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Abstract: Methyl heptanoate (MHP) is a potential surrogate component for fatty acid 

methyl esters found in biodiesel. The carbon chain length of MHP is long enough to 

enable low temperature (low-T) reactivity and negative temperature coefficient 

oxidation behavior during the combustion experiments, similar to the real biodiesel 

fuels. This paper investigated the low-T oxidation of MHP at 780 Torr and equivalence 

ratios of 0.5, 1.0 and 1.5 in a jet-stirred reactor. Detailed speciation profiles of fuel, 

intermediates and products were obtained using synchrotron vacuum ultraviolet 

photoionization mass spectrometry. A comprehensive kinetic model with 779 species 

and 3594 reactions was developed and validated against the new experimental data. 

Model analysis indicated that the dominant reaction pathways for MHP consumption 

were H-abstraction reactions by radicals of OH, HO2 to produce MHP radicals under 

all experimental conditions. In this low-T oxidation region, O2 addition reactions were 

responsible for the consumption of MHP radicals. The formation pathways of 

unsaturated methyl esters were strongly related to the decomposition of cyclic ethers. 

Furthermore, the formations of CH3OOH and C2H5OOH were closely linked to the 

reactions of CH3O2 and C2H5O2 as well as the radicals of CH2O and HO2. This work 

provides detailed information relevant to low-T biodiesel oxidation chemistry and 

guidance for the application of biodiesel in internal combustion engines.  

 

Keywords: Biodiesel, Methyl heptanoate, Jet-stirred reactor, Low temperature 

oxidation, Kinetic model  
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1. Introduction 

Energy is the core power and safeguard for the development of human society. 

Since the first industrial revolution, conventional fossil fuels have become stars on the 

energy stage. However, fossil fuel combustion is accompanied by a sequence of 

increasing problems such as environmental degradation and impending oil scarcity. All 

of these concerns have promoted the worldwide search for eco-friendly and 

regenerative surrogates to replace the conventional fossil-derived products [1]. As one 

of the alternatives, biofuels have been recognized as energy substitutes for petroleum-

based fuels produced by the converting biomass feedbacks [2]. 

Biodiesel, one of the typical biofuels, refers to a processed fuel originated from 

various sustainable biological feedstocks such as animal fats and vegetable oils [3, 4]. 

Because of its excellent properties, for example, cleanliness, renewability, and 

biodegradability, biodiesel can be used directly in blends with fossil diesel, or in their 

neat form [5, 6]. Actually, biodiesel is defined as the mixtures of monoalkyl esters with 

large molecules, or rather, long chain fatty acid methyl esters (FAMEs), which can be 

considered as a suitable choice to replace traditional fossil fuels in internal combustion 

engines [7].  

Because of the complicated components in real biodiesel fuels, it is challenging to 

investigate the combustion experiments, theoretical calculations, and reaction 

mechanisms. Hence, a viable strategy is to seek surrogate fuels to provide molecular-

level insights into biodiesel combustion. As two representative candidates for real 

FAMEs, methyl butanoate (C5H10O2) and methyl decanoate (C11H22O2) have been 
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researched intensively by the combustion community. Thus far, the combustion 

experiments of methyl butanoate and methyl decanoate have been studied in jet-stirred 

reactors with oxidation [8-11], flow reactors with pyrolysis [12-15], shock tubes with 

ignition delay times [16-20], flames covering premixed laminar flame [21] and 

opposed-flow diffusion flame [22, 23], and laminar burning velocities [24]. The related 

quantum computations and kinetic models of these two surrogates also have kept pace 

with the experimental developments [25-28].  

Low-temperature (low-T) chemistry of FAMEs is of great significance for the 

application of real biodiesel fuels in internal combustion engines which utilize the low-

T combustion strategies [29]. Unfortunately, no negative temperature coefficient (NTC) 

behavior has been observed for methyl butanoate throughout the various combustion 

experiments because of its short aliphatic chain. As might be expected, the reaction 

mechanism of methyl decanoate has performed better in capturing the NTC behavior 

of real biodiesel fuels [11]. However, as the length of aliphatic chain in methyl esters 

increases, homogeneous gas-phase combustion experiments become more difficult due 

to the low volatility of large methyl esters [30]. In addition, the complicated structures 

make high-precision theoretical computations and kinetic studies more difficult. With 

these considerations, in order to display the pronounced NTC behavior, it is advisable 

to choose a suitable surrogate biodiesel fuel with the moderate aliphatic chain length. 

