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ABSTRACT

A qualitative explanation of the different orientations

of the growth of ice on Pt (111) and Ag Clll) surfaces is

proposed. Other physical consequences which follow are dis-

cussed and experiments are suggested to test these.
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1. Introduction

Experimentally it is known that bulk (multilayer) ice

grows on an Ag (111) surface with two orientations, namely

parallel to, or rotated by 3 0° from, the Ag (111) hexagonal

net [1]. In contrast, on Pt (111) only the 30° orientation

has been observed [2,3]. The size of the hexagonal net of

the ice surface is 4.52A" which, to within the experimental

uncertainty, is equal to the separation of water molecules

in the <0001) plane of bulk d h> ice til.

2. Lat-tice matching and domain sizes

Earlier investigations of the metal-metal interface

[t-6] have prompted us first to examine the degree of matching

between the hexagonal nets of ice and of the metals. Figures

1 and. 2 show .the Pt and Ag lattices superimposed on the ice

lattice for the two possible orientations dictated by symmetry

namely 0° and 30°. The figures for definitness have been

drawn with the preferred bonding site for a water molecule

to be directly above a metal atom but because of lattice

periodicity the following arguments hold for any preferred

site. For the preferred bonding site of the water molecule

on the metal surface, it can be seen from the figures that

favourable sites for the water molecules occur more frequently

for the 30° orientation than for the 0° case. In addition,

study of Figures 1 and 2 shows that the degree of matching

in the 30° orientation is significantly better for Pt than for

Ag.

The directionality of the d orbitals in Pt is expected

to play an important role in the bonding of the water molecules

-2-



ta Pt, where-as in the noble metals, with full d-shells, the

directionality of the bonding is less important. This is

borne out by the experimental results shown schematically

in Figures 1 and 2.

For Pt, Figure X shows a region corresponding roughly

to one Frank —van der Merwe [2,4] domain. Within this

domain, there is little deviation of the water molecules

from the preferred adsorptbn sites. We are not aware of any

experimental evidence to elite on the domain size for Ag.

However, since the degree of matching in the 30° orientation

is less good than for Pt we expect the domain size in this

geometry to be smaller for Ag than for Pt.

It is relevant in this" connection to note that for rare

gases on metals the domain size is large, presumably because

of the absence of chemical bonding.

3. Thermodynamic considerations •

It seems clear, in the present model, that the" internal

energy will be lower in the 30° orientation than in the 0°

geometry. Also, the stronger the interaction of the water '

molecules with the metal surface, the greater will be the

tendency for the molecules to be adsorbed in a preferred

direction. We saw from Figure 1 that the chemical bonding

is more evident for Pt than for Ag, and it is therefore

natural in this metal that the LEED data for Pt reveals only

the 30° orientation.

However, for Ag, we can anticipate that entropy will

also be an important factor. The LEED experiments tell us

that the entropy term for Ag will tend to favour the 0°
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orientation at elevated temperatures.

k. Absence of macroscopic electric polarization

The above arguments, involving chemical bonding of the

water molecules to the Pt (111) surface in the 30° orientation

will evidently'lead to some degree of ordering of the orien-

tation of the water molecules with respect to the metal sur-

face. Because of Pauling's rules [7J such a model must res-

ult in a net electrical polarization of the first few layers

of the ice lattice. Since bulk ice is non-polar, it is clear

that the dipole moments generated in subsequent layers must

result in a cancellation of this polarization. The model .

we- propose is best described in terms of lattice defects.

This seems the natural picture when one recalls that in bulk

ice there is disorder which is usefully accounted for in

terms of Bjerrum defects [8]. The presence of the metal sur-

face, when chemical bonding is important as in the case of Pt,

can be viewed as reducing the orientational disorder in the

ice lattice in the surface layers.

5. Comments and proposed experiments

At this point we should add that Ibach and Lehwald [7]

have discussed the growth of ice on a Pt (100) reconstructed

surface. They concluded that, starting from the infinitely1

dilute case, as growth continues there is a change in orient-

ation of the water molecule from clusters of H- or 0- pointing

towards tne metal surface to all the bonding being through

the H-ato.ms.

As to experiments which might test, and if necessary, help
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to refine the present model, it seems of obvious interest

to study the other noble metals in contact with ice. It

is known that the lattice parameter of Au is close to that

of Ag, and therefore we expect both 0° and 30° orientations

to be observed except at very low temperatures. For Cu,

with a < a^ce and consequently different matching, we can

expect different behaviour. Other transitbn metal surfaces

need exploring, but we shall not go into further details

about the matching.

The chemical bonding arguments Could be tested if it

proved feasible to measure vibrational frequencies in the

interface. Neutron inelastic scattering seems one possibility.

We expect bond bending force constants to be more important

in the Pt-ice interface than for the noble metal-ice inter-

face .

Finally, interfacial energies, and especially their

temperature dependence, seem to offer a way ol testing the

present ideas relating to the reduction of entropy in the

surface layers of ice compared with the bulk in the presence

of chemical bonding.
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Figure Captions

Figure 1: First layer'of molecules of hexagonal ice (open

circles o) together with-the Pt (solid circles

•) and Ag (crosses x) atoms in the 30° orientation.

Figure 2: As for Figure 1 but in the 0° orientation - note

that experimentally this orientation is only

observed for ice on Ag.
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