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liverpool.ac.uk | We are the original redbrick

The centre will train 80+ PhD students at the interface between the 

physical and computer sciences to drive the critically needed 

implementation of digital and automated methods in chemistry and 

materials. 

Our Vision

Through our training, each student will develop a common 

language to work across the areas of automation, AI, synthesis, 

characterization and modelling, preparing them to become both 

leader and team player in the evolving landscape of digital 

Materials Chemistry.

Our Mission

The CDT in Digital and Automated Materials Chemistry will address 

a critical national need for the skilled, agile research leaders who 

will spearhead the UK’s strategic development in digital materials 

R&D across multiple sectors

EPSRC CDT

DIGITAL & AUTOMATED 

MATERIALS CHEMISTRY

Esther García-Tuñon

(Student Experience Lead)

Anna Slater

(Recruitment Lead)

Vitaliy Kurlin

(Data Science Lead)

Minh Cao 

(CDT Manager)
Susan Peacock 

(CDT Admin)

Alessandro Troisi 

(Director)
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The doctoral project will be cross-disciplinary and, accordingly, co-supervised by typically 3 scientists from 

academia and industry (4 years). Each project will contain at least a digital element (robotics, automation or 

computer aided materials development – data or computation based) and a materials chemistry element 

(synthesis or advanced characterization methods). 

 

Technical training on Robotics and Automation, Data Science and AI, Computational materials science, 

Sustainability in materials research, Materials Characterization, Leadership & value-creation will be covered in 

self-contained modules and  masterclasses. The training will make extensive use of group activities and peer-

assisted learning.

Further Opportunities for the CDT students include specialized external training, placement in industry or 

international academic partners, career events and industry days. 

The cohort experience will make the doctoral studies more exciting and productive. 

PHD TRAINING PROGRAMME



TRAINING CONTENT
ROBOTICS & AUTOMATION

Winter School: Robotics and AI for Materials 
Chemistry 

Day 1: General

Day 2: Robotics

Day 3: ML for Materials

Day 4: Applied ML to Robotics e.g. CV/RL

Day 5: LLM for Materials

Xenofon 

 Evangelopoulos 

Gabriella

Pizzuto



TRAINING CONTENT
PROFESSIONAL SKILLS 

Sustainability in materials research Leadership & value-creation



AVAILABLE PROJECTS (11) 
Project title Supervisory team

Introducing Temperature and Disorder into Digital Materials Discovery Workflows G. Darling, M. Rosseinsky
Digital Exploration of Sulfur-polymer Development T. Hasell, A. Troisi
A Fast Validation of the Symmetry Principle for Molecular Synthesisability V. Kurlin, A. Cooper
Real Time Mixing Control in Flow Chemistry P. Paoletti, A. Slater, R. Poole
Discovering New Materials in the Laboratory with Automated Reasoning and 
Explainable AI

M. Rosseinsky, K Atkinson, T. Manning

Crystal Structure Generation by Constrained Combinatorial Sampling F. Slivovsky, V.Gusev, M. Dyer
Autonomous, On-Demand Manufacture of Polymer Nanomaterials in Continuous-
Flow

W. Street, A. Slater, W. Sharratt, S. Maskell

Automated Virtual and Physical Screening of Molecules for Application in 
Optoelectronics Devices

A. Troisi, J. Ward

Molecular Modelling and Data-Driven Discovery of Sustainable Home-Care 
Products

A. Finney, S. Maskell and Unilever

Discovering CO2-capture materials using robots and ‘Hive Mind’ hybrid 
intelligence

A. Cooper, X. Evangelopoulos, J.Ayme, 
G.Pizzuto and Google

Putting a (Better) Brain in the Mobile Robotic Chemist A. Cooper, K. Atkinson, X. Evangelopoulos, 
J.Ayme, G.Pizzuto and Google

Link with latest projects - https://www.liverpool.ac.uk/doctoral-training/digital-and-

automated-materials-chemistry/prospective-students/available-projects/ 
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ADDITIONAL INDUSTRY-SPONSORED PROJECT 

CURRENTLY BEING DISCUSSED FROM 

CCDC/GSK

Johnson Matthey                                     
NSG

….



4-year Studentship 

• Tuition fees

• Tax free maintenance grant at UKRI rate (£20,780 for academic year 2025-26)

• Research Support Training Grant (consumables, training, conference attendance

A limited number of scholarships to meet the fee difference will be available to support 

outstanding international students. 

Additional Disabled Students’ Allowance is available for eligible students to help cover the costs 

of any additional support.

