PhD studentships in Chemistry (URF\R1\231098)
Reversible Photoreactions for Sustainable Materials Synthesis
The Photochemistry for Materials group is looking for enthusiastic candidates to join our research team at the University of Warwick to carry out a 3.5-year PhD project, funded under The Royal Society University Research Fellowship scheme (URF\R1\231098).
Project description:
You will join our young and vibrant research team under the supervision of Dr Hannes Houck, Royal Society University Research Fellow in the Chemistry Department at the University of Warwick (press release). 
Our research in the Photochemistry for Materials group is situated at the interface of organic synthesis, photochemistry and polymer science with the overarching ambition to meticulously design novel chemical building blocks and finetune their reactivity to design materials with advanced functionality and improved sustainability. Specifically, we develop small molecule photo(cyclo)addition reactions that allow for the efficient formation of covalently bound reaction products under (visible) light irradiation. Importantly, the thus formed adducts display subsequent reactivity that can be activated on-demand to introduce smart and responsive behaviour, including (bio)degradation and closed-loop recyclability. For example, we have (i) developed a poly(ethylene glycol) photo-modification strategy to access 3D printed materials and mRNA lipid nanoparticles that can degrade in water, (ii) introduced a new type of photo-responsive materials (e.g. microparticles) that can be programmed to de-crosslink through a spontaneous cycloreversion at room temperature, and (iii) invented a novel thermoset material based on the [2+2] photodimerisation of monothiomaleimide that can be intrinsically recycled. 
We have up to 4 individual PhD projects available in one, or a combination of, the following active research themes:
1. Development of new thermoreversible photocycloaddition reactions
We create new photochemistry platforms capable of undergoing quantitative covalent bond (re)formation under visible light irradiation, while being able to selectively and cleanly revert back into the starting reagents at elevated temperature. The resulting chemical bonding/debonding behaviour is meticulously tuned (e.g. red-shifted absorption, lower retro-reaction barrier) to translate the reversible bonding/debonding in industrially relevant applications. 
Further reading: 
Angew. Chem. Int. Ed. 2023, 62, e202310274. https://doi.org/10.1002/anie.202310274
Polym. Chem., 2023,14, 1554-1566. https://doi.org/10.1039/D3PY00027C

2. Photo-modification of polymers to introduce functionality and (bio)degradability
We take and/or make known existing polymers and give these a (re)new(ed), and if possible even improved, functionality. We are particularly investigating photochemical strategies to introduce pre-programmed degradability into polymers that is expressed at their end-of-life.
Further reading: 
Angew. Chem. Int. Ed. 2023, 62, e202301102. https://doi.org/10.1002/anie.202301102




3. Intrinsically recyclable polymer materials, including covalent adaptable networks
We rethink how to make robust covalently crosslinked polymer materials, such as thermosets, that can be repaired (self-healing), reprocessed or entirely depolymerised into the initial monomers to allow for a truly closed-loop recycling.
Further reading: 
J. Am. Chem. Soc. 2024, 146, 28, 19177–19182. https://doi.org/10.1021/jacs.4c04193 
J. Am. Chem. Soc. 2019, 141, 31, 12329–12337. https://doi.org/10.1021/jacs.9b05092

4. Functional new inks for resin-based 3D printing
We are motivated to tackle some fundamental challenges in emerging light-based additive manufacturing technologies, such as resin-based 3D printing, to improve the overall sustainability of light-curing inks. 
Further reading: 
Adv. Funct. Mater. 2024, 2414713. https://doi.org/10.1002/adfm.202414713
More detailed information about available research projects is available upon request. Please note that project specifics can be tuned in view of personal research motivation and interests expressed during the application process outlined below. 
Training and opportunities:
This PhD position will allow you to develop various scientific and transferable skills in the core research subject and overarching theme of material sustainability. You will partake in an active research environment and develop your skills in chemical synthesis, molecular characterisation, laboratory practice, project management and scientific reporting. You will be supported by us in solving challenging problems that you will encounter in our research laboratories and will be encouraged to come up with your own ideas and how to implement these within the project. You will be trained in many different aspects of synthetic organic and polymer (photo)chemistry, including NMR, mass spectrometry, thermal and mechanical material properties, and will be using commonly employed polymer characterisation techniques (incl. SEC, TGA, DSC, photo-rheology). Further, your professional development as a PhD student will be supported by a comprehensive range of training activities that are available at the University of Warwick. Opportunities to improve your scientific and transferable skills will be strongly encouraged throughout your PhD project, which is likely to include participation to outreach activities, involvement in postgraduate communities, and presentations at international conferences.
Requirements and eligibility:
Applicants must have, or be predicted to obtain, a good degree (2.1 or 1st class) in Chemistry, or other relevant scientific discipline (e.g. Materials Science). Candidates with a particular interest in photochemistry, photophysics, polymer chemistry, materials science, or a combination thereof are particularly encouraged.
PhD studentships (incl. home fees plus annum stipend) are subject to funding restrictions and hence open to UK nationals and those of equivalent status. [More information on home fees here]. Applicants that do not meet UK home fees requirements are also encouraged to apply for these positions, however, must find additional financial funds to cover the difference between home and overseas study fees. [More information about postgraduate research fees here].

How to apply:
Contact Dr Hannes Houck [Hannes.Houck@warwick.ac.uk] directly to express your interest in one of our PhD positions. In doing so, please include (1) CV (max. 2 pages), and (2) cover letter stating your motivation, qualifications and expectations related to this PhD opportunity (max. 1 page). You may be requested to provide a reference letter later on in the process. 
Up to 4 positions are available now and will remain open until filled, so don’t hesitate to express your interest well in advance. Starting date is open for discussion, but expected to be between January 2025 and December 2025.


