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ARTICLE INFO ABSTRACT
A new and interdisciplinary discipline that connects quantum physics, medicine,
and pharmaceutical research is known as quantum pharmacy, also known as
quantum medicine or quantum pharmacology. This review examines its
potential for drug discovery, drug design and potential for transformation.
Fundamentally, quantum pharmacy uses quantum physics to precisely analyse
biological processes, medication interactions, and therapeutic treatments. It
dives into how molecules behave in the quantum realm, illuminating the
subtleties of molecular interactions and electronic structures.
Quantum computing and quantum-inspired algorithms are two of its main
promises. These tools could revolutionize drug research because they can model
intricate chemical systems at speeds that surpass those of conventional
computers. Applications for quantum pharmacy range from enhancing
pharmacokinetics and drug administration to studying quantum behaviour in
biological molecules. Quantum cryptography also has the potential to improve
the security of pharmaceutical data.
In conclusion, quantum pharmacy has the potential to transform the process of
finding and creating new drugs. It offers a new perspective for developing more
effective and tailored therapies in the pharmaceutical sector thanks to its
capacity to investigate the quantum world of molecules and make use of cutting-
edge computational approaches.
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Introduction:

The emerging subject of quantum pharmacy, often known as quantum pharmacology or quantum medicine, is
at the intersection of quantum physics, medicine, and pharmaceutical research. It explores the potential uses
of quantum mechanics concepts to obtain a better understanding and control over drug interactions, biological
processes, and therapeutic interventions at the quantum level(1). The traditional pharmaceutical industry
focuses on the chemical and biochemical aspects of medication development and how those aspects interact
with biological systems. Quantum pharmacy goes one step further by delving into the realm of quantum
phenomena, where particles behave in ways that are not entirely explained by classical physics(2). It might
allude to the use of the concepts of quantum physics in the pharmacy and drug development industries. The
main focus of quantum physics is on the behaviour of particles at extremely small sizes. Applications of
quantum physics are most frequently found in the domains of advanced material sciences, quantum
computing, and quantum cryptography(3).

This review focuses on the multidisciplinary field of quantum pharmacy, which links pharmaceutical research,
quantum physics, and medicine.

Quantum Chemistry: Drug development heavily relies on quantum chemistry, a subfield of chemistry
concerned with applying quantum mechanics to chemical systems. Through the application of quantum
mechanical principles, such as electron behaviour and molecular interactions, scientists are able to predict
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molecular characteristics and reactivity with high accuracy. The logical design of medication options with
certain desirable features is made possible by this in-depth information(4).

Quantum chemistry allows for the highly accurate simulation of molecular interactions between medications
and their biological targets, like proteins or DNA, in the context of drug development. The development
process is greatly accelerated as a result of the easier identification of potential compounds prior to synthesis
and experimental testing. Furthermore, by optimising the pharmacokinetics and pharmacodynamics of
medication candidates, quantum chemistry can guarantee improved safety and efficacy profiles. As a result,
the application of quantum chemistry to drug development improves the efficacy and efficiency of creating
novel medicines, which may result in advances in the treatment of intricate illnesses(5).

Computational Quantum Chemistry: Quantum mechanical equations for chemical systems are solved by
computer simulations in computational quantum chemistry. This field makes predictions about the
characteristics and actions of molecules and materials by fusing computational methods with the ideas of
quantum mechanics. Density functional theory (DFT), post-Hartree-Fock methods, and Hartree-Fock
methods are important techniques that approximate the solutions to the Schrodinger equation for electrons in
atoms and molecules(6).

Without depending exclusively on experimental data, these simulations enable scientists to comprehend and
forecast molecule structures, reaction mechanisms, spectroscopic characteristics, and energy profiles.
Computational quantum chemistry aids in the rational design of new materials and molecules, reaction
optimisation, and the exploration of chemical phenomena that are challenging or impossible to see empirically
by offering comprehensive insights into electronic distributions and potential energy surfaces. In several
domains, such as medicine development, materials science, and nanotechnology, this method is essential since
it fosters innovation and cuts down on the expense and duration of experimental study(7).

Quantum Dots: Because of quantum confinement phenomena, quantum dots (QDs) are tiny semiconductor
particles with special optical and electrical characteristics. QDs are important for imaging and diagnostic
applications in drug development. They are perfect for real-time molecular interaction visualisation, drug
delivery tracking, and cell process monitoring due to their remarkable brightness, photostability, and tunable
emission wavelengths.

