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Abstract. This paper is focused on the study of the existence and uniqueness of the

Debye-Hückel system (DHS) with a fractional Caputo derivative. By using the Mittag-

Leffler operators {Qα(−tαA) : t ≥ 0} and {Qα,α(−tαA) : t ≥ 0} we will prove the mild

solution of DHS if the initial data belong to the Besov-Morrey space N r−2
p,µ,1 ×N r−2

p,µ,1.
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1 Introduction

The Debye-Hückel theory for electrolytic solutions is generalized to planar
interfacial geometries [8], the Debye-Hückel system is given by:

∂td = ∆d−∇ · (d∇p) in Rn × (0,∞),
∂th = ∆h+∇ · (h∇p) in Rn × (0,∞),
∆p = d− h in Rn × (0,∞),
d(x, 0) = d0(x), h(x, 0) = h0(x) in Rn,

(1)

where the functions h = h(x, t) and d = d(x, t) denote the hole in electrolytes
and densities of the electron, respectively, p = p(x, t) denotes the electric
potential, d0(x) and h0(x) are initial datum.

The mathematical study of the Debye-Hückel system in the 1980s initially
specialized in initial boundary value problems. Significant progress was made
in understanding the behavior of the system, including aspects such as global
existence, uniqueness, regularity of classical solutions and asymptotic stabil-
ity of stationary solutions. The analysis made use of the Green’s function,
Poincaré’s inequality and the standard maximum principle for parabolic-type
equations, [5, 11].


