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Mechanistic studies are a type of mathematical inverse pro­
blem in which chemists analyze a set of observations (kinetic 
data) to uncover the underlying causes (reaction mechanisms). 
According to Professor Igor Larrosa, from the University of 
Manchester (UK), a modern approach to solving these pro­
blems involves training deep neural networks with known 
data. He told SYNFORM: “This can be compared to exposing 
the human brain to a large quantity of kinetic data generated 
by each mechanism, allowing it to learn the intrinsic pat­
terns and develop the ability to deduce the reaction mechan­
ism from previously unseen kinetic data.” Professor Larrosa 
and Dr. Jordi Burés, also from the University of Manchester, 
strongly believe in the potential of using mechanistic in­
sights to enhance the discovery and improvement of catalytic 
reactions. Dr. Burés said: “Our inspiration dates back to the 
ground-breaking work of Professor Blackmond and the be­
nefits of open-source modelling programs like COPASI. Since 
then, we have been driven to explore innovative approaches 
to extract more comprehensive information from reaction ki­
netics. With the AI revolution transforming various scientific 
fields with remarkable outcomes, it was only natural for us 
to investigate its potential in the area of reaction mechanism 
elucidation.”

During the initial exploratory experiments testing various 
neural network structures, the researchers achieved promis­

ing results early on. “While it took significant effort to ultim
ately develop a robust model, our initial success confirmed 
the viability of our idea and motivated us to push hard in 
developing it, ultimately leading to the publication of the final 
model,” explained Professor Larrosa.

The researchers found that interpreting the model’s per­
formance, however, was sometimes challenging due to the 
human limitations in understanding large neural networks 
and predicting the kinetic behaviour of complex chemical re­
actions. “Midway through the project, we were surprised by 
the model confusing certain reaction mechanisms, but after 
further consideration, we realized that it was actually a posi­
tive outcome,” revealed Dr. Burés. He continued: “The model 
was revealing that certain mechanisms can produce the same 
kinetic data in certain conditions. To enhance the model’s 
capabilities, we added the ability for it to provide multiple 
answers when necessary. This feature greatly improved the 
model’s accuracy in situations where the data were insuffi
cient to differentiate between mechanisms, due to either 
noise or a limited amount of data.”

“We are thrilled with the outcome of this proof-of-concept 
article as it has opened numerous exciting opportunities in 
the field of kinetic analysis,” said Professor Larrosa. He con­
tinued: “Our goal is to create more sophisticated models that 
address specific mechanistic issues and are tailored to spe
cific experimental data. Additionally, we aim to gain a deeper 
understanding of how the AI model operates in order to po­
tentially uncover new kinetic features such as reaction orders 
or induction periods. Furthermore, we are also investigating 
more ambitious applications, but it may take some time 
before we are ready to share.”

Professor Larrosa concluded by saying: “We are at a unique 
turning-point in the development of artificial intelligence 
tools for chemistry. The next years are going to offer lots of 
exciting opportunities for enthusiastic students seeking to 
embrace new technologies; we need them!”

A111

Organic Reaction Mechanism Classification Using Machine Learning

Nature 2022, 613, 689–695

Scheme 1 Two case studies with kinetic data investigated in 
this work 
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