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Report:

Fe(l1)-reducing bacteria, a group of anaerobic microorganisms, are able to precipitate regular shaped
nano-sized (20 nm) crystals of the ferromagnetic ferrite spinel, magnetite (FesOa). This process works by
coupling the oxidation of organic matter to the reduction of Fe(l11)-oxyhydroxides and is accomplished by
direct contact between the terminal Fe(l11) reductase in the bacteria and the mineral surface [1]. The use of
bacteria in nano-manufacturing is an unexploited area of enormous potential which our research group is
actively exploring [2-6]. Understanding the mechanisms of magnetic biomineral synthesis by Fe(l11)-
reducing bacteria and controlling and manipulating the processes of biomineral production could allow its
biotechnological exploitation for a range of applications including bioremediation and the fabrication of
magnetic materials and catalytic systems [1]. The successful development of these biomineralising bacteria
would revolutionise the manufacture of nano-crystals and provide low energy, environmentally friendly
processing methodologies. The element specific nature of XAS and the ability to analyse materials of all
crystallinity makes it an excellent tool for investigating these systems and providing local coordination
information to compliment ATEM and magnetitc characterisation.

For this experiment we produced biogenic nanomagnetite-supported precious-metal (PM) catalysts
using Pd, Pt, Au and, which are all catalytically active and highly conductive elements both individually and
as alloys [7-10]. Our aim is to produce a versatile group of novel magnetite-PM nanomaterials with unique



characteristics that can be customised to enhance their properties as catalysts, magnets, and electronic
devices. Biogenic nanomagnetite produced by Geobacter sulfurreducens was deposited with Pd(Il), Pt(1V) or
Au(ll1) and experiments aimed at producing precious metal Pd/Au, Pd/Pt and Pt/Au alloys as nanoparticles
on biogenic magnetite were also prepared. ATEM investigation has demonstrated that nanocrystals were
superimposed on the pre-deposited Fe minerals suggesting a Fe-oxide support with a precious metal shell.
XAS was employed to identify the nature and structure of the PM is the samples and to investigate their
association with the Fe-substrate.

Table 1. EXAFS fitting results

Sample |Scatterer N r(A) 26 (A% Rfactor
Au Ls-edge X-ray absorption data was collected at the Pd K, Pt Ls,
Au foil Au 12 287 0.019 37.0 Ir Lz and Au Ls—edges. Data were collected at low
Au 6 376 0023 temperature (77 K) and under vacuum to reduce the

Au 24 497 0.026
Au 12 565 0.017
Au 24 6.43 0.024

thermal Debye-Waller factor and prevent oxidation.
The concentrations of the PM in the samples was 5wt%

PtAU5% AuPt 12 287 0007 o5 8 ar_ld_therefore were collected i_n fluorescence mode.
Au/Pt 6 373 0.017 Fitting of the EXAFS data using excurv98 revealed that
Au/pt 24 498  0.011 in all cases that the PM is present as metallic/alloys and

AuPt 12 565  0.007 no evidence of Fe-PM alloys demonstrating they are
PtAu5%+H, | Au/Pt 12 287  0.008 33.2 particles on the surface of the magnetite (see Table 1
Aupt 6 373 0028 for example data). There is no evidence that all the PM
Aufpt 24 500 0012 are not reduced to PM° as there is no evidence of PM-O
Au/Pt 12 569  0.005 . . o X .
interactions. This evidence can be combined with
Pt Ls-edge complementary characterisation techniques, especially

Pt foil Pt 12278 0012 309  rapsmission electron microscopy images of the
Pt 6 392 0.009 : . :
Pt o4 479 0019 nanomaterials and will allow us to move confidently
Pt 12 545  0.009 into a scale phase and open the way to environmentally
Pt 24 620 0.024 friendly manufacture of these novel materials. Early

PtAL5% PUAL 12 277 0019 395  evidence shows excellent catalytic activity.

PUAU 6 396  0.005
PtAUS%+H, | PUAu 12 275 0014 308  References
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