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1. Overview

Over the past decade, molecular modeling has become an
indispensable and transformative tool, impacting various
fields such as drug discovery, materials science, environ-
mental chemistry, precision medicine, and protein engi-
neering. One of its key strengths, “prediction”, allows
scientists to simulate complex molecular interactions and
structural dynamics before committing to expensive ex-
periments. This predictive power accelerates discovery
processes, lowers resource expenditure, and promotes sus-
tainable practices.

Some core techniques used inmolecularmodeling are:
MDSimulations: MD simulations enable researchers

to explore time-dependent behavior in molecular systems.
By solving Newton’s equations of motion, these simula-
tions provide valuable insight into the motion, folding,
and conformational changes of molecules, which are cru-
cial for understanding biomolecular interactions and dy-
namics over time [1].

Quantum Mechanics/Molecular Mechanics (QM/
MM): This hybrid approach integrates quantum mechan-
ical calculations for the reactive parts of a system with
classical molecular mechanics for the rest. QM/MM is
especially valuable in studying enzymatic reactions and
molecular systems where electronic effects are crucial [2].

Monte Carlo simulations: These stochastic tech-
niques sample configurations of molecular systems, pro-
viding statistical information about thermodynamic prop-
erties. This aids in predicting phase behavior and equilib-
ria in complex systems [3].

Docking Studies: This computational technique al-
lows the prediction of the most favored orientation of a
ligand when bound to a protein. As a result, molecular
docking is extensively used in drug discovery to identify
and optimize drug candidates and refine lead molecules
based on their binding affinities [4].

Free Energy Calculations: Techniques such as Ther-
modynamic Integration and Free Energy Perturbation en-
able the estimation of free energy differences between
states. This, in turn, aids in the understanding of the stabil-
ity of molecular conformations and binding affinities [5].

Machine Learning (ML) Techniques: A transfor-
mative advancement in molecular modeling is the inte-
gration of machine learning. These algorithms analyze
datasets to detect patterns, optimize molecular structures,
and predict properties with greater accuracy, thereby fa-
cilitating the discovery of new materials and drugs [6]. A
notable achievement in this area is AlphaFold, developed
by DeepMind, which has revolutionized protein structure
prediction through the use of AI. Its profound impact
on biology and drug discovery was recognized in 2024

* Corresponding Author:
Vannajan Sanghiran Lee, Center of Excellence in Quantum Information Science
and Technology (QIST), Department of Chemistry, Faculty of Science,
University Malaya, Kuala Lumpur 50603, Malaysia; Center of Excellence in
Structural and Computational Biology, Department of Biochemistry, Faculty of
Science, Chulalongkorn University, Bangkok 10330, Thailand

1

© 2025 Copyright by the Authors.
Licensed as an open access article using a CC BY 4.0 license.

https://scifiniti.com/journals/molecular-modeling-connect
https://scifiniti.com/
https://creativecommons.org/licenses/by/4.0/
mailto:vannajan@um.edu.my
https://orcid.org/0000-0002-2911-7726
mailto:Supareak.P@chula.ac.th
https://orcid.org/0000-0002-8334-2449
mailto:mohammad.ghattas@aau.ac.ae
https://orcid.org/0000-0002-2240-8037
mailto:Robert.Vianello@irb.hr
https://orcid.org/0000-0003-1779-4524
mailto:kawazoe@imr.edu
https://orcid.org/0000-0002-2369-7045
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


2025, Vol. 1, Article ID. 2025.0008
https://doi.org/10.69709/MolModC.2025.132344

when AlphaFold’s developers were awarded the Nobel
Prize in Chemistry, underscoring the critical role of AI
in molecular modeling (Royal Swedish Academy of Sci-
ences, 2024).

