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The Role of Surface Hydroxyl Groups in the Surface Chemistry of Metal Oxides *

P.W.Schindler **, E. Wilti and B. Fiirst
Institut fiir Anorganische Chemie der Universitdt Bern

Summary

Hydroxylated oxides are polyelectrolytes whose properties are
determined by the characteristics of the surface hydroxyl groups.
Recent investigations on hydration numbers, protolytic behaviour
and ligand properties of surface hydroxyl groups are summarized.

Oxide surfaces that are exposed to aqueous environ-
ments or humid air are generally covered with hydroxyl
groups. Surface hydroxyl groups originate from chemi-
cal reactions between chemisorbed water and the oxide
surfaces. In the case of silica this reaction is simply the
hydrolysis of surface siloxane bridges as indicated by
the scheme:
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The hydroxylation of oxide surfaces is reversible.
Outgassing at elevated temperature reduces the surface
concentration of hydroxyl groups. Eq.(1) shows the
formation of “free” hydroxyl groups. IR spectra indi-
cate, however, the possibility of hydrogen coupling
between favourably oriented groups [1]. Moreover, the
formation of geminal groups attached to one silicon
atom has been suggested [2]. In the case of y-Al,O4
five different types of hydroxyl groups were observed
[3]. The observed differences in the frequencies of the
valence vibrations are attributed to differences in the
numbers of adjacent oxygen ions [4]. There is ample
evidence that specific adsorption of molecules such as
NH,, amines, aliphatic and aromatic hydrocarbons is
determined by surface hydroxyl groups [5].

The present article summarizes some recent work which
shows that surface hydroxyl groups are equally respon-
sible for the physisorption of water and the adsorption
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of hydrogen (hydroxide) ions and metal ions from
aqueous solution at oxide water interfaces. The per-
tinent surface species are shown in the Figure.
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Reactivity of surface hydroxyl groups. a) Hydration. b) Protolytic
behaviour. ¢) Ligand properties












