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In Short

• Infrared (IR) spectroscopy is widely used to deter-
mine molecular structures, yet the complexity of
IR spectra often prevents straightforward manual
interpretation.

• Artificial intelligence (AI) methods trained on quan-
tum chemical data can effectively capture complex
spectral patterns, enabling accurate predictions of
molecular structures from IR spectra.

• The integration of computational chemistry, ad-
vanced ML algorithms, and experimental IR spec-
troscopy provides deeper insights into molecular
reaction pathways.

• The developed AI-based framework significantly
accelerates molecular structure prediction

In molecular sciences, one of the most complex
challenges is predicting the structure of molecules
based on experimental data. This task plays an im-
portant role in many practical scientific and industrial
applications, where accurate structure prediction can
lead to the discovery of new drugs or advances in
sustainable energy solutions. For example, identi-
fying accurate molecular structures in drug design
allows for safer and more effective therapies. In ma-
terials science, molecular structure prediction plays
an important role in designing materials with better
sustainability. For renewable energy, proposing new
molecular structures may lead to improved battery
design and other innovative technologies.

While scientists have traditionally used manual
methods for identifying molecular structures, such
approaches are difficult and time-consuming. Addi-
tionally, even within the known laws of chemistry and
physics, the “chemical space” of possible molecular
structures is almost infinite 5. Today, advances in
artificial intelligence (AI) offer potential solutions to
these problems, allowing for faster and more accu-
rate structure predictions by learning patterns and
chemical rules from existing data. The direct predic-
tion or design of molecule structures from various
physical measurements or desired properties marks
a significant frontier in molecular science 1

Machine Learning (ML), a subset of AI, has made
great strides in answering this inverse, molecular
design problem from known, measured, or desired

properties. Leveraging traditional data, such as
measurements from techniques like infrared spec-
troscopy (IR), presents an avenue to unravel un-
known yet significant molecular structures 2.

Furthermore, recent developments of High-
Performance Computing (HPC) hardware for AI pro-
vide new opportunities to address this challenge. By
utilizing cutting-edge computational power, it is pos-
sible to combine the principles of computationally
highly demanding quantum mechanics with the pre-
dictive capabilities of AI/ML in order to learn patterns
and make predictions from large datasets.

Despite these advancements in HPC and AI/ML,
currently these models often require highly special-
ized data, meaning their performance is strongly
dependent on the type of experimental technique
used to provide the data. Additionally, preparing
datasets, curating, preprocessing and training ML
models, is a time-consuming endeavor.

The primary focus of our project is to develop
a structure prediction method for molecules based
on computed (e.g. IR) spectra. While experimen-
tal techniques like IR generate detailed data about
molecules, analyzing this data to uncover molecu-
lar structures is a complex task. AI models trained
on datasets of spectral measurements can learn to
identify the underlying molecular structures with high
accuracy and efficiency 4. The ultimate goal is to
develop an ML-based model, trained on highly accu-
rate computational quantum chemistry data, which
is able to predict molecular structures directly from
IR spectra. While we plan to investigate accurate
structure prediction from IR spectra, we will develop
a set of universal and open-source software tools
that can be adapted to any type of spectra.

Figure 1: Project overview: This project will provide methods for
inverse molecular structure prediction directly from spectroscopy
measurements.
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Figure 2: An adaptable methodology leveraging multiple spectroscopic techniques to enable efficient AI model training and high-
throughput molecular structure predictions.

Ultimately, these tools have the potential for broad
impact from many experimental measurements, and
may lower the barrier for making chemical predic-
tions using ML and HPC. 3 This interdisciplinary
approach holds immense promise in advancing our
understanding of molecular behavior and has far-
reaching implications across various scientific do-
mains.
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