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ABSTRACT. Understanding non-thermal plasma reactivity is a complicated task as many reactions take place due to a large energy spectrum. In this work, we used a well-defined phototriggered non-filamentous discharge to study acetone decomposition in N2/O2 gas mixtures. The plasma reactor is associated to a compact chemical ionization FTICR mass spectrometer (BTrap) in order to identify and quantify in real-time acetone and by-products in the plasma. Presence of oxygen (1 to 5%) decreased notably acetone degradation. A tremendous change is observed in the by-product's distribution concomitantly to a global decrease of their total concentration. While main products observed in oxygen-free gas mix are nitrile compounds, in oxygenated media they are replaced by formaldehyde, methanol and ketene. Methanol is maximum for 1% of O2 whereas formaldehyde and ketene concentration reach their maximum value at the highest oxygen concentration tested (5%). A number of nitrate, nitrite and isocyanate organic compounds (C1 and C2) are observed as well along with HNO2, HNO3 and HNCO. These results allow to describe qualitatively the possible reactions occurring in the plasma mixture. It will be used for comparison to a 0D kinetic model.

1-Introduction

Plasma is a partially or totally ionized gas with specific properties. Generally, two types of plasma are considered for industrial processes: thermal plasma, having all the species at the same temperature (local thermal equilibrium), and non-thermal plasma (NTP) where temperature equilibrium is not reached and ions and neutrals are at low temperature whereas electrons are much hotter. In NTP produced in air using pulsed electrical discharges, electrons interact very efficiently with nitrogen, oxygen, and water molecules forming high energy species such as atoms and radicals, metastable and radiative electronic excited states. These highly reactive species can then react with other molecules composing the mixture. They provide an efficient fragmentation method for many molecules, being precursors of a complex chemistry involving all the neutral species. As a result, NTP are often considered in decontamination and depollution technologies, in particular removal of Volatile Organic Compounds (VOCs) diluted in air at a low concentration level (typically less than 1%) [START_REF] Mizuno | Industrial Applications of Atmospheric Non-Thermal Plasma in Environmental Remediation[END_REF][START_REF] Vandenbroucke | Non-Thermal Plasmas for Non-Catalytic and Catalytic VOC Abatement[END_REF][START_REF] Schiavon | Non-Thermal Plasma as an Innovative Option for the Abatement of Volatile Organic Compounds: A Review[END_REF][START_REF] Veerapandian | Abatement of VOCs Using Packed Bed Non-Thermal Plasma Reactors: A Review[END_REF] .

VOCs are a large family of organic compounds present in gaseous form at usual pressure and temperature. In ambient air, they are found at trace levels. Nevertheless, they can cause some dramatic health effects due to their toxicity or to their tendency to form aerosol in urban areas.

Contrary to the other techniques, NTP are efficient in a wide range of VOC concentration from below 100ppm to more than 1000ppm [START_REF] Schiavon | Non-Thermal Plasma as an Innovative Option for the Abatement of Volatile Organic Compounds: A Review[END_REF] 

. It makes it an interesting technique for depollution of low

VOCs emission such as in indoor air depollution 5 or odor removal [START_REF] Preis | Potential of Electric Discharge Plasma Methods in Abatement of Volatile Organic Compounds Originating from the Food Industry[END_REF] . It can operate at room temperature, and allows for rapid on/off switching at moderate energy consumption. However, understanding the processes involved and identifying the species in action are required to improve targeted pollutant degradation, so as to optimize plasma depollution technologies. Mass spectrometry can bring valuable answers for this issue [START_REF] Giardina | Atmospheric Pressure Non-Thermal Plasma for Air Purification: Ions and Ionic Reactions Induced by Dc+ Corona Discharges in Air Contaminated with Acetone and Methanol[END_REF] .

Discharge plasma reactivity starts with formation of electrons and ions. They transfer energy to the background gas molecules present in the dry mix composed of nitrogen and oxygen. Neglecting the role of ions for electrical discharges performed with moderate energy deposition in the plasma, main reactive species are excited states of nitrogen, atomic nitrogen and atomic oxygen [START_REF] Kossyi | Kinetic Scheme of the Non-Equilibrium Discharge in Nitrogen-Oxygen Mixtures[END_REF][START_REF] Guerra | Modelling N2-O2 Plasmas: Volume and Surface Kinetics[END_REF] :

e -+ N2 → N2* + e - (1a) 
e -+ N2 → 2 N + e - (1b)

e -+ O2 → 2 O + e - (2) 
In reaction (2), the ground state, O( 3 P), and the first excited state, O( 1 D), of atomic oxygen are formed first. In the mix, the latter is rapidly quenched down to O( 3 P) by collisions with N2 and O2.

Then, thereafter in the text, O is considered to be only at its ground state O( 3 P).

Dissociation of oxygen is induced as well by N2:

N2* + O2 → 2 O( 3 P) + N2 (3) i 
This reaction participates to the quenching of metastable states of nitrogen [START_REF] Kossyi | Kinetic Scheme of the Non-Equilibrium Discharge in Nitrogen-Oxygen Mixtures[END_REF][START_REF] Guerra | Modelling N2-O2 Plasmas: Volume and Surface Kinetics[END_REF] , that are predominant for the conversion of VOCs in pure nitrogen plasma [START_REF] Pasquiers | Dissociation against Oxidation Kinetics for the Conversion of VOCs in Non-Thermal Plasmas of Atmospheric Gases[END_REF] , and modifies greatly the distribution of reactive species in the plasma. Change in this distribution is essential as it affects the reactivity of the studied pollutants in the NTP environment [START_REF] Penetrante | Identification of Mechanisms for Decomposition of Air Pollutants by Non-Thermal Plasma Processing[END_REF] . The effect of oxygen on the targeted VOC and on types and concentrations of compounds following the decomposition of this molecule has to be studied in detail. However, the great majority of the studied VOC depollution technologies by plasma are operated using dielectric barrier discharges, or moderate applied voltage corona discharges [START_REF] Vandenbroucke | Non-Thermal Plasmas for Non-Catalytic and Catalytic VOC Abatement[END_REF][START_REF] Schiavon | Non-Thermal Plasma as an Innovative Option for the Abatement of Volatile Organic Compounds: A Review[END_REF][START_REF] Veerapandian | Abatement of VOCs Using Packed Bed Non-Thermal Plasma Reactors: A Review[END_REF][START_REF] Giardina | Atmospheric Pressure Non-Thermal Plasma for Air Purification: Ions and Ionic Reactions Induced by Dc+ Corona Discharges in Air Contaminated with Acetone and Methanol[END_REF] . These discharges are characterized by highly non-homogeneous transient plasmas.

