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Abstract:

Mathematical modeling plays a vital role in advancing our understanding of complex systems
in chemical sciences. By employing mathematical concepts and computational techniques,
researchers can simulate and predict the behavior of chemical systems, optimize processes,
design new materials, and explore various phenomena at a molecular level. In chemical
sciences, it is frequently necessary to apply mathematical equations, solution methods and
scientific standards in order to explain chemical phenomena. Mathematical models are
applicable in determining chemical kinetic mechanisms and parameters from laboratory or
pilot-plant reaction data, exploring the effects of different operating conditions for
optimization and control studies and aiding in scale-up calculations.Considering the
achievement of problem-solving skills in chemistry, mathematical models are of great
importance as it seems reasonable to introduce tasks, which aim at problem solving by using
mathematical models. An aware management of mathematical models demands the transfer
and usage of mathematical familiarity in new and substantial conditions and thus can support
the knowledge of the terms that were modelled and substitute problem solving skills. The
bases for mathematical models are the fundamental physical and chemical laws, such as the
laws of conservation of mass, energy, and momentum. This paper provides an overview of
the diverse applications of mathematical modeling in chemical sciences, highlighting key
methodologies and recent advancements. It also discusses the interdisciplinary nature of
mathematical modeling and its impact on shaping the future of chemical research.

Introduction:

Mathematical modeling has emerged as a powerful and indispensable tool in the field of
chemical sciences. It enables researchers to study complex systems, predict behaviors,
optimize processes, and design new materials with enhanced properties. By applying
mathematical concepts, equations, and computational techniques, researchers can bridge the
gap between theoretical understanding and experimental observations, providing valuable
insights into the underlying mechanisms and phenomena governing chemical systems (Buso
and Giomo,2011, Mohamed et. al. 2016).

The motivation behind employing mathematical modeling in chemical sciences comes from
the complexity and intricacy of chemical systems. While experimental approaches are vital
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for gathering data and validating theories, they often face limitations in terms of cost, time,
and feasibility. Mathematical models offer an additional avenue for exploring and
understanding chemical phenomena, allowing researchers to simulate and predict system
behavior under various conditions without the need for extensive experimentation.

The key advantage of mathematical modeling lies in its ability to capture the fundamental
principles and governing equations that govern chemical processes. By mathematical
modelingof chemical processes, researchers can manipulate and analyze variables, predict
outcomes, and optimize system performance. This not only enhances the understanding of
chemical systems but also facilitates the development of more efficient and sustainable
processes, materials, and technologies.

Mathematical modelingtechniques are applicable in diverse applications across different
subfields of chemical sciences. In the field of reaction kinetics and mechanisms, models
based on differential equations and stochastic simulations enable the exploration of complex
reaction networks, prediction of reaction rates, and optimization of reaction conditions
(Milanovic et. al. 2012, Meena et. al. 2020). Molecular dynamics simulations use
mathematical models to study the behavior of atoms and molecules, allowing for the
investigation of biomolecular processes, drug-receptor interactions, and materials science at
the atomic level (Hospital et. al. 2015).

Transport phenomena, such as diffusion, convection, and mass transfer, can be analyzed and
optimized through mathematical modeling using partial differential equations. This enables
researchers to study phenomena such as reactive flow in reactors, diffusion in porous media,
and transport processes in biological systems (Varshney et. al. 2010). Mathematical modeling
is also essential in materials science and nanotechnology, where it aids in the design and
characterization of novel materials with specialized properties, as well as in optimizing
manufacturing processes (Lok et. al., 2008, Moore et. al., 2021).

Furthermore, mathematical modeling plays a crucial role in process optimization and control.
It helps identify optimal process conditions, design control strategies, and maximize product
yields while minimizing waste generation. By utilizing mathematical optimization
techniques, dynamic modeling, and control theory, researchers can achieve cost-effective and
sustainable chemical processes (Ali et. al. 2015, Diab et. al. 2022).

The interdisciplinary nature of mathematical modeling in chemical sciences is another
significant aspect to consider. Mathematical modeling draws concepts from various
disciplines, including mathematics, physics, computer science, and biology, creating a
collaborative environment where researchers with diverse expertise contribute to advancing
chemical research. This interdisciplinary approach fosters innovation, enables the integration
of experimental and computational techniques, and opens up new avenues for discovery and
understanding.