Drugs, peptides, antibodies, and other biomolecules can be coupled with QDs to enable targeted delivery to
particular cells or tissues. This focused strategy reduces side effects while increasing therapeutic efficacy.
Additionally, because QDs offer sensitive and accurate biological marker and interaction detection, they are
employed in high-throughput screening to find possible drug candidates.

Moreover, QDs are a promising technique in personalised medicine because of their capacity to deliver
medications specifically to disease areas, such tumours. The use of QDs in drug development expedites the
discovery phase, enhances the precision of diagnosis, and permits more efficient and customised treatment
plans(8).

Quantum Sensors: Personalised medicine is being revolutionised by quantum sensors, which make ultra-
precise diagnoses and therapy monitoring possible. These sensors achieve previously unheard-of levels of
sensitivity and precision by taking advantage of quantum phenomena like superposition and entanglement.
Quantum sensors have the potential to enable early identification of diseases such as cancer and neurological
problems in personalised medicine by detecting minute changes in biological markers. By offering precise
views of cellular and molecular processes, they improve imaging techniques and are essential for customising
therapy for each patient. Additionally, the monitoring of drug delivery and efficacy is enhanced by quantum
sensors, guaranteeing that therapies are both minimally intrusive and effective. Quantum sensors have the
potential to greatly improve healthcare customisation by providing real-time, high-resolution data, which
would improve patient outcomes and facilitate more effective therapeutic actions(8)(9).

Quantum Mechanics in Pharmacokinetics: Because quantum mechanics offers precise insights at the
molecular level, it is improving our understanding of drug metabolism, distribution, and elimination.
Researchers can accurately simulate how pharmaceuticals behave and interact with biological systems thanks
to the concepts of quantum mechanics. For the purpose of forecasting a drug's metabolic pathways and its
adverse effects, it is essential to comprehend how it binds to proteins, enzymes, and receptors. A more
comprehensive understanding of how pharmaceuticals are absorbed, distributed, metabolised, and eliminated
is provided by quantum simulations, which aid in visualising the dynamic processes of drug distribution across
various tissues and organs. Furthermore, the electronic structure of pharmacological molecules, which affects
their reactivity and interactions with the body, can be determined with the use of quantum mechanics.
Pharmacology and personalised medicine can be advanced by using quantum mechanical models to produce
safer and more effective medications that maximise therapeutic effects while minimising side effects(10).

Molecular Modelling: Because it offers a precise and comprehensive framework for comprehending drug
interactions at the atomic level, quantum mechanics improves molecular modelling. Quantum models make
highly precise predictions about how medicinal molecules will interact to biological targets including proteins,
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enzymes, and receptors by using concepts like superposition and entanglement. This entails computing
potential energy surfaces and electronic structures, which control binding affinities and chemical reactivity.
Quantum mechanics aids in the identification of the most promising medication candidates and the
optimisation of their molecular structures for increased efficacy and decreased adverse effects by precisely
modelling these interactions. As a result, drug discovery and personalised medicine are greatly advanced by
the use of quantum-enhanced molecular modelling in the construction of safer and more effective
medications(11).

Quantum Nanotechnology: Innovative medicine delivery systems and diagnostic tools can be made with
nanotechnology by utilising quantum phenomena like superposition and entanglement. Quantum dots and
nanoparticles can be precisely tailored to target particular cells or tissues for medication delivery, allowing for
the controlled release of therapeutic substances. This guarantees reduced adverse effects and increased
efficacy. Early disease identification and real-time treatment response monitoring are made possible by the
ultra-sensitive biomolecular changes that quantum dots and sensors can detect for diagnostic purposes(12).
With the use of quantum-enhanced imaging techniques, precise diagnosis and individualised treatment
regimens are made possible by detailed images at the cellular and molecular levels. These developments have
the potential to completely transform healthcare by improving the effectiveness, efficiency, and
personalisation of treatments(13).

It seems like you might be referring to quantum pharmacy procedures, which could involve the application of
quantum mechanics principles to pharmaceutical research and development. However, quantum pharmacy
isn't a widely recognized term, and there might not be established procedures specifically named as "quantum
pharmacy procedures."

