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Highlights

• Experimental study of the oxidation of 1-octene in a jet-stirred reactor (500-1100 K).

• Detailed speciation of obtained products.

• A new detailed kinetic model developed for 1-octene oxidation.

• Computed kinetic analyses highlighting the specific pathways for large alkene oxidation.

Introduction

Since alkenes are important components of gasoline [START_REF] Guibet | Fuels and engines[END_REF], the oxidation kinetics of linear alkenes including 5 to 6 carbon atoms has been frequently investigated [START_REF] Prabhu | 1-Pentene oxidation and its interaction with nitric oxide in the low and negative temperature coefficient regions[END_REF][START_REF] Ribaucour | Autoignition of n-pentane and 1-pentene: Experimental data and kinetic modeling[END_REF][START_REF] Minetti | The chemistry of pre-ignition of n-pentane and 1-pentene[END_REF][START_REF] Vanhove | On the influence of the position of the double bond on the low-temperature chemistry of hexenes[END_REF][START_REF] Touchard | Modeling of the oxidation of large alkenes at low temperature[END_REF][START_REF] Yahyaoui | Kinetics of 1-hexene oxidation in a JSR and a shock tube: Experimental and modeling study[END_REF][START_REF] Mehl | Detailed chemistry promotes understanding of octane numbers and gasoline sensitivity[END_REF][START_REF] Mehl | Oxidation and combustion of the n-hexene isomers: A wide range kinetic modeling study[END_REF][START_REF] Bounaceur | Influence of the position of the double bond on the autoignition of linear alkenes at low temperature[END_REF][START_REF] Mehl | Autoignition behavior of unsaturated hydrocarbons in the low and high temperature regions[END_REF][START_REF] Battin-Leclerc | Products from the oxidation of linear isomers of hexene[END_REF][START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF][START_REF] Yang | Comparative study on ignition characteristics of 1-hexene and 2-hexene behind reflected shock waves[END_REF][START_REF] Fan | Experimental and kinetic modeling study of 1-hexene combustion at various pressures[END_REF][START_REF] Yang | Experimental and kinetic modeling study on trans-3-hexene ignition behind reflected shock waves[END_REF]. However, there is only very few experimental studies concerning the reactivity of larger linear alkenes. Tanaka et al. [START_REF] Tanaka | Two-stage ignition in HCCI combustion and HCCI control by fuels and additives[END_REF] have measured the pressure profile during the ignition of the 3 linear heptene isomers in a rapid compression machine at 827 K and 4.16 MPa. The ignition of four linear octene isomers, including 1-octene, was investigated by Hellier et al. [START_REF] Hellier | The importance of double bond position and cis-trans isomerisation in diesel combustion and emissions[END_REF] on a diesel engine supplied with a range of single-molecule fuels. Piperel et al. [START_REF] Piperel | Impact of acetaldehyde and NO addition on the 1-octene oxidation under simulated HCCI conditions[END_REF] investigated the impact of acetaldehyde and NO addition on the 1-octene oxidation under simulated HCCI conditions in a jet-stirred reactor at 10 atm, temperatures from 560 to 1160 K, and equivalence ratio of 0.75. In the shock tube study at high pressures (P = 3.8-6.2 MPa) and temperatures (T = 850-1500 K) of the oxidation of methyl trans-2-nonenoate and methyl trans-3-nonenoate by Fridlyand et al. [START_REF] Fridlyand | Chemical kinetic influences of alkyl chain structure on the high pressure and temperature oxidation of a representative unsaturated biodiesel: Methyl nonenoate[END_REF], 1-octene (and trans-2octene) was (were) taken as the reference fuel for comparison. The same shock tube has been used to study the oxidation of linear decene isomers under similar experimental conditions [START_REF] Fridlyand | Influence of the double bond position on the oxidation of decene isomers at high pressures and temperatures[END_REF].

In the case of the studies of 1-octene oxidation by Piperel et al. [START_REF] Piperel | Impact of acetaldehyde and NO addition on the 1-octene oxidation under simulated HCCI conditions[END_REF] and Fridlyand et al. [START_REF] Fridlyand | Chemical kinetic influences of alkyl chain structure on the high pressure and temperature oxidation of a representative unsaturated biodiesel: Methyl nonenoate[END_REF], only a few products, i.e. water, carbon oxides, formaldehyde, and C1-C4 hydrocarbons, were quantified. Notably products including 8 atoms of carbon produced by the primary reactions of the reactant were not measured.

The objective of the present paper is then to describe a new experimental and modeling study of 1-octene oxidation. The experiments were performed in jet-stirred reactor with gas chromatography analyses in order to detect the widest range of reaction products, including C8 compounds, for equivalence ratios from 0.25 to 2. A new detailed kinetic model has been developed. It was built using the same rules as that previously described for 1-hexene [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF].

