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Abstract: As a core branch of chemistry, structural chemistry presents challenges in teaching due to its
theoretical constructs and complex mathematical derivations. The application of quantum mechanics is
particularly difficult for students. This paper analyzes the limitations of traditional experimental
teaching and proposes simulation experiments as an effective supplementary method. Simulation
experiments, by reducing costs, improving safety, and enhancing intuitiveness, help students deeply
understand the theoretical knowledge of structural chemistry and cultivate their critical thinking and
problem-solving skills. This study designs a series of simulation experiment teaching activities aimed at
enhancing students' understanding of the structural characteristics of conjugated alkene molecules and
their impact on molecular properties. Through case analysis, interactive discussions, and feedback
evaluation, the study demonstrates the advantages of simulation experiments in improving student
engagement, knowledge mastery, and practical abilities. Additionally, it points out the shortcomings of
simulation experiments in terms of authenticity and technological dependence and proposes
corresponding improvement suggestions. Finally, it emphasizes the importance of combining practical
experimental operations with cultivating students' autonomous learning abilities, aiming to provide a

more comprehensive strategy for structural chemistry teaching.
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1 Introduction

Structural chemistry, as a core branch of chemical science, serves as a bridge connecting fundamental
chemical concepts and cutting-edge research. It requires students to master basic chemical knowledge
while integrating interdisciplinary theories such as advanced mathematics, linear algebra, quantum
mechanics, group theory, and crystallography, forming a highly comprehensive knowledge system. This
characteristic makes structural chemistry courses highly abstract and complex in theoretical construction
and mathematical derivation [!1. Its depth and breadth impose higher demands on students' comprehensive
abilities, making the course a significant challenge in chemistry education . For example, the
foundational knowledge of quantum mechanics, whose concepts and principles are not intuitively
connected to everyday experiences, often poses great difficulties for students P, Quantum mechanics
describes the behavior of microscopic particles, and its probabilistic nature greatly differs from the
deterministic principles of the macroscopic world, increasing cognitive difficulty for students.

Furthermore, the mathematical expressions of quantum mechanics typically involve complex differential



equations and linear algebra operations, which are daunting tasks for students lacking systematic
mathematical training. Moreover, applying the basic principles of quantum mechanics to solve practical
structural chemistry problems represents a major obstacle for most students. Transforming abstract
theories into specific problem-solving solutions requires not only a solid mathematical foundation and
physical intuition but also the development of systematic chemical thinking and innovative problem-
solving strategies. This issue not only troubles students but also presents a significant challenge for

educators in the teaching process 1.

To improve the teaching effectiveness of structural chemistry, educators have attempted various
teaching methods and techniques. These range from enhancing the intuitiveness of teaching aids to
developing interactive simulation software; from designing problem-oriented teaching activities to
adopting case-based teaching models ©*l. These innovative approaches have alleviated some teaching
difficulties to a certain extent, but further exploration is needed to find more effective teaching strategies

to help students better understand and master the core concepts and methods of structural chemistry 61,

Teaching reform in structural chemistry requires systematic thinking and innovation in curriculum
content, teaching methods, and learning evaluation "], Balancing the depth of theoretical knowledge with
students' cognitive load, stimulating students' interest and initiative in learning, and cultivating their
critical thinking and innovation abilities are all crucial considerations in teaching reform. Through
continuous teaching practice and reflection, we can expect to find a structural chemistry teaching model
more suited to the learning characteristics of contemporary students, laying a solid foundation for

cultivating innovative and practical chemical talents.

2 Analysis of the Current Teaching Situation
2.1 Limitations of Traditional Experimental Teaching

Traditional experimental teaching in structural chemistry, an essential component of chemical
education, plays a key role in providing intuitive experimental data and enhancing students' practical

experience. However, its implementation faces several limitations:
2.1.1 Resource Constraints