Recently the applications of mathematical modeling in specific areas of chemical sciences,
such as wastewater treatment (Fernandez del Castillo et. al. 2020, Ahmadini et. al. 2022),
sustainable chemical processes, bioreactor design (Kawase& Moo-Young, 1990, Krychowska
et. al., 2020), microalgae cultivation (Dario et. al., 2021, Manthos et. al. 2022), and food
engineering (Kumar et. al. 2021) are investigated by researchers. They highlight the role of
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mathematical models in optimizing processes, improving resource utilization, and enhancing
the efficiency and sustainability of chemical systems in these domains.

Ceriotti et al. (2021) studied the intersection of machine learning and quantum chemistry.
Theyillustrated how machine learning techniques, such as neural networks and kernel
methods, can be integrated with quantum chemistry calculations to accelerate computations
and predict molecular properties. In conclusion, mathematical modeling has revolutionized
the field of chemical sciences by providing a powerful tool to explore, understand, and
optimize chemical processes. Through mathematical representations and simulations,
researchers can gain valuable insights into complex phenomena, predict system behavior, and
design new materials and processes. In this paper an overview of the diverse applications of
mathematical modeling in chemical sciences is provided by highlighting key methodologies
and recent advancements.

Mathematical models in chemical sciences:

The diversity of mathematical models in chemical sciences, ranging from kinetic models and
equilibrium equations to electrochemical and structural models. Each model serves a specific
purpose in understanding and predicting chemical phenomena, enabling scientists to make
informed decisions and design experiments or processes.

Arrhenius Equation: The Arrhenius equation is a widely used kinetic model that relates the

rate constant of a chemical reaction to temperature. It describes the temperature dependence
_Ea
of reaction rates and is expressed ask = Ae Rt , where K is the rate constant, A is the pre-

exponential factor, Ea is the activation energy, R is the ideal gas constant, and T is the
temperature. (Kazutakaet. al. 1989, Kohout, 2021)

Henderson-Hasselbalch Equation: The Henderson-Hasselbalch equation is used in
biochemistry and medicinal chemistry to calculate the pH of a solution containing a weak
acid and its conjugate base. It relates the pH, pKa (acid dissociation constant), and the
concentrations of the acid and its conjugate base. The equation is pH = pKa + log([A-]/[HA]),
where [A-] is the concentration of the conjugate base and [HA] is the concentration of the
weak acid (Henry &Senozan, 2001).

Michaelis-Menten Equation: The Michaelis-Menten equation is a kinetic model used to
describe enzyme-catalyzed reactions. It relates the initial reaction rate (v) to the substrate
concentration ([S]) and the maximum reaction rate (Vmax) and Michaelis constant (Km). The
equation is v = (Vmax * [S]) / (Km + [S]). The model helps understand enzyme kinetics,
substrate saturation, and enzyme inhibition (Raaijmakers, 1987).

Nernst Equation: The Nernst equation is used to calculate the potential difference across an
electrochemical cell or the equilibrium potential of an electrode. It relates the cell potential
(E), the standard potential (E°), the Faraday constant (F), the gas constant (R), the
temperature (T), and the concentration of reactants and products. The equation is E = E°® -
(RT/nF) * In([oxidized]/[reduced]), where n is the number of electrons transferred
(Feiner&MCcEvoy,1994).

Solubility Product Constant (Ksp): The solubility product constant is a mathematical model
used to describe the equilibrium between a sparingly soluble salt and its dissociated ions in a
solution. It represents the equilibrium constant of the dissolution reaction. For example, for
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the dissolution of AgCl, the solubility product constant is given by Ksp = [Ag+][CI-].
(Macaskill &Bates, 1977)

Covalent Bonding Models: Various mathematical models, such as molecular orbital theory
and valence bond theory, are used to understand and predict the formation and properties of
covalent bonds between atoms. These models describe the distribution of electrons and the
bonding interactions between atoms, providing insights into molecular structure and chemical
reactivity (Nordholm&Bacskay, 2020).

Diffusion Models: Diffusion models, such as Fick's laws of diffusion, describe the
movement of molecules or particles in a medium due to concentration gradients. These
models are used to understand the transport of species in liquids, gases, or solids. Fick's first
law describes the flux of a species as proportional to the concentration gradient, while Fick's
second law describes how the concentration profile changes over time (Croitoru, 2023).

