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For the rational design of sensor materials, a deep understanding of the underlying mechanism
of gas sensing and the influence of surface doping is of great importance. For the investigation
of gas sensors, powerful in situ spectroscopic techniques are available, as shown
previously™-l, For detailed analysis of the structural dynamics, leading to new mechanistic
insight, these approaches can be supplemented with transient spectroscopic methods such as
modulation-excitation (ME) DRIFT spectroscopy. Here, we present a detailed ME-DRIFTS
study of the mechanism of gold-loaded tin oxide (Au/SnO;) during ethanol gas sensing, in
combination with resistance measurements and further characterization by XRD, UV-Vis and
XPSIH4,

Resistance measurements show that the loading of Au on tin oxide leads to an increase in
sensor response. In contrast to unloaded tin oxide, a maximum in sensor response is observed
that shifts to lower operating temperature with increasing gold loading. Interestingly, the
course of the resistance can be correlated with the integrated intensity of a broad mid-IR
absorption, which occurs upon temperature changes and under reductive conditions. This mid-
IR absorption is attributed to the absorption of electrons in the conduction band on the one
hand and optical transitions of shallow trapped electrons into the conduction band on the
otherl®!. In addition to time-resolved DRIFTS measurements and the analysis of the temporal
progression of selected bands, modulation excitation spectroscopy (MES) was used to
investigate ethanol gas sensing over SnO; and Au/SnO. This enabled the observation of a new
surface species at 2030-2060 cm'?, which is an intermediate not present for unloaded SnO, and
which is tentatively assigned to CO adsorbed on negatively loaded gold particles (CO-Au®).
These findings were combined with results from XP and UV-VIS spectroscopy, confirming
that there is no dominant electronic influence of gold on the sensor material, since gold is only
present in its metallic state. No change in the absorption maxima and absorption edge is
observed when SnO; is loaded with gold. Thus, we conclude that the increase in sensor
response is caused by an oxygen spillover from gold to the SnO; surface.

Summarizing, we demonstrate the potential of transient IR spectroscopy to unravel new insight
into the mode of operation of metal-oxide gas sensors as illustrated by gold loaded tin oxide
used for ethanol gas sensing!.

[1] A.-K. Elger, C. Hess, Angew. Chem. Int. Ed. 58, 15057 (2019)

[2] A.-K. Elger, C. Hess, Sensors 19, 5075 (2019)

[3] D. Degler, B. Juncker, F. Allendinger, U. Weimar, N. Barsan, ACS Sens. 5, 3207 (2020)
[4] M. Pfeiffer, C. Hess, J. Phys. Chem. C (2022), https://doi.org/10.1021/acs.jpcc.1¢10384
[5] D. A. Panayotov, S.P. Burrows, J.R. Morris, J.Phys. Chem. C 116, 4535 (2012)

PhD GOSPEL Workshop 2021 - 2022

Gas sensors based on semiconducting metal oxides:
basic understanding & application fields

Virtual Edition