Resource constraints in structural chemistry experimental teaching are a common issue. The
procurement costs of experimental materials and equipment are often very high, limiting the broad
implementation of teaching activities and affecting the diversity and richness of experimental content.
Due to limited resources, students often lack sufficient practical opportunities, directly impacting their
deep understanding of structural chemistry concepts and the cultivation of their application abilities.
Additionally, high costs limit the innovation in teaching methods and the updating of experimental
schemes, causing the content of experimental teaching to potentially lag behind the latest scientific

developments.
2.1.2 Safety Risks

Chemical substances and operations involved in structural chemistry experiments can pose safety
risks, including the toxicity, corrosiveness, flammability, and explosiveness of chemical reagents. These

potential hazards pose direct threats to students' physical and mental health and require higher safety



standards for the teaching environment. Thus, experimental teaching must be conducted under strict
safety regulations and risk assessments, increasing the complexity of teaching and potentially limiting
the conduct of high-risk experiments, thereby affecting students' opportunities to engage with and learn

advanced chemical concepts.
2.1.3 Lack of Intuitiveness

Many core concepts in structural chemistry, such as molecular spatial configurations, bond lengths,
bond angles, and molecular orbitals, are crucial for understanding the nature of chemical bonds and
molecular properties. However, traditional experimental teaching often struggles to intuitively
demonstrate these microscopic structures. Students usually rely on abstract thinking to construct
molecular models, which undoubtedly increases the learning difficulty. The lack of intuitive learning
processes may hinder students from forming accurate spatial configuration cognition, affecting their
understanding of complex chemical phenomena and limiting their ability to solve practical chemical

problems.

Improving the use of modern technology in structural chemistry experimental teaching to enhance

student engagement and understanding becomes a focal point and challenge in teaching reform.
2.2 Advantages of Simulation Experiments

Utilizing modern technology to improve structural chemistry experimental teaching can not only
increase student engagement but also enhance their understanding of complex chemical concepts. More
importantly, simulation experiments significantly reduce teaching costs and dependence on expensive
chemicals and equipment. Students can learn without direct exposure to harmful chemicals and potential
hazards, thereby increasing the safety of experiments. To address the limitations of traditional structural

chemistry experimental teaching, the following measures can be taken to improve teaching effectiveness:
2.2.1 Application of Chemical Simulation Software

By using chemical simulation software such as Gaussian, MolView, and Jmol, teachers can guide
students in creating three-dimensional models of molecules and crystals, helping them intuitively
understand complex spatial structures. Through molecular modeling and structural analysis on a
computer, students can deeply explore molecular geometries, electron configurations, and bonding
methods in a virtual environment. This approach reduces the need for actual chemical reagents, lowering

experimental costs and safety risks while improving the repeatability and flexibility of experiments.
2.2.2 Production and Utilization of Animation Demonstrations

Creating or utilizing existing animations to demonstrate chemical reactions, electron configurations,
and molecular vibrations can visualize abstract chemical concepts, enhancing students' intuitive
understanding. Animation demonstrations can clearly show the behavioral changes of molecules under
different reaction conditions, helping students understand reaction mechanisms and molecular dynamics.
Additionally, animations can serve as teaching aids that complement classroom content, thereby

improving teaching effectiveness.



2.2.3 Conducting Simulated Experiments

Students can independently design experimental protocols, conduct virtual experiments, and analyze
experimental results. This method allows students to learn at their own pace and style, achieving
personalized learning. The flexibility and accessibility of simulation experiments enable students to
perform experimental operations anytime, anywhere, significantly increasing learning efficiency and

engagement.
2.2.4 Integration of Interdisciplinary Teaching Methods

Combining structural chemistry teaching with other disciplines (e.g., physics, materials science)
through interdisciplinary teaching methods can broaden students' knowledge horizons and enhance their
comprehensive application abilities. Through interdisciplinary projects, students can apply structural
chemistry knowledge to solve real-world problems, improving their innovative thinking and practical

abilities.

3 Teaching Design for Simulation Experiments of Conjugated Alkene Molecules
3.1 Teaching Objectives

Firstly, students should understand the structural characteristics of conjugated alkene molecular
systems with n carbon atoms (n=2, 4, 6, 8) and deeply explore how these characteristics affect molecular
electron distribution, stability, photophysical properties, and reactivity. Secondly, through practical
activities, students should grasp the basic theories and computational methods of structural chemistry,
including molecular orbital theory, resonance structures, and frontier orbital theory. Additionally,
simulation experiments should cultivate students' critical thinking, scientific inquiry, and problem-

solving skills, laying a solid foundation for future applications in chemical education or industry.

