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Abstract- In this report we present a systematic analysis of localization of biological molecules using 

microelectrodes of triangular geometry. We have carried out this analytical study using different electrodes geometry 

namely rectangular or planar and triangular. It is observed that the triangular geometry would facilitate effective 

localization which involved trapping/manipulation of biological molecules that would arise when the system is 

subjected to AC electric fields. 

Key words: ACEO- AC Electroosmosis, DEP- Dielectrophoresis 

I. Introduction 

The localization of biological molecules (DNA of our interest) driven by AC electrokinetic effects namely ACEO 

and DEP involved manipulation/trapping of molecules in suspensoid form in an electrolyte solution (KCl in this 

study).  It has been reported [1] that effective trapping/manipulation of biological molecules could be facilitated by 

microelectrodes of different shapes especially triangular geometry. Triangular electrodes are most suitable to trap 

DNA molecules around edge which subsequently bridges like molecule wire across the gap between electrodes due to 

polarisation properties [2]. Electrostatic static forces would influence the inherent structure of DNA like stretching by 

means of dipoles formation when they are immersed in an electrolyte [1,3]. In this context it is worth mentioning that 

the geometry of microelectrodes subjected to AC electric fields would facilitate selective trapping/manipulation of 

biological molecules in the regime of AC electrokinetic phenomena. It has become a wide range of interest as it finds 

extensive applications in LOAC (lab-on-a-chip) and microfluidic devices [4,5]. DNA molecule experiences a strong 

electric dipole moment in a suitable condition and this induced dipole facilitates trapping/manipulation of molecule 

when it is placed between microelectrodes [6]. ACEO deals with the motion of electrolyte solution and DEP deals 

with the motion of suspended molecules.  

It has been realised that the trapping/manipulation of DNA molecules strongly dependent on strength of applied 

electric field [1-3]. Therefore, it is expected that the sharp edges of electrodes would influence the overall 

electrokinetic process. From this study, it appears that one might further exploit the state-of-art lithographic techniques 

to design and fabricate smaller electrodes with sharp bends at edges that would intensify the nonuniformity of electric 

filed. It clearly revealed that the electric field strength was extremely large for triangular electrodes, coupled with 

polarizable properties played significant role in guiding the flow of DNA molecules around edges. In this proceeding, 

we present a systematic analysis of the effect of curvature of the electrode tips on the localization of suspensoid 

particles using COMSOL Multiphysics. 

II. Theory 

Since the nonuniformity of electric fields serve the trapping/manipulation of biological molecules, we used the idea of 

sharp tip electrodes in the form of triangular geometry shown in fig 1. that would facilitate most feasible localizing 
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points for DNA molecules to get trapped. The whole process will be governed by AC-electrokinetic phenomena [7] 

where the system of electrodes is connected to AC voltage source with DNA molecules are suspended in an electrolyte 

solution (KCl used in this study). When AC voltage is applied, electrodes attracts ions of opposite charge thus formed 

a layer over the surface of electrodes called electrical double layer (EDL) [7,8]. Then the electric field exerts electric 

force on these ions which drags the fluid over the surface of electrodes. The y-z plane in the following fig. 1, a plane 

of mirror symmetry between the electrodes, reduces the domain of the problem by half owing to the symmetry of the 

configuration and opposite polarities of the electrodes.  

 

Fig. 1 The schematic of triangular electrodes geometry 

The properties of the electrolyte used for this configuration correspond to that of KCl at infinite dilution with electrical 

conductivity of 0.0021 S/m, relative permittivity of 78.49, density of 1000 kg/m3 and a dynamic viscosity (at 293K) of 

0.001 Pa-s. 

The charge density in the bulk region is considered to be negligible by giving potential V and it is governed by the 

Laplace’s equation; 

     02  V       (1) and the 

following boundary condition is incorporated at the top of EDL,  

𝑛. 𝐽 = 𝑖𝜔𝐶𝐷𝐿(𝑉 − 𝑉𝑟𝑒𝑓)      (2) 

)sin(0 tVVref        (3) 

Where n.J picks out the normal component of current density, CDL represents the capacitance per unit area of the EDL 

and Vref is the potential applied to the electrodes which are sinusoidal in nature.  