It makes experimental reactivity studies very difficult, and all the more kinetic modeling. As another way of study, we developed a pre-ionized photo-triggered discharge (PTD) characterized by a homogeneous plasma, giving access to repeatable chemical reactivity in well controlled density and temperature conditions [START_REF] Rozoy | NO Removal in a Photo-Triggered Discharge Reactor[END_REF][START_REF] Magne | OH Kinetics in Photo-Triggered Discharges Used for VOCs Conversion[END_REF][START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF][START_REF] Faider | Effect of Oxygen on the Conversion of Acetaldehyde in Homogeneous Plasmas of N2/O2/CH3CHO Mixtures[END_REF][START_REF] Faider | Role of Quenching of Metastable States in Acetaldehyde Decomposition by a Non-Equilibrium Nitrogen Plasma at Sub-Atmospheric Pressure[END_REF][START_REF] Moreau | Propane Dissociation in a Non-Thermal High-Pressure Nitrogen Plasma[END_REF][START_REF] Pasquiers | Role of Nitrogen Metastable States in Non-Thermal Plasma Conversion of Volatile Organic Compounds[END_REF] . In addition, duration of the electrical energy deposition in the gas mixture is limited to several tens of nanoseconds, followed by a long post-discharge period of several hundreds of microseconds without excitation of the reactive medium. As for other discharges, presence of oxygen in the plasma modifies greatly the distribution of species in the mixture [START_REF] Pasquiers | Dissociation against Oxidation Kinetics for the Conversion of VOCs in Non-Thermal Plasmas of Atmospheric Gases[END_REF][START_REF] Faider | Effect of Oxygen on the Conversion of Acetaldehyde in Homogeneous Plasmas of N2/O2/CH3CHO Mixtures[END_REF] . This necessarily has an impact on the degradation of the pollutant molecule added to N2/O2, and on by-products coming from the plasma reactivity.

In previous works, Magne et al. [START_REF] Magne | OH Kinetics in Photo-Triggered Discharges Used for VOCs Conversion[END_REF][START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF] studied in the PTD the reactivity of atomic oxygen and hydroxyl radical in the presence of a light olefin, ethane, in N2/O2 mixtures. They observed:

C2H6 + O → • OH + C2H5 • (4) 
followed by:

C2H6 + • OH → H2O + C2H5 • (5) 
These two reactions compete with the quenching of N2* leading to the dissociation of the hydrocarbon. Maximum concentration of • OH represented circa 2% of the atomic oxygen i All reactions listed in the text are gathered in Table S1 in the supplementary information.

concentration produced by the discharge, for O2 initial quantity of less than 10%. Though, • OH is lost after the discharge due to its reactivity with atomic O to form H • and O2 and to a lower extent with N • to form NO and H • . In the mix, nitric oxide is formed as well [START_REF] Kossyi | Kinetic Scheme of the Non-Equilibrium Discharge in Nitrogen-Oxygen Mixtures[END_REF] mainly by the reactions:

N2* + O → NO + N at short timescale (6) 
N + O + N2 → NO + N2 at longer timescale (7) Nitrogen oxides, NO2, N2O, and N2O5, are also formed. Finally, atomic oxygen reacts with oxygen to form ozone:

O + O2 + N2 → O3 + N2 (8) 
For the N2/acetone mixture, previous studies using the same reactor [START_REF] Magne | OH Kinetics in Photo-Triggered Discharges Used for VOCs Conversion[END_REF][START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF] have suggested that quenching of N2* by CH3COCH3 leads to the production of H • , CH3 • , and CH3CO •10 :

N2* + CH3COCH3 → CH3 • + CH3CO • + N2 (9a) N2* + CH3COCH3 → H • + • CH2COCH3 + N2 (9b)
Recently, we proposed a unique coupling of a chemical ionization FTICR mass spectrometer (CI-FTICR-MS) to the PTD reactor in order to discriminate the products formed in a N2/acetone mix [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] .

We could identify many degradation products formed in real-time. Main observed products were HCN and other nitrile compounds and to a lesser extent formaldehyde, acetaldehyde and ketene.

Thanks to real-time detection capacity, an intriguing two step depletion reactivity was observed for high acetone concentrations (>100 ppm).

In this new work, we study acetone removal in nitrogen/oxygen plasma for 500ppm acetone initial concentration and increasing oxygen concentration up to 5% at a total pressure of 0.46 bar. We present in this work a new extensive experimental dataset of byproduct formation and behavior in the plasma during the degradation thanks to CI-FTICR-MS technology. We discuss the dataset in the light of the existing literature about elementary reactions between neutral species which should be created by the plasma reactivity.

2-Material and methods

2.1-Photo-triggered discharge reactor

The operating principle of the photo-triggered discharge 'UV510' has been extensively described elsewhere [START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF][START_REF] Faider | Effect of Oxygen on the Conversion of Acetaldehyde in Homogeneous Plasmas of N2/O2/CH3CHO Mixtures[END_REF] . It is a kind of pre-ionized discharge allowing the production of a perfectly homogeneous non-thermal plasma between two planar metallic electrodes. The plasma reactivity proceeds during a short current pulse of 60 ns (electron collisions on molecules to produce atoms, radicals, excited states, ions and various reactions between these species). The discharge volume is VD=50 cm [START_REF] Schiavon | Non-Thermal Plasma as an Innovative Option for the Abatement of Volatile Organic Compounds: A Review[END_REF] , enclosed in a stainless-steel cell with a volume VC=500 cm [START_REF] Schiavon | Non-Thermal Plasma as an Innovative Option for the Abatement of Volatile Organic Compounds: A Review[END_REF] . A compressor is used to produce a gas flow (7 L.s -1 at 0.46 bar) through the inter-electrode space, in a closed loop with total volume VT = 8.85 L much higher than VD, and the pulse repetition frequency (1 Hz) is chosen such that VC is completely renewed between two consecutive pulses. After each current pulse follows a post-discharge period during which the chemical reactivity between neutral species develops. The primary organic molecules progressively disappear in the gas mixture whereas stable by-products accumulate in VT as the mixture undergoes an increasing number of current pulses, each for equal deposited electrical energy in VD. Concentrations of molecules are measured in VT as a function of the number of pulses, noted ND (discharge number) in the text and figures.

For the present experiment the deposited energy in the plasma volume, per current pulse, is 4.6 J/pulse (92 J.L -1 ). Since the pulse repetition frequency is 1Hz, the number ND is equivalent to the time in seconds.

2.2-Compact FTICR mass spectrometer

BTrap is a compact FTICR-MS instrument (AlyXan, Juvisy-sur-Orge, France) [START_REF] Heninger | Gas Analysis by Electron Ionization Combined with Chemical Ionization in a Compact FTICR Mass Spectrometer[END_REF] . The instrument and its principles have been described in detail in previous instrumental works [START_REF] Heninger | Gas Analysis by Electron Ionization Combined with Chemical Ionization in a Compact FTICR Mass Spectrometer[END_REF][START_REF] Mauclaire | A Compact Permanent Magnet Fourier Transform Ion Cyclotron Resonance Mass Spectrometer[END_REF] . Briefly, the instrument is based on a Halbach permanent magnet, and allows for chemical ionization (CI) in the ICR cell as it makes use of a sequential introduction system. Typical analysis is obtained in 1 to 4 s. Different precursor ions may be used in positive mode (H3O + , O2 + , CF3 + , C6H4F2.H + , etc) [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF][START_REF] Dehon | Quantitative Analysis of a Complex Mixture Using Proton Transfer Reaction in an FTICR Mass Spectrometer[END_REF][START_REF] Dehon | Chemical Ionization Using CF3+: Efficient Detection of Small Alkanes and Fluorocarbons[END_REF][START_REF] Latappy | Protonated 1,4-Difluorobenzene C6H5F2+: A Promising Precursor for Proton-Transfer Chemical Ionization[END_REF] and negative mode (HO -, O -, etc) [START_REF] Vot | Oxygen Anion (O-) and Hydroxide Anion (HO-) Reactivity with a Series of Old and New Refrigerants[END_REF] . For this study, as many ions formed are oxygenated, H3O + was chosen as a precursor. H3O + is a generalist precursor whose reactivity allows for identification of a large number of oxygenated or nitrogenated VOCs. It reacts by proton transfer and forms a MH + daughter ion whose mass is 1.007 amu above the mass of the neutral molecule.

