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Nonthermal plasma (NTP) catalysis has drawn a keen attention as a promising emerging-type green technology that, for
example, converts CO: into a valuable chemical commodity beyond thermal equilibrium limitation. Although it is vital to gain
an insight into the reaction promotion mechanisms arising from NTP, it remains a significant challenge due to the missing link
between NTP-activated reactive species and catalytic materials. Here, vibrationally-excited CO was studied by applying in

situ transmission infrared spectroscopy which enables the measurement of the vibrational temperature of CO and the

observation of the surface reaction of vibrationally-excited CO to form intermediates species over wurtzite ZnO. The reaction
behavior of NTP-activated CO was correlated with vibrational temperature of CO, showing that vibrationally-excited CO
reacts with lattice oxygen via the Mars-van Krevelen (MvK ) mechanism, leading to higher activity than conventional
thermal catalysis. In addition to Langmuir-Hinshelwood and Eley-Rideal surface reaction mechanisms, NTP promotion of

MvK mechanisms via vibrationally excited molecules is validated.
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Fig.1 XRD patterns of ZnO. The inset shows the SEM image of ZnO,
indicating it is hexagonal.
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Fig2 (a) Schematic illustration of the in situ TIR DBD reactor. (b)
3D schematic diagram of electrodes and ZnO pellet geometry.

(¢) Photograph of emission from DBD (0.058 W). (d) Voltage
and current waveforms corresponding to (c).
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Fig.3 (a) vibrationally-excited CO TIR spectra taken at a power of
0.058 W under a 2% CO in Ar (50 cm’ min”) stream at room
temperature. (b) Comparison between the simulated and
experimental CO TIR spectra at the same condition with (a).
(c) Rotational and vibrational temperatures measured at power
0f 0.058, 0.066 and 0.078 W under a 2% CO in Ar stream.
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Fig.4 Density distribution of vibrationally-excited CO calculated at
vibrational temperatures of 1000, 1100 and 1300 K while gas
temperature is assumed to be constant at room temperature.
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Fig.5 (a,b) In situ TIR spectra of (bi)carbonates (a) and CO-related region (b) over ZnO under the thermal and DBD (0.058 W). (c) Evolution
of adsorbed CO. (d-f) In situ TIR spectra of CO (d) and (bi) carbonate-related region (e) at different power after 5 min. The corresponding
evolution of carbonate (f). The ZnO were exposed to 2% CO in Ar (50 cm’ min™) stream at 300 K for 20 min with 0.058, 0.066 and 0.078 W.
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Fig.6 Schematic demonstration of the promoting CO oxidation via
Mars-van Krevelen mechanism by vibrationally-excited CO
over ZnO. V.: oxygen vacancies, Ou: lattice oxygen. 1.
Generation of vibrationally-excited CO by electron impact. 1.
Adsorption of vibrationally-excited CO to Zn®". III. (bi)
Carbonate formation by reaction with adsorbed CO and
adjacent lattice oxygen.
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