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ABSTRACT: The main objective of the present research is to propose a new mathematical formulation for the
concentration of volatile substances corresponding to spherical electrodes through applying steady state reaction
diffusion equations within the electrode surface in the presence of chemically modified electrodes. This model requires
into consideration the diffusion of reactants and charge carriers that occur within the chemically modified layer that is
positioned at the electrode surface. All probable experimental responses of the parameter may utilise appropriate
mediator, substrate, and current concentrations evaluated analytically through the implementation of the Akbari Ganji
Method. A numerical representation of the issue being studied can also be obtained implementing MATLAB software
aimed at assisting comprehend the dynamics of the system. An appropriate degree of concurrence is subsequently
provided once the ensuring results have been examined using currently accessible numerical data with previously

discovered information.

1.Introduction
Over the past two decades, Chemists have made attempts to effectively manipulate an
electrode’s chemical constituents which has culminated to an enormous surge in pursuit of
Chemically modified electrodes (CME). Numerous significant uses for chemically modified
electrodes have been discovered in the field of electrocatalysis, corrode detection, molecular

electronics, selective electro organic synthesis, solar power generation and electrochromic
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monitor devices ([1], [2], [3], [4], [5]). A relatively modern approach to electrode systems, CME
are useful in a variety of fundamental electrochemical investigations for instance the interactions
between chemical reactivity and heterogeneous electron transfer to electrode surface chemistry,
electrostatic occurrences at electrode surfaces and electron mobility through polymers. They are
further valuable in the construction of electrochemical devices and components for utilisation in
the molecular electronics, electrochromic displays chemical sensing [6]. The distinctive feature
that initiatives a CME detached from other electrode concepts in electrochemistry is that in a
reasonable, chemically designed manner a typically exceptionally thin layer of an assigned
chemical is stuck to or coated on the electrode surface in order to provide the electrode, the
chemical electrochemical, ocular, electrical, transport and other envisioned properties associated
with the film. ([7], [8])

Additionally, chemically modified electrodes may contain an assortment of chemical
modifiers sometimes embedded in the electrode substrate and possibly these modifiers may have
a precisely structured spatial configuration. That is, a CME could contain two electrocatalysis:
One that transport energy between the electrode and the first catalyst and the second catalyst
performs through accepter or comprising multiple different chemical polymers with the second
polymer deposited on the surface of the first to create a bilayer of polymer films might also
makeup the chemically modified electrode. A mathematical model explaining transport and
electrocatalytic kinetics in surface immobilised modified electrode that function via two different
forms of redox interactions - a Michale type addict formation reaction and a simple chemical
second order was modelled by Puida et al. [9]. Albery et al. [10] suggested an extensive model for
polymer modified electrodes which aims to estimate the continuous momentary reaction of a
redox polymer film employing mediated electroanalysis. Vinolyn Syluia et al. [11] presented the
analytic result for the transient current of catalytic process at chemically modified electrode using
Homotopy Perturbation Method. Romas Baronas Romas et al. established the amperometric
biosensors based on chemically modified electrodes [12].

The present research investigation proposes to establish a mathematical formulation
concerning the concentration of volatile compounds associated to a spherical electrode exploiting
steady state reaction diffusion equations over the surface of electrode amid chemically modified

electrode.

2. Mathematical Modelling
We will only provide a brief description, as an exhaustive investigation of the basic
assumptions and tangible manifestation of this issue has been done previously by Romas Barnous
Romas et al. [12]. This model considers an ordered ping-pong approach for enzyme catalysed

substrate conversion with a mediator. The chemically modified electrode consists of a thin layer
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of low soluble mediator encased over an enzyme membrane. The system comprised as three
regions, an enzyme layer for enzymatic reactions and mass transport by diffusion, a diffusion
limiting, region for mass transport exclusively and a convective region to maintain analytic
concentration constant. An electrode that fact may have been chemically modified acts as where
the reaction originates. A comparatively thin layer membrane of the inadequate accessible
mediator and an enzyme membrane encapsulate the CME and this is regarded as an electrode.
We anticipate a sequential Ping-Pong approach of stimulated Enzyme(A), substrate(B),
transformation within the midst of mediator(C).
A+BSAB- A+ X
A+ C->A1+Y
The intermediate complex concentration is predicted that it stays consistent in the steady
state estimation. A series of reaction diffusion equations may be utilised as well to provide insight
in the distribution of mass and reactions in the enzyme layer, provided that the electrode has
spherical geometry and confined enzyme is distributed correspondingly throughout the