Experimental method

As in many organic compound oxidation studies [START_REF] Herbinet | Progress in Understanding low-temperature organic compound oxidation using a jet-stirred reactor[END_REF], experiments were carried out in a heated isothermal jet-stirred reactor (JSR). Gas chromatography was used as the analytical method. The reactive gases, with helium as dilutant, entered the spherical JSR made out of quartz through four nozzles, positioned in the center of the reactor, and designed in order to ensure a perfect gas mixing and to avoid concentration gradients inside the reactor [START_REF] Herbinet | Jet-stirred reactor[END_REF]. To also limit thermal gradients inside the reactor, the gaseous mixture was heated to the reactor temperature in a quartz annular pre-heating zone prior to entering the spherical vessel. The residence time in this zone was negligible compared to the residence time in the reactor ( ) which was taken equal to reaction temperature was measured by a type K thermocouple positioned at the center of the reactor. The pressure in the reactor ( ) was controlled using a needle valve positioned at the downstream of the reactor and taken equal to 106.7 kPa.

Helium and oxygen were provided by Messer (purities of 99.99% and 99.999%, respectively) with flows to the reactor controlled using flow rate controllers. 1-Octene was provided by Aldrich (purity of 98%) and used without further purification. The liquid flow was controlled using a liquid-Coriolis-flow-controller, mixed with helium and passed through an evaporator before being mixed with oxygen prior entering to the reactor. The relative uncertainty in gas flow rates was assumed to be around 5%.

The gases leaving the reactors were analyzed using three gas chromatographs (GCs) connected on-line to the exit of the reactor through heated transfer lines kept at 423 K to avoid condensation:

•

The first GC equipped with a thermal conductivity detector and a Carbosphere packed column was used to quantify O2, CO, CO2 and CH4.

• The second GC equipped with a flame-ionization detector and a PlotQ capillary column was used to quantify molecules containing up to five carbon atoms. The flame-ionization detector was preceded by a nickel catalyst for the hydrogenation of carbonyl functions. This technique enables a more accurate quantification of species like CO, CO2 and formaldehyde.

• The third GC was equipped with a flame-ionization detector and a HP-5 capillary column for quantifying molecules containing at least five carbon atoms.

A fourth off-line GC fitted with a Plot Q or a HP-5MS column, and coupled with a mass spectrometer, was used for identification. Response factors were determined by injecting calibration mixtures or using the effective carbon number method [START_REF] Tranchant | Chromatographie en phase gazeuse[END_REF]. Relative uncertainties in mole fractions were estimated to be ±5% for species which were calibrated using standards and ±10% for species which were calibrated using the effective carbon number method. The peak of formaldehyde has a long tail compared to other species, and co-elution occurs with the peaks of three other oxygenates: oxirane, acetaldehyde and methanol. The peak of methanol is usually very small and located in the tail of that of acetaldehyde. In the present work, methanol was identified but not quantified due to a too strong co-elution with acetaldehyde. Nevertheless the accurate quantification of oxirane, acetaldehyde and formaldehyde was possible. The strategy used for the quantification consists in integrating all co-eluted peaks, the peak of oxirane, and the peak of acetaldehyde/methanol. The peak area of formaldehyde is obtained by doing a subtraction. This strategy was successfully tested by comparing formaldehyde mole fractions obtained using it and an independent diagnostic: cavity ting-down spectroscopy. An excellent agreement was obtained as it can be seen in the case of the oxidation of n-pentane (see Figure 1 in ref [START_REF] Rodriguez | Measuring hydroperoxide chain-branching agents during n-pentane low-temperature oxidation[END_REF]).

Detailed kinetic model

Model development

The 1-octene oxidation model presented hereafter, together with a glossary giving the linear notation corresponding to the name of each species used in the model, can be found in the SM under CHEMKIN format. All the related simulations have been performed using CHEMKIN PRO [START_REF]CHEMKIN-PRO 15151[END_REF]. As previously done in the case of 1-hexene [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], a basis of this new model has been generated thanks to EXGAS software which was used to automatically generate model for the oxidation of many components of fuels and biofuels [START_REF] Blurock | Automatic generation of detailed mechanisms[END_REF], with some reaction pathways and kinetic data updated according to the recent literature. EXGAS software was in the past used to generate detailed kinetic models for hexene and heptene isomers [START_REF] Bounaceur | Influence of the position of the double bond on the autoignition of linear alkenes at low temperature[END_REF].

A reaction mechanism generated by EXGAS contains three parts:

• A C0-C2 reaction base, including all the reactions involving radicals or molecules containing less than three carbon atoms.

