Conductons and Diffusons: Quasi-particles of ionic solutions
Conductons and Diffusons: Quasi particles in Ionic Channels

Ionic solutions are solvents of some importance: most of biology occurs in ionic solutions and much of chemistry, even today. The underlying physics of ionic solutions couples diffusive movement of spheres and their migration in the electric field. The simplest mathematical representation of this physics are the Poisson-Drift-Diffusion equations of electrochemistry (BIG history) often called the Poisson Nernst Planck equations in biophysics (Small History), to emphasize their close relation to the “Shockley” equations of semiconductor transport (Big History). These equations
Form a set of coupled partial differential equations, nonlinear because of the C term in the flux equation (the ‘conductance’ is propoptional to the number of charged particles) and because of the coupling itself. Few analytical approximations are available for these equations, presumably because of their nonlinearity, but simplified experimental set-ups have been used for more than 100 years to study electrodiffusion. Here we investigate a simple change of variable to see if it helps in the understanding of a few of these experimental systems. We separate the diffusion of a hypothetical uncharged species (the diffuson) of concentration  P + N from the migration of a hypothetical charged species (of concentration) P – N and develop a perturbation scheme that allows analysis of each in a few special cases. The analysis seems to provide physical insight but its real justification lies in the future: will the separation allow treatment of the difficult problems that arise when the finite size of ions is included. In that case, a great deal of work has been done on uncharged systems, and it may be possible to use that work as a description of diffusions of finite size, hoping that the coupled electrical problem is not intractable.