This technique is often called Proton Transfer Reaction Mass Spectrometry (PTR-MS) [START_REF] Ellis | Chemical Ionization: Chemistry, Thermodynamics and Kinetics[END_REF] and is widely used in the environmental field.

Unless stated otherwise, the data presented here are summed up on 10 spectra, with FT transformation calculated after adding several raw signals in order to decrease the detection limit.

The obtained signal is then an average over 10 datapoints, representing circa 30 discharges.

2.3-Chemical Ionization and ion formation

H3O + is formed by reaction of 40 eV accelerated electrons with a pulse of water vapor (P=10 - 6 mbar). After circa 300 ms, no H2O + is observed and only H3O + is detected. H3O + reacts by proton transfer with species having a higher proton affinity (PA) than H2O (691 kJ.mol -1 ) forming the protonated species:

M + H3O + → MH + + H2O (10) 
In some cases, fragmentation of the protonated ion occurs. We identified two products formed by fragmentation of protonated molecules: HONO and CH3NO3 (see supplementary S1). In selectedion flow-tube (SIFT) and drift tube (DT) apparatuses, due to the experimental conditions, HONO.H + is nearly entirely fragmented into NO +27-30 . In our experiments, we observe both HONO.H + (63%) and NO + (37%) as we tend to find lesser fragmentation compared to SIFT or DT [START_REF] Dehon | Quantitative Analysis of a Complex Mixture Using Proton Transfer Reaction in an FTICR Mass Spectrometer[END_REF][START_REF] Vot | Oxygen Anion (O-) and Hydroxide Anion (HO-) Reactivity with a Series of Old and New Refrigerants[END_REF] (Supplementary Figure S1-a andc). Fragmentation of alkyl-nitrite in NO + is limited as well in SIFT and DT instruments [START_REF] Anicich | Evaluated Bimolecular Ion-Molecule Gas Phase Kinetics of Positive Ions for Use in Modeling Planetary Atmospheres, Cometary Comae, and Interstellar Clouds[END_REF] , we then considered that NO + is only due to HONO.

After CH3NO3 protonation, two products are related (Supplementary Figure S1-b andd):

CH3NO3.H + (76%) and CH3OH + • (24%). CH3NO3.H + is probably due to methyl nitrate CH3ONO2 as it is the most stable compound [START_REF] Arenas | Approach to the Atmospheric Chemistry of Methyl Nitrate and Methylperoxy Nitrite. Chemical Mechanisms of Their Formation and Decomposition Reactions in the Gas Phase[END_REF] . Measurement of alkyl nitrate is possible by chemical ionization mass spectrometry (CIMS) as demonstrated by other authors [START_REF] Duncianu | Measurement of Alkyl and Multifunctional Organic Nitrates by Proton-Transfer-Reaction Mass Spectrometry[END_REF][START_REF] Aoki | Detection of C1-C5 Alkyl Nitrates by Proton Transfer Reaction Time-of-Flight Mass Spectrometry[END_REF] . The route to the formation of CH3OH + • is not straightforward and, to our knowledge, has not been reported yet in the scarce literature on the protonation of methyl nitrate or its isomers. Understanding its formation path would need a complete proton reactivity study. This is far beyond the dataset we have and the goal of the present study. We then considered that the signal is due to methyl nitrate whose formation is the most probable. However, the important issue being to understand the plasma reaction routes and to obtain more exact quantification, this question is currently under study.

As chemical ionization is performed in controlled pressure and temperature conditions, direct quantification is possible when knowing the reaction rate coefficient and the signal height of the precursor ion and daughter ions [START_REF] Dehon | Quantitative Analysis of a Complex Mixture Using Proton Transfer Reaction in an FTICR Mass Spectrometer[END_REF] . Proton reaction rate coefficients are usually taken from Anicich [START_REF] Anicich | Evaluated Bimolecular Ion-Molecule Gas Phase Kinetics of Positive Ions for Use in Modeling Planetary Atmospheres, Cometary Comae, and Interstellar Clouds[END_REF] and, when not available, estimated to be equal to capture rate constant as calculated by Su and Chesnavich [START_REF] Su | Parametrization of the Ion-Polar Molecule Collision Rate Constant by Trajectory Calculations[END_REF] . When multiple isomers are possible for the same formula, the most stable isomer is considered first, such as for HNCO compared to HOCN or HCNO. In the case of CH3NO2, the capture rate constants used to determine concentration are different for the two isomers CH3NO2 and CH3ONO as their dipole moments are different. The capture rate constants are then calculated to be kC = 2.9 10 -9 cm 3 .s -1 and 4.4 10 -9 cm 3 .s -1 for methyl nitrite and nitromethane respectively. The latter value is used for concentration determination. Parameters and rate coefficients used for concentration calculation are available in Table S2 in supplementary information.

Moreover, due to collisions of precursor ions with the molecules of the matrix gas, the product ion concentrations obtained have to be corrected by a multiplying factor. This factor is the same for all compounds and has been determined to be 1.50 using calibrated gas [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] .

The experimental setup

Acetone is available as a gas diluted in nitrogen at 1000 ppm (Crystal mix, B50 Alphagaz, AirLiquide). Pure nitrogen and air (20% O2) bottles (B50, Alphagaz 1) are purchased from Air

Liquide. Different concentrations of oxygen and acetone are operated in the reactor by pressure adjustment for each gas addition. The total pressure is set to 0.46 bar, value chosen in order to ensure the homogeneity of the plasma [START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF][START_REF] Faider | Effect of Oxygen on the Conversion of Acetaldehyde in Homogeneous Plasmas of N2/O2/CH3CHO Mixtures[END_REF] . Before each mix formation, the volume VT is emptied using a turbo-molecular pump at a residual pressure well below 0.1 mbar. First, gas is introduced from the 1000 ppm acetone bottle at a specific pressure depending on the final required acetone partial pressure. Afterwards, oxygen is added from the air bottle and finally pure nitrogen gas is added up to 0.46 bar.

BTrap was connected to the reactor through its "sniffer" inlet. This inlet enables direct introduction of a gas at a pressure close to atmospheric pressure into the apparatus [START_REF] Heninger | Gas Analysis by Electron Ionization Combined with Chemical Ionization in a Compact FTICR Mass Spectrometer[END_REF] . The pressure drop is produced in two steps. The first drop is from the pressure of the reactor (0.46 bar) down to a pressure of a few millibars using a needle valve and a membrane primary pump with a flow of 10 to 50 mL/min connected to a waste. The second drop uses a stainless-steel capillary (internal diameter 130 μm; length 50 mm) placed before the three-way valve. To connect the inlet to the plasma reactor, a fast sampling loop was added to the main gas loop as an intermediate between the reactor and the instrument. A PTFE-coated mini-diaphragm pump (Laboport N86KT, KNF Neuberger SAS, Village-Neuf, France) provided a circa 6 L/min flow in the 1/8-inch PFA tubing.