uniformly thick film. A system of reaction diffusion equations could possibly be used to represent

it as
Ds dB dZB
202 =Dyt iy (B)C(wW)) 2.1)
2Dy dC d*c
== De—— - uc(Bw)CW)) (2.2)
Following are the boundary conditions that describe the problem
Atu=0,= C’T,—— (2.3)
o, dC _
Atu=0,5s =Ks o (2.4)
The Net flux is represented as
dB
CS = CDB (E)uzr - :DC( )u 0 (2'5)

The results of the final evaluation should be presented in dimensionless parameters before
we progress on to a complete mathematical review of the boundary value problem described in
the equations (2.1) -(2.5)

We introduce the Non-Dimensional Parameters as,

B c u AZCTT ¢R [J.]KS ¢R A1
X = . = — 19 = - = — = — = ; 26
Aps®’ Y er’ r’ $k Dp bs A 275 = Dc dc D057 (2:6)

The reaction diffusion parameters {p and ¢, are used to measure the correlation between
the chemical reaction rate and the amount of charge percolation or substrate diffusion. Three

independent dimensionless parameters Ay, A, A3 have been utilized to simulate the current.

_ %5 . _ %c . _ _%r95,
A= ¢p’ Az ¢’ A ¢p° "’ (2.7)

The system nonlinear reaction-diffusion equation can be written as
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d?x(9) +2 dx(9)

oz T 7 a9 - seX@)y(®@) =0 (2.8)
d®y(®) , 2 dy(¥
20 L 200 x@)y(9) =0 (2.9)
The appropriate boundaries were expressed as
dx(0) _ . _
= =0x(0) = 1. (2.10)
) _q. —
The following equation represents the normalized steady-state current response
d d
Q= (d_:)tzl or Q = —(d_f)tzo (2.12)

3. Analytical Solution of The Concentrations Using Akbari Ganji Mathod

Over the last few decades, a number of authors have concentrated on studying the
solution of nonlinear equations using a range of methods, such as the Homotopy perturbation
Method [13-16], Taylor Series Method [17-19], Akbari Ganji Method [20-23] and Variational
Iteration Method [24-25]. Akbari Ganji's Method is highly precise, effective, and effective in a
conservative approach. An AGM solution function exhibiting indeterminate constant coefficients
solves its inception and boundary requirements. The above procedure can be implemented for
resolving nonlinear equations (2.8) through (2.11).
Consider the trial solution for Equations (2.8) and (2.9) as

x(9) = A cosh (a9) + B sinh (a?) (3.1)

y() = C cosh (BY) + Dcosh (B9)

Using the boundary conditions (2.10) and (2.11), we get
1

A= ,B=0,C=1,D=—tanhf (3.3)
cosha
Substituting (3.3) in (3.1) and (3.2) we have
h(ad)
x(ﬁ) B Cco(:sh((aa) (3'4)
h((1-9
y(9) = 2 CD0 (3.5)

Eqgns. (2.8) and (2.9) becomes,

d_z cosh(a?9) +£i[cosh(a19)] [cosh(aﬁ)] cosh((9+1)B)
dﬁz[cosh(a)] Y d9" cosh(a) -63 cosh(a) [ cosh(pB)

d_2 cosh((9+1)B) 2d cosh((19+1)ﬁ)] [cosh(aﬁ) cosh((9+1)B)
d192[ cosh(pB) ] 9 dt cosh(B) 'fC cosh(a) [ cosh(pB)

1=0 (3.6)

1=0 (3.7)
By the application of L-Hospitals” rule in (18) and (19) and 9 — 0, we get

= s _ §
a—\/% and B = /3c0§ha (3.8)

Substituting the values of a and  in equations (3.4) and (3.5), we obtain the analytical formulation

for the substrate and mediator concentrations, which is stated as,
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cosh 19(5_3)%
x(9) = ﬁ (3.9)

s |
NREET)

()]
L) )

When the current is normalized, it becomes,

a-(@Fan (@) o B

1
2 2

y(@)= (3.10)

a=—fc ) tann| | —— (3.12)

3 cosh (%) 3 cosh (%3)

N|=
N |

4. Specifying Cases
By contrasting the diffusion coefficients and kinetic properties, we have deduced the
substrate and mediator's concentration equations here.