STUDENTSHIP FUNDING  

https://www.liverpool.ac.uk/study/fees-and-funding/loans-and-grants/postgraduate-research/#dsa


• Review the available projects and reach out to prospective supervisors for better idea about the 

project

• Submit an online application as soon as possible no later than 15th January 2026

• Indicative timeline:

Interviews outside of Exam period!

APPLICATION PROCESS

Invitation to interview Late January 2026

Interview days 9-20th February 2026

Notification of outcome Early March 2026

More details on the application process and latest projects - https://www.liverpool.ac.uk/digital-

and-automated-materials-chemistry/available-projects/ 
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New properties require new structures. To tackle growing 
global challenges, we need to find these new structural 
families faster. This synthesis project will discover these 
materials, with target and method selection guided by 
explainable AI and automated reasoning tools developed in 
the research team. Exploration of these predictions will be 
accelerated with a robotic workflow for solid state 
chemistry, integrating automated weighing and mixing with 
high temperature furnaces to perform reactions and 
automated diffraction with AI data analysis. 

This project is suited to a student looking to work in an 
interdisciplinary team of computational and experimental 
researchers. They will develop expertise in automation and 
programming, including both using and extending the 
explainable AI frameworks, as well as solid state synthesis, 
crystallography and measurement techniques. 

Matt Rosseinsky
(Chemistry)

Katie Atkinson
(Computer Science)

Troy Manning
(Chemistry)

DISCOVERING NEW MATERIALS IN THE LABORATORY WITH AUTOMATED 
REASONING AND EXPLAINABLE AI



DIGITAL EXPLORATION OF SULFUR-POLYMER DEVELOPMENT
The development of inverse vulcanised (IV) polymers sparked interest in applications in energy storage, 

recyclability/sustainability, metal capture, optical materials, and antimicrobial surfaces – as well as the valorisation 

of industrial sulfur waste produced on a vast scale as a by-product of petrochemicals. Aims: This project will 

investigate open questions of current importance to the field: 1) Differentiate thermal/catalytic/photochemical 

synthetic routes w.r.t to structure and properties; 2) Benchmark the impact of repeated reformation cycles on 

properties/structure; 3) Determine the nature of the reaction mechanism and structures. Methodology: Wide 

review of current IV literature producing a database of key monomers, proposed structures, side products and 

impurities. Parallel synthetic and computational workflows: Polymer fragments will be simulated with prediction of 

spectra, thermal (Tg) and mechanical (stress-strain) properties. A library of synthetic samples will be produced and 

evaluated across comonomer structures, synthetic routes, aging and recycling conditions. Techniques including: 

FTIR, NMR, PXRD, DSC, Raman, GPC, tensile testing. Published benefits would provide an invaluable reference to 

the field as well as crucial insights from the enabled comparisons.  

The project relies on integrated experimental and simulation workflows, combined with database and large-dataset 

handling, aligned with the ethos and cohort support of the CDT. Including options to incorporate automation design 

for property testing during extended aging, recycling, and heat cycle investigations, as well as high-throughput 

screening and characterisation of large sample sets. Regarding the key simulation aspect: Traditionally molecular 

dynamics simulation of polymers is reserved to specialists because the "black box" options are not of sufficient 

quality for publication. The Troisi group have developed a simple workflow to enable the rapid generation of 

publication-quality simulation also by non-expert. Demonstration/trialling of this model by a (supported) PhD 

student whose focus is experimental will enable further rollout across future CDT cohorts incorporating and wider 

projects – building future capacity. Sulfur polymers are suitable to showcase this potential, as they have been 

underexplored in terms of computation, but highlighted for their need for such. This project would be amenable to 

inputs from co-beneficial undergraduate projects, synthetic or computational and on Digital Chemistry course or 

otherwise.  

Alessandro Troisi 
(Chemistry)

Tom Hasell 
(Chemistry)
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AUTONOMOUS, ON-DEMAND MANUFACTURE OF POLYMER NANOMATERIALS IN 
CONTINUOUS-FLOW

Engineered polymer nanomaterials are a transformational technology due 

to their low cost, simplicity, versatility, and ease of functionality. If they are 

to realise their full potential, strategies to discover, optimize, and 

manufacture precision polymer nanomaterials with uniform size and shape 

are needed. Continuous-flow processes represent an elegant solution for 

conducting polymer synthesis and self-assembly as they are highly modular, 

can be scaled-out, offer real-time monitoring, and can be autonomously 

controlled. This project will develop a versatile platform for continuous-flow 

polymer synthesis and self-assembly. A variety of in-line and on-line analysis 

techniques will be explored including in-line SAXS/SANS, and the resulting 

data used to develop an AI-guided, autonomous system capable of 

producing non-spherical nanomaterials of precise size, shape and dispersity 

on demand. This ‘micelle machine’ will output target precision 

nanomaterials from monomer feedstocks by autonomous exploration, 

optimisation, and scale-up of both synthesis and self-assembly steps. This 

step-change in throughput will rapidly accelerate the discovery and 

development of precision polymer nanomaterials, overcoming current 

limitations for producing important yet difficult to access nanomaterials 

such as those used in nanomedicine and optoelectronics.

