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Deep learning of chemical kinetics using physics concepts

)

Y Ic;
A

T

G
b-\

Naser Karimi "= %*, Marziyeh Yahyavi " 1

!Department of Physics Education, Farhangian University, P.O. Box 14665-889, Tehran, Iran
* Corresponding author: (&2 nkarimi@

cfu.ac.ir)

ABSTRACT

Background and Objectives: This article examines the relationship between physics concepts in teaching
chemistry concepts, especially the importance of understanding physical principles in teaching chemical
kinetics. The aim of this study is to identify and explain the effect of various factors such as temperature,
catalysts, and concentration on the rate of reactions, so that this understanding can help improve educational
processes in this areca. Methods: An experimental and analytical approach was used in this research.
Experiments were conducted to investigate the effect of temperature, pressure, concentration of reactants, and
type of catalysts. Temperature changes in the range of 20 to 80 ° C, pressure from 1 to 5 atmospheres, and
changes in the concentration of reactants were systematically investigated from 0.1 to 2 molar, and data
collection was carried out by measuring reaction time and changes in the concentration of substances.
Findings: The results showed that as the temperature increased, the kinetic energy of molecules increased,
resulting in faster reactions. The results also show that the use of catalysts reduces the activation energy and
increases the rate of reactions. The results clearly showed that the concentration of reactants, as an important
factor, has a significant effect on the rate of reactions, and these findings confirm the links between physical
and chemical concepts. Conclusion: Overall, this article emphasizes an interdisciplinary approach that can
help to gain a deeper understanding of scientific concepts and is important in designing and predicting the
behavior of chemical reactions in real applications. Improving science education by integrating physics and
chemistry concepts can prepare a new generation of students for success in scientific and industrial fields.
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Extended Abstract

Introduction

Chemistry, as one of the fundamental natural sciences, plays a crucial role in analyzing the behavior of
materials and the processes that govern chemical reactions. This discipline examines the interactions and
transformations of substances, enabling students to grasp the underlying logic behind various chemical
reactions. However, a profound understanding of chemical principles cannot be achieved without a solid
foundation in the principles of physics. Physics, the science dedicated to studying motion, forces, and
energy, provides essential insights that are particularly significant when analyzing chemical reactions and
understanding the behavior of materials at a molecular level. Chemical kinetics, a critical branch of
chemistry, specifically focuses on the rates and mechanisms of chemical reactions, which are influenced
by a multitude of factors such as temperature, pressure, concentration, and the types of reactants involved
in the reactions. By understanding these factors, students can better appreciate how changes in conditions
can affect the speed and outcomes of chemical reactions.

Furthermore, a thorough understanding of physical concepts and thermodynamics not only enhances
comprehension of chemical processes but also sheds light on the intricate mechanisms at play during
reactions. For instance, studying activation energy and the various energy changes that occur throughout
chemical reactions allows for a more profound insight into material behavior and the dynamics of reaction
mechanisms. This relationship between physics and chemistry is vital for students, as it not only contributes
to the development of their scientific knowledge but also strengthens their logical reasoning and analytical
abilities. Recognizing that these two scientific domains complement one another underscores the
importance of delivering cohesive and integrated education at the high school level, especially in topics
such as chemical kinetics and essential physical concepts. This article aims to explore these connections in
detail, illustrating how principles of motion and established physical laws can deepen the understanding of
chemical kinetics and provide a more comprehensive perspective on chemical reactions. Ultimately, this
exploration seeks to highlight the critical role that both physics and chemistry play in advancing science
education at the secondary level, preparing students to engage thoughtfully with the complex scientific
phenomena present in the world around them.

Methodology

This research employs a systematic experimental design to investigate the influence of various factors,
notably temperature, pressure, concentration, and the presence of catalysts, on the rates of selected chemical
reactions. The reactions chosen for this study are characterized by their distinct physical attributes, which
significantly affect their kinetics. In the first phase of the experiments, we executed three distinct reaction
setups where the effects of varying temperature ranges from 20°C to 80°C and pressure levels from 1 to 5
atmospheres were examined. The concentrations of reactants were adjusted systematically from 0.1 to 2
molar to observe the corresponding changes in reaction rates, allowing for a robust analysis of how thermal
and pressure dynamics pertain to the kinetics of chemical processes.

Data collection during these experiments was multifaceted and included both quantitative and
qualitative methods. Observational data were used to record the time taken for noticeable changes, such as
the formation of precipitate or color change in the reaction mixture. Furthermore, spectroscopic techniques
were applied to monitor the concentration variations of the reactants over time. To calculate the reaction
rates, we utilized the general equation for reaction rates, which correlates changes in concentration over
time with the kinetics of the chemical processes under investigation. This combination of data collection
methods ensures a comprehensive understanding of the factors affecting the reaction rates and underscores
the relationship between classical physical principles and contemporary chemical kinetics.

