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as their permeability, to a degroe associated with fully
swollen polymers. The potential application of such
membranes 1s evident in arcas such as dialysis, ion-
exchange, roverse esmosis and other separation processes.
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Non-dissociative Reaction of
Oxygen with Metals

DuriNG our matrix isolation studies of the infrarved
spectra and structures of molecular species in metal oxide
vapours'-?, we have made some observations that are of
interest in a completely differont context—the primary
reaction step in metallie corrosion.

Gaseous metal oxides may be formed readily as high
temperature vapour species, either by heating the solid
oxide or by passing oxygen gas at low pressurcs over tho
heated metal. Using both these methods we have obtained
infrared spectra assignable to molecules MO, (M=Ge,
Sn,Ga,In,Tl). Mass spectrometric evidence® suggests
that MxO, molecules may be important components of
tho vapours in numerous systems, REvidence that our
species contain two equivalent oxygen atoms is based,
in part, on the effect of 1*0-enrichment of the parent
oxides, which then produce three isotopic molecules on
vaporization: Mx!1%0160, M, 100, M,#01%0,

When mixtures of %0,/130, gas, containing negligible
amounts of the molecule #0110, are passed over heated
germanium, tin, gallium or indium, the spectra produced
are identical with those obtained from the "O-enriched
solid oxides, and prominent infrared bands are observed
for the three isotopic species. Isotope serambling therefore
takes place in the formation of the oxide molecule. When
the same gaseous mixture is passed over heated thallium,
however, virtually no TI %010 is produced, although
TI01%0 and Ti*00 arc readily identified (Fig. 1b).
When the experiment is repeated with partially equi-
librated oxygen gas, containing significant amounts of
1603180, the corresponding mixed oxide is observed (Fig.
le). These speetra may be contrasted with that obtained
from vaporization of solid thallium oxide, where complete
randomization occurs (Fig. la).

‘We are thercfore led to the inesecapable conclusion that,
in the formation of the oxide molecule T1,O, by direct
oxidation of the metal, both the oxygen atoms must be
derived from the same molecule of oxygen. Chemisorp-
tion of oxygen on metals is almost invariably dissociative,
so that oxygen isctopes are randomized in the formation
of volatile polymeric oxide spocies. On thallium, the
initial chemisorption step seems to be non-dissqciative.

Dissociative adsorption of any diatomic reactant
(04, 8,, and so on) implies a sufficiently high energy of
formation of the initial adsorption complex. Ehrlich®

NATURE VOL. 226 JUNE 6 1970
|a|m l |al|a ; 16116 L IBIIB \ lalle | |alla
£ I 16he 1| 16li8
I |
] I
i 1
40— | 1
{a) | {b) 1 (c)
|
= { l
g 1
Y : !
£ ‘ I |
g I '
£ ] !
g ] |
| l !
a | !
| !
I |
| |
| |
1 |
1 ! J
1
80— I
| |
i [ 1 (2| 1 |
500 475 500 475 500 475

Fig. 1. Infrared spectra (em-?) of thallium oxide species obtained from
() solid TLO labelled with *0; (b) °0,/**0, mixture over heated Tl
metal; (e) *0,/*0*®0/'*0, mixture over heated T1 metal.

has suggested that, if the adsorption energy is greaf
enough, one atom may be trapped at the site of primary
adsorption while part of tho adsorption energy is trans-
ferred, as translational energy, to the second atom.
This then migrates several unit spacings across the sur-
face before it is bound, Isotope serambling is a necessary
consequence of such a process. There is too little informa-
tion about the adsorption energy of oxygen on metals to
warrant any wide comparison between the elements, but
it may be surmised that there must be a eritical value,
helow which the act of chemisorption is non-dissociative.
In the absence of such data, the enthalpy of formation
of the oxides might be taken as a erude mecasure of the
metal-oxygen interaction energy within any one group.
For group ITIB, the AH{ values (kilocalories/g atom
oxygen) are

Gay0, —82; 1/3 In,0,, —74; TLO, —42;
1/3 Ga,0, — 86

On this bagis it might be predicted from the thermo-
chemical data that few other metals would show the same
behaviour as thallium. It may be relevant, however,
that Michell and Smith? have shown that the oxidation
of cadmiwm in air forms CdO,, not CdO. Here, too, the
chemisorption step involves electron transfer to molecular
oxygen, without dissociation. In most cases this may be a
very transient precurser stage; in a few cases the reaction
products reveal it.
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