Steven Street 
(Chemistry)

Anna Slater 
(Chemistry)

Will Sharratt 
(Materials Eng.)

Simon Maskell 
(Electrical Eng. & 

Electronics)
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Alessandro Troisi 
(Chemistry)

AUTOMATED VIRTUAL AND PHYSICAL SCREENING OF MOLECULES FOR 
APPLICATION IN OPTOELECTRONICS DEVICES

High-throughput virtual screening of conjugated molecules is a mature area with 

reliable computational datasets approaching millions of compounds and experimental 

validations for thousands of them. However, all applications in optoelectronic devices 

require molecular materials with optimal photophysical properties (lifetimes, 

fluorescence yields, rates of singlet-fission, up-conversion, oxidative and reductive 

quenching, etc.). These are currently not predictable by high-throughput 

computational methods. Furthermore, experimental data of photophysical properties 

are limited and inhomogeneous. The two key objectives of this combined 

theoretical/experimental problem are:

(1) To expand the capabilities of virtual screening for photophysical properties for 

datasets of the order of hundreds of thousands of entries.

(2) To exploit automated optical time-resolved characterization methods to construct 

reliable and homogeneous datasets of thousands of entries.

The two objectives are interdependent because reliable experimental datasets in (2) 

are required to fine tune many aspects of the methodology to be developed in (1). 

The challenge of the second objective is the development of automated 

interpretation of the optical spectra (absorption, excitation, fluorescence and 

fluorescence lifetime) which is now performed manually for just a few systems at a 

time.

John Ward 
(Chemistry)
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New materials are critical for technological advances, 
and this project addresses the gap between 
computational predictions and experimental synthesis 
by integrating machine learning and thermodynamic 
modelling to predict synthetically accessible structures 
with greater accuracy. Traditional computational 
chemistry tools will be combined with machine learning 
models to capture the finite temperature behaviour of 
materials and improve the accuracy of predicting what 
materials will form under realistic experimental 
conditions. 

The student will work within an integrated team of 
computational and experimental researchers. In 
addition to building teamwork and scientific 
communication, the student will develop expertise in 
programming, machine learning, solid state chemistry 
and computational chemistry techniques.

INTRODUCING TEMPERATURE AND DISORDER INTO DIGITAL MATERIALS 
DISCOVERY WORKFLOWS 

Matt Rosseinsky 
(Chemistry)

George Darling 
(Chemistry)



MOLECULAR MODELLING AND DATA-DRIVEN DISCOVERY OF SUSTAINABLE HOME-
CARE PRODUCTS Predicting optimal compositions in home-care products is a major challenge, given the vast design 

space of often high-value ingredients. In detergents, this requires understanding the complex 

aqueous chemistry of small molecular components (e.g., fragrance molecules) and how they 

interact with fibrous materials. Exploring this empirically for the thousands of components available 

to formulation design would be resource-intensive and impractical. This motivates the PhD project, 

which will exploit a combined data science–molecular simulation approach, cross-validated with wet 

chemistry, to optimise existing formulation products and, when combined with state-of-the-art 

cheminformatics approaches, design new ingredients for sustainable product innovation.

You will employ Bayesian optimisation to systematically reduce large catalogues of potential 

formulation ingredients based on key descriptors derived from existing data. For the selected 

subset, enhanced-sampling molecular dynamics approaches will be used to determine mechanisms 

and rates for the reversible binding of molecules to fibrous surfaces in wet and dry conditions—the 

key indicators of ingredient performance. The simulations will reveal how molecular topology and 

chemistry control penetration of the surfactant-rich interfacial layer at fibres during washing, and 

subsequent molecule release in air.

By integrating these molecular insights with Bayesian inference and cheminformatics, the 

computational tools developed in this project will enable the efficient selection and prediction of 

new formulation ingredients for direct evaluation in wet chemistry experiments carried out by 

industry partners. As such, we are seeking a highly motivated candidate with interests in molecular 

modelling, digital design for real-world problems, and combining advanced tools in data science 

with complex molecular-scale problems.

