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Abstract: The Theoretical model of steady-state parallel electrodes is discussed. This model is based on the product of one 
reactions involved in a homogeneous reaction with the reactant of the other. Homotopy Perturbation Method (HPM) is employed 
to solve the non-linear diffusion equation. Simple and approximate polynomial expression is derived. 
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I. INTRODUCTION 
The Process of Parallel electrodes is the product of one electrode process enters in a homogeneous reaction with stoichiomertry 
reaction in the other parallel electrode. Stoichiometry reaction is the relationship between the relative quantities of substances taking 
part in a reaction or forming a compound, typically a ratio of whole integers. Kharkats and Sokirko have published paper concerning 
diffusion and reaction of parallel electrodes in limiting currents for the arbitrary values of the homogeneous reaction rate constant 
[1].Kemula and Michalski discovered the hidden limiting currents of the second reactant current depends on the first current 
[2].There have been many previous theoretical descriptions of the diffusion limiting corrent for the parallel elelcrodes in the 
stoichiometry reaction [3].Feoktistov, Zhdanov and Akad were analyzed that the homogeneous reaction rate is indefinitely high. In 
this process the electrode reaction product interacts with the initial substrate, and hidden currents of the third kind can be observed 
[4].Special case of a reaction inhibiting have been described experimentally [5]. However, to the best of our knowledge no general 
analytical expression of steady-state concentration profiles at parallel electrode have been reported. The purpose of this 
communication is to derive analytical expression of concentration by solving non-linear differential equation using Homotopy 
perturbation method. 

II. MATHEMATICAL FORMULATION OF ANALYSIS AND PROBLEMS 
The model contain substances  A  and B  which are reduced at the electrode. For clarity we shall suppose that B  is reduced at 
more negative potentials: 
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Here 2 ,1  , in i is the number of electrons transferred in the i th reaction,  n are stoichiomertry cofficients for electrode reactions. 
If the reaction 
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Proceed in the diffusion layer then the terminology of [2], hidden first current of the first kind is observed in the system. 
The non-linear differential equation for this model can be represented as follows [1]  
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Here 8 1D and 2D are diffusion coefficients of the corresponding substances, 1k is the rate constant of reaction (3), 

 is the coordinate perpendicular to the electrode surface. The boundary conditions are assumed to be specified by concentration 2c
in the bulk of solution 
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0
2   )  ( cLc  and by zero concentration of substance * A , 0  )  (  * 1 Lc . Here L is the diffusion layer thickness, which is 

supposed to be approximately the same for substances * A and B . We shall seek the solution under the condition 0  )0 ( 2 c
which corresponds to achieving a limiting current in substance B  . 
To obtain the last boundary condition, one must find the solution of the diffusion equation for substance  A ,which does not 
participate in homogeneous reaction (3) 
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with the boundary condition L    : 0
11   )  ( cLc  and the condition of limiting current in substance   A : 0  )0 ( 1 c Integrating 

(6) twice, one obtains a linear profile for Lccc  /     : 0
111  .Since the stoichiometry of reaction (1)shows that the fluxes of 

substances  A and * A near the electrode are equal and opposite in direction, the last boundary condition for * 1c can be written in 

the form 
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By introducing the dimensionless quantities  
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where k is the dimensionless reaction rate. 
Eq. (4) and Eq. (5) becomes  
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The boundary conditions may be represented as follows: 

0 ;  , 0  vn
dx
dux (11) 

1 ; 0 ,1  vux (12) 

III. ANALYTICAL SOLUTION OF THE CONCENTRATION AND CURRENT USING HPM 
The advantages of analytical methods [6-8] especially HPM [8] are capable of solving both regular and strong non-linear equations. 
Also these methods are simple to apply and will not increase complexity. One of the most remarkable features of the HPM is that 
usually only a few perturbation terms are sufficient to obtain a reasonably accurate solution. Recently, many authors have applied 
the HPM to various problems and demonstrated the efficiency of the HPM for handling non-linear structures and solving various 
physics and engineering problems [9-12]. This method is a combination of homotopy in topology and classic perturbation 
techniques. Ji-Huan He used the HPM to solve the Lighthill equation [13], the Duffing equation [14] and the Blasius equation 
[15].In this paper, the homotopy perturbation method [16-20] is applied and the obtained results show that the HPM is very effective 
and simple. 
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Eq.(13) and Eq.(14) is the newanalytical  expressions for the dimensionless concentrations in terms of dimensionless reaction rate. 

 
Fig.1 concentration of u versers distance in dimensionless form using Eq.(13) 

 
Fig.2 concentration of v versers distance in dimensionless form using Eq.(14) 
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IV. RESULT AND DISCUSSION  
Eq. (13) and Eq. (14) are the new simple analytical expression of the dimensionless concentrations u  and v . Figure 1 (a) represents 
the dimensionless concentration u  for different values of dimensionless kinetic parameter k .  Figure 1 (b) represents the 
dimensionless concentration u for different values of dimensionless constant n .From these figures it is inferred that, the 
concentration  u  increases when k  and  n  increases. Figure 2 (a) and (b) represents the dimensionless concentration v for 
different values of dimensionless kinetic parameter k . Figure 2 (c) and (d) represents the dimensionless concentration v for 
different values of dimensionless constant  n .  From these figures it is inferred that, the concentration   increases when k and  n  
increases and attains its maximum value 1. 

