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First results of a molecular dynamics study of a water/metal interface, lasting 3.3 ps at an average temperature of 294 K, are 

reported. The basic periodic box contains 216 water molecules and a crystal slab of 550 platinum atoms with (NO) surface 

planes. A combination of a Lennard-Jones potential between centers of mass and a Coulomb potential arising from dielectric 

interactions of the water charge distribution wtth the metal is employed for the water-wall interaction, the ST2 model for the 

water-water, and a nearest-neighbour harmonic potential for the platinum-platinum interactions. Considerable adsorption at 

the interface together with a drastic change of the water structure is observed. 

1. Introduction 

Recent computer simulation studies of liquid 
water have focused on the behaviour of anisotropic 
systems. Both molecular dynamics (MD) and Monte 
Carlo (MC) simulations of water laminae [l-7] as 
well as MD calculations of a spherical water cluster 
[8 ] and of a lamina containing an aqueous LiI solu- 
tion [9] have been performed. All authors used 
water-wall and ion-wall interactions to keep the 
anisotropic shape of the systems. Hence, with the 
exception of the work of Barabino et al. [4], who 
used image charge interactions (see below), the 
chosen potentials were one-dimensional with shallow 
minima resulting in an absence of specific adsorption 
of water at the interface. Accordingly the reported 
density profiles revealed only small density oscilla- 
tions, these being mainly due to geometric packing 
effects. Anastasiou et al. [lo] reported a short simu- 
lation of water in contact with a NaCl crystal and 
found a strong density increase near the crystal sur- 
face while there was only a weak indication of 
density oscillations extending further into the liquid 
phase. 

In this work we present the first results of an MD 
simulation of a water lamina using the ST2 model 
[l l] for water-water interactions and a wall model 
which is thought to describe a platinum single crystal 
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in a first approximation. The wall model treats the 
metal as a polarizable single crystal and is described 
in detail in section 2. In section 3 the density profiles 
of oxygen and hydrogen atoms are presented and 
section 4 discusses the effect of the metal walls on 
the oxygen-oxygen pair correlation functions. 

2. The model system and details of the simulation 

The rectangular basic box with sidelengths L, = 
L,,=19.6AandL,=42.1Aisshowninfig.l.The 
interval -11.25 < z < 11.25 A is occupied by 216 
ST2 water molecules and in the regions 11.25 < lzl < 
21.05 A platinum atoms are located. As a consequence 
of the introduction of periodic boundary conditions 
the platinum can be regarded as one infinitely ex- 
tended slab with a thickness of 19.6 A interacting 
on both surfaces with water molecules. 

The values of L, and L, have been chosen in ac- 
cordance with the perlodicity of the face-centered 
cubic platinum lattice with lattice constant a = 3.92 
A. The crystal slab consists of 5 X 5 X 5 face-center- 
ed cubic unit cells, with the (100) plane coinciding 
with the XY plane of the periodic box. 

The water-wall interaction consists of two parts 
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Fig. 1. Sketch of the basic tetragonal simulation cell. The 
water molecules are located in the centre of the box and the 
platinum atoms are represented by the circles. AII distances 
areinA. 

where VLJ is a LemrardJones contribution arising 
from a pairwise summation of interactions between 
the oxygen atom of a water molecule and the pla- 
tinum atoms in the crystal and V, is a Coulomb part 
which is calculated from treating the interface as a 
dielectric discontinuity. 

The LJ part can be written as 

vLJ = F k [(u/r# 2 - (‘+k>6 1 , 

withe=957X 10m21 Jando=2.89Arkisthedis- 
tance between the oxygen atom of the water mole- 
cule and the platinum atom k and the summation 
goes over all Pt atoms inside a cutoff radius of L,/2. 
The parameters E and u have been calculated by ap- 
plying Kong’s combination rule [ 12 ] to the oxygen- 
oxygen LJ potential of the TIPS water model by 

Jorgensen [ 131 and a Pt-Pt LJ potential by 

Halicioglu and Pound [ 141 which has been used be- 
fore in computer simulations of surface diffusion of C 
and 0 atoms on Pt surfaces [ 151. The oxygen- 
oxygen potential has not been taken from the ST2 
model because due to the switching function in this 
model the LJ parameter e seems to be too small. 

The Coulomb part V, is calculated by treating the 
interface as a dielectric discontinuity between a vacu- 
um with embedded point charges (solution) and a 
homogeneous dielectric medium of relative permit- 
tivity er. This electrostatic boundary-value problem 
can be solved using the method of image charges (see, 
e.g., ref. [ 161). If the two interfaces are not coupled 
due to the cut-off truncation of interactions (see also 
discussion in ref. [4]) every charge qz in the solution 

induces an image charge of magnitude 

1 - Er 

Qz= - 1 + Er ‘II 

in the metal at a position determined by reflecting 
the real charge at the discontinuity. The reflexion 
plane has been chosen as the plane of first-layer lat- 
tice atoms. For a grounded metal, in order to have 

zero electrostatic potential at the interface, er must 
be infinite yielding image charges Ql = -41. Every 

charge in the solution interacts with all image charges 
by means of a Coulomb potential. Hence, the 

Coulomb part is given by 
4 

(4) 

where the first sum is over the charges qa of the 
water molecule of interest and the second sum is over 
all image charges inside the cut-off sphere. rao is the 
distance between the charge qor and the image charge 

of+ 
The water-wall potential in this form describes 

several features of a metal/water interface. The 
Coulomb potential leads to a reduction of surface 
roughness of the metal which is in accordance with 
scattering experiments on metal surfaces where a 
smaller corrugation is found than on other surfaces 
due to the collective effects of the electron gas (see, 
e.g., ref. [ 171). Secondly the metal is instantaneously 
polar&able due to the image charge part of the inter- 
action. 