Aaron Finney 
(Engineering)

Simon Maskell 
(Electrical Eng. & 

Electronics)
)

Industry 
sponsor:



CRYSTAL STRUCTURE GENERATION BY CONSTRAINED COMBINATORIAL SAMPLING

Vladimir Gusev 
(Computer Science)

Matthew Dyer 
(Chemistry) 

Designing new materials by predicting stable crystal structures from composition is a central goal in materials science and 

one of the key promises of AI for Science initiatives. Mathematically, Crystal Structure Prediction (CSP) can be seen as an 

optimisation problem asking to allocate atoms in space while minimising their interaction energy. It is an extremely 

challenging class of problems: the underlying quantum-mechanical interactions give rise to a vast, high-dimensional 

energy landscape with an enormous number of possible structures and many competing local minima.

Practical CSP workflows evolve a population of structures toward energy minima. Initial structures are typically generated 

by sampling random structures and keeping only those that are “sensible” (realistic densities, interatomic distances, 

coordination), but this is costly and becomes impractical as more constraints are enforced. Alternatively, structures are 

assembled from chemically plausible modules or obtained by generative AI, but these methods can introduce 

uncontrolled bias and provide no guarantee of even coverage across structural space.

Friedrich Slivovsky 
(Computer Science)

This project treats structure generation as a combinatorial 
problem and builds on advances in constrained sampling to 
obtain chemically sensible structures. We will provide a flexible, 
uniform way to express chemistry constraints in formal logic; 
efficiently and (approximately) uniformly sample structures 
satisfying these constraints; integrate these samplers into CSP 
pipelines to accelerate convergence and broaden exploration; 
and quantitatively evaluate coverage and starting energies, 
including comparisons with generative AI using distribution 
testing. 



A FAST VALIDATION OF THE SYMMETRY PRINCIPLE FOR MOLECULAR 
SYNTHESISABILITY About 90% of all molecular crystals in the world’s largest collection of real materials CSD 

(Cambridge Structural Database) are obtained from a single molecule by symmetry operations. 

However, a final relaxation in Crystal Structure Prediction (CSP) often outputs structures only 

with translational symmetry. All discrete measures such as space groups discontinuously change 

under almost any noise and cannot reliably distinguish between nearly symmetric and very non-

symmetric structures. 

The projects builds on a feasibility study, which developed a continuous asymmetry to provably 

quantifies deviations from symmetry. This asymmetry is based on ultra-fast invariants that 

distinguish all non-duplicate crystals in the CSD and other major databases within minutes on a 

modest desktop computer. 

While all synthesised nano-porous crystals have zero asymmetry, their CSP landscapes contain 

large fractions (up to 55%) of predictions with non-zero asymmetries. Since there was no 

noticeable correlation between structural energy and asymmetry, this new continuous measure 

can be used a fast indicator of synthesisability.

The validation of the expected symmetry principle will complement the recent advances in the 

emerging area of Geometric Data Science, including the Crystal Isometry Principle saying that a 

precise enough geometry of only atomic centres without chemical elements uniquely identifies 

any real crystalline material within the continuous space of all periodic structures. 

Vitaliy Kurlin 
(Computer Science)

Andy Cooper 
(Chemistry)

https://kurlin.org/research-papers.php#Geometric-Data-Science
https://kurlin.org/research-papers.php#Geometric-Data-Science
https://kurlin.org/research-papers.php#Geometric-Data-Science
https://kurlin.org/projects/Crystal-Isometry-Principle-maps.pdf
https://kurlin.org/projects/Crystal-Isometry-Principle-maps.pdf
https://kurlin.org/projects/Crystal-Isometry-Principle-maps.pdf
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REAL TIME MIXING CONTROL IN FLOW CHEMISTRY

Flow crystallisation is widely used for producing advanced materials, but 
existing systems rely on static junctions and fixed geometries. 

This project aims to develop a novel mechatronic system for real-time 
control of mixing and residence time in flow crystallisation processes. 
The proposed approach introduces variable-volume reactors using 
actuated periscopic channels and adaptive inlet junctions with 
magnetically actuated flaps, enabling dynamic adjustment of flow 
geometry. Computational fluid dynamics simulations will guide design 
and optimisation, and the system will be integrated into a commercial 
flow chemistry platform.

The research will demonstrate precise control over particle size, 
morphology, and crystallinity, with applications in advanced materials 
synthesis, including porous frameworks, polymer nanoparticles, and 
hierarchical structures. This interdisciplinary project combines chemical 
engineering, mechatronics, and computational modelling, offering 
significant scope for innovation in continuous manufacturing.