• A comprehensive primary mechanism with all the reactions of the initial organic reactants and oxygen, and of the derived free radicals. For 1-octene oxidation, the primary mechanism includes "ene" and "retro-rene" molecular reactions, 1-octene unimolecular initiations, the bimolecular initiations with O2 or between two 1-octene molecules, the additions of H atoms and ȮH, ĊH3, and HȮ2 radicals to the 1-octene double bond, the abstractions of alkylic and allylic Hatoms from the 1-octene molecule, the additions of alkylic, and allylic radicals to oxygen to form peroxy radicals, the alkylic, allylic and peroxy radical isomerisations involving a cyclic transition state including a ring with from 4 to 8 members, radical decompositions by β-scission or to produce cyclic ethers or branching agents, and allylic radical combinations including especially the combination with HȮ2 radicals.

• A lumped secondary mechanism, including reactions consuming the molecular products of the primary mechanism which do not react in the reaction base.

Note that in the primary mechanism, in the case of the peroxy radicals obtained by addition to O2 of alkylic radicals produced by addition of ȮH radicals to the double bond, isomerisations include the Waddington mechanism leading to aldehyde formation [START_REF] Stark | Oxidation of propene in the gas phase[END_REF]. Thermochemical data for molecules or radicals are automatically generated based on group and bond additivity methods proposed by Benson [START_REF] Benson | Thermochemical kinetics[END_REF].

To be consistent with the reactions and rate parameters described in details with the development of our new model in the case of 1-hexene [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], the following reactions have been up-dated or added:

• The rate coefficients for the thermal dissociation and the reverse recombination of H2O2 have been updated to the values proposed by Troe [START_REF] Troe | The thermal dissociation/recombination reaction of hydrogen peroxide III: Analysis and representation of the temperature and pressure dependence over wide ranges[END_REF].

• The rate constant for the bimolecular initiation of C3-C4 alkenes with O2 has been taken as those proposed by Baulch et al. [START_REF] Baulch | Evaluated kinetic data for combustion modeling. Supplement I[END_REF] in the case of propene.

• The rate constants of the reactions of ȮH radicals with the fuel, including additions with hydroxyl adduct stabilization, additions followed by decomposition, and H-abstractions, have been estimated from the calculations of Zádor et al. [START_REF] Zádor | The reaction between propene and hydroxyl[END_REF] on propene using the same pressure dependence. For 1-hexene modeling, these reaction changes, which were especially important for allylic H-abstractions and additions followed by decomposition, were shown to have a significant effect on fuel consumption and aldehyde production [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF].

• The rate constants for the reactions via the Waddington mechanism, i.e. the reactions of hydroxyperoxyradicals through a cyclic transition state to produce ȮH radicals and aldehydes, have been taken from the calculations of Lizardo-Huerta et al. [START_REF] Lizardo-Huerta | Intramolecular effects on the kinetics of unimolecular reactions of β-HOROO˙ and HOQ˙OOH radicals[END_REF]. During 1-hexene modeling, this up-date resulted mainly in significant changes in the prediction of aldehyde distribution [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF].

• The reactions between of C3-C8 allylic and HȮ2 radicals have been added using the kinetics proposed for allyl radical by Goldsmith et al. [START_REF] Goldsmith | Theoretical rate coefficients for allyl + HO2 and allyloxy decomposition[END_REF][START_REF] Goldsmith | Role of O2 + QOOH in low-temperature ignition of propane. 1. Temperature and pressure dependent rate coefficients[END_REF] (with A-factors of all these pathways divided by two in this 1-octene model). During 1-hexene modeling, the addition of these new reaction pathways notably influenced the fuel reactivity, and was also acted as the main route to unsaturated aldehydes [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF].

• The rate constant for the H-abstraction from 1-octene by CH3Ȯ radicals giving an allylic radical has been taken from the recent work of Zhang et al. [START_REF] Zhang | An up-dated experimental and kinetic modeling study of n-heptane oxidation[END_REF] (40 T 2.9 exp(-8609 cal/RT) s -1 ) instead of the older values (1.8 × 10 12 exp(-1200 cal/RT) s -1 ) proposed by Bounaceur et al. [START_REF] Bounaceur | Influence of the position of the double bond on the autoignition of linear alkenes at low temperature[END_REF].

During 1-hexene modeling [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], this up-date massively decreased the predicted production of methanol, with only a slight decrease of simulated fuel consumption. In the present work, the use of the older value [START_REF] Bounaceur | Influence of the position of the double bond on the autoignition of linear alkenes at low temperature[END_REF] leads to a slightly better agreement for fuel consumption in lean mixtures, but to a 20% overprediction in stoichiometric conditions, with no notable change for product formation.