A 1/8-inch tee connected this loop to the entrance of the sniffer on the instrument. The response time was a few seconds.

3-Results and discussions

A great amount of work has been published about plasma produced in mixtures of atmospheric gases, and many kinetic processes arising in those plasmas are now well-known [START_REF] Kossyi | Kinetic Scheme of the Non-Equilibrium Discharge in Nitrogen-Oxygen Mixtures[END_REF][START_REF] Guerra | Modelling N2-O2 Plasmas: Volume and Surface Kinetics[END_REF] . Plasma reactivity starts with formation of atoms, radicals, electronic excited states, and ions following collisions of electrons on N2 and O2. In conditions of the present experiment, role of ions is negligible and main important species are nitrogen and oxygen atoms, N and O, as well as metastable states of the nitrogen molecule, referred to as N2* [START_REF] Magne | OH Kinetics in Photo-Triggered Discharges Used for VOCs Conversion[END_REF][START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF][START_REF] Faider | Effect of Oxygen on the Conversion of Acetaldehyde in Homogeneous Plasmas of N2/O2/CH3CHO Mixtures[END_REF] . Presence of oxygen greatly modifies the distribution of species in the mixture. This necessarily has an impact on the degradation of the pollutant molecule added to N2/O2, and on types and concentrations of byproducts coming from the plasma reactivity. It is expected that the amount of oxygen molecules plays an important role on these issues, discussed in the following for acetone degraded by the homogeneous plasma of the photo-triggered discharge.

3.1-Acetone degradation

With increasing oxygen content, the degradation efficiency of acetone drops drastically as shown on Figure 1, as expected from previous results obtained for the UV510 reactor at 2000 ppm and at 5000 ppm of acetone [START_REF] Pasquiers | Dissociation against Oxidation Kinetics for the Conversion of VOCs in Non-Thermal Plasmas of Atmospheric Gases[END_REF] , and also from other non-thermal plasma results [START_REF] Li | Reaction Kinetic Study of Nonthermal Plasma Continuous Degradation of Acetone in a Closed-Loop Reactor[END_REF][START_REF] Zheng | Experimental Study of Acetone Removal by Packed-Bed Dielectric Barrier Discharge Reactor[END_REF] . In pure nitrogen, the degradation presents a two-step process for initial concentration higher than 100 ppm as observed in our previous work [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] . This feature disappears in the presence of oxygen, no marked breakpoints are observed on the corresponding lines in Figure 1. The absence of the breakpoint may also be due to the small value of the slope which would hinder the detection of a second small slope.

Figure 2 presents the evolution of the characteristic number of discharge NC, and of the initial converted quantity per pulse CD, with increasing oxygen content. NC represents the inverse of the initial slope of concentration versus number of discharges ND. It is defined so that:

𝐶𝐶 = 𝐶𝐶 0 𝑒𝑒𝑒𝑒𝑒𝑒 � -𝑁𝑁 𝐷𝐷 𝑁𝑁 𝐶𝐶 � (E1)
Where C is the acetone concentration in the total volume VT.

CD is the converted quantity for a single current pulse performed in the initial (i.e. non-treated) gas mixture in the discharge volume VD, for the different oxygen contents. CD is defined as [START_REF] Moreau | Propane Dissociation in a Non-Thermal High-Pressure Nitrogen Plasma[END_REF] :

𝐶𝐶 𝐷𝐷 = 𝐶𝐶 0 (1 -exp �- 1 𝑁𝑁 𝐶𝐶 �) 𝑉𝑉 𝑇𝑇 𝑉𝑉 𝐷𝐷 (E2)
conversion efficiency. CD shrinks from 290 ppm in pure nitrogen to 140 ppm for 5% oxygen. on the target molecule. In the case of acetone, quenching of N2* is efficient (k=5.5 10 -11 cm 3 .s - 1 ) [START_REF] Clark | Energy Transfer Reactions of N2(A3.SIGMA.U+)[END_REF][START_REF] Herron | Evaluated Chemical Kinetics Data for Reactions of N(2D), N2)), and N2(*3*u+) in the Gas Phase[END_REF] , while oxidation by O reactions (reaction 11) is slow (k=7.5 10 -16 cm 3 .s -1 ) [START_REF] Manion | NIST Chemical Kinetics Database[END_REF] :

O + CH3COCH3 → CH3COC • H2 + • OH ( 11 
)
On the contrary, oxidation processes are more important for acetaldehyde and propane [START_REF] Pasquiers | Dissociation against Oxidation Kinetics for the Conversion of VOCs in Non-Thermal Plasmas of Atmospheric Gases[END_REF] . Hence the measured acetone degradation efficiency decreases in the presence of oxygen. In oxygen-free studies, quenching of N2* by CH3COCH3 leads to the production of H • , CH3 • , and CH3CO • 10 according to reactions (9a-b). Thus, for the N2/CH3COCH3 mixture, numerous compounds are formed following radicals' reactivity [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] . However, in the presence of a slight amount of oxygen, a tremendous change is observed in by-products distribution (Figure 3). On the one hand, the total quantity of by-products is decreased due to the subsequent change in acetone degradation efficiency in presence of oxygen. In particular, HCN (HCN.H + : m/z 28.0182) maximum concentration measured in VT drops from 257 ppm in pure nitrogen to 73 ppm in 1% O2, 42 ppm in 3% O2 and 31 ppm in 5% O2 (see Figure 4). On the other hand, there is a relative increase in oxygenated compounds such as formaldehyde (CH2O.H + : m/z 31.0178). Nitrite and nitrate compounds are observed as well.

3.2-By-products formation

In this section we will describe the occurrence of specific families. For all detected compounds in the volume VT, evolution of the measured concentration discussed below, studied as a function of the discharge number ND, can result from a complex competition between several gain and loss kinetic processes. Gains and losses compete firstly in the plasma volume VD for each current pulse.

Secondly, molecules created in VD, later diluted in VT, are treated by the discharge similarly with acetone but with specific reaction paths. Thus, it is expected that, for each by-product coming from the decomposition of acetone, concentration increases when ND increases up to a value above which treatment of the by-product becomes effective enough to induce a decrease of its concentration. This decrease can also be caused by large losses, or lower gains, of molecules or radicals responsible for the formation of the considered by-product. As a consequence, kinetic discussions given below should be understood as qualitative. The development of a detailed kinetic scheme for N2/O2/CH3COCH3 mixtures, coupled to the physical model describing the electrical energy transfer to the homogeneous plasma and the effect of current pulse accumulation [START_REF] Faider | Role of Quenching of Metastable States in Acetaldehyde Decomposition by a Non-Equilibrium Nitrogen Plasma at Sub-Atmospheric Pressure[END_REF] , is underway to get more insight into the importance of each process. Results for major species are presented in Table 1. The concentration, CMD, of a molecule formed in the discharge volume for a single current pulse in the initial mixture is simply given by [START_REF] Moreau | Propane Dissociation in a Non-Thermal High-Pressure Nitrogen Plasma[END_REF] :

𝐶𝐶 𝑀𝑀𝐷𝐷 = η 𝑉𝑉 𝑇𝑇 𝑉𝑉 𝐷𝐷 (E3)
where η is the slope of the linear increase in concentration measured in VT at low discharge numbers. As a typical example, Figure 4 presents evolution of the concentration of the hydrogen cyanide molecule as a function of ND: in the absence of oxygen, a linear growth is measured up to about 160 ppm for ND=180. For higher ND values, the treatment by the discharge of HCN molecules produced and diluted in the mixture becomes efficient, and/or formation of this molecule becomes less important, so that the concentration reaches a maximum followed by a slow decrease due to the treatment by the discharge. 