The fields of pharmacy and drug development may be impacted by quantum mechanics. Here are some
possible applications of quantum principles:

1. Computational Drug Discovery: Computational chemistry benefits from quantum mechanics since it
allows for the simulation of molecule behaviour at the quantum level. Accurate predictions of molecular
interactions, binding affinities, and possible drug architectures are made possible by this accuracy(14).
Drug interactions with biological targets such as proteins and enzymes can be thoroughly understood
through the use of quantum mechanical models, which take into account electronic configurations and
quantum states. Through the solution of intricate equations governing atomic and subatomic particles,
these models reveal the behaviour of molecules in diverse settings. Compared to classical approaches,
which frequently estimate these interactions, this precision is superior. As such, quantum simulations have
the potential to greatly advance drug discovery and development procedures by identifying the most
promising drug candidates, optimising their efficacy, and minimising side effects(15).

2. Quantum Pharmacology: Understanding the electrical structure of molecules and how they interact
with biological systems is made possible by quantum mechanics. Through precise simulation of electron
behaviour in molecules, quantum mechanics provides comprehensive insights into chemical reactivity,
bonding, and molecular stability(16). Comprehending the molecular interactions between medications and
biological targets, like proteins and enzymes, is essential. Understanding electrical structures helps
scientists create compounds with the best binding affinities and the fewest negative effects by predicting
how medications will act in various biological contexts. As a result, these discoveries contribute to a better
understanding of drug mechanisms, opening the door to the development of more specialised, targeted
drugs that are catered to the requirements of certain patients(17).

3. Quantum Chemistry: By anticipating how molecules would behave in diverse settings, including the
human body, researchers can optimise medicine compositions through an understanding of quantum states
and energy levels of molecules. Precise computations of the interactions, reactions, and bindings between
molecules and biological targets at various energy states are made possible by quantum mechanics(18).
This information aids in the creation of medications with the best possible qualities under physiological
settings, such as stability and reactivity. Researchers can increase therapeutic efficacy, decrease side effects,
and customise treatments for specific patients by predicting how pharmaceuticals would behave in various
pH ranges, temperatures, and cellular habitats. This approach results in more individualised and effective
therapies(19).

4. Quantum Sensors: Higher precision in the investigation of drug interactions inside biological systems is
possible with quantum sensors and methodologies. Researchers can track molecular changes and reactions
with previously unheard-of sensitivity when they use quantum sensors. By detecting even the smallest
changes in molecular environments, these probes take advantage of quantum features like entanglement
and superposition to provide real-time information on drug-target interactions, binding affinities, and
metabolic pathways. Through a deeper understanding of drug action at the molecular level made possible
by this high-resolution monitoring, drug efficacy and safety can be optimised. As a result, quantum-based
methods improve our capacity to develop and hone pharmaceuticals, resulting in more efficient and
customised therapies(20).



875 Prajakta K. Khule et.al / Kuey, 30(1), 5729

5. Nanomedicine: Because of their special qualities resulting from quantum phenomena, quantum dots and
nanoparticles are useful for targeted medicine administration and imaging applications. Because of their
size-dependent quantum confinement, characteristics like surface reactivity and fluorescence may be
precisely controlled(21). This makes it possible to create nanoparticles that are specifically suited for
medical and diagnostic applications. For example, light from quantum dots can be tuned to provide
wavelengths that are perfect for highly precise imaging of biological structures. Their compact size also
helps with targeted medication delivery, minimising systemic negative effects and delivering therapeutic
payloads directly to sick cells. By utilising these properties arising from quantum mechanics, nanoparticles
present a viable path towards the advancement of biomedical imaging and precision medicine(22).

6. Molecular Dynamics Simulations: Because it can accurately simulate how atoms and molecules move
over time, quantum mechanics enhances simulations of molecular dynamics. These simulations provide a
wealth of information about the molecular interactions between medicines and proteins and other
biomolecules. These simulations faithfully capture the dynamic character of drug-protein interactions by
taking into account quantum effects as electron behaviour and molecular vibrations. This reveals
information regarding binding affinities, conformational changes, and reaction kinetics. With the use of
these insights, medication candidates can be optimised for increased efficacy and fewer adverse effects. In
the end, quantum-informed molecular dynamics simulations help us better understand how drugs work
and open the door to more successful treatment approaches(23).