Furthermore, the metal crystal itself has vibra- 

219 



Volume 123, number 3 CHEMICAL PHYSICS LETTERS 10 January 1986 

tional degrees of freedom. Only nearest neighbours 

interact through a harmonic potential with a force 
constant k = 4.66 X 1O-g J/A [ 181. This allows for 

coupling of lattice motions to the hindered transla- 
tional and librational motion of water molecules. A 
oneconstant model is assumed to give an adequate 
description of the vibrational motions of bulk pla- 

tinum [ 181. 
Using this model the simulation extended at an 

average temperature of 294 K over 3.3 ps after a 3 ps 
equilibrium phase starting from the final configura- 
tion of a 20 ps run of pure water between I_J walls 
[S]. All interactions were truncated with a cut-off 
radius of 9.8 A and the shifted force method [19] 
has been employed. 

3. Density profiles 

The oxygen and hydrogen density profiles are 
shown in fig. 2 together with those of a simulation 
of ST2 water between Lennard-Jones walls [5]. The 
oxygen profile shows much stronger oscillations than 

reported in previous work [l-B]. The density in the 
first layer is approximately six times as high as the 

-0 -1 0 L a 
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Fig. 2. Relative oxygen (top) and hydrogen (bottom) density 
profiles from the present simulation (full lines) and for a 
simulation of ST2 water between Lennard-Jones walls [ 51. 
The relative density is one if the number density corresponds 
to that of bulk water. 

bulk water density, indicating strong adsorption of 

water at the interface. This result is confirmed by the 
calculated adsorption energy of 34 Id/mole. It is cal- 

culated at the minimum of the simulation-averaged 
distance-dependent water-wall interaction energy 
and occurs at a distance of 2.3 1 A from the wall. 
The second oxygen peak is still quite pronounced and 
partially due to direct water-wall attraction and par- 
tially due to water-water interaction with water 
molecules of the strongly ordered surface layer as can 
be seen from the shape of the oxygen-oxygen pair 
correlation functions (see below). 

The hydrogen density profile shows a broader and 
less pronounced first-layer peak and there is some in- 
dication for density oscillations extending over the 
whole lamina. The hydrogen density also shows 
stronger oscillations than in previously reported 
simulations, except that of Barabino et al. [4] who 
also used an image-charge potential for a relative per- 
mittivity er = 3. The significantly different results for 
the ratio of the oxygen to the hydrogen peak height 
in this work and in ref. [4] might be a consequence 
of the different water models employed, because the 
charge distribution, and consequently the relative 

magnitude of the forces on oxygen and hydrogen 
atoms, is different in the ST2 model and in the MCY 

model [20] used in ref. [4]. 

4. Oxygen-oxygen pair correlation functions 

In addition to the distinct effect of the water ad- 
sorption on the density profiles, a strong influence on 
the center-of-mass liquid structure can be detected. 
Fig. 3 shows the oxygen-oxygen pair correlation func- 
tions (PCFs) for the following three subsystems: One 
oxygen is located in the surface layer (Iz I > 7.4 A; 
full line), in the second layer (5.5 < Iz I < 7.4 8; 
dotted line), and in the interior part of the lamina 
(lz I < 5 5 A; dashed line). The structure around 
water molecules in the surface layer and around the 
molecules in the interior of the lamina show pro- 
nounced differences. The structure around the sec- 
ond-layer molecules seems to have properties inter- 
mediate between the two aforementioned ones, 
owing to the fact that in this region the transition of 
normal bulk water structure (with more or less tetra- 
hedral symmetry) to the crystal-induced surface 
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Fig. 3. Oxygen-oxygen pair correiation functions for an 
oxygen located in the region IzI > 7.4 A (full line), 5.5 < 
~ZI < 7.4 A (dotted line), and Izi a: 5.5 A (dashed line). 

structure (with quadratic symmetry) has to take 
place. 

The PCF in the interior of the lamina has a shape 
similar to that of pure bulk water [ 11,211 except for 
the fact that the height of the first maximum is in- 
creased. This seems to be a consequence of a more 
tetrahedral structure in the interior of the lamina in- 
duced by the lower density in this region as com- 
pared to bulk water. This tendency seems to be 
generally quite pronounced in ST2 water as an in- 
crease in peak height due to a lower local density has 
also been found in previous MD simulations [5,9]. 
The increased peak height is also in accordance with 
the more favorable nearest-neighbour pair interac- 
tion energy and with the distribution of pair interac- 
tion energies which shows more favorable and less 
unfavorable pairs than in normal bulk water. 

The wall layer O-O PCF (full line) resembles 
clearly the surface structure of the platinum crystal 
slab. Due to the fact that with 2.77 A the Pt-Pt dis- 
tance is very close to the normal O-O distance, the 
first peak height in the PCF remains approximately 
constant. Contrarily, the second water peak - usually 
at about 4.7 A - vanishes completely. Instead, two 
peaks at 4.2 and x6A occur. As two adjacent poten- 
tial energy minima for a water molecule on the sur- 

face are 2.77 a apart due to their quadratic arrange- 
ment, minima also occur at 21f2 and at 2 times this 
distance. Hence, the two observed maxima in the 
PCFs are a consequence of the competition between 
adsorption on the surface and water-water interac- 
tions leading to somewhat greater distances for the 
actual occurrence of the maxima. 
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