4.1 Electron absorption over the chemical layer occurs at a faster pace than substrate transport

In consideration of the circumstances z:c

-~ & 1 or Ay— oo. Although it is expected that
B

electron charge penetration around the chemical chain will occur quickly and that the chemical

interaction between the mediator and substrate will occur too quickly, relatively many mediator

species will be ingested throughout the chemical layer, and it is assumed that ¢, = 1.

Equations (2.8) and (2.9) were reduced to
d?x(9) | 2 dx(9)
e LSO @

a’y(®) , 2 dy®) _
dy? t df

4.2)
We found the analytical statement for the mediator and substrate as, utilizing boundary
conditions (2.10) - (2.11),

cosh(v(%)%
cosh((%)%

y(®) =1 (4.4)

x(9) = (4.3)

1 1
The current transforms Q = (%B)Z tanh ((5—3)2> 4.5)
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(i1) Substrate diffusion flows across the chemical layer greater than electron diffusion

Considering the circumstances into account g—c > 1 or A;— 0. Due to the quick substrate
B

diffusion within the layer and the assumption that minimal substrate is wasted during transit
through the layer, take the following into consideration &g =1.
Equations (2.8) and (2.9) simplified to

@) | 2 dx(®) _

dy? 9 do 0 (4'6)
d?y (9 2 dy(9
X0 20 ¢ y9)=0 (4.7)

With boundary conditions (2.10) - (2.11) applied, we were able to get the analytical equation for

the substrate and mediator as,

x(@) =1 (4.8)
cosh((1—19)(%)%>
y(@) = o (4.9)
cosh((?c)2>
The current changes to O =— [(i_c)i tanh ((i_c)i) ] (4.10)

5. Previous Analytical Result
The variation iteration method found analytical solutions to the nonlinear equations
involving polymer films. Equations (2.8) and (2.9) with associated boundary conditions were
resolved by Rebouillat et al. [26] employing the variation iteration approach. Following is how
they arrived at the analytical formulation for the concentration of mediator and substrate in

polymer modified ultramicroelectrodes:

sinh(ﬁ(fB)%>
x(9) = W (5.1)
exp(—(&ﬁ) ) 1
YO =74 {f (&) exp [-(§0)2(1 — 9)| — exp [(60)2(1 - 9) 3 (5.2)
(fc)zf((fB)z)t
Where f(&;) = % (5.3)

6. Numerical Simulation
The accuracy of the AGM solution was tested by numerically solving the nondimension
al form of equations (2.8)-(2.9) related to boundary conditions (2.10)-(2.11). The efficiency of the
current methodology is illustrated by graphical correlations between our analytical results and

numerical outcomes. Tables 1 and 2 compare preceding analytical results with dimensionless
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substrate and mediator concentrations based on the analytical representation. For every

parameter setting under comparison, it provides a satisfactory level of agreement. The most

recent analytical result (AGM Method) is separated from the previously analysed result by the

highest typical error of 0.02% in the mediator and 0.05% in the substrate.

Table 1. Comparison among the new (3.9) and previous analytical results (5.1) for the substrate

concentration for different reaction diffusion parameter values.