• The rate constant of the reaction with α-hydroxyalkyl radicals to yield aldehydes/ketones and HȮ2 radicals has been taken from the work of da Silva et al. [START_REF] Da Silva | Ethanol Oxidation: Kinetics of the αhydroxyethyl radical + O2 reaction[END_REF]. This new theoretically calculated rate constant for this reaction, which is the main route via aldehydes/ketones of the same size as the reactant, is larger by at least three orders of magnitude than the estimated value of Bounaceur et al. [START_REF] Bounaceur | Influence of the position of the double bond on the autoignition of linear alkenes at low temperature[END_REF]. However, a division by a factor of 10 of this value did not have a significant effect on the octanal / 2-octanone prediction, especially below 800 K.

•

The formation and the decomposition of C8 keto-and aldo-hydroperoxides have been detailed and have replaced the reactions automatically generated using the EXGAS lumping method [START_REF] Biet | Experimental and modeling study of the low-temperature oxidation of large alkanes[END_REF]. During 1-hexene modeling [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], this up-date massively increased the predicted production of propanal, with no effect on simulated fuel consumption.

• The rate constants of the decomposition of large hydroperoxides has been taken as: at 1 atm, the rate expression of 4.0 × 10 15 exp(-42,900 cal/RT) s -1 , as proposed by the review Baulch et al.

[31] for C2H5OOH decomposition, and, at 10 atm, the rate expression of 1.5 × 10 16 exp(-42,000 cal/RT) s -1 as adopted by Curran et al. [START_REF] Curran | A comprehensive modeling study of isooctane oxidation[END_REF] in their iso-octane mechanism.

• The rate constants for the decomposition by C-C bond breaking of C8 alkenyl and allylic radicals were adopted from the recent theoretical work of Bian et al. [START_REF] Bian | Unimolecular reaction properties for the longchain alkenyl radicals[END_REF].

• The 1,6-endo-cycloaddition and 1,7-endo-cycloaddtion of oct-1-en-6-yl and oct-1-en-7-yl radicals, followed by the decomposition by CH bond breaking of the obtained cyclic radicals, have been added with rate constants taken from Wang et al. [START_REF] Wang | Reactivity-structure-based rate estimation rules for alkyl radical h atom shift and alkenyl radical cycloaddition reactions[END_REF] (with the A-factor divided by two in the case of the 1,6-endo-cycloadditions).

The two last updates were not considered in the 1-hexene model [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], but were found to be important for a larger reactant such as 1-octene.

Simulations of previous literature data

The model was first used to simulate literature data: the results of Piperel et al. [START_REF] Piperel | Impact of acetaldehyde and NO addition on the 1-octene oxidation under simulated HCCI conditions[END_REF] obtained also using a jet-stirred reactor, but at higher pressures than that in the present study, as well as the results of Fridlyand et al. [START_REF] Fridlyand | Chemical kinetic influences of alkyl chain structure on the high pressure and temperature oxidation of a representative unsaturated biodiesel: Methyl nonenoate[END_REF] measured in a shock tube.

Figure 1 displays a comparison between simulations using the current model and experimental results of Piperel et al. [START_REF] Piperel | Impact of acetaldehyde and NO addition on the 1-octene oxidation under simulated HCCI conditions[END_REF]. A reasonable agreement is observed over all the temperature range for fuel, water, carbon oxides and formaldehyde, with nevertheless, an underprediction of the reactivity between 650 and 750 K. Figure 2 shows the same comparison for the results of Fridlyand et al. [START_REF] Fridlyand | Chemical kinetic influences of alkyl chain structure on the high pressure and temperature oxidation of a representative unsaturated biodiesel: Methyl nonenoate[END_REF] who provided the detailed experiment conditions and results. The initial pressures, temperatures and reaction times were set as the same as in the experiments. From the experimental data, it seems the initial fuel mole fraction is 110 ppm, rather than 100 ppm. In their simulation, Fridlyand et al. [20] also used 110 ppm as the initial fuel mole fraction. The initial fuel mole fraction of oxygen is set as stated (1200 ppm). The shock tube experiment was simulated using a constant pressure batch reactor model as did by Fridlyand et al. [START_REF] Fridlyand | Chemical kinetic influences of alkyl chain structure on the high pressure and temperature oxidation of a representative unsaturated biodiesel: Methyl nonenoate[END_REF]. The reactant mole fraction profile indicated that the reactivity with the current model would not be high enough: it is similar to simulation results with the model of methyl 9-decenoate by Herbinet et al. [START_REF] Herbinet | Detailed chemical kinetic mechanism for the oxidation of biodiesel fuels blend surrogate[END_REF] which included a high temperature 1-octene model. Fridlyand et al. [START_REF] Fridlyand | Chemical kinetic influences of alkyl chain structure on the high pressure and temperature oxidation of a representative unsaturated biodiesel: Methyl nonenoate[END_REF] obtained a better agreement but with an adjustment of the rate constant for the fission of the allylic C-C bond by a factor of 2-5. However, it can be also seen in Figure 2 that the current 1-octene model predicts well the evolution with temperature of the product mole fraction, with a good simulation of the temperature at which the maximum mole fraction is observed.