Applications of Qquantum Pharmacy:

1. Drug Discovery: Quantum pharmacy enables accurate simulations of molecular interactions, protein-
ligand binding, and chemical reactions. Quantum computers can rapidly explore chemical compound
libraries and predict drug candidates with higher precision, reducing the time and cost of early-stage drug
discovery(24).

2. Molecular Simulations: Quantum simulations offer insights into the behaviour of complex biological
systems, providing a deeper understanding of drug mechanisms and interactions at the quantum level (16).

3. Drug Design and Optimization: Quantum pharmacy facilitates the design of novel drug structures with
optimized properties, such as improved binding affinity and reduced side effects. Quantum algorithms aid
in optimizing molecular geometries and electronic properties(15).

4. Quantum Machine Learning: Quantum machine learning techniques enhance drug discovery by
efficiently processing and analysing large datasets. Quantum algorithms improve the accuracy of predictive
models for toxicity, bioactivity, and pharmacokinetics(25).

5. Personalized Medicine: Quantum pharmacy contributes to personalized medicine by simulating
individual patient responses to drugs, enabling tailored treatment plans based on quantum-level
insights(26).

Challenges and Limitations:

1. Quantum Hardware: Quantum computing technology is still in its infancy, with challenges related to
qubit stability, error correction, and scalability. Overcoming these challenges is crucial for practical
implementation in quantum pharmacy(9).

2. Expertise Gap: There is a shortage of experts who possess a deep understanding of both quantum
mechanics and pharmaceutical sciences. Bridging this gap requires interdisciplinary training and
collaboration(27).

3. Computational Costs: While quantum computers offer advantages, they currently excel in specific tasks
rather than general-purpose computations. Balancing computational costs and benefits is essential when
applying quantum methods to pharmaceutical challenges(28).

4. Data Availability: Quantum pharmacy relies on high-quality data for accurate simulations and
predictions. Access to reliable and comprehensive molecular data is essential for the success of quantum-
assisted drug discovery(29).

Future Prospects:

Enhanced Drug Discovery: Drug development is being revolutionised by quantum pharmacy by utilising
the concepts of quantum computing. Quantum computers are far more efficient than conventional computers
at simulating and analysing large datasets because they can handle intricate molecular and chemical
interactions at previously unheard-of rates. Because of this acceleration, scientists can now more accurately
identify possible therapeutic candidates and forecast their safety and efficacy profiles. The length and cost of
the medication development process can be decreased by using quantum algorithms, which can investigate
chemical structures and interactions in a fraction of the time. In the end, quantum pharmacy promises to
accelerate the development of new treatments, enhancing available alternatives for treating a wide range of
illnesses and possibly changing healthcare outcomes by facilitating quicker and more efficient reactions to new
health issues(30).

Precision Medicine: By utilising large and intricate datasets to customise therapies to each patient's needs,
quantum computing in conjunction with patient data has the potential to completely transform personalised
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medicine. With unmatched speed and accuracy, quantum algorithms can analyse genetic data, medical
histories, and real-time health data. This makes it possible to precisely identify the best dosages and
combinations of drugs, based on the individual genetic and molecular profiles of each patient. Quantum
computing has the potential to reduce side effects and improve treatment success by forecasting individual
responses to certain treatments. More effective disease treatment is ensured by this personalised approach,
especially in complicated disorders like cancer and chronic illnesses. This results in improved health outcomes
and ushers in a new era of specialised healthcare solutions.

Multiscale Modelling: Quantum pharmacy bridges the gap between quantum-level interactions and
macroscopic drug effects through comprehensive multiscale modeling. By leveraging quantum computing,
researchers can accurately simulate atomic and subatomic interactions of drug molecules, providing detailed
insights into their behavior at the quantum level. These insights are then integrated with classical models that
represent macroscopic biological systems, creating a holistic view of drug action. This multiscale approach
allows for a deeper understanding of how drugs interact with biological targets, from molecular binding to
systemic effects. Consequently, quantum pharmacy enables the development of more effective and targeted
therapies, enhancing our ability to predict therapeutic outcomes and adverse effects with greater precision,
ultimately advancing the field of pharmacology(31).