Applications of Mathematical Modeling in Chemical Sciences:
2.1. Reaction Kinetics and Mechanisms:

Mathematical models are extensively used to study reaction kinetics and elucidate the
underlying mechanisms. By employing techniques such as ordinary differential equations
(ODEs) and stochastic simulations, researchers can analyze reaction networks, predict
reaction rates, and optimize reaction conditions. Notable advancements in this field include
the development of models for enzyme Kinetics, catalytic reactions, and complex multistep
reactions.

A. Meena et. al. (2010) studied Mathematical modelling of enzyme Kkinetics
reactionmechanisms and analytical solutions of non-linearreaction equations

The law of mass action in the enzyme Kkinetics is governed by following mathematical
equations
ds

prin —k,es + k_;c

de
Frin —kies + (k_1 + ky)c

dc
pri kies — (k_1 + ky)c

E = sz
Where ES is the enzyme-substrate complex, the reactant molecule that binds tothe enzyme is
termed the substrate S,Eis the free enzyme, release of product P, ki, k-1 and k> denote therates
of reaction of binding, releasing and enzyme-substrate complexprocesses respectively, ki is
the forward rate of ES complex formation and k-1 is the backward rateconstant. The
concentration of the reactants is denoted bylower case letters
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s=[Sl.e=[E],c=[SE],p=[P]
The boundary conditions are

s(0) = s0, e(0) = €0, c(0) =0, p(0) =0.

2.2. Molecular Dynamics Simulations:

Molecular dynamics simulations employ mathematical modeling to study the movement and
interactions of atoms and molecules in chemical systems. These simulations utilize Newton's
laws of motion and statistical mechanics to provide a detailed understanding of molecular
behavior. They have proven instrumental in investigating biomolecular processes, protein
folding, drug-receptor interactions, and materials science.

Semenov, Alexander et. al. 2023 developed a program for mathematical modeling of
molecular dynamics processes. The Mathematical model for molecular dynamics techniques
is given by

dgl__’ ext
mi.E—E+E

dr,

— =7

dt

where m;, v;, r; are mass, velocity, and radius vector, respectively. FL is the force of

interaction with other particles, F,¢*t is the force of interaction with external fields, where i =
1.... N, N is the number of point particles.

2.3. Transport Phenomena:

Mathematical modeling aids in understanding and predicting transport phenomena in
chemical systems, including diffusion, convection, and mass transfer. By solving partial
differential equations (PDES), researchers can optimize transport processes, design efficient
separation techniques, and explore the behavior of fluids and gases in various environments.
Notable applications include modeling of reactive flow in reactors, diffusion in porous media,
and transport phenomena in biological systems.

Varshney et. al. 2008 developed a mathematical model of Drug release in stented artery. The
transport of drug within the polymer is assumed to be dominated by diffusion, so that
2
Cp D, 0 CZP _
ot OX

0 Xe [O, h],

where C, is the concentration of the drug in the polymer and D, is the diffusivity of drug in
the polymer.

Drug transport through the extracellular fluid is assumed to occur through both convection
and diffusion. The convection is assumed due to the fluid flow from the blood through the
media. It is also assumed that the drug is absorbed by the cells at a rate Q and that once the
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drug is attached to a cell, it does not diffuse through the cell. In the media, drug transport is
given by,
oC.  oC.

& -V =D
2 ot OX G

-Q Xe[—d,O]

(1—52)%=Q xe[-d,0],

where C. and C, are the concentration in the extracellular fluid and cell phase respectively.
D, is the diffusivity of drug in media and ¢, is the porosity of the medium. It is assumed that

X

the fluid flow from the blood through the media with discharge u=—vj. It is also assumed

that the velocity field is constant.
The absorption rate Q is given by

C,
Q= a(CE _?j

where K is the partition coefficient. So that the rate at which the cells absorb the drug is
proportional to the extracellular concentration initially, but that the ratio of internal
concentration to extracellular concentration equilibrates to K.

2.4. Materials Science and Nanotechnology:

Mathematical models are indispensable in the field of materials science, where they aid in the
design and characterization of novel materials with tailored properties. By employing
mathematical techniques such as density functional theory (DFT), finite element analysis
(FEA), and Monte Carlo simulations, researchers can predict material properties, optimize
manufacturing processes, and explore nanoscale phenomena (Bhadeshia, 2008, EricCances
et. al. 2013, Taylor 2002).

Hu &Argyropoulos (1996) studied recent advances in modellingsolidification and melting
problems associated with convective motion of liquid phase.

