ODO00000000000O00O00DO0o0O0DoDOoDOoDO
Charge Inversion: Strongly Correlated Phenomenon in Electrolyte Liquid
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By molecular dynamics simulations we have studied the charge inversion phenomenon of a
macroion in the solution of multivalent Z : 1 salt. To treat hydrodynamics of the medium, we
use explicit solvent of many neutral particles along with ions. In a weak electric field, the macroion
drifts together with the strongly adsorbed multivalent counterions along the electric field, in the
direction proving inversion of the charge sign. The reversed mobility of the macroion is insensitive
to the external field, and increases with salt ionic strength. The reversed mobility increases with
the counterion valence for Z < 3. There is a threshold surface charge density for the macroion to
be charge inverted due to weak correlations and thermal agitations. The macroion motion does not
induce any flow of the neutral solvent away from the macroion, which reveals screening of hydrody-
namic interactions at short distances in electrolyte solutions. A very large electric field, comparable
to the macroion unscreened field, disrupts charge inversion by stripping the adsorbed counterions
off the macroion.

PACS numbers: 61.25.Hq, 82.45.-h, 82.20.Wt
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FIG. 1: Bird’s-eye view of (a) all the ions in the simulation
domain and (b) the screening ion atmosphere within 3a from
the macroion surface. A macroion with charge Qo = —30e
and radius Ry = 3a is a large sphere in the middle; counte-
rions (Z = 3) and monovalent coions are shown by light and
dark blue spheres, respectively. The arrow to the right shows
the direction of the electric field (z-axis), with E = 0.3¢/ea.
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FIG. 2: Time history of (a) the peak charge Qpear (defined
as the maximum of radial charge distribution around the
macroion center) and (b) the macroion speed V, normalized
by thermal velocity of neutral particles vo. The macroion
complex drifts positively along the external electric field of
E > 0, which directly indicates the inversion of the charge
sign.
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FIG. 3: Dependence of the macroion drift speed Vayis, (in the
units of vo, the thermal speed of neutral particles) on the
electric field E for a macroion of various radii and charges:
Ry = 3a and Qo = —30e (filled circles); Rop = 4a and Qo =
—50e (open triangles); and Ry = 5a and Qo = —80e (open
circles); Ro = 5a and Qo = —51le (open squares). The valence
of counterions is Z = 3.
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FIG. 4: Dependence of the macroion mobility p on the surface
charge density QO/R?) for the macroion radius Ro = 3a (open
triangles), Ro = ba (open circles), and Ry = 7a (open dia-
monds), where po = vo/(|Q(()0)|/s(RéO))2) with Q(()O) = —30e
and R(()O) = 3a. The valence of the counterions is Z = 3,
the number of the Z : 1 salt is N = (N~ e + |Qo|)/Ze and
N~ =300, the electric field is E = 0.3¢/ae, and the temper-
ature is eZ/eakBT = 5. The filled circles and triangles show
the cases with reduced number of the Z : 1 salt such that
N~ = 90 and 30, respectively. The crosses are the reference
data obtained without the thermal bath for Ro = 5a and the
Z : 1 salt with N= = 300.
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