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Introduction:  Double-layer, mixed valence iron hy-

droxide minerals [FeII (1-x)FeIIIx(OH)2]x+ [x/nAn-

.m/nH2O]x-, known as “green rusts” (GRs), have been 

investigated for their ability to reduce anionic species in 

diverse applications ranging from drug delivery to water 

treatment. The implication of GR in the prebiotic me-

tabolism of early Earth may have led to the synthesis of 

organic material while simultaneously acting as an ac-

cretionary agent priming conditions for abiogenesis. 

Although seemingly a straightforward synthesis, GR 

precipitates rest at a high-energy state, subject to aerobic 

decomposition into more stable iron minerals such as 

magnetite and hematite. GR samples synthesized under 

rigorously anaerobic conditions and precise pH control 

were characterized by X-ray powder diffraction (XRD), 

Mossbauer spectroscopy, scanning electron microscopy 

(SEM), and atomic force microscopy (AFM), providing 

complementary structural insights. Nitrate reduction to 

ammonia is a well-studied reaction that occurs via GR 

intercalation under anaerobic conditions within a nar-

row pH range. The reduction of nitrogen-containing an-

ions was investigated with different GR types under a 

range of conditions. The variations in synthesis and stor-

age methods were found to impart significant differ-

ences in stability and reactivity in reduction experi-

ments. Methods to measure the concentrations of reduc-

tion products and corresponding reaction rates were car-

ried out employing three analytical techniques; 14N 

NMR spectroscopy, colorimetry, and ion chromatog-

raphy. The results will lead to a better understanding of 

the GR-mediated reduction of nitrogen-anions in sys-

tems that behave as primitive enzymes in prebiotic me-

tabolism. 
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