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Ion distribution around charged spherical colloids from molecular dynamics
calculations with explicit water molecules
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Ionisable interfaces are present in many natural and
industrial systems. In particular, numerous physical,
chemical, and biological processes are governed by elec-
trostatic interactions between charged colloids, surfac-
tant monolayer, functionalized latex and oxide particles,
polyelectrolyte, etc.1 In all these systems, the appearance
of electrical forces is due to the surface charges formed in
the interface by different charging mechanisms. There-
fore, the presence of this surface charge implicates a dis-
tribution of ions around the charged surface, which is
normally termed electric double layer (EDL).

The objective of this work is to study the electrostatic
properties of a model charged colloid particle. In partic-
ular, we are interested to find the conditions that gives
rise to an overcharging process in this modelled parti-
cle. The overcharging phenomenon or charge inversion
occurs when the effective charge of a surface exposed to
the solution reverses polarity due to an excess of coun-
terions accumulated in the interface. This phenomenon
has been previously studied in the BioPhysChem group2

considering a continuum solvent model (primitive model)
and using planar geometry (large colloid particles)3–5.

In this study, we have performed MD simulations with
the GROMACS package to model a large system con-
sisting of a charged colloid particle surrounded by sev-
eral layers of ions and explicitly including the water sol-
vent molecules. The colloid particle was modeled using
a spherical distribution of van der Waals particles. Dif-
ferent surface charge densities of the colloid particle were
simulated randomly assigning a negative charge to a set
of several van der Waals particles of the colloid surface
(from 8 to 370). These surface charged sites represent
ionizable functional groups.

In addition, different bulk conditions were simulated
using different amounts of monovalent (Na+) and diva-
lent (Ca2+) counterions. In all cases, the Cl− ions were
used as coions. The dependence of the charge inversion
phenomenon of colloidal particles on the concentration
of the additional salt has been studied considering dif-
ferent ionic strengths (from 0.1 to 1 M). We observed,
that only Ca2+ counterions are accumulated in a region
close to the surface in an amount that produces a charge
inversion. In contrast, the overcharging process was not
observed in the monovalent, Na+, salt solution.

Figura 1. Distribution of Ca2+ (in purple) around a
charged colloid particle. The first layer of water molecules
is also displayed around the negative sites (in orange) and
neutral sites (in green) of the colloid particle.
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