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Abstract

Electron energy loss spectroscopy (EELS) in the transmission electron microscope (TEM) was used to compare the iron oxidation state
at the surface and interior of y-Fe, 05 nanoparticles produced by the combustion process under fucl conditions leading to low and high soot
concentrations. These experiments were performed in the nanoprobe mode, which allowed for very high spatial resolution (the probe size
was 1.4nm). Here, low sool concentrations were oblained in a laminar ethylene—air difTusion flame seeded with iron penlacarbonyl, while
high soot concentrations were achieved with the addition of acetylene to this fuel mixture. The studies showed that the surface oxidation
state of iron was lowered with the addition of acetylene, although the core composition remained the same. This was indicated by changes in
hoth the iron I.x3-and the oxygen K-edges at the surface of the particles. These highly spatially-resolved measurements showed a chemical
shift of both the L3 and L, iron lines, accompanied by significant reduction of the L;:L,-intensity ratio, indicating Fe?* at the particle surface.
Reduction in the pre-edge peak of the oxygen K-edge at the particle surface also indicated iron reduction at the surface. These results suggest
that the surface oxidation state, and therefore gas-sensing properties, of combustion-synthesized iron oxide nanoparticles is highly dependent
on flame conditions. Furthermore, this study shows that EELS is an important research tool for the investigation of nanoscale gas-sensors,

allowing differentiation of composition and oxidation state at the interior and surface of individual nanostructures in these materials.
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1. Introduction

In recent years, semiconducting metal oxides have
attracted substantial attention as promising inexpensive gas-
sensing materials. Some of the most extensively studied for
sensing applications are: titanium oxide (TiO2) [ 1-6], indium
oxide (Ina03) [7-12], gallium oxide (Ga203) [13-20], and
especially lin oxide (Sn03) [5,19,21-27]. A number of stud-
ies have also focused on iron oxide (Fe203), which, especially
in the gamma, cubic phase, exhibits good sensing charac-
leristics towards hydrocarbon gases and carbon monoxide
[28-34]. The sensitivity of iron oxide-based sensors can be
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enhanced by various doping schemes and a number of dif-
ferent dopants such as Pd [29], Sn [35-37], Ti [37], Zn
[38,39], etc. While doping is an important factor for con-
trolling the sensing characteristics, the sensor structure, and
especially the thickness of its active layer, also has a great
influence on the sensitivity. In fact, bulk and thick-film type
sensors exhibit a relatively low sensitivity, which substan-
tially improves when the same sensing material is used in a
thin-film type sensor. The improvement is even greater when
a nanosized material is used. Indeed, experimental studies
of sensors produced from SnO; nanopowders have shown
a syslemaltic increase in sensitivity with decrease in grain
size. This increase becomes very drastic when the grain size
approaches the double Debye length for electrons, i.e. where
the total depletion from carriers is expected to occur within
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