Substrate Concentration

£=01and &, =0.1

éc=1land &5 =1

£=10and & =10

9 | Previous |This % of variation | Previous |This % of variation | Previous | This | % of variation
work |work between (5.1) work |work between (5.1) work work | between (5.1)
Eqn. (5.1) [Eqn. (3.9) and (3.9) Eqn. (5.1) |[Eqn. (3.9) and (3.9) Eqn. (5.1) |[Eqn. (3.9) and (3.9)
0.1] 0.9837 | 0.9837 0.0000 0.8523 | 0.8551 0.0028 0.2727 | 0.3192 0.0465
0.3] 0.9850 | 0.9850 0.0000 0.8637 | 0.8665 0.0028 0.3103 | 0.3623 0.0520
0.5] 0.9876 | 0.9876 0.0000 0.8868 | 0.8895 0.0027 0.3948 | 0.4542 0.0594
0.7] 0.9916 | 0.9916 0.0000 0.9221 | 0.9243 0.0022 0.5476 | 0.6073 0.0597
0.9] 0.9969 | 0.9969 0.0000 0.9705 | 0.9715 0.0010 0.8086 | 0.8424 0.0338
1.0] 1.0000 | 1.0000 0.0000 1.0000 | 1.0000 0.0000 1.0000 | 1.0000 0.0000
Average 0.0000 0.0023 0.0502
Error %

Table 2. Deviation of New analytical solution (3.10) with Previous Analytical findings (5.2) of

concentration of mediator for various values of reaction diffusion parameters

Mediator Concentration

¢(c=0.1and &5 =0.1

éc=1land é5=1

éc=10and & =10

9 | Previous |This % of the Previous |This % of the Previous | This % of the
work |work variation work |work variation work work variation
Eqn. (5.2) |[Eqn. between (5.2) |Eqn. (5.2) [Eqn. between (5.2) |Eqn. (5.2)| Eqn. between (5.2)

(3.10) and (3.10) (3.10) and (3.10) (3.10) and (3.10)
0.1 0.9837 | 0.9837 0.0000 0.8523 | 0.8551 0.0028 0.2727 | 0.3192 0.0165
0.3| 0.9850 | 0.9850 0.0000 0.8637 | 0.8665 0.0028 0.3103 | 0.3623 0.0020
0.5| 0.9876 | 0.9876 0.0000 0.8868 | 0.8895 0.0024 0.3948 | 0.4542 0.0194
0.7 0.9916 | 0.9916 0.0000 0.9221 | 0.9243 0.0010 0.5476 | 0.6073 0.0197
0.9| 0.9969 | 0.9969 0.0000 0.9705 | 0.9715 0.0010 0.8086 | 0.8424 0.0238
1.0{ 1.0000 | 1.0000 0.0000 1.0000 | 1.0000 0.0000 1.0000 | 1.0000 0.0000
Average 0.0000 0.0020 0.0220

Error %
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7. Results and Discussion
The equations (3.9) and (3.10) provides a newly developed analytical formulation of the
concentration of substrate and mediator in simple closed form. Simple new analytical formulae

(3.11) and (3.12) describe how much normalized current is present.

Fig. 1
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Figure 1. Analytical and numerical evaluations of the solutions for various values of reaction

diffusion parameter §p for the substrate concentration.

Figure (1) depicts the conventional substrate concentration for various amounts of the
diffusion parameter {z. The data presented here reveals that x is substantially comparable to 1
for every value of ¢, and ¢y that is less than or equal to 1. As the concentration of substrate goes
down, &5 increases. The value of é5 < 0.1, the concentration reaches the constant value and the
curve turns into straight line. As the concentration rate is high for the lowest value of {3, the
Concentration of substrate is inversely proportional to the reaction rate constant ¢p.
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Figure 2. Comparison of the solutions both analytically and numerically for different values

of &, for fixed &g = 0.1 for the concentration of mediator.
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Figure 3. Analytical and numerical comparison of the solutions for varying values of

éc for fixed ép =1 for mediator concentration.

The series of normalized concentration profiles for a mediator is shown in Figure 2 and
Figure 3 for various values of the {; and for fixed value of {3 is 0.1 and 1 respectively. All values
of ¢¢ and & that are both less than or equal to 1 can be deduced that it is substantially equal to 1.
As y increases either ¢, increases or ¢z decreases. Since the mediator concentration slowly
increases for all the highest value of ¢, the concentration of mediator is directly correlated to the
reaction diffusion parameter .. The solid line represents the numerical solution, and the dotted
line represents the analytical result.