The analysis utilized kinetic models to interpret the data gathered from the experiments. Specifically,
we applied the Arrhenius equation to establish the correlation between temperature and the rate constants
of the reactions. By plotting In(k) against 1/T, we determined the activation energies from the slope of the
resulting graph. This analysis not only elucidates the mechanisms underlying the reactions studied but also
emphasizes the interconnectivity of physics and chemistry in understanding reaction kinetics. The insights
derived from this methodology can significantly contribute to the educational approaches used in chemistry,
allowing students to grasp the fundamental principles impacting chemical reaction dynamics in real-world
contexts.
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Results and Discussion

This study highlights the critical interplay between physical principles and chemical kinetics,
revealing that a robust understanding of physics enhances the comprehension of chemical reaction
dynamics among students. The experimental findings substantiate that variables such as temperature,
pressure, and concentration significantly influence reaction rates. Specifically, increases in temperature
were shown to raise the kinetic energy of molecules, leading to a greater frequency of effective molecular
collisions, which result in accelerated reaction rates. This relationship illustrates how foundational physical
theories underpin the behavior of chemical processes, providing students with a clearer framework to relate
abstract scientific concepts to observable phenomena.

The role of catalysts in manipulating activation energy was further emphasized as essential for grasping
reaction mechanisms relevant in both academic and industrial settings. The data gathered confirmed the
theoretical tenets set forth by the Arrhenius equation, which delineates the dependency of reaction rate
constants on temperature. The experiments distinctly showed that catalysts not only expedite reactions by
lowering the activation energy threshold but also contribute to optimized efficiencies across various
chemical processes. This aspect underscores the importance of teaching about catalysts in chemistry
education, where students can appreciate their industrial applications as well as their theoretical
significance. Integrating these insights helps students grasp how various factors, including the presence of
catalysts, interplay to govern reaction kinetics, allowing them to predict and manipulate reaction outcomes
in practice.

In conclusion, the integration of physical and chemical principles can significantly improve science
education and foster a new generation of learners equipped to tackle complex scientific challenges. The
results advocate for an interdisciplinary pedagogical approach that bridges physics and chemistry, enabling
students to cultivate critical thinking and problem-solving skills. By delving into these connections,
educators can prepare students to effectively navigate the rapidly evolving landscape of scientific inquiry
and innovation. This research serves as a valuable suggestion for curricula redesign, emphasizing the need
for collaborations between the fields to enhance understanding and foster effective science education that
meets contemporary educational standards.

Conclusions

This study highlights the profound significance of integrating physics concepts into the understanding
of chemical kinetics, demonstrating that a solid grasp of physical principles greatly enhances students'
comprehension of reaction rates and mechanisms. The experimental findings elucidate that critical factors
such as temperature, pressure, and concentration significantly influence chemical reactions, reinforcing the
intrinsic connection between physics and chemistry. For instance, the analysis reveals that increasing
temperature elevates the kinetic energy of molecules, leading to a greater frequency of effective collisions.
This not only supports theoretical models but also provides a robust framework for understanding how
elevated temperatures expedite reaction rates.

Moreover, the research emphasizes the role of catalysts in optimizing reaction rates by lowering
activation energy. By elucidating the mechanisms through which catalysts enhance chemical processes,
students can better appreciate their importance in various industrial applications. This understanding is
crucial, particularly as chemical industries increasingly rely on catalysts to improve efficiency and
sustainability.

The study also addresses how concentration affects reaction dynamics. A clear correlation is
established: higher reactant concentrations result in increased chances of molecular collisions, thereby
accelerating reaction rates. This relationship underscores the relevance of physical principles in chemical
contexts, as many kinetic principles arise from foundational laws of physics.

Adopting a multidisciplinary approach that intertwines physics with chemistry not only enriches science
education but also equips students with the necessary skills to tackle real-world challenges in chemical
processes. As students learn to apply these integrated concepts, they develop the ability to design and
predict outcomes more effectively in practical scenarios, such as the development of new materials or the
improvement of existing chemical reactions.

In conclusion, fostering an educational environment that embraces both physics and chemistry enhances
the overall quality of science education. This integrated perspective prepares students for higher studies in
both fields, nurturing a new generation of scientists capable of addressing complex challenges within
science and technology. Continuous exploration of the interconnections between these disciplines will pave
the way for advancements in educational practices and scientific research, leading to innovative solutions
in industrial applications and beyond.
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