Collaboration and Education: Researchers in pharmaceuticals, computational chemists, and quantum
physicists must work together to advance the discipline of quantum pharmacy. These multidisciplinary groups
are able to efficiently use the special powers of quantum computing for the research and development of new
drugs. Combining quantum physics, computational chemistry, and pharmacology in education is essential to
developing a qualified workforce. various kinds of programmes will provide scientists the know-how they need
to take on difficult problems at the nexus of various domains. These educational programmes will advance
quantum pharmacy by encouraging a culture of cooperation and creativity. This will prepare the next
generation of researchers to push the frontiers of drug discovery, which will ultimately result in more
individualised and effective medical treatments(32).

Conclusion:

Drug development and discovery are being revolutionised by quantum pharmacy, which uses quantum
computing to understand intricate molecular dynamics. Complex biochemical processes can be simulated
thanks to quantum computers' ability to calculate at speeds and accuracy that traditional computers cannot
match. This enables unparalleled precision in the prediction of pharmacological compounds' interactions with
biological targets, structural optimisation, and probable adverse effects. The electrical characteristics of
molecules can be modelled using quantum algorithms, such as those used to solve the Schrédinger equation,
which makes it easier to build safer and more effective medications. Consequently, quantum pharmacy
shortens the time and expense needed to get novel treatments to the market by speeding up the drug discovery
process.

Although quantum pharmacy has great potential, there are a number of obstacles to overcome, such as the
requirement for sophisticated quantum hardware, error correction methods, and the creation of specialised
algorithms. As of right now, quantum computers are still in their infancy due to their low qubit coherence and
noise susceptibility. These obstacles are being overcome, nevertheless, by continuing study and teamwork
across government, business, and academic institutions. Innovation and advancement are being promoted by
projects like quantum cloud computing platforms and collaborations between pharmaceutical corporations
and quantum tech enterprises. Quantum pharmacy has the potential to revolutionise the pharmaceutical
industry by enabling more individualised, effective, and efficient pharmacological therapies that are catered to
the specific needs of each patient as these obstacles are addressed.

References:

1. Ur Rasool R, Ahmad HF, Rafique W, Qayyum A, Qadir J, Anwar Z. Quantum Computing for Healthcare:
A Review. Future Internet [Internet]. 2023;15(3). Available from: https://www.mdpi.com/1999-
5903/15/3/94

2. Acharya B, Behera A, Behera S. Optimizing drug discovery: Surface plasmon resonance techniques and
their multifaceted applications. Chemical Physics Impact [Internet]. 2024;8:100414. Available from:
https://www.sciencedirect.com/science/article/pii/S2667022423002530

3. Markna JH, Palatia TP, Gohel S, Kataria B. Unveiling Advanced Computational Applications in Quantum
Computing: A Comprehensive Review. International Journal of Advanced Nano Computing and
Analytics. 2023;2(2).

4. Baiardi A, Christandl M, Reiher M. Quantum Computing for Molecular Biology**. Vol. 24,
ChemBioChem. 2023.



877

Prajakta K. Khule et.al / Kuey, 30(1), 5729

10.

11.

12.

13.
14.

15.

16.
17.

18.

19.
20.

21.

22,

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

Lam YH, Abramov Y, Ananthula RS, Elward JM, Hilden LR, Nilsson Lill SO, et al. Applications of
Quantum Chemistry in Pharmaceutical Process Development: Current State and Opportunities. Org
Process Res Dev. 2020;24(8).

Jiang H, Sun HY. Density-functional theory. In: Quantum Chemistry in the Age of Machine Learning.
2022,

Alshangiti DM, El-Damhougy TK, Zaher A, Madani M, Mohamady ghobashy M. Revolutionizing
biomedicine: advancements, applications, and prospects of nanocomposite macromolecular
carbohydrate-based hydrogel biomaterials: a review. Vol. 13, RSC Advances. 2023.

Zrazhevskiy P, Gao X. Multifunctional quantum dots for personalized medicine. Vol. 4, Nano Today.
2000.

Ur Rasool R, Ahmad HF, Rafique W, Qayyum A, Qadir J, Anwar Z. Quantum Computing for Healthcare:
A Review. Future Internet [Internet]. 2023;15(3). Available from: https://www.mdpi.com/1999-
5903/15/3/94

Alghamdi MA, Fallica AN, Virzi N, Kesharwani P, Pittala V, Greish K. The Promise of Nanotechnology in
Personalized Medicine. Vol. 12, Journal of Personalized Medicine. 2022.