Nitrile compounds

Three nitriles are detected throughout the experiments: HCN, CH3CN and C2H5CN. The other nitriles are detected only in pure N2/acetone plasma, among them: C2H3CN, HC3N and C3H7CN [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] .

They all present drastically lower concentrations when oxygen is introduced. For instance, HCN maximal concentration is divided by more than 3.5 when 1% oxygen is introduced, and it is increasingly reduced as oxygen amount increases (Figure 4a). At 5% of oxygen, a concentration of 31 ppm is reached in VT at a rate of 11 ppm of HCN formed in the discharge volume for the first 150 pulses.

Nitriles are the main products coming from conversion of hydrocarbons diluted in nitrogen, see for example Torokova et al. [START_REF] Torokova | Atmospheric Pressure Glow Discharge Generated in Nitrogen-Methane Gas Mixture: PTR-MS Analyzes of the Exhaust Gas[END_REF] who studied methane in a mono-filamentary glow discharge at atmospheric pressure. Such compounds have been detected as well in the treatment of diluted acetaldehyde in nitrogen by the filamentary plasma of a pulsed dielectric barrier discharge (DBD) [START_REF] Koeta | Decomposition of Acetaldehyde in Atmospheric Pressure Filamentary Nitrogen Plasma[END_REF] .

Formation of HCN can be explained in particular by the following set of reactions involving radicals from acetone dissociation processes (9a-b), firstly:

N • + • CH3 → HCN + H2 (12a) 
but most importantly:

N • + • CH3 → H2CN • + H • (12b)
followed by the three processes:

N • + H2CN • → HCN + NH • (13) 
H • + H2CN • → HCN + H2 (14) 
H2CN • + H2CN • → HCN + CH2NH (15) 
Secondly, the following can also occur:

H • + CH3CO • → • CH3 + HCO • (16) 
followed by:

N • + HCO • → HCN + O (17) 
On the other hand, routes for the formation of methyl cyanide, CH3CN, are more difficult to identify. As discussed in Koeta et al. [START_REF] Koeta | Decomposition of Acetaldehyde in Atmospheric Pressure Filamentary Nitrogen Plasma[END_REF] about degradation of acetaldehyde, CH3CN can result from a complex scheme involving hydrocarbon radicals and molecules, CH2, C2H3 • , C2H2, C2H4. In particular:

N • + C2H3 • → CH3CN (18) 
where C2H3 • is coming from the degradation kinetics of the ketene molecule, CH2CO (see further section 3.2.3) and from C2H4 formation and reactivity. Also, presence of propyl cyanide, C2H5CN, could be explained by [START_REF] Koeta | Decomposition of Acetaldehyde in Atmospheric Pressure Filamentary Nitrogen Plasma[END_REF] :

CN • + CH3CN → HCN + • CH2CN (19) 
followed by:

• CH3 + • CH2CN → C2H5CN (20) 
and where the cyano radical, CN • , in (19) can come from [START_REF] Moreau | Propane Dissociation in a Non-Thermal High-Pressure Nitrogen Plasma[END_REF][START_REF] Koeta | Decomposition of Acetaldehyde in Atmospheric Pressure Filamentary Nitrogen Plasma[END_REF][START_REF] Tsai | Gas-Phase Atom-Radical Kinetics of Atomic Hydrogen, Nitrogen, and Oxygen Reactions with Fluoromethylene Radicals[END_REF] :

N • + CH2 → • CN + H2 (21) 
or from the quenching of N2* by hydrogen cyanide [START_REF] Herron | Evaluated Chemical Kinetics Data for Reactions of N(2D), N2)), and N2(*3*u+) in the Gas Phase[END_REF] :

N2* + HCN → H • + CN • + N2 (22) 
CH3CN is also an effective quencher of the nitrogen metastable states [START_REF] Herron | Evaluated Chemical Kinetics Data for Reactions of N(2D), N2)), and N2(*3*u+) in the Gas Phase[END_REF] , as is probably also

C2H5CN: N2* + CH3CN → • CH3 + CN • + N2 (23a) N2* + CH3CN → H • + • CH2CN (23b) 
Reactions ( 22)-( 23) can reasonably be considered as the main loss processes inducing a decrease in the concentration of these molecules for ND higher than 400, for the mixture without oxygen.

As emphasized in Figure 4 and Table 1 for both HCN and CH3CN, CD is drastically decreased with addition of only 1% oxygen: presence of O2 in the mix inhibits nitrile formation instead of increase their losses. Indeed, the reactivity of nitriles towards atomic oxygen is limited: the corresponding rate constants are 1.5 10 -17 cm 3 .s -1 for HCN at 298 K [START_REF] Burkholder | Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies[END_REF] and at higher temperature, as no data at 298 K were found in the literature, 3.09 10 -15 cm 3 .s -1 at 321 K for CH3CN and 1.0 10 - 14 cm 3 .s -1 at 354 K for C2H5CN [START_REF] Budge | The Reactions of O(3P) with Acetonitrile and Propionitrile[END_REF] .

Hydroxyl reactivity is limited as well: 3.1 10 -14 cm 3 .s -1 for HCN, 2.3 10 -14 cm 3 .s -1 for CH3CN [START_REF] Burkholder | Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies[END_REF] and 1.8 10 -14 cm 3 .s -1 for C2H5CN [START_REF] Harris | Rate Constants for the Reaction of OH Radicals with CH3CN, C2H5CN AND CH2=CH-CN in the Temperature Range 298-424[END_REF] . This low reactivity with O and OH as well as the decrease of the N2* concentration, owing to quenching by O2 (Reaction 3) and consequently the less importance of reactions ( 22) and ( 23), should explain the long tail of HCN and CH3CN at high discharge number. The other nitrile compounds likely react similarly, but their concentrations go rapidly under detection limit.

Concurrently, reaction of the oxygen atom with the methyl radical coming from the dissociation of acetone is efficient. As a result, addition of O2 in the mixture downplay reactions (12 a-b) in the production of HCN.

To this, it can be added the consumption of N through reaction ( 7) with atomic oxygen. It leads to hinder the formation of methyl and propyl cyanides, as discussed above. This is consistent with results displayed in Figure 4c.

Formaldehyde and methanol

In pure nitrogen mixtures, they both have been detected despite absence of oxygen [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] . As soon as oxygen is introduced, and unlike nitrile compounds, CH2O and CH3OH concentrations increase: by a factor of four for formaldehyde, and by a factor of two for methanol at 1% oxygen (Figures 4b-4d). Nevertheless, concentrations do not increase steadily with oxygen content, as the maximum concentration is obtained at 3% oxygen for formaldehyde and 1% for methanol.