Discussion about JSR experimental results and comparison with simulations using the new model

Figures 34567show experimental results obtained in JSR for temperatures from 500 to 1100 K, at atmospheric pressure, with dilute mixtures at equivalence ratios of 0.25, 0.5, 1.0, and 2.0 in helium, as well as comparison with simulations performed using the previously described model. The mole fractions obtained for all performed measurements can be found in a spreadsheet of the SM. 

Reactants, carbon oxides and methane

Figure 3 displays the evolution with temperature of fuel conversion and of the mole fraction of oxygen, carbon oxides, and methane. A negative temperature coefficient (NTC) zone is observed at all equivalence ratios. The temperature range where this NTC zone is observed expands as mixture becomes leaner. When the equivalence ratio decreases, the fuel reactivity is significantly promoted at low temperatures below 800 K. This promoting effect is gradually reduced at higher temperatures. The model reproduced reasonably well the experimental results including the influence of changing temperatures and equivalence ratios. However, the effect of equivalence ratio on the low temperature fuel reactivity is underpredicted. Note that, in a narrow temperature range around 650 K, a sharp peak of the fuel reactivity is predicted for the equivalence ratio of 2.0. This peak was not experimentally observed. This temperature corresponds also to sharp peaks in the mole fraction profiles of several products: ethylcyclohexenes, octanal and 2-octanone, as described further in the text.

Alkenes and dienes

C2-C4 alkenes, C4-C5 dienes and cyclic alkenes, namely cyclohexene and ethylcyclohexenes, were detected and quantified during these experiments. Their mole fraction profiles are displayed in Figure 4. Note that, 1,3-octadiene was also detected, but it was not quantified due to a strong co-elution with another unknown product. The decrease of equivalence ratio promotes the formation of alkenes and dienes below 800 K while it reduces the production of these unsaturated hydrocarbons when temperature continues increasing. Reducing equivalence ratio enhances the formation of cycloalkenes at all temperatures. Concerning simulated results, despite significant discrepancies in absolute values for 1,4-pentadiene and ethylcyclohexenes, the evolution of product mole fractions with temperature and equivalence ratio is correctly predicted by the model. 1,4-pentadiene is mainly produced from the β-scission of the oct-1-en-4yl radical, and it is overpredicted by almost a factor of four. Further consumption reactions of 1,4-pentadiene need to be investigated to improve this prediction.

It is interesting that cyclohexenes bearing an ethyl function were detected during the oxidation of 1-octene. As is shown in Figure 8, the oct-1-en-6-yl radical formed by H-abstractions from 1-octene proceed via an 1,6-endo-cycloadditon to produce the 3-ethylcyclohexyl radical. This radical can subsequently eliminate an H atom either by reaction with O2 or by β-scission to form 3-ethylcyclohexene or 4-ethylcyclohexene. Such formation pathways were investigated in recent theoretical studies [START_REF] Bian | Unimolecular reaction properties for the longchain alkenyl radicals[END_REF][START_REF] Wang | Reactivity-structure-based rate estimation rules for alkyl radical h atom shift and alkenyl radical cycloaddition reactions[END_REF]. However, the current mechanism lacks of low-temperature reactions related to ethyl-cyclohexane and ethyl-cyclohexenes, for which very few papers can be found in the literature. Although recent experimental, theoretical and modeling studies of ethylcyclohexane oxidation were recently published [START_REF] Husson | Detailed product analysis during low-and intermediate-temperature oxidation of ethylcyclohexane[END_REF][START_REF] Ning | Low-and intermediate-temperature oxidation of ethylcyclohexane: A theoretical study[END_REF][START_REF] Wang | Kinetics of ethylcyclohexane pyrolysis and oxidation: An experimental and detailed kinetic modeling study[END_REF] and detailed kinetic models are available for the high-temperature oxidation and pyrolysis of this molecule [START_REF] Wang | Kinetics of ethylcyclohexane pyrolysis and oxidation: An experimental and detailed kinetic modeling study[END_REF], there is still no validated model for its low-temperature oxidation. As a result, the production of ethylcyclohexenes is largely overpredicted at temperatures below 800 K; by contrast, the predictions at high temperatures are close to the experimental data. This incomplete knowledge about the kinetics of the consumption of ethyl-cyclohexenes is certainly one of the major reason explaining that the present 1-octene model consistently underestimates the reactivity in the lowtemperature region, not only in comparison with the present experiments but also with literature ones. 