Consequently, recent researches have diverted their attentions to a series of methyl 

esters ranging from C6 to C8 including methyl hexanoate, methyl heptanoate, and 

methyl octanoate [11, 31-34].  



5 

 

Methyl heptanoate (MHP) is one of the representative monoalkyl esters of long 

chain FAMEs that showcases a strong low-T oxidation reactivity and NTC behavior, 

like the real biodiesel. Compared with methyl butanoate, the carbon chain of MHP is 

large enough to guarantee the transfer of the H-atom onto the peroxy function via the 

formation of low-strain cyclic intermediates. On the other hand, compared with methyl 

decanoate, its low-T oxidation chemistry remains relatively simple because of the 

shorter carbon chain length. However, investigations for MHP oxidation are scarce. To 

our knowledge, Dayma et al. [32] performed the only oxidation experiments for MHP 

in a jet-stirred reactor (JSR) at the residence time of 1 s, the pressure of 10 atm, and the 

equivalence ratios of 0.6, 1.0, and 2.0 in a high dilution of nitrogen. Based on the 

experimental phenomenon and species concentration profiles, the kinetic model for 

MHP was constructed. For the development of kinetic model, Glaude and his co-

workers [11] developed a comprehensive kinetic model on the basis of the EXGAS 

software, which was verified by the experimental data from Dayma et al. [32].  

However, measurement of unsaturated methyl esters and hydroperoxides have not 

been reported in previous studies. The pathways governing their formations are not 

certain because of the lack of experimental data. The purpose of this work is to use 

advanced synchrotron vacuum ultraviolet photoionization mass spectrometry (SVUV-

PIMS) to obtain the information of MHP and its important intermediate species, which 

can further help us to improve the related kinetic model. The JSR experiments of MHP 

were carried out at the pressure of 780 Torr, temperatures from 480 to780 K, and 

equivalence ratios of 0.5, 1.0, and 1.5. The fuel, reactive intermediates such as 
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hydroperoxides, and important products such as unsaturated methyl esters were 

detected and identified in this work. Their mole concentrations as a function of 

temperature were also calculated to observe fuel consumption and product formation. 

An updated comprehensive kinetic model based on Dayma’s model for MHP oxidation 

was performed and used to validate the new JSR data in this work. Reaction path and 

sensitivity analyses were used to provide deep insights into the MHP oxidation and the 

formation principles of some important species. 

2. Experimental method 

The MHP oxidation experiments were carried out at National Synchrotron 

Radiation Laboratory in Hefei, China. Detailed information for the combustion 

beamline and JSR apparatus can be found elsewhere [35, 36], thus only a brief 

introduction is given here. Except for the quartz JSR reactor, the JSR oxidation 

workstation is quite similar to the previously introduced pyrolysis apparatus [13], which 

both have the differentially pumped chamber with a molecular sampling system and the 

photoionization chamber with a home-made reflectron time-of-flight mass spectrometer. 

The volume of the JSR reactor is about 102 cm3 with four turbulent jets locating in the 

center of the sphere, ensuring the homogeneity for the temperature and composition. A 

quartz sampling nozzle with the diameter of ~80 μm orifice is located in the tip. Liquid 

MHP was transferred into an electrically heated vaporizer by the liquid chromatography 

pump and then vaporized and mixed with the carrier gas (Ar). Finally, the mixture of 

MHP and Ar at the outlet of vaporizer entered the JSR reactor, together with O2. The 

mole concentration of MHP is maintained at 1% to ensuring that all intermediate and 
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product signals can be captured and identified easily, while avoiding significant 

chemical heat release. The pressure in this work was maintained at 780 Torr, and the 

temperature inside JSR was measured by a K-type thermocouple installed in the center 

of reactor with the errors of ± 2 K. The residence time considered in work was kept at 

2 ± 0.03 s. No unsteady conditions, such as multi-stage ignitions or oscillatory cool 

flames, were observed. Table S1 in the Supplementary Material provides the detailed 

experimental conditions for the JSR oxidation of MHP. 

For species identification, photoionization efficiency spectra from the energies of 

8.0 to 11.5 eV were employed here to provide the detailed information of ionization 

energies (IEs) for these detected products. Mole concentration calculations were 

evaluated on the basis of previously published references [37, 38]. The uncertainties of 

experimental mole concentrations for major products and intermediates with the known 

photoionization cross sections (PICSs) are within ±20% and ±50%, respectively. For 

species with the estimated PICSs and hydroperoxide, such as CH3OOH and C2H5OOH 

with the calculated PICSs [39], the uncertainties were calculated to be a factor of 2. All 

known PICSs are available in the online database [40].  