By the comparison of Figure 2 and Figure 3 depicts that the increasing value of the reaction
parameter ¢p rises the concentration of mediator corresponding the lowest value of ;. In Figure
2, the reaction rate constant ¢ = 0.1 yields the concentration of mediator reaches the highest
stable value as well as the curve turned into straight line. But in Figure 3 ¢, > 0.1, the Medjiator
concentration falls down and slowly reaches the steady state. That is, the mediator concentration

directly correlated to the reaction rate constant ¢z but inversely proportional to &..
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Figure 4. The concentration of Mediator depends on the reaction rate constant §. as the flow
of substrate diffusion across the chemical layer greater than electron diffusion.
Figure 4 demonstrates that the concentration of mediator for the various values of reaction

rate constant ¢, whenever the electron diffusion on the chemical layer smaller than the substrate
diffusion as A,— 0. Considering the aforementioned along with ¢z = 1 to account for the rapid
diffusion of substrate within the layer and the expectation that a fraction of substrate gets
eliminated during transit through the layer. Whenever the reaction rate constant ¢, escalates, the
mediator concentration reduces. The mediator concentration drops towards the steady state at

the absolute highest significance of the reaction rate constant.
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Figure 5. Indeterminate substrate and mediator concentration versus normalized distance

over enormous parameter values.
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Figure 5 illustrates the concentration of the unknown substrate and mediator as a function
of normalised distance over a wide range of parameter values. According to the substrate
concentration decreases, £z grows, and the concentration of mediator that corresponds to the
lowest value of ¢, also increases as the reaction parameter {p grows. This means that the
concentration of the mediator impacts the reaction rate constant £, which is reversely correlated
with &..
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Figure 6. Representation of normalized current for the various values of {p
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Figure 7. Plot of normalized current for different values of §..
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Figure 6 represent the concentration of normalized current for various values of reaction
rate constant ¢p. The figure suggests that an increase in ¢ leads to a corresponding decreasing in
the concentration of current. The concentration of normalised current for a range of response rate
constant & values is shown in Figure 7. The figure implies that a escalates in the current

concentration corresponds to an increase in &..
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Figure 7. Three-dimensional Mediator concentration versus dimensionless distance and the

reaction rate constant .

8. Conclusion

The system of nonlinear reaction diffusion equations in chemically modified electrodes at
a state of stability have been determined analytically in the present study. The novel analytical
formulations for the concentration of volatile chemicals corresponding to spherical electrodes was
obtained using the Akbari Ganji Method, which applies steady state reaction diffusion equations
throughout the electrode surface considering chemically modified electrodes remain afford. A
straightforward new computational equation is provided for the steady state current response.
Comparing the final results to preceding restricted case results, it indicates more quantitative
consistency. These outstanding results are used to model the biosensor based on the system of
nonlinear reaction diffusion equations. In contrast to other analytical techniques, this approach is
uncomplicated, yields accurate data, and has a straightforward solution. Other boundary value
problems in the chemical and physical sciences can be easily resolved with this method. In
addition to mixed complicated boundary conditions, it seems as though the process may be
extended to additional two- and three-dimensional geometries and interacting steps of first-order

chemical reactions.
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Nomenclature

Dp | Diffusion coefficient of substrate | ¢z | Dimensionless diffusion parameter

um?/s

D¢ | Diffusion coefficient of | & | Dimensionless reaction parameter

mediator um? /s

B | Concentration of substrate um X Dimensionless Concentration
substrate
C | Concentration of oxidized mediator | y Dimensionless  concentration  of
um mediator
Biomolecular rate constants ms I Dimensionless distance
Distance from the electrode um Q Dimensionless normalized current

Cr | Total concentration of mediator & | ¢; | Relevant flux factor

Substrate
s% | Bulk concentration of substrate ym | A; Oxidized enzyme
Cx | Net flux As Reduced enzyme
K | Partition coefficient X,Y | Reaction Products

Conflicts of Interest: The authors declare that there are no conflicts of interest regarding the

