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Abstract: The effect of Rh loading on CO sensing was studied for the case of In20s. This was done
by performing measurements with sensors based on loaded and unloaded materials that were
performed at an operation temperature of 300 °C in the presence of low background oxygen
concentration according to an experimental procedure that was demonstrated to help clarify the
reception/transduction functions of loaded Semiconducting Metal Oxides (SMOX). The
experimental investigation methods were DC resistance and Diffuse Reflectance Infrared Fourier
Transform Spectroscopy (DRIFTS). The results indicate that in the case of Rh20s loaded In20s the
reaction primary takes place on the Rh203 cluster and the electrical properties of the In20s are
controlled by the pinning of the SMOX Fermi-level to the one of the Rh20s cluster.
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1. Introduction

Gas sensors based on noble metal loaded SMOX, such as Au, Pt, Pd or Rh, are utilized to solve
many applications. The way in which the noble metal additives are influencing the sensitivity,
selectivity as well as the stability of the SMOX gas sensors is a hot topic of research and there are
many concepts discussed in the research community. On the opposite of the case of loaded SnO:
and, lately, WOs very little is known about loaded In20s even if its sensing performance is quite
interesting.

In order to gain fundamental insights on this topic, 0.5 and 1 at% Rh20s-loaded In20s, were
chosen as model samples—the investigating approach is inspired by the work described in [1,2],
because it was demonstrated that it helped the prevalence of a Fermi-level control mechanism that
explained the gas sensing performance. Besides the loaded samples, an unloaded one was used as a
reference; all sensors were operated at 300 °C. DC electrical resistance measurements and
operando-DRIFTS investigations were performed during exposure to different concentrations of CO
in a background of 50 ppm oxygen in Na.

2. Materials and Methods

Unloaded sample. To have a reference and the same conditions as the loaded materials, the
unloaded In2Os sample, purchases from Sigma Aldrich, was prepared like the loaded material as
follows: the powder was suspended in deionized water at a pH value of 1.0, stirred at 80 °C for two
hours and dried at 70 °C. The powder is labeled pure-Inz0s.
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Rh20s-loaded samples. The 0.5 at% and 1.0 at% Rh20s loaded In20s were prepared as described
in [3]: 1.5 g of In20s and 0.0055 g/0.0113 g of RhClsxH20 from Sigma Aldrich were stirred in
deionized water at a pH value of 1 at 80 °C for two hours and dried at 70 °C. The powders are
labeled 0.5Rh-In203 and 1.0Rh-In203 for 0.5 at% Rh:0s loaded In20s and 1.0 at% Rh20s loaded
In20s, respectively. The three powders were deposited onto alumina substrates described elsewhere
[4]. The DRIFTS measurements were performed at Bruker Vertex 80v at 300 °C under CO (25, 50, 10,
200 and 400 ppm) in nitrogen with 50 ppm oxygen in the background. DC resistance measurements
were performed simultaneously. The displayed absorbance spectra were obtained by referring the
single channel spectra under exposure to the target gases to the spectra gained under carrier gas:

absorbance = -log(sample spectrum/reference spectrum)

3. Results and Discussion

Figure 1 shows the DC resistance measurements and DRIFTS absorbance spectra of the three
sensors during the exposure to CO in nitrogen with 50 ppm oxygen. At the first glance, the DC
resistance measurements in Figure (1a) reveal an influence of the loading on the baseline resistance:
most probably, the p-n-heterojunction between the Rh20s cluster and In20s support material leads to
a diffusion of the electrons of In20s to the noble metal oxide cluster to balance the Fermi-levels of
both materials. This is followed by a depletion layer and consequently a higher baseline resistance.
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Figure 1. (a) DC resistance measurement of pure-In203, 0.5Rh-In203 and 1.0Rh-In203 under 25, 50,
100, 200 and 400 ppm CO in nitrogen with 50 ppm oxygen in the background. Absorbance spectra
of (b) pure-In203, (c) 0.5Rh-In203 and (d) 1.0Rh-In203 under 25, 50, 100, 200 and 400 ppm CO in
nitrogen with 50 ppm oxygen in the background, reference spectra: nitrogen with 50 ppm oxygen.
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The chosen CO concentrations correspond to below (25 and 50 ppm), nearly (100 ppm) and
above (200 and 400 ppm) the stoichiometric conditions for the oxidation of CO to COz:

2CO+02-2CO:

In these conditions, all sensors show a reduction of the resistance with increasing CO
concentration. While for pure-In203 the decrease of the DC resistance proceeds gradually, for
0.5Rh-In203, however, a slight drop is observable when the CO concentration exceeds the
stoichiometric conditions. For 1.0Rh-In203, the drop in the resistance is more pronounced.

The simultaneously acquired DRIFT spectra reveal a change in the sensing mechanisms: in the
case of pure-In203 in Figure (1b) all CO concentration exposures determine the decrease of the In-O
bands centered at 1517, 1274, 1108 and 1022 cm [5]. This indicates the reduction of the surface of
this material. For 0.5Rh-In203, which is shown in Figure (1c), the decrease of the In-O bands appear
for all CO concentrations as well, but in this case, as soon as the conditions in which the slight drop
in the resistance is observed, an additional band centered at 2028 cm™ appears. This can be assigned
to a rhodium carbonyl Rh-CO group [6]. A similar observation can be made for 1.0Rh-In203 in
Figure (1d), but this time, the decrease of the In-O bands appear just in the same conditions in which
the large drop in the resistance was observed, thus beyond the stoichiometric conditions. At this
point, also here the occurrence of Rh-CO band can be observed. These observations indicate that the
reaction primarily takes place on the Rh20s cluster —when the stoichiometric conditions are reached
and exceeded, the Rh20s clusters are fully reduced to metallic Rh (indicated by the Rh-CO band)
since they cannot be reoxidized and the reaction moves to the surface of In20s (indicated by the
decreasing In-O bands).

In the literature, two reaction mechanisms are considered: the spill over mechanism and the
Fermi-level pinning. In the spill over mechanism, the molecule is adsorbed on the noble metal
cluster. This leads to a weakening of the molecular bond and the spillover of the so prepared
adsorbate onto the support material where the reaction takes place [7]. In the Fermi-level pinning,
the gas detection reaction takes place on the surface of the noble metal cluster, which interacts with
the SMOX with a different work function. The contact pins the Fermi-levels of the two materials. If
the electrical property of the noble metal cluster is changed, the depletion caused by the contact is
changed as well. This will cause a change in the resistance of the sensing layer [8]. The findings,
made in this work, suggest that the Fermi-level pinning dominates the sensing mechanism: it could
be indirectly shown that the reaction takes place on the Rh20:s cluster. As soon as the cluster is fully
reduced to metallic Rh, the reaction is released on In20s, indicated by the decreasing In-O bands in
overstoichiometric conditions where the noble metal cluster cannot be reoxidized.

4. Conclusions

It is shown that it is spectroscopically possible to understand the reaction mechanism of loaded
In20s gas sensing material. The results are in line with the findings for Pt-loaded SnO: and
Rh-loaded WO:s and suggest that the Fermi-level control can also be assumed for the loading of InOs
with Rh20s.
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