3. Kinetic modeling 

A new comprehensive kinetic model of MHP oxidation with some updated rate 

constants and newly-added reactions is proposed here on the basis of the original work 

from Dayma et al. [32] covering the high-T and low-T reaction regions. The detailed 

kinetic model for MHP oxidation was constructed in a hierarchical method including 

several sub-mechanisms: MHP, methyl esters from methyl formate to methyl hexanoate, 
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C5 − C6 hydrocarbons, and C0 − C4 species. In present work, the core C0 − C4 sub-

mechanism was from AramcoMech 2.0 [41-43] and partly from USC Mech II model 

[44] as the base model, which have been widely validated by various combustion 

experiments. The sub-mechanism of methyl esters came from previous combustion 

studies on JSR oxidation [31, 45], flow reactor pyrolysis [12, 46], and premixed flame 

[21]. Furthermore, the sub-mechanism of large hydrocarbons such as n-hexane and n-

pentane radicals was obtained from the kinetic model of n-heptane constructed by 

Zhang et al. [47], which includes the comprehensive high-T and low-T oxidation 

regions. Rates of reactions of n-butane and i-butane, as well as the following C4H9 

radicals, were considered from the work of [48]. Figure 1 shows the primary reaction 

classes considered in the sub-mechanism of MHP. Details of the MHP sub-mechanism 

are described in the following section. Comparisons between Dayma’s model [32] and 

present model are listed in Table S2 in the Supplementary Material.  

3.1 MHP decomposition  

Unimolecular decomposition reactions are considered as the predominant reaction 

class to consume fuel in the high temperature region [49]. In this work, two reaction 

classes were included, i.e. bond dissociation and methanol elimination reactions. The 

unimolecular decomposition of MHP can generate different alkyl and ester radicals. 

However, due to the lack of related studies, the rate constants of these reactions with 

their pressure dependence were obtained by the analogous reactions of n-heptane and 

methyl propanoate [47, 50]. 

As described in previous research of methyl esters [9], the initial steps in the low-
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T oxidation of MHP are similar to those reactions in alkane oxidation. Figure 2 depicts 

the molecular structure of MHP with carbon labeled for nomenclature and seven MHP 

radicals (C8H15O2) produced via H-abstraction reactions. Previously, Dayma et al. 

proposed the reaction rate rules for MHP and methyl hexanoate [31, 32] by analogy 

with alkanes, which were applied in their kinetic models. Their simulated results 

showed the satisfactory predictions for experimental data. In present model, the rate 

constants for H-abstraction reactions through the molecule of O2 and various radicals 

(H, O, OH, CH3, C2H3, C2H5, HO2, CH3O, and CH3O2) were directly taken from the 

previous MHP oxidation model [32]. After the H-abstraction reactions, various MHP 

radicals are produced. These MHP radicals undergo a series of reactions such as 

isomerization and β-scission to form more species. Their rate constants were either 

directly from [31, 32] or adopted from those of n-heptane [47, 51]. 

3.2 First O2 addition and decomposition of QOOH 

As illustrated in Fig. 1, the first O2 addition for MHP radicals (R) is one of the 

most important steps in the process of low-T chain-branching reaction, which can form 

different MHP peroxy radicals (R + O2 = RO2). The formed RO2 radicals can undergo 

intramolecular hydrogen transfer to yield hydroperoxy MHP radicals (RO2 = QOOH). 

Subsequently, QOOH can further decompose into a series of cyclic ether plus OH 

radical or unsaturated methyl esters plus HO2. Up to now, only Dayma et al. [32] 

estimated the rates coefficients for these reaction classes. For the first step to add O2 in 

R to produce RO2, they adapted the rate rules from Buda et al. [52] to evaluate the rate 

coefficients for these radical sites located on carbon 3 to 7 (MHP3J - MHP7J). 
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Furthermore, due to the particular stability of MHP2J, they used the rate coefficients 

performed by Touchard et al. [53] for allylic radicals. In the case of RO2 isomerization, 

their rate constants were also estimated referring to the reactions of alkyl radicals from 

Buda et al. [52]. However, when the H atom is abstracted from carbon site 2, it was 

considered as an alkane tertiary H atom with the activation energy reduced by 2 

kcal/mol. For QOOH radicals, the reaction constants for reactions of producing cyclic 

ethers plus OH or unsaturated esters plus HO2 were taken from Buda et al. [52] 

considering the 4- and 5-membered rings and from Battin el al. [30] considering 6-

membered ring. Furthermore, due to the high C-C bond dissociation energy in QOOH 

structure, the β-C-C scission reactions have not been considered here [54]. Hence, the 

rate coefficients in this part were taken from Dayma et al. [32]. 