publication of this paper.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

References
O. Farghaly, R. Hameed, A.H. Abu-Nawwas, Analytical Application Using Modern Electrochemical
Techniques, Int. ]. Electrochem. Sci. 9 (2014), 3287-3318. https:/ /doi.org/10.1016/s1452-3981(23)08010-
0.
Al]. Bard, Chemical Modification of Electrodes, J. Chem. Educ. 60 (1983), 302.
https://doi.org/10.1021/ed060p302.
J.A. Cox, R. Jaworski, P.J. Kulesza, Electroanalysis with Electrodes Modified by Inorganic Films,
Electroanalysis 3 (1991), 869-877. https:/ /doi.org/10.1002/elan.1140030902.
S. Dong, Y. Wang, The Application of Chemically Modified Electrodes in Analytical Chemistry,
Electroanalysis 1 (1989), 99-106. https:/ /doi.org/10.1002/elan.1140010203.
R.A. Durst, Chemically Modified Electrodes: Recommended Terminology and Definitions (IUPAC
Recommendations 1997), Pure Appl. Chem. 69 (1997), 1317-1324.
https://doi.org/10.1351/pac199769061317.
R.W. Murray, Chemically Modified Electrodes, Accounts Chem. Res. 13 (1980), 135-141.
https://doi.org/10.1021/ar50149a002.
RW. Murray, A.G. Ewing, R.A. Durst, Chemically Modified Electrodes. Molecular Design for
Electroanalysis, Anal. Chem. 59 (1987), 379A-390A. https://doi.org/10.1021/ac00132a001.
R.W. Murray, Molecular Design of Electrode Surfaces, Wiley, New York, 1992.


https://doi.org/10.1016/s1452-3981(23)08010-0
https://doi.org/10.1016/s1452-3981(23)08010-0
https://doi.org/10.1021/ed060p302
https://doi.org/10.1002/elan.1140030902
https://doi.org/10.1002/elan.1140010203
https://doi.org/10.1351/pac199769061317
https://doi.org/10.1021/ar50149a002
https://doi.org/10.1021/ac00132a001

14 Int. J. Anal. Appl. (2025), 23:188

[9] M. Puida, A. Malinauskas, F. Ivanauskas, Modeling of Electrocatalysis at Chemically Modified
Electrodes: A Combination of Second-Order and Michaelis-Type Chemical Kinetics, J. Math. Chem. 50
(2012), 2001-2011. https:/ /doi.org/10.1007/510910-012-0016-8.

[10]W. Albery, A. Hillman, Transport and Kinetics in Modified Electrodes, J. Electroanal. Chem. Interfacial
Electrochem. 170 (1984), 27-49. https:/ /doi.org/10.1016/0022-0728(84)80034-0.

[11]S. Vinolyn Sylvia, R. Joy Salomi, M. Lyons, L. Rajendran, Transient Current of Catalytic Processes at
Chemically Modified Electrodes, Int. J. Electrochem. Sci. 16 (2021), 210452.
https:/ /doi.org/10.20964/2021.04.36.

[12]R. Baronas, J. Kulys, Modelling Amperometric Biosensors Based on Chemically Modified Electrodes,
Sensors 8 (2008), 4800-4820. https:/ /doi.org/10.3390/s8084800.

[13]S. Loghambal, L. Rajendran, Mathematical Modeling of Diffusion and Kinetics in Amperometric
Immobilized Enzyme Electrodes, Electrochimica Acta 55 (2010), 5230-5238.
https://doi.org/10.1016/j.electacta.2010.04.050.

[14]R. Swaminathan, R. Saravanakumar, K. Venugopal, L. Rajendran, Analytical Solution of Non Linear
Problems in Homogeneous Reactions Occur in the Mass-Transfer Boundary Layer: Homotopy
Perturbation Method, Int. J. Electrochem. Sci. 16 (2021), 210644. https:/ /doi.org/10.20964/2021.06.51.

[15]R. Swaminathan, K.L. Narayanan, V. Mohan, K. Saranya, L. Rajendran, Reaction/diffusion Equation
with Michaelis-Menten Kinetics in Microdisk Biosensor: Homotopy Perturbation Method Approach,
Int. J. Electrochem. Sci. 14 (2019), 3777-3791. https:/ /doi.org/10.20964/2019.04.13.

[16]R. Swaminathan, K. Venugopal, M. Rasi, M. Abukhaled, L. Rajendran, Analytical Expressions for the
Concentration and Current in the Reduction of Hydrogen Peroxide at a Metal-Dispersed Conducting
Polymer Film, Quimica Nova 43 (2019), 58-65. https:/ /doi.org/10.21577/0100-4042.20170454.

