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The research activity of the group led by Dr Taraskin covers a wide area of theoretical condensed matter
science and statistical physics. The properties of disordered systems are of particular interest, including non-
equilibrium phase-transitions in disordered complex networks and the spectral properties of single-particle
electronic and vibrational excitations in disordered materials. My current interest lies in theoretical analysis of
fluid condensation in confined geometry.

Condensation of fluid in porous media

Adsorption and desorption of fluids in mesoporous materials such as zeolites, carbon nanotubes, MCM-41
and SBA-15, porous Si, porous silica glass (Vycor), silica aerogel and others, is a topic relevant to multiple
disciplines including chemistry, physics, and biology [1]. The characteristics of fluids can suffer profound
changes when put in contact with a porous medium. One of the most prominentconsequences of confinement
is capillary condensation: a gas-liquid phase transition occurs at a pressure (or chemical potential) that is lower
than the bulk saturation value. Experimental studies reveal hysteresis in sorption curves and avalanche events
(i.e. abrupt changes in the density of the fluid). The figure below (see Fig. 1) illustrates this phenomenology.
Theoretically, capillary condensation can be studied by means of lattice-gasmodels with quenched disorder
representing the porous matrix. Namely, the space is split into elementary cells arranged in, e.g., a simple cubic
lattice. Each cell can be three states: randomly occupied by a matrix (solid matter), liquid or gas (see Fig. 2).
If a cell is occupied by the matrix then it does not change the state during the process. In contrast, the cells
not occupied by the matrix can be either in liquid or gas state depending on the value of chemical potential
or external pressure. The gas/liquid phase transition significantly depends on the neighbourhood of the cell,
i.e. on whether the cell is surrounded by matrix, liquid or gas. For example, ina simple pore of cubic shape,
condensation, with increase of chemical potential, first occurs in the corner cells, then along the edges, then
along the faces and only after that in the whole volume.

Recently, we have developed an effective Monte-Carlo algorithm (called jump-walking) for reaching equi-
librium in quasi-nonergodic systems [2], e.g. fluid in porous media in the hysteresis regime, thus allowing
to investigate the origin of hysteresis. The aim of the project(s) can be in addressing the following questions
by using jump-walking algorithm (the code is available in the group). (i) Investigation of fluid sorption in
Vycor-glass aiming to understand how the nature of the phase transition at low temperatures depends on wetta-
bility. (ii) Studying how the shape of the low-energy boundary of the state space affects the nature of the phase
transition in materials characterised by different porosity.

The project can be undertaken at the different level of complexity and thusno prior knowledge of particular
analytic (mathematical) techniques or numerical skills is required.
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Figure 1: Experimental results for adsorption and desorption of He in Nuclepore (polycarbonate
membrane) from M.P. Lilly and R.B. HallockPhys. Rev. B 64, 024516 (2001). The left panel shows a
typical hysteresis loop obtained by increasing (adsorption branch) and decreasing (desorption branch)
the chemical potential of the system. The panel on the right shows the jerky evolution of the density
of the fluid as a function of time as the chemical potential is decreased.

Figure 2: Schematic illustration for discretisation of space occupied by porous material (left panel)
and replacing it by the set of white (pore space) and black (matrix) square cells (right panel).
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