Artificial Intelligence (AI) and Neural Networks:
Artificial-intelligence-driven approaches, especially neu-
ral networks, are just beginning to be used to model com-
plex molecular interactions and properties. These tech-
niques show promise in predicting molecular behavior
and aiding the design of new compounds more efficiently
than traditional approaches [7]. For instance, molecular
modeling enables virtual screening of chemical libraries
in drug discovery, predicting interactions between target
proteins and thereby identifying potential lead drug can-
didates. This significantly reduces both time and costs
while advancing the aspect of precision medicine. For
example, an AI-enabled docking tool screened a ligand li-
brary of 17 billion ligands against purine nucleoside phos-
phorylase and heat shock protein 90 targets in less than a
day, using a large array of cloud-based CPUs [8]. Further-
more, molecular modeling plays a crucial role in precision
medicine by allowing researchers to tailor treatments to
individual genetic makeup. By simulating specific mu-
tations and their effects on protein structures, it supports
personalized therapeutic strategies that minimize trial and
error, leading to better patient outcomes [9,10].

Recent advances in quantum chemistry and quan-
tum computing have elevated the field, now armed with
tools that bring unprecedented accuracy in understanding
molecular complexities. Quantum-mechanics-based sim-
ulations are increasingly becoming essential in materials
science innovations, predicting properties for nanomate-
rials used in next-generation electronics, energy storage,
and catalysis [11]. This has become particularly relevant
with the 2023 Nobel Prize in Chemistry, awarded for the
development of quantum dots. This breakthrough, driven
by quantum simulations, is swiftly becoming a mainstay
in molecular modeling for creating sustainable, efficient
materials optimized for industrial use [12].

The growing emphasis on green chemistry and sus-
tainable materials in molecular modeling journals reflects
a shift toward environmentally friendly practices. This
trend showcases the industry’s move toward sustainable
innovations that minimize waste, conserve resources, and
align with environmental regulations [13].

The interdisciplinary nature of molecular modeling
brings together insights developed within computational
science, chemistry, and physics to tackle complex scien-
tific challenges. Over the past five years, journals in this
field have emphasized data transparency, reproducibility,
and interdisciplinary collaboration to ensure research re-
liability. Recently, traditional modeling techniques have

seen significant improvements with the advent of AI and
machine learning. These advanced techniques enable pre-
dictivemodeling ofmolecular structures, interactions, and
properties that may accelerate progress in drug discovery,
precisionmedicine, and other areas. UsingAI, researchers
can predict the efficacy and safety profiles of drugs with
much greater accuracy; consequently, the drug discovery
landscape has evolved to support patient-specific solu-
tions. This focus on AI in molecular modeling is consis-
tent with trends across the discipline and has been high-
lighted in recent editorial themes [14,15].

Quantum computing also increasingly figures into
molecular modeling, at the edges of what classical compu-
tational methods can do. Recent editorial focus in molecu-
lar modeling journals has underlined how quantum chem-
istry and quantum computing are opening new avenues
for overcoming computational constraints, especially in
systems with significant electron correlations. The recent
simulation advances demonstrate, through their applica-
tions in, for example, quantum dots, the possibility of
reshaping material design and development in both the
electronics and energy sectors through quantum simula-
tions. The 2024 Nobel Prize in Physiology or Medicine,
awarded for the discovery of microRNA and its role in
post-transcriptional gene regulation, highlights the impor-
tance of molecular-level understanding in biology. While
the award itself was not directly related to computational
modeling, such breakthroughs increasingly rely on and
inspire the use of computational approaches to explore
gene regulation, molecular interactions, and disease mech-
anisms [16].

By enabling detailed simulations of disease mech-
anisms, molecular modeling plays a crucial role in de-
veloping therapies that are precise, targeted, and tailored
to patient-specific molecular profiles, demonstrating how
the field advances personalized therapeutics for the fu-
ture. The relevance of molecular modeling will continue
to grow, impacting both theoretical and applied research.
Molecular modeling journals are vital platforms for dis-
seminating cutting-edge research, supporting real-world
innovations in fields ranging from pharmaceuticals to
green chemistry. With the ongoing incorporation of in-
terdisciplinary approaches, quantum technology, and eth-
ical standards, molecular modeling is addressing some of
today’s most compelling issues through socially responsi-
ble, forward-looking science that seeks to better our under-
standing and application of molecular interactions across
diverse scientific and industrial domains.
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