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Abstract 

Hydrous ferric oxide, where iron(III) sites are partially substituted by vanadium(III), 
suspended in nitrogen-purged water is found to photoreduce nitrogen to ammonia. It is 
suggested that this system gives significant yields of ammonia because photogenerated holes 
are efficiently scavenged by V 3 + . 

I 
1. Introduction \ 

Several workWs have reported the detection of nitrogen reduction to ammonia 
in irradiated aqueous dispersions of TiO z purged with nitrogen [1—6J. Nitrogen chem-
isorption on the surface of the catalyst is an essential requirement for the reaction. 
The present author and his collaborators have found that hydrous ferric oxide, which 
chemisorbs nitrogen better than T i 0 2 does, is a more effective photocatalyst for nitrogen 
reduction [7]. In the photogeneration of hydrogen from water, using semiconductor 
catalysts, it is well known that dissolved electron-donor sacrificial agents [8] give much 
higher yields of hydrogen. Here the efficient consumption of holes by the sacrificial 
agent greatly enhances electron transfer to water. One could expect that the same 
strategy is applicable in improving the ammonia photogeneration rates in nitrogen-
purged aqueous semiconductor suspensions. Contrary to the above expectation, we 
have noted that the addition of water-soluble electron donors (e.g. organic compounds, 
reducing ions etc.) completely suppresses the ammonia production. The obvious 
explanation is that the sacrificial agent in solution interferes with chemisorption of 
nitrogen on the surface of the catalyst (generally N 2 is poorly chemisorbed and readily 
replaced by other species in the solution). One way to overcome this problem would 
be to have a solid sacrificial agent in contact with the active catalyst. If holes are 
transferred to this solid sacrificial agent, nitrogen reduction will be enhanced. We 
have found that N 2 photoreduction with hydrous F e 2 0 3 can be enhanced by incorporating 
vanadium(III) hydroxide which acts as hole scavenger. 

2. Experimental details 

The composite system containing FejQj'-toHjQ arid V(OH) 3 was prepared as 
follows. Solutions of F e 3 + and V 3 + (0.1 M FeCJ3) were mixed in different proportions 
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