This project is suitable for students with background in Engineering or 
Physical Sciences, strong interest in working in interdisciplinary teams 
and experience in designing mechatronic systems.

Paolo Paoletti
(Engineering)

Rob Poole
(Engineering)

Anna Slater 
(Chemistry)



DISCOVERING CO2-CAPTURE MATERIALS USING ROBOTS AND ‘HIVE MIND’ 
HYBRID INTELLIGENCE

The threat of rising carbon dioxide (CO2) levels is well documented. Our goal is to create a delocalised 
global ‘Hive Mind’ that directs autonomous laboratory robots to discover engineered porous materials for 
atmospheric CO2 capture (a.k.a. DAC) using multiple data modalities. We will fuse human insight and AI 
agents with experimental and computational data streams in real-time, closed-loop robotic experiments 
to build a new paradigm for tackling complex societal challenges beyond DAC. In a strategic project co-
funded by Google, we are proposing to fuse real-time experimental data from AI-powered laboratory 
robots with global, crowdsourced human expertise, AI agents, and computational predictions to create a 
unified, hybrid intelligence—a Hive Mind—powered by these four data modalities. We believe this will be 
necessary because of the exceptionally difficult scale-up challenges for DAC materials, which will defeat 
‘brute force’ robotic strategies, human knowledge, AI agents, or large-scale computation used in isolation. 
It will also demonstrate a new approach to global cooperative research that is relevant to problems 
beyond DAC.

The student will have the opportunity to develop expertise in experimental chemistry, automation and 
programming, as well as bridging them with AI into a fully-integrated autonomous discovery platform. The 
student will also be part of a larger team in Liverpool, connected to a large team of external researchers—
the ‘Hive Mind’—who will inject their ideas and hypotheses into real-time experiments in our 
laboratories.

Essentially all the hardware tools required for this project have already been built within the group 
(synthesis robots, fast screening for CO2 sorption, etc.). The day-one challenge will be to integrate this 
into a viable real-time workflow that can then work in tandem with both machine reasoning (e.g., from 
LLMs) and a panel of human experts. This will require seamless teamwork as well as scientific, software, 
and engineering solutions.

Andy Cooper FRS 
(Chemistry)

Xenophon 
Evangelopoulos 

(Chemistry)

Industry 
sponsor:

Gabriella Pizzuto 
(CSI & Chemistry)

Jeff Ayme 
(Chemistry)



PUTTING A (BETTER) BRAIN IN THE MOBILE ROBOTIC CHEMIST

The threat of rising carbon dioxide (CO2) levels is well documented. Our goal is to create a delocalised 
global ‘Hive Mind’ that directs autonomous laboratory robots to discover engineered porous materials 
for atmospheric CO2 capture (a.k.a. DAC) using multiple data modalities. We will fuse human insight 
and AI agents with experimental and computational data streams in real-time, closed-loop robotic 
experiments to build a new paradigm for tackling complex societal challenges beyond DAC. In a 
strategic project co-funded by Google, we are proposing to fuse real-time experimental data from AI-
powered laboratory robots with global, crowdsourced human expertise, AI agents, and computational 
predictions to create a unified, hybrid intelligence—a Hive Mind—powered by these four data 
modalities. We believe this will be necessary because of the exceptionally difficult scale-up challenges 
for DAC materials, which will defeat ‘brute force’ robotic strategies, human knowledge, AI agents, or 
large-scale computation used in isolation. It will also demonstrate a new approach to global 
cooperative research that is relevant to problems beyond DAC.

The student will develop an agentic AI framework – essentially the ‘brain’ for this Hive Mind approach, 
which will autonomously and adaptively accommodate feedback from multiple data modalities towards 
a more accelerated search for porous materials. In addition to the overall framework the student will 
further develop novel DAC-specific AI discovery tools to be used ad hoc by the agentic framework to 
facilitate faster and better discoveries. 

Essentially all the hardware tools required for this project have already been built within the group 
(synthesis robots, fast screening for CO2 sorption, etc.). The day-one challenge will be the development 
of a ‘discovery AI tool’ that intelligently integrates them with machine reasoning (e.g., from LLMs) and a 
panel of human experts’ feedback. This studentship will focus specifically on the AI framework for 
coordinating and directing the experiments.

Andy Cooper FRS 
(Chemistry)

Xenophon 
Evangelopoulos 

(Chemistry)

Industry 
sponsor:

Gabriella Pizzuto 
(CSI & Chemistry)

Katie Atkinson
(CSI)



ANY QUESTIONS?

DAMC CDT is supported by EPSRC under grant EP/Y03502X/1

Contact us: damc@liverpool.ac.uk
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