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Abstract

This brief elucidation introduces numerical and computational tools designed for the estimation of parameters
and the dissection of models within intricate dynamic systems. Kinetic modeling, focused on the examination of
chemical reaction rates, offers insights into understanding the factors influencing reaction dynamics under
varying conditions. The research endeavors to unravel the complexities of data through analytical techniques,
providing a comprehensive measurement and comprehension of these changes. An exploration of the historical
evolution of kinetic velocity laws, along with the introduction of novel tools, concepts, and topics of interest to
chemists, materials scientists, and veterinarians, is undertaken. The reduction of a biochemical approach to its
fundamental chemical reactions aligns with the principles of chemical kinetics.

Examining major interactions, particular attention is given to the effective collaboration between Michaelis-
Menten and Hill equations, widely employed in molecular attachment and characterized by cooperative behavior
within a shared region. However, evidence suggests a more general pattern in the response, showcasing a positive
correlation at lower substrate concentrations but transitioning to a negative association as concentrations
increase. The analysis extends to the mathematical foundations of reaction kinetics in chemistry (classical) and
mechanics in physics (classical). Demonstrating that the unity model can be constructed through classical
mechanics methods, the ensuing phenomenology is derived by applying the classical mechanics law of minimum.
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I.  Introduction

Chemical kinetics, or reaction kinetics, investigates the rates and mechanisms of chemical reactions,
exploring factors such as temperature, reactant concentration, pressure, and catalysts that influence reaction
rates.(1, 2) This field is crucial for comprehending chemical system behavior and optimizing reactions, with
applications spanning pharmaceuticals, petrochemicals, materials science, and environmental engineering.(3-6)
The rate of pyrolytic reactions is contingent on multiple stages, with the significance of each stage evolving
throughout the process, influenced by various factors.

The chemical kinetic constant, denoted as Kk, serves as a proportionality constant linking reaction rate to
reactant concentrations. It furnishes insights into reaction speed and is impacted by temperature, reactant
concentration, pressure, and catalyst presence.(2, 7-16) Experimental determination of k involves measuring
reaction rates at different reactant concentrations, while theoretical calculation can be performed using the
Arrhenius equation or other models. Accurate knowledge of k is crucial for understanding and optimizing
chemical reactions.

Kinetic parametric estimation for complex catalytic reactions poses challenges, necessitating specific
strategies.(17-26) Gathering experimental data through techniques like spectroscopy and chromatography is a
foundational step. Establishing a reaction mechanism aligning with experimental data is essential. Software tools,
such as Aspen Plus and MATLAB, aid in estimating kinetic parameters through mathematical models. Model
validation, comparing predicted and experimental data, is a critical checkpoint. If discrepancies arise, refining the
model, adjusting kinetic parameters, or conducting additional experiments becomes imperative. This meticulous
process ensures the development of accurate and predictive models for catalytic reactions, contributing to diverse
realms of chemistry and engineering.

I1.  Result and discussion
Freeman-Carroll method was primarily employed to evaluate the order of reaction and the activation
energy from the data tabulated in table-2 for the third stage of decomposition of the Mercury complex.
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In coats and Redfern method log f([1)/T2 was calculated for b=0, 1,2 (table-1) and a plot of T?
versus I/T was obtained for different order of reaction. The most linear plot was found for b=2 having slope
13.548. The activation energy was found to be 61.9982 kCal/mole. Others parameters were calculated

accordingly.

TABLE-1
Karkhanawala — Dharwadker Calculation

S.No. Temp. (Kelvin) o To+¢°

1 1.1761 —6.9150 —6. 9080 —6.8990
2 1.7452 —6.6483 —6.6353 —6.6183
3 1.71752 —6.2323 —6.1853 —6.1363
4 1.6863 —6.0711 —5.9971 —5.9181
5 1.6583 —5.8586 —-5.7156 —5.5556
6 1.6313 —5.7629 —5.5569 —5.3119
7 1.6051 —5.6640 -5.3270 —4.8700

