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Electrolytes are fluids that contain charged particles, which include ionic gases, molten salts, 
ionic liquids and electrolyte solutions. These are ubiquitous and highly important in numerous 
applications. They are found as the fluids in our bodies, within our cells, in technologies, such as 
in batteries, super-capacitors and other energy storage devices, and play a role in much of 
liquid state chemistry. For many of these types of applications, a particle level description is 
required to predict and understand system properties, in particular for interfacial behaviour, such 
as at capacitor electrode surfaces. The electrolyte ions strongly order at interfaces forming a 
double layer structure that depends crucially on the ionic charges, sizes, dielectric properties 
and, if a solvent is present, on the nature of the interactions between the solvent molecules and 
the ions, and many other such microscopic properties. This PhD project is to develop a new 
fundamental theory for electrolyte particle structure (i.e. the density distributions) at interfaces. 
Additionally, thermodynamic properties, such as free energies, adsorptions at interfaces and 
surface tensions will readily be obtained from the theory. Whilst the theory we will develop will 
be widely applicable, we will focus initially on theory development and on applications in the 
field of electrical energy storage, such as super-capacitors. In these, the electrode surfaces are 
porous and the behaviour of the electrolyte in these narrow molecular-scale pores determines 
the system behaviour. There is much current and ongoing research activity in this area and the 
theory we propose will give much needed underpinning fundamental understanding for the very 
exciting current developments. Developing more efficient electrical energy storage devices is 
one of the crucial challenges for the coming decades, driven by climate change and the fast 
decreasing availability of fossil fuels. 
 
Our new theory for electrolytes at interfaces will be developed in the framework of classical 
density functional theory (DFT) [1], which can then also be used to determine non-equilibrium 
properties, such as charging rates, using dynamical density functional theory (DDFT) [2]. To 
develop our new DFT we will build upon the recent new and powerful ideas in the local 
molecular field (LMF) theory developed by Weeks and co-workers [3]. LMF theory shows that 
one can incorporate the influence of the long-range Coulomb interactions due to charges via an 
effective external potential - i.e. giving an additional contribution to the confining potentials. Our 
proposal is to capitalise on this work, combining some of the central ideas from LMF theory with 
the current state of the art in DFT to develop a new and computationally efficient approach for 
determining the structure and thermodynamics of electrolytes that will lead to fundamental 
understanding of these liquids at surfaces, in particular at porous surfaces, such as in super 
capacitors. 
 
Entry requirements: Applicants should have, or expect to achieve, at least a 2:1 Honours 
degree (or equivalent) in mathematics, physics or a related subject. Some experience in 
programming languages like C/C++ or Python is a necessary prerequisite. Experience in 
statistical mechanics, fluid mechanics or thermodynamics will be an advantage. 
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