The mathematical model of two phasesolidification and melting problem is given by-

Heat conduction in liquid region

0Ty 0%Ty
— =
at 1 gx2

for0<x < X(t),t>0

Heat conduction in Solid region

0Tg aZTS
—_— = e ——
at S 9x2?

forX(t) <x,t>0
Interface temperature

TX(),t) = Ty t>0
Stefan Condition

dTg
dx

ks £

—k, =hfpdait forx = X(£),t > 0

Initial Conditions
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T(x,0) =Tg < T,, forx >0, X(0) =0
Boundary Conditions
T0,t)=T,>T,, fort >0

T(x,t) =T forx - oo, t >0

Where X(t) is the position of the melting interface (moving boundary)

2.5. Process Optimization and Control:

Mathematical modeling plays a crucial role in optimizing chemical processes, enabling cost-
effective production, and ensuring efficient resource utilization. Techniques such as
mathematical optimization, dynamic modeling, and control theory help in identifying optimal
process conditions, designing control strategies, and maximizing product yields while
minimizing waste generation.

Manjusha&Beevi developed a Mathematical Model of anaerobic digestion of solid waste and
optimize the environmental condition such as pH, Volatile Fatty Acid, temperature for
increasing the biogas production in a shorter retention time.

Anaerobic Digestion Model No1 (ADM1)

The ADM1 model describes the five main biochemical steps (involving biological enzymes)
in an anaerobic digester. It starts with disintegration, followed by hydrolysis, acidogenesis,
acetogenesis and methanogenesis. The model was implemented using differential equations
to describe the state variables.

Equations in Liquid Phase-
dSiiq,i
RN
j=1-28
where V;; is the stochiometric constant in the ADM1 matrix.

Equations in Gas Phase-

as. .. S o .x . Vi:
gas,t - _ gas,t qgas,l + pT,l llq
dt Vgag Vgas

Where q is the gas flow rate for gas i . The transfer rate of gas is ipT, i, where i is temperature
specific, with concern to Heney’s law coefficient K ;.

Interdisciplinary Aspects and Future Directions:

Mathematical modeling in chemical sciences is highly interdisciplinary, drawing concepts
from mathematics, physics, computer science, and biology. This section discusses the
interplay between these disciplines and highlights emerging trends and future directions in
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mathematical modeling. Topics covered include machine learning and data-driven modeling,
multiscale modeling, and the integration of modeling with experimental techniques.

There are several important mathematical models used in the field of mathematical chemistry.
Here are some notable examples:

Molecular Mechanics: Molecular mechanics models use classical mechanics principles to
describe the motion and interactions of atoms and molecules. These models employ force
fields, which consist of mathematical functions representing bond stretching, angle bending,
and non-bonded interactions such as van der Waals and electrostatic forces. Molecular
mechanics models are widely used in molecular dynamics simulations to study the
conformational changes and dynamics of molecules.

Quantum Mechanical Models: Quantum mechanical models, such as the Schrddinger
equation, are fundamental for understanding the electronic structure of atoms and molecules.
These models describe the behavior of electrons and their interactions with atomic nuclei.
Quantum mechanical calculations provide information about molecular orbitals, energy
levels, spectroscopic properties, and chemical reactivity. Various methods, such as Hartree-
Fock theory and density functional theory (DFT), are used to solve these models.

Kinetic Models: Kinetic models describe the rates at which chemical reactions occur and
provide insights into reaction mechanisms. These models often utilize differential equations
to represent the time evolution of reactant and product concentrations. Different types of
kinetic models include elementary reaction kinetics, complex reaction networks, enzyme
kinetics, and catalytic reaction models. These models help predict reaction rates, optimize
reaction conditions, and design new reactions.

Pharmacokinetic Models: Pharmacokinetic models are used in pharmaceutical sciences to
describe the absorption, distribution, metabolism, and elimination (ADME) of drugs in the
human body. These models incorporate mathematical equations to represent drug
concentrations in various tissues and organs over time. Pharmacokinetic models aid in drug
development, dosage optimization, and predicting drug-drug interactions.

QSAR and QSPR Models: Quantitative Structure-Activity Relationship (QSAR) and
Quantitative Structure-Property Relationship (QSPR) models relate the chemical structure of
a compound to its biological activity or physicochemical properties, respectively. These
models use mathematical algorithms to extract meaningful relationships between molecular
descriptors and the target property. QSAR and QSPR models are widely employed in drug
discovery, environmental chemistry, and material science.
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Statistical Models: Statistical models play a vital role in chemical sciences for data analysis,
design of experiments, and hypothesis testing. These models employ statistical techniques to
analyze experimental data, establish correlations, and make predictions. Examples include
regression models, multivariate analysis, principal component analysis, and cluster analysis.
Statistical models help uncover trends, identify outliers, and determine the significance of
experimental results.