Examining the literature about gas phase chemistry at low temperature 41 reveals that, in the presence of oxygen, formaldehyde and methanol can be produced by many reactions, that would be tedious to describe in details here. Considering the value of their rate constants, the most important ones are given in the Annex 1.

In absence of oxygen in the mixture, formaldehyde formation can be basically explained by:

HCO • + HCO • → CH2O + CO ( 24 
)
where HCO • comes from (16) and various other reactions. Addition of oxygen causes many other reactions to take place, involving radicals ( • CH3, CH3O Methanol may be produced thanks to the reaction:

• OH + • CH3 + N2 → CH3OH + N2 ( 25 
)
where the hydroxyl radical should come in particular from H • recombination with O through the three-body reaction [START_REF] Magne | Production and Reactivity of the Hydroxyl Radical in Homogeneous High Pressure Plasmas of Atmospheric Gases Containing Traces of Light Olefins[END_REF] :

O + H • + N2 → OH • + N2 ( 26 
)
and to a lesser extent from oxidation reactions of organic radicals (for instance in reaction 30) or molecules (for example reaction 35).

Oxygen addition in the mixture has a tremendous effect on the formaldehyde concentration produced for one discharge in the volume VD: CMD increases from 7.3 ppm in nitrogen up to 28.1 ppm for 1% O2 (Table 1). For higher oxygen contents, dependence of CMD with respect to the concentration of O2 is much less important, loss processes hindering the increase of the formaldehyde. For the low oxygen percentage values of the present experiment (< 5%), main loss process for CH2O is probably the quenching of N2 * : N2* + CH2O → products + N2 (27) for which a high rate constant equal to 5.0 10 -10 cm 3 .s -1 has been reported [START_REF] Pasquiers | Role of Nitrogen Metastable States in Non-Thermal Plasma Conversion of Volatile Organic Compounds[END_REF] .

However, for higher oxygen content, formaldehyde degradation should be enhanced by its oxidation reaction with atomic oxygen (1.2 10 -13 cm 3 .s -1 at 298K [START_REF] Burkholder | Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies[END_REF] ) as well as by the reaction of • OH (1.0 10 -11 cm 3 .s -1 ) [START_REF] Burkholder | Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies[END_REF] . This behavior would explain the inversion observed in observed for CMD in Table 1 between 3% and 5% of O2.

The situation is quite different for methanol, for which the measured concentration is about one order of magnitude lower than that of formaldehyde. The input of 1% of oxygen in the mixture does not induce an important increase of CMD, and furthermore it decreases when the oxygen percentage further increases up to 5% (Table 1). Thus, the radical kinetics for the production of CH2O and CH3OH (see Annex 1) should be rather in favor of CH2O than CH3OH production. The rate constants for main losses of methanol, i.e. quenching of N2* [START_REF] Herron | Evaluated Chemical Kinetics Data for Reactions of N(2D), N2)), and N2(*3*u+) in the Gas Phase[END_REF] and oxidation by O and by OH [START_REF] Manion | NIST Chemical Kinetics Database[END_REF] are lower than those of formaldehyde by a factor of 10 or 100, quenching of N2* remaining the dominant. However, interestingly, oxygen amount in the plasma plays an amazing role on methanol degradation efficiency. In Figure 4, we observe that for a number of discharges higher than 500, the curves cross, suggesting that more discharges are needed to remove the same quantity of methanol in higher oxygen content compared to 1% oxygen. Then, oxygen at concentrations higher than 1% tends to decrease both formation and depletion rates of methanol. The lower rate of methanol reaction with O and OH may be the reason for this observation. Methanol is then inefficiently depleted in higher oxygen amount as observed for acetone.

Carbonyl compounds

Three main carbonyl compounds are found: C2H4O, C2H2O and C3H6O2. Acetaldehyde (CH3CHO) has a decreasing trend with increasing oxygen content (Figure 5a). On the contrary, ketene (CH2CO) concentration increases with oxygen (Figure 5b). C3H6O2 is an intermediate case as the maximum is obtained for 1% oxygen.

CH3CHO and CH2CO behave quite differently as acetaldehyde concentration is maximum in the oxygen-free mixture, whereas ketene concentration reaches its highest for maximum oxygen percentage. It may also be noticed that ketene and formaldehyde concentrations behave quite similarly as functions of the oxygen content (but with one order of magnitude difference). Both acetaldehyde and ketene may be formed from CH3CO • radical which is directly formed from acetone splitting (reaction 9). The radical can undergo many reactions (see Annex 1), in particular it forms acetaldehyde (reaction 28a) and ketene (reactions 28b, 29-30) along the reactions:

CH3O • + CH3CO • → CH2O + CH3CHO (28a) CH3O • + CH3CO • → CH3OH + CH2CO (28b) 
where the radical CH3O • is coming from the kinetics of the methyl, • CH3, in mixtures containing oxygen (see Annex 1), and:

H • + CH3CO • → CH2CO + H2 (29) 
O + CH3CO • → CH2CO + • OH (30) 
More indirect paths for acetaldehyde production involves the HCO radical:

• CH3 + HCO • → CH3CHO (31) 
HCO • + CH3CO • → CO + CH3CHO (32) 
where the HCO • radical can come from (16) and various other reactions (see Annex 1), in particular oxidation of ketene (S28 and S29).

Acetaldehyde is also lost by oxidation processes, producing the radical CH3CO • as well in the process:

O + CH3CHO → • OH + CH3CO • (33) 
• OH + CH3CHO → H2O + CH3CO • (34) 
Reactions ( 28), ( 29), ( 31) and ( 32) are important processes in the oxygen free mixtures, but as for other compounds quenching of N2* breaks down molecules [START_REF] Herron | Evaluated Chemical Kinetics Data for Reactions of N(2D), N2)), and N2(*3*u+) in the Gas Phase[END_REF] :

N2* + CH2CO → products + N2 (35) 
N2* + CH3CHO → products + N2

Previous studies about acetaldehyde [START_REF] Faider | Effect of Oxygen on the Conversion of Acetaldehyde in Homogeneous Plasmas of N2/O2/CH3CHO Mixtures[END_REF] suggest that ketene is a part of products in acetaldehyde dissociation (Reaction 36) together with radicals • CH3, HCO • , and CH3CO • .

It is clear from results displayed in Figure 5 that oxygen favored ketene at the expense of acetaldehyde. It results from a complex balance between all reactions cited above, (28) to (36).

Many molecules with C3H6O2 formula are bound to appear such as propenoic acid (CH3CH2COOH), methyl acetate (CH3C(=O)OCH3), ethyl formate (H2C(=O)OCH2CH3) and hydroxyacetone (CH3C(O)CH2OH). Oxidation processes are responsible for the formation of acids, then propenoic acid could be formed. Yet, profiles of C3H6O2 are similar to the one obtained for methanol (see Figure 4), where the maximum of the products are obtained at 1% of oxygen (1.5 ppm). The production of the C3H6O2 could then be due to the common radical CH3CO • and • CH2OH forming hydroxyacetone [START_REF] Tsang | Chemical Kinetic Data Base for Combustion Chemistry. Part 2. Methanol[END_REF] according to:

• CH2OH + CH3CO • → CH3C(O)CH2OH (37) 
Where • CH2OH comes from the reactivity of CH3OH and CH2CO.

