) and (c) according to Eq. 1 and 2[9].
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Fig. 5.(a) Force diagram of electrophoresis,
(b)concept of relationship between
electrophoretic velocity and size of charged
particles, (c)electro-osmotic velocity[9].

For simplicity, a system of a spherical charged
molecule of radius a and electric charge ze placed
in a stationary liquid is considered. In order to
involve only the electrophoresis, we assume that
the electrical conductivity of the liquid is very low,
so that the liquid does not flow while the external
electric field is applied. The charged molecule
could perceive an electric force, which causes it to
move, and simultaneously experience a drag force
as shown in Figurel(a) and obtain the
electrophoretic velocity relation:

Fiotar = Fetec + Fdrag =0

zeEgyt = 6TNau,y,

ze
Eexe = Uep Eext

(1

Uppy = ——
ep 6mna

In Bq.1ugy, , ze, a,n, Egx and pep, respectively
is electrophoretic velocity of the charged molecule
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, electric charge of the molecule, molecule radius ,
viscosity of liquid, external electric field and
absolute electrophoretic mobility of molecule.
according to Figures 1 (c), the electro-osmotic
velocity can be defined as

&
Ueo :_FE::erE @

¢ represents zeta potential, # denoted liquid
viscosity, € is dielectric coefficient of liquid.

The total velocity for charged particle in a medium
by applying external electric field is obtained by
Eq.3.

Ur = Ugp T Ugor = (ﬂep + l’leof)Eext
3)

As mentioned, microchips electrophoresis has
several geometries, the most common one is cross-
form. microchips electrophoresis have different
methods for injection such as pressure, vacuum,
electrokinetic and siphoning [10]. this paper uses
gated injection of electrokinetic because This kind
of injection used lower sample and easier to
controlled [11].figure 2 illustrated gated injection.

sample

o @
Sample waste
oy

Fig. 2.the injection sequence for the gated
injection

The gated injection has a loading/separation mode
where the sample flows from sample reservoir to
sample waste reservoir while the buffer flows from
buffer reservoir to buffer waste reservoir to prevent
sample leakage and provide continuous buffer
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supply into the separation channel (Fig. 2,A). To
make an injection, the field in buffer reservoir is set
to zero allowing a plug of sample to move into the
separation channel (Fig. 2, B). In the subsequent
separation step, the field is switched back to the
loading/separation step. The buffer flow cuts the
sample plug, and the injection valve returns to its
original state. explains the slight sample
penetration into the buffer channel (Fig. 2,B) and
nonsymmetric sample plug tails after dispensing
(Fig. 2,C). The gated valve is capable of dispensing
sample plugs of variable volume and provides
unidirectional flow in the separation channel.

3. EQUATIONS OF
ELECTROPHORESIS
Fig.3 shows separation channel. In this model, H
and L denote the width and length of the separation
channel and E represents an applied electric field.
according to fig. 3 equation of microchip
electrophoresis is (i) the Poisson equation for the
electric potential and zeta potential for the fluid-
solid boundary, (ii) the Nernst-Planck equations for
the positive and negative ionic concentrations, (iii)
the full Navier-Stokes equations modified to
include the effects of the body force due to the
electric and charge density, and (iv) a sample
concentration equation for the sample plug
distribution.

MICROCHIP
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Fig. 3.sepration channel to describe equation[8-
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3.1. Poisson equation

According to electrostatics theory, the relationship
between the electric potential and the net charge
density per unit volume is described at any point in
the solution by the dimensionless Poisson equation
[12-14]:

V@ +¢) =t —n) (4)

1 represents Electric potential of electrical double
layer, ¢ denote external electric potential of the
electrodes ,n%,nare local concentration of
positive and negative ions.

where k = K=KH, in which H is the width of the
k™1 = (Z::Tb:ez)o's is the Debye-
Hiickel parameter. The term ‘1/K’ represents the
characteristic thickness of the net charge density,
ngydenotes the bulk concentration of the ions, kj, is
the Boltzmann constant ,z,e,e are respectively
valence of ions, electron charge, dielectric constant

and T indicates the absolute temperature.

channel and

3.2. Nernst-Planck equation

Nernst-Planck equation describes the ionic
concentration distributions, n* and n~. Under the
assumptions of no chemical reactions,
incompressible flow and a constant diffusion
coefficient, this equation can be expressed in the
following dimensionless form[12-14]:

5. () = {v2n+ﬁ[;z(§c’zf+ﬁ¢)]} (5)
5. (7n) = {v*n=V[n" (Vy+aVo)]} (6)

Re Sc™

Where v is velocity Sct =p,% indicates the

) UrefL
Schmidt number ,and Re = p%denotes the

Reynolds number, in whichD is diffusion

coefficient of ions u represents the liquid viscosity,

p is the density of the fluid, and Upof = SE:ffZ,

where Eop = —¢‘zlet

activated potential at the inlet and { is the surface
zeta potential.

and ¢@jner expresses the
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EyesH . . .
A= ZZ’; Is a dimensionless parameter, which

Z
represents the ratio of the applied voltage and basis

voltage.

3.3. Navier-Stokes equations

The Navier-Stokes equations describe the fluid
flow in general cases. However, in the case of
micro channel flows, these equations must be
modified to take account of the electrical force
generated by the interaction between the net charge
density and the electric potential field. The
equations of movement for an incompressible
liquid can be expressed in the following
dimensionless form:

V.(V.V) = =VP +—V2V — Bpe(Vy +

(7) AV)
Where B = noka/pUref2 Is a dimensionless
parameter, which represents the ratio of the ion
pressure and the dynamic pressure. v is velocity
and Re denotes the Reynolds number.

