Pre prints.org

Concept Paper Not peer-reviewed version

Preparing University Chemistry
Education for a Sustainable Future
iIn the Age of Al

Yee Seng.Tan , Chien Ing_Yeo : , Chee-Yan Choo ' , Long_Chiau Ming

Posted Date: 22 September 2023

doi: 10.20944/preprints202309.1513.v1

Keywords: Sustainability; Sustainable Development Goals (SDGs); Chemistry education; Ethical Al
Curriculum; Data science; Generative Al

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1695854
https://sciprofiles.com/profile/424298
https://sciprofiles.com/profile/2872604
https://sciprofiles.com/profile/173167

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 September 2023 doi:10.20944/preprints202309.1513.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Concept Paper
Preparing University Chemistry Education for a

Sustainable Future in the Age of Al

Yee Seng Tan 1*, Chien Ing Yeo ¥, Chee-Yan Choo 2* and Long Chiau Ming !

1 School of Medical and Life Sciences, Sunway University, Sunway City, Malaysia

2 Faculty of Pharmacy, Universiti Teknologi MARA, Puncak Alam, Malaysia

* Correspondence: choo715@uitm.edu.my (C-Y. C.); allyy@sunway.edu.my (C.1Y.);
yeesengt@sunway.edu.my (Y.S.T.)

Abstract: As the world faces unprecedented environmental challenges and the rapid advancements
of artificial intelligence (Al), it is crucial for universities to adapt their chemistry education to remain
relevant and contribute to sustainability and the United Nations' Sustainable Development Goals
(SDGs). This report offers critical insights into the development of university chemistry education
over the next 10-20 years, forecasts its development over the next 10-20 years, and offers
recommendations for the Ministry of Education and universities to ensure the continued relevance
of chemistry programs in the face of Al
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Introduction

Artificial intelligence (Al) technology is progressively being integrated into different industries,
including chemistry, as it advances. The inclusion of Al has resulted in a fundamental shift in our
approach to problem-solving and creativity. Researchers in the field of chemistry can speed up
research, enhance procedures, and promote sustainable development by utilising the power of
machine learning algorithms and other Al-based tools.

However, as Al technology evolves, higher chemistry must remain relevant and appropriately
train graduates for a quickly changing environment. As a consequence, it is critical to consider the
future of chemistry education, with a special emphasis on sustainability and the Sustainable
Development Goals (SDGs) (The 17 Goals, n.d.).

Universities should take an active role in training students for the future in order to equip the
next generation of chemists with the required skills and knowledge to integrate Al ethically and
responsibly into their work. This can be accomplished, for example, by including Al-related courses
and research opportunities inthe chemistry curriculum, which will offer students hands-on
experience with Al-based tools and approaches. This study discusses the future of chemistry
education with a focus on sustainability and the SDGs and presents proposals for institutions to
incorporate Al in many aspects.

The Changing Landscape of Chemistry Education

As the importance of Al and sustainability grows, chemistry education is likely to alter in the
next 10-20 years to keep up. Courses, research, and teaching techniques, as well as the emphasis on
networking and interdisciplinary collaboration, will need to be adapted. By providing students with
the tools and information they need to incorporate Al and sustainable practices into their work,
chemistry education may play a critical role in tackling some of the world's most serious concerns.
The following trends are predicted to impact chemistry education in the future:

a) Integration of Al and data science into curricula
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Al and data science integration into chemistry courses are critical for training students to excel
in the rapidly evolving field of scientific research. Al-powered technologies, such as generative Al,
can aid in the development of ecologically friendly chemicals, the optimisation of chemical processes,
and the discovery of new materials. Universities should make sure that students are introduced to
these technologies and that they have an established background in data science and programming
languages like Python and R.

The latest examples and applications include:

¢  Machine learning algorithms for predicting chemical reactions and properties

e  The use of Al-driven software e.g. IBM RXN for Chemistry, which can predict the outcome of
organic chemical reactions (RXN for Chemistry, n.d.).

e  Data-driven materials discovery, such as the Materials Project, which employs machine learning
to predict the properties of materials and accelerate materials design.

b) Emphasis on green chemistry and sustainable practices

Green chemistry is a chemical strategy that focuses on generating products and processes that
minimise the use and manufacture of harmful compounds. Universities may train students in
identifying sustainable solutions to global concerns by emphasising green chemistry concepts and
fostering an ethical mentality concerning chemical production and use.

The latest examples and applications include:

e The use of biodegradable polymers in packaging materials and medical applications.

e  The development of efficient catalysts for sustainable chemical processes, such as the production
of biofuels or the reduction of greenhouse gas emissions.

e  Waste reduction techniques, such as solvent-free reactions and atom economy, to minimize the
environmental impact of chemical processes.

c) Interdisciplinary collaboration across scientific fields

Interdisciplinary collaboration is vital when tackling challenging obstacles that necessitate
expertise from several professions. Universities should encourage students to join forces with peers
from diverse fields, such as biology, physics, computer science, and engineering, in order to create a
multidisciplinary approach to problem-solving. Collaboration across disciplines fosters the exchange
of knowledge and ideas in order to discover innovative solutions to complicated problems.