Aminpour M, Montemagno C, Tuszynski JA. An overview of molecular modeling for drug discovery with
specific illustrative examples of applications. Molecules. 2019;24(9).

Bhatia D, Paul S, Acharjee T, Ramachairy SS. Biosensors and their widespread impact on human health.
Sensors International. 2024;5.

Wen Z, Huang H. The potential for artificial intelligence in healthcare. J Commer Biotechnol. 2022;27(4).
Cai JH, Zhu XZ, Guo PY, Rose P, Liu XT, Liu X, et al. Recent updates in click and computational
chemistry for drug discovery and development. Vol. 11, Frontiers in Chemistry. 2023.

Wang PH, Chen JH, Yang YY, Lee C, Tseng YJ. Recent Advances in Quantum Computing for Drug
Discovery and Development. IEEE Nanotechnol Mag. 2023;17(2).

Merz KM. Using quantum mechanical approaches to study biological systems. Acc Chem Res. 2014;47(9).
Mohs RC, Greig NH. Drug discovery and development: Role of basic biological research. Vol. 3,
Alzheimer’s and Dementia: Translational Research and Clinical Interventions. 2017.

Salahshoori I, Golriz M, Nobre MAL, Mahdavi S, Eshaghi Malekshah R, Javdani-Mallak A, et al.
Simulation-based approaches for drug delivery systems: Navigating advancements, opportunities, and
challenges. Vol. 395, Journal of Molecular Liquids. 2024.

Vora LK, Gholap AD, Jetha K, Thakur RRS, Solanki HK, Chavda VP. Artificial Intelligence in
Pharmaceutical Technology and Drug Delivery Design. Vol. 15, Pharmaceutics. 2023.

Niazi SK. The Coming of Age of AI/ML in Drug Discovery, Development, Clinical Testing, and
Manufacturing: The FDA Perspectives. Drug Des Devel Ther. 2023;17.

Abdellatif AhAH, Tawfeek HM, Younis MA, Alsharidah M, Al Rugaie O. Biomedical Applications of
Quantum Dots: Overview, Challenges, and Clinical Potential. Vol. 17, International Journal of
Nanomedicine. 2022.

Haleem A, Javaid M, Singh RP, Rab S, Suman R. Applications of nanotechnology in medical field: a brief
review. Vol. 7, Global Health Journal. 2023.

Salo-Ahen OMH, Alanko I, Bhadane R, Alexandre AM, Honorato RV, Hossain S, et al. Molecular
dynamics simulations in drug discovery and pharmaceutical development. Vol. 9, Processes. 2021.

Pyrkov A, Aliper A, Bezrukov D, Lin YC, Polykovskiy D, Kamya P, et al. Quantum computing for near-
term applications in generative chemistry and drug discovery. Vol. 28, Drug Discovery Today. 2023.
Avramouli M, Savvas I, Vasilaki A, Garani G, Xenakis A. Quantum Machine Learning in Drug Discovery:
Current State and Challenges. In: ACM International Conference Proceeding Series. 2022.

Sharma M, Mahajan Y, Alzahrani A. Personalized Medicine Through Quantum Computing. In 2023.

Dara S, Dhamercherla S, Jadav SS, Babu CM, Ahsan MJ. Machine Learning in Drug Discovery: A Review.
Artif Intell Rev. 2022;55(3).

Ricciardi Celsi M, Ricciardi Celsi L. Quantum Computing as a Game Changer on the Path towards a Net-
Zero Economy: A Review of the Main Challenges in the Energy Domain. Vol. 17, Energies. 2024.

Blunt NS, Camps J, Crawford O, Izsidk R, Leontica S, Mirani A, et al. Perspective on the Current State-of-
the-Art of Quantum Computing for Drug Discovery Applications. Vol. 18, Journal of Chemical Theory and
Computation. 2022.

Leelananda SP, Lindert S. Computational methods in drug discovery. Vol. 12, Beilstein Journal of Organic
Chemistry. 2016.

Zhang JD, Sach-Peltason L, Kramer C, Wang K, Ebeling M. Multiscale modelling of drug mechanism and
safety. Vol. 25, Drug Discovery Today. 2020.

Kamalov F, Santandreu Calonge D, Gurrib I. New Era of Artificial Intelligence in Education: Towards a
Sustainable Multifaceted Revolution. Sustainability (Switzerland). 2023;15(16).