3.2 Teaching Content

3.2.1 Introduction to Simulation Software Features

Students will first become familiar with the basic interface and functions of structural chemistry
simulation software, including how to construct models of conjugated alkene molecular systems with n
carbon atoms (n=2, 4, 6, 8), adjust and view bond lengths and bond angles, and perform energy

minimization calculations.
3.2.2 Construction of Molecular Geometries

Students will learn how to accurately construct the geometries of conjugated alkene molecules,
including selecting appropriate bond lengths and bond angles, setting the positions of double and single

bonds, and adjusting dihedral angles to ensure the accuracy and rationality of molecular structures.
3.2.3 Energy Minimization Process

Through energy minimization calculations, students will understand the basic processes of quantum
chemical calculations, comprehend the stable configurations of molecules near their ground state, learn

how to analyze and interpret parameters such as total energy, forces, and displacements, and determine



molecular stability based on energy changes.
3.2.4 Visualization of Electron Density Distribution

Students will learn how to use visualization tools in simulation software to observe and analyze the
electron density distribution of conjugated alkene molecules, including the distribution characteristics of
% electron clouds, the shapes and energies of HOMO and LUMO orbitals, and their influence on the

photophysical properties and reaction pathways of molecules.
3.2.5 Analysis of Simulation Experiment Results

By deeply analyzing simulation experiment results, students will be able to identify the effects of
conjugation on molecular stability and reactivity, learn how to extract valuable chemical information

from simulation data, and compare it with experimental observations and theoretical predictions.
3.2.6 Chemical and Physical Nature of Conjugation Effects

Through simulation experiments, students will deeply explore the chemical nature of conjugation
effects, including 7 electron delocalization, resonance stability, and electron cloud distribution, as well
as physical nature, such as molecular orbital energy levels, electronic transitions, and spectroscopic

properties.
3.2.7 Inferring Properties from Molecular Structures

Students will learn how to infer the physicochemical properties of molecules, such as polarity,
solubility, reactivity, and photophysical properties, from their geometric and electronic structures,

thereby developing their predictive abilities and scientific reasoning skills.
3.2.8 Case Studies

Through specific case studies of conjugated alkene molecules, such as B -carotene, vitamin A, and
certain organic dyes, students will learn how to apply simulation experiment results to explain the

biological functions and industrial applications of these molecules.
3.2.9 Interdisciplinary Applications

Students will explore the applications of conjugation effects in various fields, such as organic
synthesis, materials science, drug design, and optoelectronics, understanding the importance of structural
chemistry simulations in interdisciplinary research. These expansions enrich and deepen the teaching
content, helping students comprehensively understand conjugation effects and master the skills of using

simulation software for structural chemistry research.

3.3 Teaching Methods

3.3.1 Case-Based Teaching Method

Using carefully selected examples of conjugated alkenes, students can observe the specific

manifestations of conjugation effects in different chemical environments.



3.3.2 Interactive Discussion Method

Through group work and class discussions, students will be encouraged to exchange ideas, enhancing

their understanding and analytical abilities regarding the complexity of conjugated systems.
3.3.3 Feedback and Evaluation Method

Combining professional feedback from teachers and peer evaluations ensures that students gain
valuable learning experiences from simulation experiments and can promptly adjust and optimize their

experimental designs and data analysis methods.

3.4 Teaching Process Design

Starting with the basic concepts of conjugated systems, students will be gradually guided to use
simulation software for practical operations. At each stage of the simulation experiment, students will
receive specific guidance, including software operation techniques, principles of experimental design,
and data analysis methods. Periodic checkpoints will be incorporated throughout the teaching process to
ensure that students can keep up with the learning progress and receive personalized guidance and

support when necessary.
3.5 Evaluation and Feedback Mechanism

The evaluation will comprehensively consider students' simulation experiment operations, data
analysis reports, and class participation. It will be based on their proficiency in operations, theoretical
application ability, and innovative thinking. Through regular self-evaluations and peer evaluations,

students will be able to learn from each other and make collective progress.

