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Abstract 

Montmorillonite clays with interlamellar cations replaced by oligomeric hydrous ferric oxides 
convert nitrogen to NH 3 and H 2 0 to hydrogen with higher efficiencies than hydrous ferric 
oxide alone. The enhanced activity is attributed to the larger surface area presented by 
the clay and to the retardation of NH 3 photo-oxidation. 

1. Introduction 

Clays are a class of stable aluminosilicate materials which readily disperse in 
water, possess large surface areas and catalytic activity [1, 2]. The montmorillonite 
clays, in particular, exhibit the ability to form pillared compounds when the interlamellar 
cations in the clay are replaced with bulky polymeric inorganic cations followed by 
calcination. Such pillared clays have applications as industrial catalysts [1] in the 
petroleum industry. Semiconductors such as ZnS and CdS when loaded onto mont­
morillonite suspensions photogenerate hydrogen [3] in the presence of a sacrificial 
donor. 

The photoreductions of nitrogen to NH 3 and H 2 0 to hydrogen on semiconductor-
based catalysts have been studied [4] as possible means of solar energy conversion to 
give useful products. However, the quantum efficiencies reported for such processes 
are too low to be of any practical value. Furthermore, in the photoreduction of nitrogen, 
the yields of NH 3 reach a maximum at about 1-2 h followed by a decrease in catalytic 
activity. This arises due to competing reactions, such as the photo-oxidation of the 
NH 3 formed, and catalyst poisoning. We have previously reported [5] the photoreduction 
of nitrogen to N H 3 on hydrous ferric oxide using visible light. Here, the catalytic 
activity is due to the strongly negative flat band potential and the strong chemisorption 
of nitrogen on the small hydrous oxide particles. However, even with this catalyst, the 
NH 3 yields decrease during.long-term irradiation. It has also been observed [6] that 
partial loading of the ferric oxide with T i I V results in enhanced yields of NH 3 with 
no nitrate observed up to 12 h of irradiation. Here, the possible separation of active 
sites for hydrogen and oxygen evolution has been suggested as the reason for the 
enhanced N H 3 yields obtained. A similar effect is observed when montmorillonite clays 
such as bentonite are loaded with hydrous forms of ferric oxides to form precursor 
pillared clays. Furthermore, such catalysts are also active for photogenerating hydrogen 
from H 2 0 under non-sacrificial conditions. 
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