V. CONCLUSION 
In the present paper the non -linear differential equation have been formulated and solved under steady state conditions subject to 
defined boundary conditions. In this work, we obtained an analytical solution for parallel electrodes. The analysis has enabled an 
algebraic expression for the concentrations to all possible values of dimensionless reaction rate k .The simple closed forms of 
analytical solutions have been proposed using HPM. The Homotopy perturbation method is extremely simple and promising to 
solve other non-linear equations. This method can be easily extended to find the solution of all other non-linear reaction diffusion 
equations in homogeneous reactions for all parallel electrodes for various complex boundary conditions. 
 
APPENDIX A 
Solution of Eq. (14) using homotopy perturbation method in this paper is derived. 
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The boundary conditions are  

0 ;  , 0  vn
dx
dux  (A3) 

1 ; 0 ,1  vux (A4) 
The approximate solutions of Eq. (A1) is 
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substituting Eq. (A5)  and  (A6) into Eq.(A1) and  (A2) comparing the coefficients of like powers of p  
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The boundary conditions are  
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1 ; 0 ,1 00  vux                                                                                                                                                    (A12) 

The boundary conditions are  
0, 0 ,0 11  vux                                                                                                                                                  (A13) 
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SolvingtheEq. A (7) to A (10) and using the boundary conditions given in Eq. A (11) to A (14) 
we can obtain 
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According to the HPM, we can conclude that 
..........10  uuu                                                                                                                                                   (A19) 

Substituting Eqs. (A15, A16, A17, A18) into Eq. (A19) we can obtain Eq. (13) andEq.(14)in the text. 

REFERENCES 
[1] Yu.I. Kharkats and A.V. Sokirko,“The theory of hidden diffusion limiting currents”J. Electroanal. Chem.,vol.306,pp. 1 -21, May. 1991. 
[2] W. Kemula and M. Michalski.”the phenomenon of hidden limiting currents”Roczn. Chem.,vol.16,pp.533, 1936. 
[3] W. Kemula and Z.R. Grabowski,”hidden diffusion limiting currents”, Roczn. Chem.,vol. 26,pp.266, 1952. 
[4] L.G. Feoktistov and S.I. Zhdanov, Izv. Akad. Nauk SSSR, Otd..Khim. Nauk, 1:45 ,1963. 
[5] B.I. Khaikin and L.G. Feoktistov. Zh. Fiz. Khim., vol.38,pp.54, 1964. 
[6] L. Rajendran, and G.Rahamathunissa,“The Application of He’s variational iteration method to nonlinear boundary value problems in enzyme-substrate reaction 

diffusion processes : Part 1.The steady-state amperometricresponse”G., J. Math. Chem.,vol. 44, pp.849-861, 2008. 
[7] S. Loghambal, and L.Rajendran, “Mathematical modelling in amperometricoxidas enzyme-membrane electrodes” ,J. Memb. Sci., vol.373, pp.20-28, 2011. 
[8] J. H. He,” An introduction to the homotopy perturbation method”, Comput. Math. Appl., vol.57, pp.410-412, February2009. 
[9] Q. K. Ghori, M. Ahmed.  A. M. Siddiqui,“Application of He’s Homotopy perturbation metheod to sumudu transform”, Int. J. NonlinearSci. Numer. 

Simulat.,vol.8, pp.179-184, 2007. 
[10] T. Ozis,A.Yildirim,  “Numerical solution of Chua’s Circuit Oriented to circuit synthesis”, Int. J. Nonlinear Sci. Numer. Simulat.,vol.8, pp.243-248, 2007. 
[11] S.J. Li , and Y.X.  Liu,“A multi-component matrix loop algebra and its application “, Int. J. Non linear Sci. Numer. Simulat., vol.7,pp.177-182, 2006. 
[12]  M.M Mousa.S.F. Ragab, Z.“Soliton switching in fiber coupler with periodically modulated dispersion, coupling constant dispersionand cubic quantic 

nonlinearity”, Naturforsch.,vol.63, pp,140-144,2008. 
[13] J. H. He,“Homotopy perturbation technique”, Comp Meth. Appl. Mech. Eng., vol.178, pp.257-262, 1999. 
[14] J. H. He,“Homotopy perturbation metheod: a new nonlinear analytical technique”, Appl. Math. Comput.,vol.135, pp.73-79,2003. 
[15] J. H. He,“A simple perturbation approach to blasius equation”, Appl. Math. Comput.,vol.140, pp.217-222, 2003. 
[16] J. H. He, “Some asymptotic methods for strongly nonlinear equations”, Int. J.Mod. Phys. B, vol.20, pp.1141-1199, 2006. 
[17] V.Margret, L.Rajendran, “Analytical expression of non steady- state concentration profiles at planar electrode for the CE mechanism, Natural Science” vol. 2 

,pp1318-1325,September. 2010.  
[18] A. Meena, L. Rajendran,”Mathematical  modeling of   amperometric  and  potentiometric  biosensors  and  system  of   non-linear equations- Homotopy  

perturbation  approach” J. Electroanal.  Chem., vol.644, pp50-59, 2010. 
[19] V.Margretponrani, S.Loghambal, L. Rajendran,“Approximate solution of coupled system of transient reaction diffusion equations for complexes of arbitrary 

lability”, Global J Math Science, vol. 3,pp. 405-426, 2011. 
[20] V.Margret, L.Rajendran, “ Mathematical modelling of steady-state concentration in immobilized glucose isomerase of packed-bed reactors”,J.Math Chem., 

vol.50, pp.1333-1346 January.2012. 

 



 