3.4. Equation of Concentration

To ease a comprehensive understanding of the
sample flow distribution in a micro channel, it is
essential to solve the sample diffusion equation
through a process of numerical simulation. The
flow of the sample distribution is gained by solving

the  following  nondimensional  diffusion

equation[12]:

V.VC = —V2C (8)
ReSc

In which C is the sample concentration and SC
indicates the Schmidt number ,and Re denotes the
Reynolds number.

4. IMPORTANT
SEPARATION
Three major factors in separation is (1)separation
time, (2)resolution, (3)efficiency. Separation time
refers to the time at which the concentration of ions
are separated to defined other factors see fig.4.
Resolution can be represents as the ratio of the
distance between sample peaks and the standard
deviation of the sample zones[15].

FACTORS IN

R=% 9)
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Plate models for electrophoretic separations are
used very frequently for overall system-to-system
comparisons of separation efficiency. Plate models
have historically been used for describing stage-
wise distillation columns[16].

NTP called the number of theoretical plates, can be
defined

NTP = (242 (10)

The efficiency of separation is typically said to be
higher for systems with higher plate number.

Lq
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3 >
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— Detector

concentration

channel length

Fig.4. separation channel to defined resolution
and efficiency[15].

According to fig4 AL,o and L, are respectively
the distance between sample peaks , the standard
deviation of the sample zones and distance between
cross section and detection point.

5. MICROCHIPS DESIGN

In this paper represents new cross-form geometry
of microchannel and compared with conventional
cross-form geometry of microchannel in the same
conditions : microchip and electrode length are
respectively 45mm and 50 pum,buffer is mes/his
,sample is k¥ and Na*t and Li*(200 umol) with
ionic radius that are respectively 152, 116 ,90 pm,
gated injection ,applied voltage between buffer and
buffer waste reservoir is 120 v and applied voltage
between sample and sample waste reservoir is 80
v(shown in fig.2).

According to fig.5.(a) conventional cross-form
geometry of microchannel ,all channel width are 50
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um and in fig.5.(b) new cross-form geometry of
microchannel assume separation channel width is
100 um and other channels are 50 ym .according
to eq.5 and eq.7 when assume larger channel
,sample and buffer distribution move quickly. So
separation time decrease and resolution and
efficiency increase.

B
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Sy o
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Fig.5.(a) conventional cross-form geometry (b)
new cross-form geometry of microchannel

Fig.5 represents geometry of microchannel where
S, Sw, B, BW are respectively sample, sample
waste, buffer and buffer waste reservoir. injection
sequence shown in fig.2.

6. RESULT AND DISCUSSION

These microchips are simulated by Comsol and the
Egs.(4-8) are used in modules of this
software.Fig.6 is shown the result of injection
method in two different geometries :
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Fig.6. gated injection in (a) conventional cross-
form geometry (b) new proposed cross-form
geometry.

According to Fig. 6 gated injection process is
performed as shown in Fig. 2. Fig. 6 (a) represents
the concentration of the sample is injected into the
channel in the conventional geometry and Fig. 6 (b)
represents the concentration of the sample is
injected into the channel in the proposed geometry
and also is shown when samples inject into
separation channel ,because of  the larger
separation channel, it faced less resistance and flow
quicker.

Separation time refers to the time at which the
concentration of ions are separated.Fig.7shows
separation time of each studied geometry.
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Fig.7.concentration as function of channel length
at different time in the(a) conventional cross-form
geometry (b) new proposed cross-form geometry.

According to fig.7 separation time for conventional
cross-form geometry is 120s and for new proposed
cross-form geometry is 100s. new proposed cross-
form geometry separated samples in lower time
than conventional cross-form geometry. because of
the larger separation channel and according to
eq.5and eq.7 sample and buffer distribution move
quickly . also this figure shows that electrophoretic
velocity of LiT is greater than Natand Na™ is
greater than k¥ because according to tablel ionic
radius of Li* is smaller than Natand Na* is
smaller thank* so according to eq.l
electrophoretic velocity of Li* is greater than
Na*and Na* is greater than k*.

To obtain resolution and efficiency ,consider
concentration as function of channel length at the
same time (120s) for each geometry and according
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to fig.8 and eq.9 and 10 ,calculate resolution and

efficiency.
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Fig.8. concentration as function of channel length
at 120s in the(a) conventional cross-form
geometry (b) new proposed cross-form geometry.

according to fig.8 and eq.9 and 10 , resolution and
efficiency for conventional cross-form geometry is
equal to 2.85 and1004.8 and new proposed cross-
form geometry is equal to 3.1 and1166.5.s0
resolution and efficiency for new proposed cross-
form geometry is greater than conventional cross-
form geometry. Because in the same conditions of
applied voltage and channel length when separation
time decreases, resolution and efficiency increases.

Table 1. Comparison of results

Geometry of | conventional | new proposed
channel cross-form cross-form
Separation 120s 100s

time

Resolution 2.85 3.1

Vol. 5, No. 3, Sep. 2016

| efficiency | 1004.8 | 1166.5 |

According to table 1 in new proposed cross-form
geometry, separation time decreases and resolution
and efficiency increases.

CONCLUSION

electrophoresis  separate electrically charged
particles by applying external uniform electric
field. in biological and chemical researches speed
and resolution of separation is very important.so
this paper represented new cross-form geometry
witch has higher speed and resolution than
conventional cross-form geometry .in proposed
geometry ,separation time and resolution and
efficiency is respectively equal to 100s,3.1 and
1166.5.
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