The latest examples and applications include:

e  Collaborative research projects in areas like renewable energy, water treatment, and waste
management, which often require expertise from multiple disciplines.

e  The establishment of interdisciplinary research centres or institutes that focus on sustainability
and the SDGs, such as the Interdisciplinary Research Groups at Universidad Nacional

Auténoma de México’s Engineering Institute (SDSN Mexico, 2023).

d) A shift toward project-based and experiential learning

Approaches to project-based and experiential learning can help students cultivate critical
thinking, problem-solving, and collaboration skills. Students get an improved grasp of the principles
they study in class and the practical ramifications of their work by working on real-world projects.

The latest examples and applications include:

e  Research internships or co-op programs that provide students with hands-on experience in
industry or academic research settings.

e Incorporating case studies and real-world examples into coursework to connect theoretical
concepts with practical applications.

e  Organizing hackathons or design challenges that require students to collaborate and develop
innovative solutions to real-world problems.

e) Increased focus on ethical considerations and social responsibility

Chemistry students, as scientists, must be aware of the moral implications of their work and
consider the repercussions for society and the environment of their research. Universities ought to
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reiterate the importance of ethical decision-making and social responsibility in their curricula, as well
as nurture a culture of critical thinking and reflection among students.
The latest examples and applications include:

e Integrating discussions on the ethical implications of Al, such as bias, transparency, and
accountability, into Al and data science courses.

e  Organizing workshops, seminars, or guest lectures on topics related to scientific research ethics
and scientists' social responsibilities.

e Promoting civic responsibility and engagement by encouraging students to participate in
outreach programmes or community-based projects that address local environmental and social
challenges. Responsibility and engagement are critical components of the educational
experience, particularly in the context of sustainability and scientific and technological growth.
Universities could help educate students to become conscious global citizens devoted to
addressing environmental, social, and ethical concerns by fostering a sense of responsibility and
involvement in them.

Recommendations for the Ministry of Education and Universities

To ensure the continued relevance of university chemistry programs in the face of Al the
Ministry of Education and universities should consider the following;:

a) Revise and update curricula to incorporate Al, data science, and sustainability concepts, ensuring
that students acquire relevant knowledge and skills.

The most recent developments in Al, data science, and sustainability concepts should be
reflected in universities' continuing course changes and upgrades. Students can receive the
knowledge and skills they need to flourish in their fields and contribute to long-term growth. The
University College London (UCL), for example, has launched a new multidisciplinary programme
called "Artificial Intelligence for Sustainable Development MSc" that combines courses in Al, data
science, and environmental studies, preparing graduates for careers in sustainable technology and
policy (University College London, n.d.).

b) Promote interdisciplinary collaboration between chemistry, sustainability, Al, and other related
fields to foster a holistic approach to problem-solving.

Collaboration across disciplines offers students with a broader perspective and unique solutions
to complex issues. Universities can encourage such cooperation by organising collaborative research
projects, workshops, and seminars that bring experts and students from many fields together. The
Centre for the Study of Existential Risk (CSER) at the University of Cambridge (University of
Cambridge, n.d.) is one example of an interdisciplinary study focusing on understanding and
controlling global catastrophic risks, particularly those connected to Al and environmental concerns.

c) Invest in state-of-the-art facilities and resources to provide students with hands-on experience in
working with Al-driven tools and green chemistry techniques.

Universities should invest in cutting-edge facilities, equipment, and resources to provide
students hands-on experience with Al-powered tools and green chemistry procedures. For example,
the Green Chemistry Centre of Excellence at the University of Nottingham (University of
Nottingham, n.d.) renders students with access to advanced laboratories and research facilities,
supporting innovation in sustainable chemical technology.

d) Promote partnerships with industry, government, and non-governmental organizations to
provide students with real-world experiences and foster a culture of innovation.

Universities can form partnerships with businesses, government, and non-governmental
organisations to provide students with internships, co-op programmes, and research opportunities
in artificial intelligence, green chemistry, and sustainability. These collaborations offer opportunities
for students in applying their knowledge and talents to real-world challenges, fostering an
environment of creativity and entrepreneurship. For example, the University of Toronto's Green
Chemistry Initiative (The Green Chemistry Initiative at the University of Toronto, n.d.) works with
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industry partners to develop sustainable chemical processes and train the next generation of green
chemists.

e) Implement policies and guidelines that emphasize ethical considerations, social responsibility, and
academic integrity in chemistry education.

Universities should develop regulations and standards that reinforce the importance of ethics,
social responsibility, and academic integrity in chemistry teaching. Incorporating ethics courses into
the curriculum, organising seminars on ethical research practises, and supporting student-led
initiatives that promote sustainability and social responsibility are all examples of how this might be
accomplished. For example, the Green Chemistry Institute of the American Chemical Society (ACS)
(American Chemical Society, n.d.) provides teaching resources and guidelines highlighting green
chemistry and the importance of ethical decision-making in the discipline.

Conclusion

The inclusion of Al and the increasing emphasis on sustainability and the SDGs will have an
impact on the future of university chemistry education. The Ministry of Education and universities
can ensure that chemistry courses remain relevant and prepare graduates for the challenges and
opportunities of a rapidly changing world by adapting curricula, encouraging interdisciplinary
collaboration, investing in resources and prioritising ethical considerations.
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