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Advanced spectroscopy techniques, such as X-ray photoelectron spectroscopy (XPS) can be 

used in order to verify the existence of particular chemical groups in the highly fertile 

anthropogenic soil found in Amazonian region, known as “Terra Preta de Índios” (TPI) or 

Amazonian Dark Earth [1]. However, this high fertility and resilience of these special soils 

are not explained only by the high content of chemically inert pirogenic C, but the natural 

aging of this C generates reactive carboxyl functional groups attached directly to the 

recalcitrant polycondensed aromatic backbone [2]. In this context, the determination of 

surface aryl-carboxyl groups is a key-point to verify the effectively of the proposals to 

reproduce the peculiar organic matter found in TPI, and XPS comes as a powerful tool. For 

this, the humic acids fraction (i.e.: the alkaline soluble soil organic matter that precipitate at 

low pH) of a typical TPI was compared to synthetic humic acids and fulvic acids (i.e.: the 

alkaline fraction that remain in solution after the pH drop) obtained by chemical oxidation, 

with sodium hypochlorite, of activated charcoal. The similarity between the spectra indicated 

the success in the synthesis of an organic amendment similar to the peculiar soil organic 

matter (SOM) of TPI and that the obtained products were polycondensed aromatic structures 

with carboxyl groups: a soil amendment that can contribute to soil fertility and to its 

sustainable use. All these findings drive us step-by-step to the ending goal of producing 

synthetic TPI’s organic matter improving soil usage, with implications in agriculture and 

climate change. 

                
Figure 1: Molecular identification of carbon in (a) “Terra Preta de Índio” (TPI) and (b) 

activated charcoal fractions using X-ray photoelectron spectroscopy (XPS). 
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