Products with a carbonyl function

Several products with a carbonyl function, such as saturated and unsaturated aldehydes were detected and quantified during the experiments. Figure 5 shows the experimental results for saturated aldehydes and 2-octanone. The decrease of equivalence ratio promotes the production of aldehydes. This is correctly predicted by the model. However, the high temperature productions of formaldehyde, acetaldehyde and propanal is overpredicted, while the low temperature productions of C1 to C5 aldehydes is mostly underpredicted. The large aldehyde underprediction observed at low-temperature especially for lean mixtures is partly related to the reactivity underprediction obtained under these conditions, but also certainly to missing formation pathways which are important for large alkenes while they did not play such a big role during 1-hexene oxidation, since the predictions concerning aldehydes were better with the model of Meng et al. [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF].

Heptanal, the main product of the Waddington mechanism apart from formaldehyde, is shown to be mainly formed in the low-temperature range. The model reasonably predicts its evolution or with temperature and equivalence ratio. Although hexanal is another expected product of the Waddington mechanism (see a scheme of possible pathways through Waddington mechanism in Figure 9), its formation pathway is notably less favored than that of heptanal, and a co-elution with the fuel also makes it hard to be measured quantitatively in our GC experiments. Figure 9. Scheme of the possible reactions pathways through the Waddington mechanism.

Figure 5 also indicates a production of octanal and 2-octanone, which are mainly produced by the oxidation of α-hydroxyalkyl radicals as shown in Figure 10. Our previous 1-hexene modeling study [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF] showed that this type of reaction had an inhibiting effect on the fuel reactivity. The model predicts reasonably well the formation of octanal, while the mole fractions of 2-octanone are overpredicted by a factor around 10. Nevertheless, the shape of the mole fraction evolution with temperature and the influence of equivalence ratio are well predicted. The overprediction of 2-octanone may be attributed to the lack of consuming reactions in the current model. Note that, there is a large peak production of octanal and 2-octanone around 650 K in rich mixtures.

Note that, with the help of the work of Pelucchi et al. [START_REF] Pelucchi | An experimental and kinetic modeling study of the pyrolysis and oxidation of n-C3-C5 aldehydes in shock tubes[END_REF] on aldehydes, the reactions consuming octanal were considered in greater details than for octanone. As only few information was available on the kinetics of reactions consuming ketones [START_REF] Kopp | Ab initio kinetics predictions for H-atom abstraction from 2-butanone by H and CH3 and the subsequent unimolecular reactions[END_REF], the lumped ketone consumption submechanism generated by EXGAS was kept.
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. Oxidations of α-hydroxyalkyl radicals to form octanal and 2-octanone.

As suggested in recent studies of alkenes oxidation [START_REF] Battin-Leclerc | Products from the oxidation of linear isomers of hexene[END_REF][START_REF] Burke | An experimental and modeling study of propene oxidation. Part 1: Speciation measurements in jetstirred and flow reactors[END_REF][START_REF] Li | The oxidation of 2-butene: A high pressure ignition delay, kinetic modeling study and reactivity comparison with isobutene and 1butene[END_REF][START_REF] Zhou | A comprehensive experimental and modeling study of isobutene oxidation[END_REF], reactions of allylic and HȮ2 radicals are important reactivity promoting reactions, and are also the main pathways of producing unsaturated aldehydes. Acrolein, 2-butenal and 2-octenal were detected and quantified during these experiments and their mole fraction evolutions with temperature are depicted in Figure 6. Acrolein and 2-butenal are both produced at low and high temperatures.

The high temperature production of these small unsaturated aldehydes can be attributed to the large formation of propene and 1-butene yielded from the β-scission of fuel radicals. While the simulations for acrolein compare well with experimental data, 2-butenal mole fractions are notably underpredicted. Contrary to the experimental result, the predicted formation of 2butenal occurs only above 800 K. Since the β-scissions of fuel radicals are more favored at high temperatures, the production of 2-octenal, which is mainly due to the reaction of the oct-1-en-3-yl with HȮ2 radicals, is significantly lower at high-temperatures than at low temperatures. The fact that 2-octenal is mainly produced at low temperatures is correctly predicted by the model, but the magnitude of the mole fraction is significantly overpredicted.

Such results may be due to a lack of consuming reactions of 2-octenal, which requires further investigation as relevant studies are scarce in literature.

