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Abstract

The structural arrangement and dynamics of solvated Mg2+ in di

molecular dynamics simulation, in which the whole first and most of

Fock level using LANL2DZ basis sets. Besides the most stable Mg2+(

at least one water molecule temporarily moves into the inter-shell reg

sition complexes of the Mg2+(H2O)6(H2O) type, exist in aqueous solu

are discussed in connection to the �structure-forming� ability of Mg

� 2005 Elsevier B.V. All rights reserved.

1. Introduction

Characteristics of ions solvated in aqueous electrolyte

solutions have been a topic of special interest since such
detailed knowledge is essential for understanding the

role of these ions in chemical and biological processes

[1]. Both theoretical and experimental methods have

been successfully employed to provide such data [2–4].

In conjunction with experiments, computer simulations

allow a direct exploration of microscopic behavior of

electrolyte solutions, especially for elucidating of some

specific properties difficult to measure experimentally.
For ions in aqueous solution, the inclusion of many-

body effects is compulsory for obtaining a correct

description of the ion–water interactions, since polariza-

tion and charge transfer usually cause strong coopera-

tive effects. With respect to this point, a combined ab

initio QM/MM molecular dynamics technique has been

proven to be an elegant method to include all necessary
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lute aqueous solution have been studied by ab initio QM/MM
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the second hydration shell of the ion were treated at Hartree–

H2O)6 species, intermediates such as Mg2+(H2O)5(H2O), where

ion but remains H-bonded to inner-shell water, as well as tran-

tion. The dynamics of solvate and surrounding water molecules
2+.

many-body interactions in simulations, and thus has

been successfully applied to various solvated ions

[4–14]. Such QM/MM simulations also provide a good

theoretical basis for the interpretation of experimental
data. For example, the QM/MM simulations of Na+

and K+ in aqueous solution have provided a clear

evidence for the background of the experimentally ob-

served transition from �structure-making� to �structure-
breaking� behavior from Na+ to K+ [6,13]. Another

example is the femto- and picosecond dynamics of the

Jahn–Teller effect of hydrated Cu2+ and Ti3+, which

are only revealed by the quantum mechanical treatment
of the solvated ion, and to a full extent only after includ-

ing two complete hydration shells [9,10].

In the present work, a QM/MM molecular dynamics

simulation was extended from a previous study [7], in

order to obtain a more detailed interpretation of the

structural arrangement and the dynamics of Mg2+ hy-

drate in aqueous solution. For the structure it is known,

both through experiment and theoretical approaches,
that Mg2+ prefers to coordinate six water molecules in

an octahedral arrangement [2,7,15,16]. However, the
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