Fluid velocity is given by Helmholtz-Smoluchowski formula eq. 4 for ACEO velocity [7] and the velocity profile has 

been analysed by solving Navier-Stokes equation. The velocity profile for triangular geometry clearly shows the 

vertex around the edge/sharp tip of electrode is shown in fig 2. It clearly revealed that the electric field strength which 

was extremely large at the vertices of the triangular electrode, coupled with polarization properties, played an 

important role in guiding the flow of DNA molecules in and around the tips. 

     𝑢 =
−𝜀0𝜀𝑟ʌ𝜉𝐸𝑡

𝜂
               (4) 

Where 𝜉 = 𝑉𝑟𝑒𝑓 − 𝑉 potential difference in EDL, ʌ is the ratio of potential drop across EDL and Et is the tangential 

component of the electric field just outside the EDL, η is the viscosity of the medium.  
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        Fig. 2. Stream lines around vertex 

The dielectrophoretic force (FDEP) is given by the following equation [7,9], 

rmsCMpDEP ErfF 23})Re({2        (5) 

where r is radius of the particle (DNA assumed to spherical in coiled state) radius, εp is the permittivity of the particle, 

Erms is the rms value of the applied field and Re[fCM] is the real part of Clausius-Mossotti factor, 

Re[fCM] =(
𝜀𝑝

∗ −𝜀𝑚
∗

𝜀𝑝
∗ +2𝜀𝑚

∗ )       (6) 

where 𝜀𝑝
∗  𝑎𝑛𝑑 𝜀𝑚

∗ are complex primitivities.  

The forces were found concentrated at the vertex V which points towards the plane of symmetry for the triangular 

electrodes. We observed that the forces were smeared along the edges of this vertex shown in fig 3 and can also 

observed the presence of a trapping point near the vertex V shown in the plots. 

 

Fig. 3. Force smeared along the edges of vertex 

 

III. Results 

We simulated AC electrokinetic effects for triangular electrodes taking the sharpness (tip) of electrode as a crucial 

aspect since it could facilitate effective trapping/manipulation of DNA molecules. We study the feasibility of 

localization points for trapping DNA molecules forming a bridge across electrodes. The force calculations are present 

in the following figures 4 (a), 4 (b) and 4 (c) represents the nature of force along X, Y and Z axes according to the 

geometry shown in the fig 1. It is to remember that electrodes are subjected to alternating field so that they can have 

opposite polarities at any point of time. It can be observed from the plots the point at which the force has both positive 
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and negative values, such force would only represent a vertex. The suspended particles in the electrolyte upon entering the 

vortex get trapped in it due to the torque set up by the vortex. The results show that the vortex is located near the edge of the 

electrode and therefore the insoluble particles in the vortex will have a higher probability of bridging the gap between the 

electrodes. From 4 (a) and 4 (b) localization points exists where X and Y components of force vanishing and restoring and from 4 

(c) the nonzero component of the force which is in the negative Z direction pushes the particle down towards the electrode.  

             

(a)                                                  (b)                                                  (c) 

Fig. 4. variation of force along X-, Y-, and Z-componets 

 

 

IV. Conclusion 

we have systematically analysed the localizing region for suspended DNA molecules in electrolytes. It is found that the sharp tip 

electrodes would serve better to facilitate effective trapping/manipulation. From this study it is very clear that understanding the 

nature of localization points is important to complete bridging the DNA molecules across the electrodes. It is desirable to have 

vertex of providing polarizable property that allows DNA get attached to the electrodes in the form of stretching under nonuniform 

electric fields.  
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