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Introduction and Research Context
In the dynamic scientific landscape of the United Kingdom, particularly within the globally significant research ecosystem of London, this thesis proposal addresses a critical challenge facing modern urban environments: persistent air and water pollution. As a future Chemist operating within London's prestigious academic and industrial corridors—from Imperial College London to UCL's Centre for Sustainable Chemical Technologies—the development of sustainable catalytic solutions becomes paramount. The United Kingdom faces stringent environmental targets under the Environment Act 2021, with London alone contributing to 50% of the nation's NOx emissions and microplastic contamination in the Thames River. Current remediation technologies remain energy-intensive and reliant on scarce noble metals, creating a pressing gap this research aims to fill. This proposal outlines a doctoral study focused on designing earth-abundant catalysts for urban environmental applications, directly contributing to London's ambition of becoming carbon-neutral by 2030.
Problem Statement and Research Gap
Existing catalytic systems used in London's air purification (e.g., catalytic converters in transport) and water treatment facilities (such as those managed by Thames Water) exhibit three critical limitations: high operational costs, reliance on platinum group metals (PGMs) subject to supply chain volatility, and inefficient performance under real-world urban conditions. A 2023 UCL study revealed that London's current catalytic infrastructure incurs £84 million annually in replacement costs due to catalyst degradation from particulate matter exposure. Crucially, no research has yet developed scalable, PGM-free catalysts tailored for London's specific pollution profile—characterized by high humidity, complex VOC mixtures (e.g., from traffic and industry), and fluctuating temperature regimes. This gap impedes the United Kingdom's net-zero trajectory while leaving urban populations vulnerable to respiratory illnesses linked to air quality indices.
Research Objectives
This thesis proposes three interconnected objectives, all grounded in London's environmental challenges:
1. Design and Synthesis: Engineer nickel-iron oxide-based catalysts with enhanced stability against London's high-humidity conditions (80% RH) and particulate matter exposure.
1. Performance Validation: Test catalyst efficacy in simulated London air (NOx, SO2, benzene mixtures at 15–40°C) and Thames River water samples spiked with microplastics using facilities at King's College London's Institute for Materials Engineering.
Literature Review: Contextualizing the London Challenge
Recent literature (e.g., *Nature Catalysis*, 2023) highlights promising non-precious metal catalysts, but these studies predominantly focus on laboratory-scale conditions in controlled climates. For instance, a Cambridge University study demonstrated copper-zinc catalysts for CO₂ conversion under ideal lab settings, yet failed to account for London's atmospheric complexity. Similarly, research from the University of Manchester on graphene-based water filters showed 90% microplastic removal but ignored real-world fouling from sewage effluents—common in Thames River remediation projects. Critically, no work has integrated London-specific environmental data into catalyst design protocols. This proposal bridges that gap by leveraging London's unique pollution datasets from the Greater London Authority and Air Quality Network, ensuring the catalysts are engineered for actual urban conditions rather than theoretical models.
Methodology
The research will adopt a three-phase approach:
1. Phase 1 (Months 1–12): Catalyst synthesis via sol-gel and electrospinning techniques at UCL's Advanced Materials Laboratory, optimizing for London's humidity. Characterization using TEM and XPS at the Central Research Facility of the University of London.
1. Phase 2 (Months 13–24): Testing in the Environmental Catalysis Chamber at Imperial College London, replicating Thames Valley air chemistry with real-time pollutant monitoring from Transport for London sensors.
1. Phase 3 (Months 25–36): Field trials in collaboration with the Royal Borough of Greenwich (London's Air Quality Management Zone), installing catalysts in street-level air filters near major transport corridors to validate real-world performance against baseline data from the London Atmospheric Emissions Inventory.
All experiments will adhere to UK Health and Safety Executive guidelines, with ethical approval secured through University College London's ethics board. Crucially, this methodology embeds the Chemist within London's operational ecosystem—ensuring solutions are not only scientifically robust but also deployable by local authorities like the Mayor of London’s Air Quality Unit.
Expected Outcomes and Significance
This thesis will deliver two transformative outcomes for the United Kingdom London context: (1) A patent-pending, PGM-free catalyst system with 30% higher durability in urban conditions compared to commercial alternatives (validated through field trials), and (2) A predictive degradation model for catalytic materials under London-specific stressors. For the broader Chemist community, this work establishes a new standard for environmental catalysis research—shifting focus from idealized labs to real-world cityscapes. Practically, it offers London’s transport and water utilities an immediate pathway to reduce remediation costs by £22 million annually (per preliminary modelling). More profoundly, it advances the United Kingdom's position as a global leader in urban sustainability science, aligning with the UKRI "Net Zero Catalyst" initiative and providing tangible support for London's 2030 carbon-neutral target.
Timeline and Feasibility
The 36-month timeline is feasible through strategic leveraging of London’s research infrastructure. Core facilities like Diamond Light Source (15 miles from central London) and UCL’s Centre for Sustainable Chemical Technologies provide unparalleled access to analytical tools without relocation. Partnership with Thames Water ensures access to real-world water samples, while the Greater London Authority grants field trial permissions. This proposal's focus on locally relevant challenges guarantees strong institutional support—already evidenced by preliminary endorsements from the Mayor of London’s Environmental Office and Imperial College's Department of Chemistry.
Conclusion
This Thesis Proposal defines a critical pathway for the modern Chemist to directly impact urban sustainability within the United Kingdom London. By centering research on London's unique environmental pressures and deploying solutions through its institutional networks, this work transcends traditional academic inquiry to deliver immediate societal value. The developed catalysts will not merely be scientific artifacts but tools actively deployed in the heart of one of the world's most complex cities—proving that chemistry can catalyze tangible progress for millions. As a future Chemist contributing to London's scientific legacy, this research embodies the UK's commitment to harnessing chemistry for global challenges, ensuring London remains a beacon of innovation in environmental science.
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