3.3 Second O2 addition and reactions of ketohydroperoxides  

Besides the direct decomposition reactions, QOOH also can add O2 to produce 

hydroperoxy peroxy radicals (O2QOOH), which are considered as the second O2 

addition pathways in low-T mechanism of MHP. Subsequently, isomerization reactions 

of O2QOOH forming ketohydroperoxides (OQOOH) plus OH radicals and the 

decomposition reactions of OQOOH yielding other species and a new OH radical were 

also included in present model. Due to the lack of related research, the rate coefficients 

for these reactions also comes from the kinetic model of MHP proposed by Dayma et 

al. [32]. In the case of OQOOH formation, noting that, the activation energy at carbon 

site 2 is lowed by 2 kcal/mol due to the reactivity of a tertiary site. The thermodynamic 

data for most species directly originated from the abovementioned models. For the 
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species without available thermodynamic data, the THERGAS program [55] was 

applied here to calculate their thermodynamic data. Based on the above mechanisms, 

an updated kinetic model for MHP oxidation has been constructed in this work. The 

simulations were performed with the Perfectly Stirred Reactor module in CHEMKIN-

PRO software [56] by using the fixed gas temperature and transition solver settings. 

The related reaction mechanism and thermodynamic data files can be found in the 

Supplementary Material. Table S3 in the Supplementary Material lists the species 

involved in discussion below, along with their nomenclatures and structures. 

 Compared with the model proposed by Dayma et al. [32], a more detailed kinetic 

model was developed based on our experimental results and recently developed models. 

The reactions of 1-pentene and 1,3-hexadiene, which were not provided by Dayma et 

al. [32], were integrated to this model. Isomerization reactions, β-scission reactions and 

O2 addition reactions of n-heptyl and n-hexyl radicals and from Zhang et al. [47] were 

updated in this work. Furthermore, reactions of n-butane and i-butane [48], which were 

not considered in the previous model, such as the unimolecular dissociation reactions 

and H-abstraction reactions were also integrated into the present model. The reaction 

mechanism of methyl butanoate was also updated in present model. Recently, Zhai et 

al. [12] investigated the combustion of methyl butanoate and methyl crotonate via flow 

tube pyrolysis and the detailed kinetic model was developed covering the low-T and 

high-T reaction region. The newly developed model was validated by different 

experimental data. In this work, a series reactions for methyl butanoate were directly 

inherited into the present model from Zhai et al. [12]. 
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4. Results and discussions 

During the oxidation experiments of MHP, intermediates, and products were 

captured and quantified by the SVUV-PIMS. These included CO, CO2, light 

hydrocarbons such as alkanes, alkenes, and alkynes, oxygenated species such as 

alcohols and alkenones, hydroperoxides such as methylhydroperoxide (CH3OOH) and 

ethylhydroperoxide (C2H5OOH), and unsaturated methyl esters such as methyl 2-

propenoate (C4H6O2, MP2D), methyl 3-butenoate (C5H8O2, MB3D) and methyl 4-

pentenoate (C6H10O2, MF4D). An updated kinetic model was proposed here to present 

the experimental data and provide better insights into the MHP consumption and the 

formation principles of some important species including unsaturated methyl esters and 

hydroperoxides. Reaction path analysis and sensitivity analysis, on the basis of the 

species reaction rate of production and consumption computations, were also applied 

here to elaborate the newly constructed model and interpret the experimental 

phenomenon. Figures. 3-7 depict the comparisons between the simulated results and 

experimental data from MHP oxidation at 780 Torr, residence time of 2 s, and the 

equivalence ratios of 0.5, 1.0, and 1.5. Symbols denote the experimental data and the 

model predictions are plotted as the solid lines.  

4.1 The oxidation of MHP in JSR 

As depicted in Fig. 3, the oxidation of MHP presents obvious NTC behaviors from 

lean to rich conditions, which can be satisfactorily reproduced by present model. The 

window of low-T MHP oxidation begins from 530 K and ends at about 730 K with the 

temperature range of around 200 K. Similarly, the mole fraction profiles of O2 under 



13 

 

the investigated experimental conditions also can be well captured by present model. 