3.6 Integration of Technology and Resources

To support simulation experiment teaching, the latest educational technologies and resources will be
integrated, including high-performance computing facilities, online learning management systems, and
interactive teaching tools. These resources will provide students with abundant learning materials and

the technical platform needed for simulation experiments.

4 Analysis of Simulation Experiment Teaching Effectiveness

4.1 Advantages of Simulation Experiment Teaching

4.1.1 Comparison of Experimental Effects

When comparing traditional experimental teaching with simulation experiment teaching, we found
that simulation experiments show significant advantages in several dimensions. First, simulation
experiments significantly increase student engagement and interest in learning through highly interactive
interfaces and intuitive visual effects. Students can freely explore molecular structures in a simulated
environment, greatly stimulating their enthusiasm for learning. Second, simulation experiments, through
visualization tools and dynamic simulations, help students intuitively understand theoretical knowledge

of structural chemistry, such as conjugation effects and molecular orbital theory, deepening their



understanding of these concepts. Additionally, the controllability and repeatability of simulation
experiments provide students with more practical opportunities, enhancing their practical skills and

problem-solving abilities.
4.1.2 Increased Student Engagement

The high level of engagement in simulation experiments is reflected not only in students' interest in
the experimental process but also in their deep thinking and discussion of experimental results. Through
simulation experiments, students can directly observe how changes in molecular structure affect
properties. This intuitive experience makes them more willing to actively engage in the analysis and
discussion of experimental results, thereby improving their critical thinking and scientific inquiry

abilities.
4.1.3 Deepened Knowledge Mastery

Simulation experiments provide rich visual and dynamic effects, helping students deeply understand
complex concepts in structural chemistry. For example, through simulation software, students can
directly observe the delocalization of 7 electrons in conjugated alkene molecules and understand its
impact on molecular stability and reactivity. This deep understanding helps students combine theoretical

knowledge with practical applications, improving their ability to apply knowledge.
4.1.4 Enhanced Practical Abilities

The practical operation ability gained from simulation experiments is not only reflected in students'
proficiency in using simulation software but also in their abilities to design experiments and analyze data.
Through simulation experiments, students can learn how to design experimental protocols, choose
appropriate parameters for simulations, and scientifically analyze simulation results. This cultivation of
practical operation abilities lays a solid foundation for their future teaching, research work, and industrial

applications.
4.2 Issues and Improvement Suggestions

Despite the numerous advantages of simulation experiments, some issues remain. For instance,
simulation experiments cannot completely replace real experimental operations, and some students may
lack actual hands-on experience. This may result in a deficiency in their ability to respond to real-world
problems. To address this issue, it is recommended to arrange some actual experimental operations
alongside simulation experiments to enhance students' hands-on experience. Additionally, the excessive
reliance on computer technology in simulation experiments may affect students' autonomous learning
abilities. To reduce this dependence on technology, more discussion and reflection sessions should be
incorporated into simulation experiment teaching. Through discussions and reflections, students can
better understand the limitations of simulation experiments and learn how to conduct scientific inquiries
without simulation software. Teachers can guide students in thinking about how to design experiments
and analyze data without simulation software through case analysis and problem-solving, thereby

improving their autonomous learning and scientific inquiry abilities.



5 Conclusion

Simulation experiment teaching in structural chemistry offers an effective way to address the
limitations of traditional experimental teaching. Simulation experiments provide a safe, cost-effective,
and intuitive learning environment, significantly enhancing student engagement and interest in learning.
Through simulation experiments, students can deeply understand complex concepts such as conjugation
effects and develop critical thinking and scientific inquiry abilities. Additionally, the controllability and
repeatability of simulation experiments offer students abundant practical opportunities, enhancing their
experimental design and data analysis skills. However, simulation experiments cannot entirely replace
real experimental operations and have certain limitations. To overcome these issues, it is suggested to
combine simulation experiments with actual experimental operations and introduce more discussion and
reflection sessions in teaching. By implementing these comprehensive measures, we can further improve
the effectiveness of structural chemistry teaching, laying a solid foundation for students' future teaching,

research, and industrial applications.
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