In the Karkhanawala-dharwadker method, 1 and TO+[1[][Iwere plotted at different temperatures for
third stage of decomposition (fig-1). The activation energy at the point of inflexion was found to be 59.4612

kcal/mol.
The values given in Table-1 were used to calculate BO, B1, B2 for different activate in energies at all

temperatures. The values of Bi and B obtained were used to calculate, which ultimately resulted min for all the
three presumed order of reaction. A comparison of the (] values evidently indicated the least value 0.0551 for
b=2 corresponding to activation energy 54 kcal/mol.
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Figure 1: O and TO+0OOOwere plotted at different temperatures for third stage of decomposition
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-1 3
Alinear plot between A 109 dw / dt /. Alog \yyanqg AT~ x10°/ Alog Wr were plotted

from the values employed in Table-8 for Freeman Carroll calculation for the third stage of decomposition of the
cadmium complex. The order of reaction was observed to be 2.0 from Freeman Carroll graph.

f(x
jog 1

A plot of log versus 1/T was drawn for b=0, 1,2 in the coats Redfern method. The most
linear plot was found for second order reaction having slope 9.0495. The energy of activation was found to be
41.4114 kCal/mole and other parameters were calculated accordingly.

In the method of Karkhanawala Dharwadker, [7 and 71° were plotted at different temperature between
third stage of decomposition (fig-2). The activation energy was found to be 47.5943 kcal/mol.

In Zsako method, BO’ By and B, were calculated using values given in the Table at different activation

energies, A comparison of the [J values incorporated in Table-2 show the least value of (1 =0.0556 corresponding
with that of b=2 and activation energy 42kCal/mole.

Table -2
BO, B1 and 82 calculation using Zsako method.
Temp. b=0 b=1 b=2
Degree E kCal/mole E kCal / mole E kCal / mole
celsims
20 22 24 28 30 32 40 42 44

240 10.024 10L954 11.878 13.731 14.639 15.545 19.160 20.053 20944

250 10.143 11.061 11.967 13.803 14.699 15.587 19.155 20.032 20909

260 10.273 11.172 12.066 13.912 14.786 15.661 19.213 20.071 20932

270 10.353 11.235 12.110 14.004 14.865 15.727 19305 20.149 20997

280 10.313 11.182 12.045 13.989 14.833 15.682 19.319 20.150 20981

290 10.220 11.072 11.922 13912 14.747 15574 19.269 20.088 20.905

300 10.097 10.941 11.778 13.794 14.616 15.430 19.176 19.983 20.781

Total 71.423 77617 83.766 97.145 103.185 109.206 134597 140526  146.449

10.2032 11.0881 11.9665 13.8778 14.7407 15.6008 15.2281 20.075 209212

) 0.1111 0.1054 0.1081  0.0959 0.0873 0.0918 0.0638 0.0556 0.0652
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Figure 2: O and O’ plot at different temperature between third stage of decomposition using the method
of Karkhanawala Dharwadker.
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I11.  Conclusion

The process of kinetic parametric estimation in catalytic complex reactions encompasses the
determination of crucial kinetic parameters governing the reaction rate. These parameters, including rate
constants, activation energy, and equilibrium constants, dictate the intricacies of the catalytic process. Initiating
this estimation involves the selection of a fitting kinetic model, the complexity of which hinges on the reaction's
steps and the involved species. Subsequently, experimental data is systematically gathered under diverse
conditions, manipulating substrate and catalyst concentrations along with temperature variations. This collected
data serves as the basis for calculating the reaction rate.

The subsequent step entails utilizing the experimental data and the chosen kinetic model to derive the
rate equation. This computation involves incorporating rate constants and other kinetic parameters into the model
to ascertain the reaction rate. Following this, the estimation of kinetic parameters becomes paramount, employing
methods such as least-squares regression or maximum likelihood estimation. Validation of the derived model is
then imperative, involving a meticulous comparison of predicted reaction rates with independent experimental
data not utilized in the parameter estimation process. This validation step ensures the accuracy and reliability of
the model for further analysis.

Should discrepancies arise between the estimated model and experimental data, refinement is the next
logical step. Adjustments to kinetic parameters or alterations to the model's structure may be necessary to enhance
the model's fidelity. Once the model is validated and refined, it becomes a potent tool for predicting reaction rates
under diverse conditions. This predictive capability holds practical significance for optimizing reaction conditions
or designing novel catalysts. In summary, the kinetic parametric estimation of catalytic complexes encompasses
the selection of a suitable kinetic model, parameter estimation, model validation, refinement, and subsequent
utilization for predicting reaction rates in various scenarios.
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