From Ligand Libraries to Metal-Ligand Intelligence
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Abstract

The secure and sustainable supply of critical metals requires not only new resources
but also substantially improved methods for their separation and purification. Solvent-
extraction processes are often developed through sequential, metal-specific
experimentation, while the chemical space of potential extractants remains only
sparsely explored. REEactor s.r.o0., a deep-tech start-up, is developing an autonomous
experimental platform to systematically explore metal-ligand interaction space and
accelerate the discovery of selective, recyclable, and economically viable separation
systems for critical metals.

The approach combines large-scale high-throughput synthesis of structurally diverse
ligand libraries with miniaturized hydrometallurgical testing. Multicomponent reactions
and other rapid synthetic methodologies enable the generation of more than 10,000
chemically diverse candidate ligands across multiple ligand classes. These libraries are
evaluated using automated microscale solvent-extraction experiments in multiwell
format. Sequential extraction and stripping experiments are designed to reproduce key
features of industrial mixer—settler cascades while reducing material consumption by
several orders of magnitude.

Metal concentrations in aqueous and organic phases are quantified by ICP-MS,
generating systematic datasets describing distribution ratios, separation factors, and
competitive extraction across multimetal mixtures. In parallel, experimentally
accessible parameters including pH, metal composition, ligand structure and
concentration, phase-separation behaviour, recyclability, and estimated ligand cost
are recorded.

Rather than optimising extraction efficiency alone, the platform considers separation
as a multidimensional optimisation problem:

Performance = F(a, pH, metal composition, loading capacity, extraction kinetics,
phase disengagement / third-phase behaviour, stripping efficiency, recyclability,
ligand stability, ligand cost).

The long-term objective is to transform these large, standardized experimental datasets
into a metal-ligand intelligence model capable of learning relationships between ligand
structure, solution chemistry, and separation performance. Ultimately, integration with
a domain-specific large-language-model framework could enable the prediction and



generation of separation strategies for previously unexplored ores, concentrates,
recycling streams, and other complex critical-metal feedstocks.

This combination of high-throughput chemistry, miniaturized hydrometallurgy, and
machine learning provides a route from empirical extractant screening toward data-
driven discovery of next-generation circular separation processes.



