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“A Radical Approach to new Organic Light-Harvesting Materials” 
 

The global aim of this project is to design, synthesise, probe and understand the novel electronic properties 

of a new class of organic polymers with potentially disruptive applications in next-generation light-

harvesting materials. Exploiting a unique combination of advanced solid state chemistry, singlemolecule 

quantum optics and femtosecond time-resolved microscopy, we aim to generate fundamental insights into the 

ultrafast (fs-ns) quantum mechanical processes that govern light absorption, transport and conversion of energy 

over nm-μm length scales in 1D polydiacetylenes (PDAs) [1]. As well as addressing outstanding theoretical 

questions about how excitons and correlated fermions move and interact in lowdimensional, underscreened 

organics [1], the project will also introduce new ways to atomistically manipulate the spins of PDA 

photoexcitations, opening a route to rationally designed light-harvesting materials where a complete set of 

photonic, electronic, magnetic and vibronic degrees of freedom could be leveraged for desired and/or enhanced 

energy applications. Harnessing non-classical processes in organics could also lead to superior devices [2], so 

particular attention will be paid to the functional signatures of quantum effects such as delocalisation, 

coherence, electron correlation and entanglement in these new light harvesting structures [2]. 
 

 
 

Figure: (a) Rod-like DA monomers, multilamellar self-assembly and chain orientation after polymerisation. Chain-

radical distances controlled by varying "k" repeats in the monomers. (b) Cyclic DA monomer, tubular self-assembly and 

chain-radical topology after polymerisation. Monomer diameters controlled through “n” repeat groups. (c) The stable 

organic radicals and side-groups that will be incorporated into the monomers. 
 

DESIRED PROFILE: We are seeking a highly motivated, curious and dynamic student with strong synthetic 

skills in organic and polymer chemistry, as well as in physics ideally. Good communication skills are required 

as well, as we are a multicultural, multilingual laboratory. 
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