Computational Fluid Dynamics (CFD) Models: CFD models are used to simulate and
analyze fluid flow, heat transfer, and mass transport in chemical systems. These models
employ partial differential equations to describe the behavior of fluids and incorporate
numerical techniques for solving them. CFD models aid in the design of chemical reactors,
separation processes, and fluidized beds, among others.

Conclusion:

Mathematical modeling has become an indispensable tool in the chemical sciences,
facilitating the exploration of complex phenomena, optimizing processes, and designing
novel materials. This review article provided an overview of the diverse applications of
mathematical modeling in chemical sciences, showcasing its impact across various subfields.
As researchers continue to refine and innovate in this area, mathematical modeling will
undoubtedly play a crucial role in shaping the future of chemical research.

References:

1. AhmadiniA., MsmaliA., MutumZ., Raghavy. S. (2022), "The Mathematical Modeling
Approach for the Wastewater Treatment Process in Saudi Arabia during COVID-19
Pandemic”, Discrete Dynamics in Nature and Society, vol. 2022, Article ID 1061179,
p. 1-15.

2. AliM.M., AdewumiA. O., BlamahN., FalowoO. (2015), "Mathematical Modeling and
Optimization of Industrial Problems”, Journal of Applied Mathematics, vol. 2015,
Article ID 438471, 3 pages.

Bhadeshia H.K.D.H. (2008), Mathematical models in materials science, Materials
Science and Technology, Vol 24, No 2, p. 128-136.

3. Buso A and Giomo M (2011) Mathematical Modeling in Chemical Engineering: A
Tool to Analyse Complex Systems. Numerical Simulations of Physical and
Engineering Processes. InTech. DOI: 10.5772/24806.

4. Ceriotti M.,Clementi C., Lilienfeld O A. v.(2021). "Introduction: machine learning at
the atomic scale.” Chemical Reviews, 121(16), 9719-9721.

5. Croitoru F. -A.,Hondru V.,lonescu R. T. andShah M., "Diffusion Models in Vision: A
Survey," IEEE Transactions on Pattern Analysis and Machine Intelligence, pp. 1-20,
2023.

6. DarioP. P., BalmantW., LirioF. R., RamosL. P., BlancoJ. G., SugaiD. Y., VargasJ. V.C.,
SantosB., MarianoA. B. (2021), “Lumped intracellular dynamics: Mathematical
modeling of the microalgae Tetradesmus obliquus cultivation under mixotrophic
conditions with glycerol”,Algal Research,Volume 57, 102344.

Eur. Chem. Bull. 2023, 12(Special Issue 8),1133-1143 1141



A Study of Mathematical Models Applicable in Chemical Sciences

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Diabs., ChristodoulouC., TaylorG. and RushworthP. (2022), “Mathematical Modeling
and Optimization to Inform Impurity Control in an Industrial Active Pharmaceutical
Ingredient Manufacturing Process”, Org. Process Res. Dev. 2022, 26, 10, 28642881
Eric Cances, Claude LeBris. (2013).“Mathematical modelling of point defects in
materials science”. Mathematical Models and Methods in Applied Sciences,
23(10),pp.1795..

Feiner A.-S. and McEvoy A. J., The Nernst Equation, J. Chem. Educ., 71, 6, 493,
1994,

Fernandez del Castillo A, Verduzco Garibay M, Senés-Guerrero C, Yebra-Montes C,
de Anda J, Gradilla-Hernandez MS. (2020),“Mathematical Modeling of a Domestic
Wastewater Treatment System Combining a Septic Tank, an Up Flow Anaerobic
Filter, and a Constructed Wetland”. Water.; 12(11):3019.

Hospital A, Gofii JR, Orozco M, Gelpi J. (2015),“Molecular dynamics simulations:
advances and applications”. Adv ApplBioinformChem.;8:37-47.

Hu Henry andArgyropoulos Stavros A (1996), “Mathematical modelling of
solidification and melting: a review”, Modelling Simul. Mater. Sci. Eng., 4, 371.
Jeroen G. W. Raaijmakers(1987), “Statistical Analysis of the Michaelis-Menten
Equation”, Biometrics, Vol. 43, No. 4, pp. 793-803

KawaseY., Moo-YoungM. (1990), “Mathematical models for design of bioreactors:
Applications of: Kolmogoroff's theory of isotropic turbulence”, The Chemical
Engineering Journal,Volume 43, Issue 1,Pages B19-B41.

