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Zeolitic type materials, by virtue of the acidic nature of their surfaces exhibit catalytic activity for
promoting tritium isotope exchange reactions between tritium gas or water and many organic
molecules, including hydrocarbons. Many organic substrates may be tritium labelled in this way.

The question as to whether or not methane gas may be activated on the surface of a zeolitic type
catalyst, such that it directly methylates a suitable aromatic hydrocarbon at temperatures around
400°C is of considerable interest. Related to this reaction, but at higher temperatures, is the direct
formation of benzene from methane in the presence of these catalysts. Controversy exists in the
literature on the former reaction, and 13G isotope studies are being used to resolve the question.

The interest in this reaction arises because the utilisation of methane, in the form of natural gas, in
place of hydrogen for direct coal liquefaction would have major economic advantage. For this
reason the ability of methane to methylate aromatic compounds, which are considered to be
models for coal, is being studied.

Isotope studies in this area have contributed significantly to an understanding of the methylation
reactions. The paper describes experiments utilising methane-l3C, which show that methylation of
aromatics such as naphthalene by the methane'3C is catalysed by microporous, Cu-exchanged
SAPO-5, at elevated pressures (6.8 MPa) and temperatures around 400°C. The mass
spectrometric analysis and n.m.r. study of the isotopic composition of the products of the
methylation reaction demonstrate unequivocally that methane provides the additional carbon atom
for the methylated products. Thermodynamic calculations predict that the reaction is favourable ag
high methane pressures under these experimental conditions. The mechanism as suggested by the
isotope study is discussed.

The catalysts which show activity for the activation of methane for direct methylation of organic
compounds, such as naphthalene, toluene, phenol and pyrene, are substituted aluminophosphate
molecular sieves, E1APO-5 (where El=Pb, Cu, Ni and Si) and a number of metal substituted
zeolites. Our earlier tritium studies had shown that these catalysts will activate alkanes, at least as
far as isotope hydrogen exchange reactions are concerned.