Compared with methyl butanoate [57], the sufficiently long aliphatic chain in MHP 

structure guarantees the isomerization reactions of RO2 to maintain its chemical 

reactivity [58]. In order to explain the oxidation chemistry of MHP, reaction path 

analysis and sensitivity analyses have been carried out at the equivalence ratios of 0.5, 

1.0, and 1.5 corresponding to approximately 50% fuel conversion in the low-T 

oxidation region. 

Figure. 8 shows the reaction channels for MHP oxidation based on the reaction 

sequence of MHP→R→RO2→QOOH→O2QOOH or 

MHP→R→RO2→QOOH→OQOOH plus OH. For clarity, the reaction scheme just 

considers the predominant reaction pathways in MHP oxidation. It is apparent that MHP 

is mainly consumed by the H-abstraction reactions via OH and HO2 for all equivalence 

ratios with the total contribution ratio of 97.3%, 94.9%, and 92.6%, respectively. 

Compared with the negligible contribution of H-abstraction reactions of HO2, OH 

abstracting reactions dominate the consumption of MHP, which can be proved by the 

relatively high mole concentration of H2O detected in this work. Among these OH 

abstracting reactions, the reactions producing MHP2J radicals play a significant role in 

the consumption of MHP with a large proportion at all equivalence ratios. This is due 

to that the second carbon site in MHP structure is considered as the tertiary one [59]. 

The sensitivity analysis, as depicted in Fig. 9, at different equivalence ratios with the 

about 50% fuel conversion also indicates that the H-abstraction reactions via OH radical 

have the large sensitivity coefficients for MHP consumption at all conditions, in 
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accordance with the reaction path analysis. Furthermore, the O2 addition reaction of 

MHP2J (MHP2J + O2 = MHP2OO) is another promoting reaction for MHP 

consumption. This is because the aforementioned can consume the extensive MHP2J 

radical, and additionally, accelerate MHP consumption. When producing these primary 

MHP radicals through the H-abstraction reactions, most of them, except several 

isomerization reactions, will react with O2 via addition reaction to yield RO2 radicals. 

Also, the reactions of R + O2 yielding unsaturated methyl heptenoate + HO2 also have 

a minor contribution to the consumption of MHP radical. In the following reactions of 

RO2 radicals, the isomerization reactions producing QOOH radicals are the most 

important consumption channels. Finally, by the removal of OH, QOOH radicals can 

undergo second O2 addition to form O2QOOH radicals, or decompose into different 

cyclic ethers.  

4.2 Unsaturated methyl esters  

Several unsaturated methyl esters from C3 to C5 including MP2D (m/z = 86), 

MB3D (m/z = 100), and MF4D (m/z = 114) were observed in this work, which are 

crucial in the combustion of MHP. However, the values of the IEs for these species are 

not available in the literature. Here, IEs were computed from the CBS-QB3 method by 

using the software of Gaussian 09 [60]. The experimental measurement of photon 

energies from 8.5 to 11.5 eV with every step of 0.05 eV of masses 86, 100, and 114 is 

shown in Fig. S1 in the Supplementary Material. The experimental IEs are about 10.08, 

9.63, and 9.75 ± 0.05 eV for m/z of 86, 100, and 114, respectively. As for the calculated 

results, the values for MP2D, MB3D, and MF4D are around 10.11, 9.68, and 9.73 eV, 
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respectively. It is clear that the calculated results are in good agreement with the 

experimental measurements within the allowed error range. Figure. 4 depicts the 

simulated and experimental results of MP2D, MB3D, and MF4D. In general, present 

model can satisfactorily reproduce the experimental data of these unsaturated esters.  

In the previous study of MHP oxidation, Dayma and his co-workers [32] assumed 

that the decompositions of cyclic ethers might be responsible for the formation of 

unsaturated esters in the low-T oxidation region. Due to the limits in their detection 

techniques, no unsaturated esters were observed in their work. In order to study these 

unsaturated esters in present work, the reaction path analysis was proposed in Fig. 10 

at about 50% fuel conversion ratio in the low-T oxidation region. It is apparent that the 

formation for these esters is strongly related to the decomposition of cyclic ethers, 

which follow the reaction sequence of MHP → R → RO2 → QOOH → cyclic ethers 

→ unsaturated esters. Specifically, MP2D is formed mainly by the decomposition of 

three different cyclic ethers of MHPCY5O2, MHPCY6O2, and MHPCY4O2. Among 

them, the decomposition of MHPCY6O2 plays a chief role in MP2D formation under 

all equivalence conditions with the contribution of 43.2%, 38.2%, and 38.3%, 

respectively. For MB3D, its formation is determined by the decomposition of cyclic 

ether MHPCY6O3; For MF4D, it is mostly produced by the decomposition of cyclic 

ether MHPCY7O4. Reaction path analysis also shows that the consumption of these 

unsaturated esters is controlled by two different types of reactions: OH-addition and 