[17]R. Swaminathan, M. Chitra Devi, L. Rajendran, K. Venugopal, Sensitivity and Resistance of
Amperometric Biosensors in Substrate Inhibition Processes, J. Electroanal. Chem. 895 (2021), 115527.
https:/ /doi.org/10.1016/j.jelechem.2021.115527.

[18]R. Usha Rani, L. Rajendran, M.E. Lyons, Steady-state Current in Product Inhibition Kinetics in an
Amperometric Biosensor: Adomian Decomposition and Taylor Series Method, J. Electroanal. Chem.
886 (2021), 115103. https:/ /doi.org/10.1016/j.jelechem.2021.115103.

[19]R. Usha Rani, L. Rajendran, Taylor’s Series Method for Solving the Nonlinear Reaction-Diffusion
Equation in the Electroactive Polymer Film, Chem. Phys. Lett. 754 (2020), 137573.
https://doi.org/10.1016/j.cplett.2020.137573.

[20]M.R. Akbari, D.D. Ganji, A.K. Rostami, M. Nimafar, Solving Nonlinear Differential Equation
Governing on the Rigid Beams on Viscoelastic Foundation by AGM, J. Mar. Sci. Appl. 14 (2015), 30-38.
https:/ /doi.org/10.1007/511804-015-1284-z.

[21] B. Manimegalai, M.E. Lyons, L. Rajendran, A Kinetic Model for Amperometric Immobilized Enzymes
at Planar, Cylindrical and Spherical Electrodes: The Akbari-Ganji Method, J. Electroanal. Chem. 880
(2021), 114921. https:/ /doi.org/10.1016/j.jelechem.2020.114921.

[22] L. Rajendran, R. Swaminathan, M.C. Devi, A Closer Look of Nonlinear Reaction-Diffusion Equations,
Nova Science Publishers, 2020. https:/ /doi.org/10.52305/RRSY7475.


https://doi.org/10.1007/s10910-012-0016-8
https://doi.org/10.1016/0022-0728(84)80034-0
https://doi.org/10.20964/2021.04.36
https://doi.org/10.3390/s8084800
https://doi.org/10.1016/j.electacta.2010.04.050
https://doi.org/10.20964/2021.06.51
https://doi.org/10.20964/2019.04.13
https://doi.org/10.21577/0100-4042.20170454
https://doi.org/10.1016/j.jelechem.2021.115527
https://doi.org/10.1016/j.jelechem.2021.115103
https://doi.org/10.1016/j.cplett.2020.137573
https://doi.org/10.1007/s11804-015-1284-z
https://doi.org/10.1016/j.jelechem.2020.114921
https://doi.org/10.52305/RRSY7475

Int. J. Anal. Appl. (2025), 23:188 15

[23]M.R. Akbari, D.D. Ganji, M. Nimafar, A.R. Ahmadi, Significant Progress in Solution of Nonlinear
Equations at Displacement of Structure and Heat Transfer Extended Surface by New Agm Approach,
Front. Mech. Eng. 9 (2014), 390-401. https:/ /doi.org/10.1007 /s11465-014-0313-y.

[24]S. Loghambal, L. Rajendran, Analysis of Amperometric Enzyme Electrodes in the Homogeneous
Mediated Mechanism Using Variational Iteration Method, Int. J. Electrochem. Sci. 5 (2010), 327-343.
https:/ /doi.org/10.1016/51452-3981(23)15288-6.

[25] G. Rahamathunissa, L. Rajendran, Application of He’s Variational Iteration Method in Nonlinear
Boundary Value Problems in Enzyme- Substrate Reaction Diffusion Processes: Part 1. the Steady-State
Amperometric Response, J. Math. Chem. 44 (2008), 849-861. https:/ /doi.org/10.1007 /s10910-007-9340-
9.

[26]S. Rebouillat, M.E.G. Lyons, A. Flynn, Heterogeneous Redox Catalysis at Conducting Polymer
Ultramicroelectrodes, Analyst 124 (1999), 1635-1644. https:/ /doi.org/10.1039/a905973c.


https://doi.org/10.1007/s11465-014-0313-y
https://doi.org/10.1016/s1452-3981(23)15288-6
https://doi.org/10.1007/s10910-007-9340-9
https://doi.org/10.1007/s10910-007-9340-9
https://doi.org/10.1039/a905973c

