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Abstract
In order to investigate the behavior of the thin double layer (DL) in electrolyte

solutions, we treat a Poisson-Nernst-Planck (PNP) equation as the basis and investigate
the asymptotic behavior of the boundary layer of its steady-state solutions. Under the
non-electroneutrality, we show that solutions approach the (pointwise) electroneutrality
and have quite strong non-electroneutrality near the boundary. Such a result can be found
in the experiment of the redox reaction. Moreover, we establish the exact first two order
terms of the asymptotic expansion of solutions which provides a point of view to see the
influence of ionic concentrations and charge valences on the DL. These results provide a
basic understanding of the DL structure at the charged surface and on the behavior of the
electrostatic potential in the bulk, both at a theoretical level and for practical applications.
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