Formation of methyl acetate may be promoted by [START_REF] Hassinen | Kinetics of Reactions between Methoxycarbonyl, Methyl, and Methoxy Radicals Formed in Flash Photolysis of Dimethyl Oxalate in Gas Phase[END_REF] :

• COOCH3 + CH3 • → CH3C(O)OCH3 (38) 

Nitrite and nitrate compounds

Reactivity of N2/O2 plasma promotes the formation of nitrous acid (HONO) in the mix and to a lesser extent the formation of nitric acid (HNO3) (Figure 6). HONO quantity increases both in function of discharge number and oxygen amount. This molecule may be produced by addition reaction with the hydroxyl radical:

OH + NO + N2 → HONO + N2 (39) 
whereas HNO3 should come from addition with the hydroperoxyl radical:

HO2 + NO + N2 → HNO3 + N2 (40) with HO2 following from addition of H to the oxygen molecule by three body collision.

Concurrently, depletion of HONO is limited and, at 5% of O2, concentrations appear to reach a steady state at high discharge number. Indeed, HONO reaction with atomic oxygen is slow (9.1 10 - 16 cm 3 .s - 1 50 ). Then it mainly accumulates in the mix and increases with oxygen content for the tested concentrations. Contrary to HONO that presents concentrations up to 50 ppm, the concentration of nitric acid is limited to trace level (< 1 ppm), that is to say more than one order of magnitude lower than the concentration of HONO. A compound of formula CH3NO2 is produced as well during the experiment. The product appears at a constant rate independent on the oxygen content (Figure 6). Two CH3NO2 species are likely to appear: methyl nitrite CH3ONO or its isomer nitromethane CH3NO2. The latter is more stable than CH3ONO by 12.1 kJ.mol -1 51 . Their formation may involve the following reactions:

• CH3 + NO2 + N2 → CH3NO2 + N2 (41a) • CH3 + NO2 + N2 → CH3ONO + N2 (41b) CH3O • + NO • + N2 → CH3ONO + N2 (42) 
According to photolysis studies of NO2-hydrocarbons mixtures, CH3NO2 is formed (Reaction 41a) in large excess over CH3ONO (Reaction 41b) [START_REF] Canosa | Product Quantum Yields from the Photolysis of NO2 at 366 Nm in the Presence of Ethylene. -The Role of NO3*[END_REF] . According to high level calculations by Nguyen et al. [START_REF] Nguyen | Nitromethane-Methyl Nitrite Rearrangement: A Persistent Discrepancy between Theory and Experiment[END_REF] , recombination reactions such as (41a) and ( 42) are barrier-less processes. Moreover, isomerization between CH3NO2 and CH3ONO goes through a transition state at 223 kJ.mol -1 51 .

Then nitromethane is probably the most prominent form.

C3H5NO2 is detected at trace level (<1ppm) when oxygen content is increased. As CH3NO2, its formation rate is independent on oxygen concentration. Supposing that C3H5NO2 formation mechanism involves the recombination of an alkyl radical and NO2 similarly to CH3NO2, a possible structure for C3H5NO2 is 3-nitropropene. The compound may as well be due to a nitrite compound formed by the combination of the product of O reaction on acetone and NO according to the reaction [START_REF] Delbos | Pressure and Temperature Dependence of the Rate Constants for the Association Reactions of Vinoxy and 1-Methylvinoxy Radicals with Nitric Oxide[END_REF] :

CH2=C(O • )CH3 + NO → C3H5ONO (43) 
The isomerization barrier from nitrite-to nitro-form is high: 235 kJ.mol -1 54 .

A small amount of CH3NO is detected in the mix signaling the direct formation of a C-N bond from NO by:

CH3 • + NO + N2 → CH3NO + N2 (44) 
However due to the small quantity observed, NO recombination is probably a minor source of reactivity and probably a minor path to the formation of C3H5NO2. This compound disappears rapidly and comes down to 0 after 1200 discharges.

Another nitrate compound, CH3NO3, is also observed (Figure 6). It presents a concentration up to 2 ppm increasing with O2 content. As we discussed previously, this molecule is probably methyl nitrate CH3ONO2. As for CH3NO2, the initial formation rate appears to be independent of oxygen content. Formation of the compound may be due to the reaction with NO2:

CH3O • + NO2 + N2 → CH3ONO2 + N2 (45) 
whose termolecular rate constant equals to 2.3 10 -29 cm 6 .s -2 45 . The temporal evolution curves of CH3ONO2 concentration (Figure 6) are similar to those of ketene: as the initial rate appears independent of O2 content, the maximum concentration corresponds to the highest oxygen content.

As for CH3NO2, CH3ONO2 depletion occurs efficiently, in a parallel manner whatever O2 content.

Isocyanate compounds

At m/z 44.0131, a (H2CNO) + ion attributed to a "HCNO" compound is detected as well in pure nitrogen and in the presence of oxygen. A maximum is obtained, as for methanol, for 1% oxygen.

From exact mass, three isomers are possible: i) cyanic acid HOCN, that would result from the reactivity of • OH and • CN radicals; ii) fulminic acid HCNO; iii) isocyanic acid HNCO.

Isocyanic acid has been detected in the atmosphere by CIMS, either by PTR-MS or using anionic precursors such as acetate ion [START_REF] Leslie | Isocyanic Acid (HNCO) and Its Fate in the Atmosphere: A Review[END_REF][START_REF] Jankowski | The Stability and Generation Pattern of Thermally Formed Isocyanic Acid (ICA) in Air -Potential and Limitations of Proton Transfer Reaction-Mass Spectrometry (PTR-MS) for Real-Time Workroom Atmosphere Measurements[END_REF] . It is emitted by incomplete combustion in oxygen-poor media.

It is thought to be formed from is close in energy [START_REF] Fourré | Relative Thermodynamic Stability of the [C,N,O] Linkages as an Indication of the Most Abundant Structures in the ISM[END_REF] , and may be present as well. Both molecules, CH3NCO and HOCH2CN, are known to be prebiotic molecules [START_REF] Ligterink | The Prebiotic Molecular Inventory of Serpens SMM1. I. An Investigation of the Isomers CH3NCO and HOCH2CN[END_REF] . However, to our better knowledge, no gas phase formation route has been reported yet for HOCH2CN.

Methyl isocyanate may be the product of:

• CH3 + • NCO → CH3NCO (46) 
CH3NCO oxidation by • OH proceeds by H-abstraction leading to HNCO, CO2 and CO as main products and small quantity of N2O [START_REF] Papanastasiou | Atmospheric Fate of Methyl Isocyanate, CH3NCO: OH and Cl Reaction Kinetics and Identification of Formyl Isocyanate, HC(O)NCO[END_REF] .

Reactions (45) and ( 46) imply the presence of • NCO radical formation during plasma reactivity.

