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LETS START WITH THE BASICS!
• What is Artificial Intelligence?

• Artificial intelligence (AI) refers to the ability of machines to act in seemingly intelligent 
ways, making decisions in response to new inputs without being explicitly programmed to 
do so.

• What is Machine Learning(ML)?

• A subset of artificial intelligence (AI) that focuses on developing algorithms and statistical 
models that enable computers to learn from and make predictions or decisions based on 
data.

• What is Deep Learning(DL)?

• A subset of machine learning that focuses on using neural networks with many layers 
(hence "deep") to model and understand complex patterns in large amounts of data. It is 
particularly effective for tasks where data is abundant and the relationships within the 
data are intricate and nonlinear.



LETS START WITH THE BASICS!

• What is Chemistry/Chemical Sciences?

• It is the scientific study of the properties, composition, and behavior of matter. It explores 
the substances that make up our world and the changes they undergo during chemical 
reactions.

• What is meant by the applications of AI in Chemistry?

• Application of AI in Chemistry refers to the use of artificial intelligence techniques and tools 
to solve complex problems, enhance research, and streamline processes within the field of 
chemistry.



IMPORTANCE

• As of 2020, over 50% of the documents on AI in chemistry were published during the past 4 years. 
But why?

• Advances in the field of Artificial Intelligence:

• High-profile successes of deep learning projects in public data challenges starting around 2012, such 
as the Merck Molecular Activity Challenge and the ImageNet competition, increasingly drew 
research interest from the scientific community. Additionally, the introduction of open source 
machine learning frameworks, such as TensorFlow(2015) and PyTorch (2016), and the availability of 
increasingly powerful computing hardware sparked a global explosion in AI research, enabling 
further applications of AI to chemistry.

• Availability of scientific data:

• Thanks to databases like Materials Project, OQMD, CSD, PubChem, etc. there is more data available 
of chemical simulations than ever before. Similarly, AiiDA and NoMaD record comprehensive data 
provenance for ‘static’ materials simulations.



IMPORTANCE



SOME OF THE MAJOR APPLICATIONS

• Detection of molecular properties: AI algorithms can analyze chemical data to predict 
and classify various molecular properties, such as toxicity, solubility, and reactivity. This 
makes the process of detection faster and less prone to errors, unlike manual detection.

•

• Drug discovery: AI-driven drug discovery platforms can analyze vast databases of 
chemical compounds, predict their potential activity against specific targets, and 
prioritize candidates for further investigation. 

• Retrosynthesis Reactions: Chemists use AI for planning the most efficient and cost-
effective synthesis routes by generating retrosynthesis pathways and suggesting optimal 
reaction steps.

• Material Science: Identification of properties from crystal structure.



CO-OCCURRENCE OF RESEARCH TOPICS AND AI 
ALGORITHMS



MAJOR AREAS OF APPLICATION



AI IN ANALYTICAL CHEMISTRY

• AI has been fundamental in managing heterogeneous data and in advanced analysis of 
complex spectra in areas such as spectroscopy and chromatography.

• In spectroscopy, AI has been employed to deconvolute and interpret complex spectra, a 
significant advancement in compound identification.

• In chromatography, algorithms are employed to process and analyze large 
chromatographic datasets. They can identify patterns and correlations in complex data, 
facilitating the identification of compounds and quantification of their components in 
samples. 

• The application of AI in analytical chemistry is often paired with use of chemometrics
which is the science of extracting information from chemical data using mathematical and 
statistical methods. This is done in order to cross-validate the results obtained by ML and 
DL models as the decision making process in them is not transparent. This is often referred 
to as the “Black Box” problem.



USE IN SPECTROSCOPY
• Spectroscopy is a scientific technique used to study and analyze the interaction between matter and 

electromagnetic radiation. It involves measuring the spectrum of light absorbed, emitted, or scattered 
by materials to understand their composition, structure, and properties.

• In the analysis of spectroscopic data, AI has been used to select the optimal wavelengths for analysis, 
a task traditionally performed using chemometric techniques.



USE IN CHROMATOGRAPHY

• Chromatography is a laboratory technique used to separate, identify, and quantify the 
components of a mixture. It involves passing the mixture through a medium where different 
components move at different rates, allowing them to be separated based on their physical 
or chemical properties.