Cyclic ethers

Cyclic ethers were already found to be produced during the oxidation of alkenes [START_REF] Battin-Leclerc | Products from the oxidation of linear isomers of hexene[END_REF]. The reaction of alkenes with HȮ2 radical forming the oxirane (formed via direct epoxidation) is a major reaction pathway both at low and high temperatures. As is shown in Figure 7, when decreasing equivalence ratio, the production of hexyl-oxirane, which is produced by reaction of 1-octene and HȮ2 radical, is promoted regardless of the temperature.

Some other cyclic ethers were also detected during the oxidation of 1-octene. The formation of hydroxycyclic ethers is a concurrent reaction channel to the Waddington mechanism, which was proposed in alkene models since 2005 [START_REF] Touchard | Modeling of the oxidation of large alkenes at low temperature[END_REF]. Hydroxycyclic ethers were experimentally detected and quantified by Battin-Leclerc et al. in their 2014 study on hexenes [START_REF] Battin-Leclerc | Products from the oxidation of linear isomers of hexene[END_REF]. In this study, 2-propyl,5-hydroxymethyl-tetrahydrofuran was detected and quantified during the oxidation of 1-octene, as is shown in Figure 7. The formation pathways of this species is described in Figure 12: hydroxyl radical adds first to the terminal carbon of the double bond. This is followed by an addition to oxygen, an isomerization and 2-propyl,5-hydroxymethyl-tetrahydrofuran is finally obtained. The adduct formed by the addition of hydroxyl radical to 1-octene can also isomerize to another radical bearing a hydroxyl function, and finally leads to the formation of 2-propyl,5-hydroxymethyltetrahydrofuran via similar reactions. Since the addition of ȮH radicals is favored at low temperatures, 2-propyl,5-hydroxymethyl-tetrahydrofuran is mainly produced below 800 K. The evolution with temperature and equivalence ratio of 2-propyl,5-hydroxymethyl-tetrahydrofuran mole fraction is correctly predicted. The overprediction of the mole fraction values may be largely due to the lumping treatment of cyclic isomers in the model.

Sensitivity and flow rate analyses

Figure 13 presents sensitivity analysis for the oxidation of 1-octene at 650 K, the low temperature around which the highest reactivity is typically observed under all equivalence ratios investigated in this study. In addition, an overview of the 1-octene oxidation reaction flux at 650 K under stoichiometric condition is given in Figure 14. As is shown in Figure 14a, similar to the low temperature oxidation of 1-hexene [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], the additions of ȮH radical and H-atom to the double bond are important low temperature consumption pathways of 1-octene oxidation. The addition of ȮH radical is the initial reaction that leads to the Waddington mechanism, the formation of hydroxyl cyclic ethers, and hydroxyketohydroperoxides, the decomposition of which is an important low temperature branching step. It is observed that the two adducts of ȮH radical to 1-octene could lead to the production of octanal and 2-octanone, but with different branching ratios. Only 14.7% of the adducts obtained by the terminal addition of ȮH can isomerize in two steps to produce hydroxyalkyl radicals which can be oxidized to form octanal. In contrast, 87.5% of the adducts produced from the central addition of ȮH can isomerize in two steps via R83C8H16OH to the give hydroxyalkyl radicals which can react to form 2-octanone. The isomerization of R83C8H16OH is shown to have a strong inhibiting effect on the low temperature reactivity, while the competing oxygen addition reaction promotes the reactivity as illustrated in Figure 13.

The addition of H-atom to the terminal end of the double bond is shown to have a lager flow rate than that to the central end in Figure 14a. The adducts are octyl radicals, which would typically go through the low temperature oxidation pathways as in the oxidations of long chain alkanes, where the formation of ketohydroperoxides contributes to the low temperature branching step.

Moreover, the terminal addition of H-atom is shown to promote the reactivity in Figure 13.

As illustrated in Figure 14b, H atom abstractions are other important fuel consuming pathways during 1-octene oxidation. As 1-octene has two more carbon atoms than 1-hexene, it produces two more akenyl radicals along with more isomerizations, which makes the low temperature oxidation of 1-octene more complex. As is shown in Figure 13, most H-atom abstraction reactions promote the reactivity except for the reaction that produces the oct-1-en-6-yl radical (R32C8H15Z). This is because the oct-1-en-6-yl radical can proceed via an 1,6-endocycloadditon to produce the 3-ethylcyclohexyl radical, which mostly reacts to form 3ethylcyclohexene or 4-ethylcyclohexene. Note that reactions leading to the formation of ethylcyclohexenes are shown to have a strong inhibiting effect on the reactivity. By contrast, the addition of O2 to the oct-1-en-6-yl radical is a sensitive promoting reaction as shown in Figure 13.