Formation of • NCO radical is due to reactivity of • CN radical in oxygenated atmosphere according to [START_REF] Perry | Kinetics of the Reactions of NCO Radicals with H2 and NO Using Laser Photolysis-Laser Induced Fluorescence[END_REF] :

CN • + O2 → • NCO + O • (47) CN • + • OH → • NCO + H • (48) 

4-Conclusions

We proposed in this work an innovative study of acetone conversion by a transient non-thermal plasma generated in mixtures of nitrogen and oxygen (for a maximum concentration of 5%) with addition of 500 ppm of the organic molecule at a total pressure of 0. Our results show that introduction of oxygen in the carrier gas mix, even at low percentage, greatly modifies the reactivity of the plasma. Firstly, acetone degradation rate is drastically reduced with increasing oxygen content in the mix, and, secondly, this parameter has a tremendous effect on concentrations of some by-products.

When O2 is added in the mix, the decrease of the acetone degradation efficiency by the plasma can be related to the competition between the quenching of metastable electronic excited states of nitrogen N2* by the organic molecule, leading to its dissociation and producing H, CH3 and CH3CO radicals, and the much less efficient reaction of acetone with the oxygen atom. Quenching Isocyanate compounds (HNCO, CH3NCO,...) were identified as well. Furthermore, this study showed that nitrile compounds previously found in the plasma of nitrogen/acetone mixture [START_REF] Thomas | Direct and Real-Time Analysis in a Plasma Reactor Using a Compact FT-ICR MS: Degradation of Acetone in Nitrogen and Byproduct Formation[END_REF] , in particular hydrogen cyanide, are still present when oxygen is added although their concentration values drastically decrease.

Species typical of an oxygen-free media, such as nitriles, are replaced by oxygenated species such as formaldehyde, methanol, and ketene. Formaldehyde is the most abundant product containing carbon. It is increasingly correlated to oxygen content, but methanol concentration is the highest for very low oxygen content (1%). Also, we could observe that acetaldehyde and ketene presented a correlation as increasing oxygen concentration had an inverse effect on this species: the first being decreased, whereas the second increases. Interestingly, the sum of the concentrations of these two compounds is independent of O2 content, as shown in Supplementary S2. This result suggests that there is probably a competition for the same intermediate (CH3CO • ) that is changed in the presence of oxygen, acetaldehyde being formed in pure nitrogen media, whereas ketene is preferably formed in oxygenated media.

Finally, these results allow to describe qualitatively the possible reactions occurring in the plasma mixture. They will be compared to a kinetic model associating Statistical Molecular Fragmentation (SMF) approach of fast bond cleavages occurring initially in the plasma [START_REF] Désesquelles | The Statistical Molecular Fragmentation Model Compared to Experimental Plasma Induced Hydrocarbon Decays[END_REF] and a 0D chemical kinetics model simulating the complex radical chemistry involved at longer time and in the postdischarge zone [START_REF] Pasquiers | Dissociation against Oxidation Kinetics for the Conversion of VOCs in Non-Thermal Plasmas of Atmospheric Gases[END_REF] . This global approach has recently been validated by comparison with experimental plasma analysis results, in the case of small hydrocarbons such as propene [START_REF] Désesquelles | The Statistical Molecular Fragmentation Model Compared to Experimental Plasma Induced Hydrocarbon Decays[END_REF] . Then, the present results will be compared to the predictions of the kinetic model in order to validate and optimize the model for the case of nitrogen and oxygen containing compounds.

Figure 1 .

 1 Figure 1. Evolution of acetone concentration (in ppm) in different N2/O2 mixes at 500 ppm initial concentration in log scale. Each point corresponds to 10 acquisitions, summed and averaged before Fourier transformation using FTICR software.

Figure 2 .

 2 Figure 2. Variation of (a) treated concentration CD in the discharge volume VD and (b) characteristic number of discharges NC for oxygen content varying from 0 to 5%.

Figure 3 .

 3 Figure 3. Mass spectra for 375 discharges in presence (blue spectrum in front) or not (magenta spectrum behind) of oxygen. Signal is cut at 5 for clarity, but H3O + , HCN.H + (in the case of no oxygen) and Acetone.H + have a signal larger than 5.

Figure 4 .

 4 Figure 4. Evolution of the concentrations of HCN, CH2O, CH3CN, CH3OH for different O2 amounts.

Figure 5 .

 5 Figure 5. Evolution of the concentrations of a) acetaldehyde CH3CHO and b) ketene CH2CO.

Figure 6 .

 6 Figure 6. Evolution of the concentrations of HONO, CH3NO2, HONO2 and CH3NO3 for different O2 contents.

19 . 1 .

 191 Scheme 1. Simplified scheme giving main reactivity routes towards the principal VOC subproducts (in bold) observed in a pure nitrogen plasma (black schemes) and in a N2/O2 plasma (black, blue and pink schemes). Number in parentheses are the rate constants of the reaction in 10 - 11 cm 3 .s -1 (the number in brackets are values for three-body reaction evaluated for a total pressure of 0.46bar).

  of N2 metastable states by O2, producing O, decreases their availability to dissociate acetone, whereas reaction of O with CH3COCH3 is not able to compensate for the removal of the organic molecule. Acetone depletion by N2 * is faster than it is by O.On top of that, BTrap has allowed identification and quantification of many molecules (HCN, CH3CN, CH2O, CH3CHO, CH3OH, CH2CO, …) coming from the reactivity of various atoms andradicals (H • , • CH3, HCO • , CH3CO • , N, • CN, O, • OH, HO2 • , CH3O • , CH3O2 • , CH3C(O)O2 • ). Scheme1 summarizes some of the main reaction paths that could explain the observed by-products. Also, nitrite and nitrate compounds (HNO2, HNO3, CH3NO2, CH3ONO2, …) were detected, highlighting the role of nitrogen oxides (NO, NO2) which are inevitably produced in the plasma of N2/O2 mixture.

  

Table 1 .

 1 CMD, quantity formed by the discharge in VD for a single current pulse in the initial mixture (in ppm) and Cmax, maximal concentration obtained in the total volume VT (in ppm) for HCN, CH3CN, formaldehyde and methanol for different oxygen concentrations.

			0%	1%	2%	3%	5%
	HCN	CMD Cmax	105.4 257.1	31.2 72.9	22.8 53.0	15.6 41.7	11.1 31.4
	CH3CN	CMD Cmax	21.8 7.7	6.1 10.8	4.6 8.7	3.2 7.2	2.2 5.3
	CH2O	CMD Cmax	7.3 7.7	28.1 32.5	31.0 38.8	34.1 45.0	31.4 43.0
	CH3OH	CMD Cmax	2.1 2.9	3.9 6.1	3.0 5.5	2.3 5.2	1.9 4.3

  • NCO radical, which may react either with H • by association or with a hydrogen-containing species by H • atom abstraction[START_REF] Rosanka | Atmospheric Chemical Loss Processes of Isocyanic Acid (HNCO): A Combined Theoretical Kinetic and Global Modelling Study[END_REF] , such as with HCO• 43 :Presence of C2H3NO is detected as well. Methyl isocyanate CH3NCO is then probably formed in the mix, as this molecule is the most stable of the C2H3NO isomers. Yet, glyconitrile HOCH2CN

	• NCO + HCO • → HNCO + CO	(45)
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