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Biogenic vs. abiogenic magnetite nanoparticles: A XMCD study
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ABSTRACT

X-ray magnetic circular dichroism (XMCD) experiments were carried out to compare the Fe2+/
Fe3+ ratio in nanomagnetite chemically produced from lepidocrocite and nanomagnetite biogenically 
produced by the Fe-reducing bacterium Shewanella putrefaciens. Together with TEM imaging, these 
measurements showed that the biotic magnetite nanoparticles were of excellent quality, with small size 
dispersion and high crystallinity. From the XMCD measurements, it could be shown that the biogenic 
nanomagnetite contained a higher amount of Fe2+ than the abiogenic nanomagnetite. 
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INTRODUCTION

Iron-respiring bacteria (IRB) have distinct properties that can 
be used in several fields. They can convert ferrihydrite (Lovley 
et al. 1987) or lepidocrocite (Cooper et al. 2000; Ona-Nguema 
et al. 2002a, 2002b) into the magnetic spinel magnetite. Other 
industrial applications are related to soil remediation where 
IRB can induce precipitation of heavy metal pollutants such 
as uranium. The biotechnological potential of IRB lies in their 
ability to produce nanocrystalline magnetic particles suitable for 
use with information storage technologies. This would provide 
low-energy, environmentally friendly processing methodologies 
(Pattrick et al. 2002). Some bacteria are able to orient and migrate 
along the magnetic field toward favorable habitats (Blakemore 
1975; Bazylinski and Frankel 2004). In environmental magne-
tism, fossil magnetotactic bacteria can significantly contribute to 
the magnetic properties of some sediments and soils (Chang and 
Kirschvink 1989). They are also novel sources for fundamental 
studies in fine-grain magnetism and magnetic materials. Finally, 
fossil magnetosome chains could be a suitable biomarker for 
the presence of life on Earth and other planets (McKay et al. 
1996). In this work, we used the spectroscopic technique X-ray 
magnetic circular dichroism (XMCD) (Sainctavit et al. 2003) to 
study and compare the compositions of magnetite having two 
different origins. The first one was produced by Fe(III)-reducing 
activity, whereas the second one was obtained by an aqueous 
chemical route.

SAMPLES

The biogenic magnetite was prepared upon the reduction of 
lepidocrocite ( -FeOOH) by an IRB, Shewanella putrefaciens 
CIP 59.28 (equivalent to strain ATCC 12099). Bioreduction 
experiments were performed with 2  109 CFU/mL of S. putre-
faciens at 30 °C with an initial pH of 7.5, in the presence of 110 

mM of sodium methanoate (NaHCO2) as an electron donor, and 
582 mM equivalent Fe of -FeOOH in a defined mineral medium 
based on that used by Ona-Nguema et al. (2002a). The 100 M 
of anthraquinone-2, 6-disulfonate (AQDS), an electron shuttle, 
were added in the media to enhance the bacterial reduction 
of lepidocrocite. After two days of incubation, the formation 
of magnetite occurred via the transformation of a mixture of 
hydroxycarbonate green rust and unreduced lepidocrocite. The 
biogenic magnetite formed under these conditions was character-
ized by X-ray diffraction (Appendix Fig. 1; note that Appendix 
Figs. 2 and 3, with supporting text, are also available1).  

The abiogenic magnetite production was performed in an 
atmosphere-controlled JACOMEX glove box. All reagents 
were chemical grade and the solutions were prepared by N2-
purged and deionized H2O stocked in the glove box. Samples 
were prepared by neutralizing aqueous Fe2+ and lepidocrocite 
suspension. The 2.81 mL of FeCl2 solution (1 M) were added 
to a serum bottle containing a suspension of 0.5 g lepidocrocite 
and 91.19 mL N2-purged and deionized H2O. Then 6 mL NaOH 
solution (1 M) was injected into the medium, which triggered 
the formation of abiogenic magnetite. The total volume of the 
medium was 100 mL and the ionic strength was 0.1162 M. The 
magnetite thus formed was characterized by X-ray diffraction 
(Appendix Fig. 11).

The biogenic and abiogenic magnetite nanoparticles were 
preserved in hermetically sealed bottles from which the samples 
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1Deposit item AM-08-024, Appendix Figures 1, 2, and 3. De-
posit items are available two ways: For a paper copy contact the 
Business Office of the Mineralogical Society of America (see 
inside front cover of recent issue) for price information. For an 
electronic copy visit the MSA web site at http://www.minsocam.
org, go to the American Mineralogist Contents, find the table of 
contents for the specific volume/issue wanted, and then click on 
the deposit link there. 