As is shown in Figure 14b, the allylic oct-1-en-3-yl radical (R27C8H15X) can be produced not only from the abstraction of H-atoms from 1-octene, but also from the isomerizations of other octenyl radicals. The reactions of the oct-1-en-3-yl radical play an important role in the low temperature oxidation of 1-octene. Its combination reactions with HȮ2 radical are the main reactions leading to the formation of unsaturated aldehydes, such as 2-octenal and acrolein.

Moreover, a product of the reaction of oct-1-en-3-yl with HȮ2 radical, namely the pentyl radical, could lead to low temperature branching reactions, which is also highlighted by the sensitivity analysis as shown in Figure 13. A certain amount (20.4%) of the oct-1-en-3-yl radical could also go directly through β-scission to produce 1,3-butadiene and a butyl radical. This butyl radical can promote the low temperature reactivity by forming the branching agent via addition to O2, as both shown in Figures 13 and14b.

Conclusion

This paper presents a speciation study of the oxidation of 1-octene in a jet-stirred reactor for temperatures from 500 to 1100 K, at atmospheric pressure, with dilute mixtures of equivalence ratios of 0.25, 0.5, 1.0, and 2.0 in helium. A detailed oxidation mechanism of 1-octene is also developed to reproduce the experimental data obtained herein as well as previous studies in the literature. A broad range of oxidation products, such as 1,4-pentadiene, cyclohexene, ethylcyclohexene, C5-C8 aldehydes, 2-octanone, octenal, hexyl-oxirane, and 2-propyl,5-hydroxytetrahydrofuran have been quantified, most of which are satisfactorily described by the model.

However, even if based on the same kinetic rules as that proposed for 1-hexene [START_REF] Meng | Revisiting 1-hexene lowtemperature oxidation[END_REF], the agreement obtained with the 1-octene model is all together less satisfactory than for the C6 reactant. This is due to an increase in the complexity of the chemistry with increasing the size of the studied 1-alkene. The 1,6-endo-cycloaddition of the oct-1-en-6-yl radical, which finally leads to the formation of ethylcyclohexenes is shown to be important to the low temperature oxidation of 1-octene. However, the low temperature reactions producing aldehydes and the pathways consuming ethylcyclohexenes still require further investigations as well as those decomposing long chain carbonyl species, such as octanal, 2-octanone, and 2-octenal.
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 1 Figure 1. Comparison between simulated (with the current model) and experimental data for the JSR experiments by Piperel et al. [19] (pressure of 10 atm, equivalence ratio of 0.75).

Figure 2 .

 2 Figure 2. Comparison between simulated (with the current model) and experimental data for the shock tube experiments by Fridlyand et al. [20] (pressure of 5 MPa, equivalence ratio of 1.1).

Figure 3 .

 3 Figure 3. Mole fraction profiles of reactants and C0-C1 reaction products (except formaldehyde) for 1-octene oxidation in a jet-stirred reactor at = 0.25, 0.5, 1.0 and 2.0, = 106.7 kPa, = 2 s. Full symbols are experiments and lines simulations.
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 4 Figure 4. Mole fraction profiles of alkenes and dienes produced during 1-octene oxidation in a
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 5 Figure 5. Mole fraction profiles of saturated aldehydes and ketone with a carbonyl function formed during 1-octene oxidation in a jet-stirred reactor at = 0.25, 0.5, 1.0 and 2.0, = 106.7 kPa, = 2 s. Full symbols are experiments and lines simulations.

Figure 6 .

 6 Figure 6. Mole fraction profiles of unsaturated aldehydes with a carbonyl function formed during 1-octene oxidation in a jet-stirred reactor at = 0.25, 0.5, 1.0 and 2.0, = 106.7 kPa, = 2 s. Full symbols are experiments and lines simulations.

Figure 7 .

 7 Figure 7. Mole fraction profiles of cyclic ethers formed during 1-octene oxidation in a jet-stirred reactor at = 0.25, 0.5, 1.0 and 2.0, = 106.7 kPa, = 2 s. Full symbols are experiments and lines simulations.
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 8 Figure 8. Scheme of formation of ethylcyclohexenes.

Figure 11 .

 11 Figure 11. A chromatogram showing some cyclic ethers detected during the experiments plotted versus retention time.
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 12 Figure 12. Possible formation pathways of 2-propyl,5-hydroxymethyl-tetrahydrofuran for 1-octene.

Figure 13 .

 13 Figure 13. Sensitivity analysis for fuel conversion at 650 K under the conditions of Figure3.

Figure 14 .

 14 Figure 14. Flow rate analysis at 650 K under the conditions of Figure 3 for stoichiometric mixtures, KHP = ketohydroperoxide, KHP-OH = hydroxyketohydroperoxide, species in boxes were detected during the JSR experiments. Broken arrows correspond to several elementary steps; numbers with arrows corresponds to the flux of intermediate consumption.
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