Kohout, J. (2021),“Modified Arrhenius Equation in Materials Science”, Chemistry
and Biology. Molecules, 26, 7162.

Krychowska A, Kordas M, Konopacki M, Grygorcewicz B, Musik D, Wojcik K,
Jedrzejczak-Silicka M, Rakoczy R. (2020),“Mathematical Modeling of
Hydrodynamics in Bioreactor by Means of CFD-Based Compartment Model.”,
Processes.; 8(10):1301.

Kumar M., Vatsa S., Madhumita M.& Prabhakar P. (2021). “Mathematical Modeling
of Food Processing Operations: A Basic Understanding and Overview.” Turk J Agr
Eng Res(TURKAGER), 2(2): 472-492.

Lok C L YV, Roderick M and Morten W., (2008), “Physics-Based Mathematical
Models for Nanotechnology”, J. Phys.: Conf. Ser. ,107, 011001.

Macaskill J. B. and Bates Roger G (1977), “Solubility product constant of calcium
fluoride”, J. Phys. Chem., 81, 5, 496-498.

Manjusha C.,SajeenaBeevi B., Mathematical Modeling and Simulation of Anaerobic
Digestion of Solid Waste, Procedia Technology, Volume 24, Pages 654-660, 2016.
Manthos G, Koutra E, Mastropetros SG, Zagklis D, Kornaros M. (2022),
“Mathematical Modeling of Microalgal Growth during Anaerobic Digestion Effluent
Bioremediation.”, Water.; 14(23):3938.

Meena, A., Eswari, A. & Rajendran, L.((2010),“Mathematical modelling of enzyme
Kinetics reaction mechanisms and analytical solutions of non-linear reaction
equations”. J Math Chem 48, 179-186

Milanovic 1., Vukobratovic R. andRaicevic V., (2012), “An instance of a mathematical
model in chemicalkinetics”, Int. J. Knowledge Engineering and Soft Data Paradigms,
\ol. 3, Nos. %, p. 294-308.

Eur. Chem. Bull. 2023, 12(Special Issue 8),1133-1143 1142



A Study of Mathematical Models Applicable in Chemical Sciences

24,

25.

26.

27.

28.

29.

30.

31.

32.

Mohamed O. A., Masood S. H., Bhowmik J. L.(2016), “Mathematical modeling and
FDM process parameters optimization using response surface methodology based on
Q-optimal design”,Applied Mathematical Modelling,Volume 40, Issues 23-24,Pages
10052-10073.

Moore, Julia A, Chow, James C L (2021), “Recent progress and applications of gold
nanotechnology in medical biophysics using artificial intelligence and mathematical
modeling”, Nano Express, vol. 2 (2), 022001.

NakamurajinKazutaka, Takayanagi Toshiyuki, Sato Shin (1989), “A modified
arrhenius equation”, Chemical Physics Letters, Volume 160, Issue 3, Pages 295-298.
Nordholm, S. &Bacskay, G.B.(2020),“The Basics of Covalent Bonding in Terms of
Energy and Dynamics.”, Molecules, 25, 2667.

Po Henry N. andSenozan N. M. (2001), “The Henderson-Hasselbalch Equation: Its
History and Limitations”, J. Chem. Educ. 78, 11, 1499.

Semenov, A., Bebikhov, YuriS., llya MariyaY. (2023), “Development of a program for
mathematical modeling of molecular dynamics processes”, E3S Web of Conferences,
\Volume 371, 03077.

Taylor Jean E. (2002), “Some Mathematical Challenges in Materials Science”,
Bulletin (Newseries) of the American Mathematical Society, Volume 40, Numberl,
Pages69-87.

Varshney G., Katiyar V. K., and Kumar S. (2008), Mathematical modeling and
numerical simulation of drug release in stented artery, Int. J. of Appl. Math and Mech.
4(1): 91-102.

VarshneyG., KatiyarVK, KumarS.(2010), “Mathematical modeling of pulsatile blood
flow and heat transfer characteristics in stenosed artery”, vol. 37. Issue 4, p. 305-324.

Eur. Chem. Bull. 2023, 12(Special Issue 8),1133-1143 1143