• One of the primary uses of AI in chromatography is in data interpretation and analysis. 
Machine learning algorithms, for example, are employed to process and analyze large 
chromatographic datasets. They can identify patterns and correlations in complex data, 
facilitating the identification of compounds and quantification of their components in 
samples. ML was applied to predict chromatographic retention times, a challenge commonly 
addressed with chemometrics.





AI IN HIGH THROUGHPUT DATA ANALYSIS



DATA DATA DATA!!!

Data for both spectroscopy as well as chromatography can be obtained through a lot of 
simulations online.

For spectroscopy: Molecular Dynamics(MD) simulations, Quantum chemistry software.

For chromatography: Molecular Docking and Dynamics, computational chromatography 
software.



EXPLAINABILITY TECHNIQUES TO SOLVE THE “BLACK BOX 
PROBELMS

• GNNExplainer is a technique aimed at explaining Graph Neural Network (GNN) models by 
identifying subgraphs and node features that are most important for the model’s decisions 
and, for example, analyzing NMR spectra, where molecular structure affects the observed 
spectrum, GNNExplainer can identify substructures or bonding patterns that are most 
correlated with specific spectral features, helping chemists understand how certain 
functional groups influence the spectral properties of molecules.

• PGExplainer, on the other hand, is an approach that generates probabilistic explanations for 
GNN decisions. Unlike GNNExplainer, which seeks a deterministic explanation, PGExplainer 
works with the probability of edges in a graph contributing to the model’s decision, offering a 
more comprehensive and uncertain view that may be more representative of the complex 
reality of analytical data. 

• SubgraphX is another method that focuses on identifying important subgraphs in GNNs to 
explain the model’s predictions.

• SME (Substructure Mask Explanation) is a technique that highlights substructures in 
molecules that are critical for the predictions of molecular properties made by GNNs.



INTEGRATING AI FOR DRUG DISCOVERY

• AI techniques used in drug discovery, including ML (to predict drug properties, identify potential drug candidates, and 
optimize chemical structures), DL (to analyze large-scale biological data, predict drug properties, and identify potential 
drug candidates), NLP (to analyze the scientific literature for potential drug candidates and to generate drug 
summaries), GM (to generate new molecules that could potentially be drug candidates), and network-based 
approaches (to identify potential targets for drug development). 

• AI has significantly impacted the field of drug discovery, particularly in the areas of target identification and validation.
This process involves identifying potential biological targets and elucidating their roles in diseases, followed by 
validating these targets to ensure they are directly involved in a disease mechanism and that the modulation of the 
target is likely to have a therapeutic effect and plays a crucial role in identifying potential drug targets by analyzing the
genomic, proteomic, and metabolomic data.

• ML-based approaches, such as Kronecker regularized least squares (KronRLS), evaluate the similarities between drugs 
and protein molecules to determine DTBA. Correspondingly, SimBoost utilizes regression trees to predict DTBA, and 
considers both feature-based and similarity-based interactions.

• AI algorithms can analyze molecular structures, predict binding affinities, and prioritize compounds for further 
experimental testing . Also, AI techniques, such as Bayesian docking approximations and RL, can be used in molecular 
docking simulations . Molecular docking involves predicting the preferred orientation of a small molecule (drug 
candidate) when it is bound to a target protein. AI algorithms can explore the conformational space and predict the 
binding affinity between the drug and the target protein .





PRODUCING A NEW DRUG

• GANs are a class of ML algorithms that consist of two neural networks, the generator and 
the discriminator, which are trained in an adversarial manner to generate realistic data 
samples.

• GANs can be employed to optimize lead compounds by generating modifications or 
analogs of existing drug candidates. By using the discriminator’s feedback to guide the 
generation of new chemical structures, GANs can propose modifications that are more 
likely to be biologically active and have improved pharmacological properties.

• A number of studies have also shown that GANs can be used for multi-objective drug 
designing, where the goal is to optimize multiple drug properties simultaneously.







A MAJOR CHALLENGE

• Despite the significant emphasis on developing theoretical strategies for efficiently 
constructing databases with high- fidelity data, there is a need for additional efforts to 
ensure that these databases are also user-friendly for interdisciplinary research, i.e., 
permit even non-domain-expert AI practitioners to interact with the data with minimal 
intervention. This accessibility is essential for facilitating the test of new algorithmic 
developments.

• This can be extremely useful for potential collaboration opportunities for experts from the 
field on Chemical Sciences and Artificial Intelligence.
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