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Background

Hydrocyanation of alkenes and alkynes is a key transformation for the synthesis of nitriles,
which are widely used as pharmaceuticals, agrochemicals, functional materials and versatile
intermediates in organic synthesis. Traditionally, hydrocyanation relies on Ni-based catalysts
with symmetric phosphine ligands, which often fail to provide sufficient control over regio- and
stereoselectivity for nonsymmetrical substrates. Consequently, mixtures of isomeric products
are obtained, decreasing atom economy, increasing purification costs and limiting the practical
applicability of this process. Rational improvement of catalyst performance is hampered by the
multidimensional interplay between catalyst structure, reaction conditions and substrate
features. Recent advances in machine learning offer powerful tools to extract structure—
activity—selectivity relationships from well-curated experimental datasets and to guide the
exploration of large chemical spaces. By combining systematic design and synthesis of
desymmetrised ligands with data-driven modelling, it becomes possible to move beyond
empirical optimisation towards predictive engineering of highly selective hydrocyanation
catalysts.

Goal

The goal of the project is to develop a holistic, data-driven strategy for controlling selectivity in
hydrocyanation by combining systematic synthesis and testing of a diverse library of
desymmetrised phosphine-based catalysts with machine learning models that predict optimal
catalyst-substrate-conditions combinations and guide in silico design of new, highly selective
catalysts.

Requirements for applicants

A MSc degree in chemistry (or a closely related discipline) is required, as well as a strong
interest in chemical synthesis and catalysis and in the application of machine learning methods
in chemistry. The candidate is expected to be highly motivated for scientific work, capable of
independent problem solving, able to work effectively in a team, and systematic and reliable in
conducting experiments. Prior experience in organic synthesis or coordination chemistry, basic
familiarity with computational tools / programming (e.g. Python), and good command of English
sufficient for reading and understanding scientific literature will be considered an advantage.

Scholarship/PhD student remuneration from grants

The scholarship is funded under the project ,Smart Catalyst Engineering for
Hydrofunctionalization Reactions: From Selectivity Control to Predictive Model” No.
FENG.02.02-1P.05-0063/25 financed from the funds of Priority 2 of the European Funds for a
Smart Economy 2021-2027 Program (FENG) Action 2.2 FIRST TEAM, with the Intermediate
Institution being the Foundation for Polish Science.
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