OH-abstraction. In the low-T oxidation region, OH-addition reactions dominate their 

consumptions to form other new intermediate radicals, where the contribution by OH-
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addition increases with the increasing equivalence ratio. These formed intermediate 

radicals can further undergo the O2 addition reactions to form other species which then 

would follow a sequence of reactions to produce small molecules.  

It should be stressed that the maximum mole fractions of these unsaturated esters 

follows the sequence of MP2D > MB3D > MF4D under present experimental 

conditions. The mole concentrations of unsaturated esters gradually decrease as the 

carbons on their hydrocarbon chains increased. Similar phenomenon was also observed 

in previous work on methyl decanoate oxidation in a JSR [9].  

4.3 Hydroperoxides  

The signals of hydroperoxides such as CH3OOH and C2H5OOH have been already 

observed in the study of n-butane [61]. However, their formations have rarely been 

detected in previous methyl ester combustion experiments. This work offers the first 

speciation of the CH3OOH and C2H5OOH formed during low-T oxidation of methyl 

esters, as displayed in Fig. 6. To further identify these two species, the measured 

photoionization efficiency spectra with the same range (8.5-11.5 eV) are plotted in Fig. 

S2 in the Supplementary Material. The results show that the measured ionization 

thresholds of m/z = 48 and m/z = 62 are located at about 9.83 and 9.61 eV, respectively, 

which are in good agreement with the previous measurements of CH3OOH and 

C2H5OOH [61]. Reaction path analysis shows that their formations are distinctly 

pertinent to the radicals of CH3O2 and C2H5O2 under all experimental conditions. For 

CH3OOH, these two reactions of CH3O2 + CH2O = CH3OOH +HCO and CH3O2 + HO2 

= CH3OOH + O2 determine its formation; for C2H5OOH, its formation derives mainly 
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from the reactions of C2H5O2 + CH2O = C2H5OOH +HCO and C2H5O2 + HO2 = 

C2H5OOH + O2. The total contribution of these two reactions for CH3OOH and 

C2H5OOH formations gradually increases as the increase of equivalence ratio, 

especially for the second reaction with HO2 to produce O2. Decreasing O2 concentration 

from the lean to rich conditions promotes the forward reaction of CH3O2 + HO2 = 

CH3OOH + O2 and C2H5O2 + HO2 = C2H5OOH + O2. 

4.4 Comparison of the models 

It is noted that the model from Dayma et al. [32] serves as the cornerstone of our 

model. To investigate the difference between these two models, we carried out two 

simulations: simulations using the model from Dayma et al. [32] compared against our 

experimental data and the simulations using our model compared against experimental 

data from Dayma et al. [32]. 

Figures. S3-S7 in Supplementary Material depict the comparisons between the 

simulated results from the model of Dayma et al. [32] and the experimental data 

obtained from present work. It is clear that the Dayma’s model has a good agreement 

with the most species detected in our experiments. However, as for MHP consumption 

and unsaturated methyl ester formation, Dayma’s model cannot capture their trends 

especially when the temperature is above 650 K. Furthermore, the formation of 

hydroperoxides is not well reproduced. Figures. S8-S10 in Supplementary Material 

compare the simulated results between our present model and previous experimental 

data of MHP in JSR at the pressure of 10 atm, residence time of 0.7 s, and the 

equivalence ratios of 0.6, 1.0, and 2.0 [32]. It is shown that present model can well 
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reproduce the trends of MHP and O2 as well as the formation of major products under 

all oxidation conditions.  

5. Conclusions 

The low-T oxidation of MHP in a JSR was investigated at the pressure of 780 Torr, 

temperature range of 480 to 780 K, and equivalence ratios of 0.5, 1.0, and 1.5. A number 

of species, including light hydrocarbons, CO, CO2, oxygenated species, hydroperoxides, 

and unsaturated methyl esters, were observed using SVUV-PIMS. Their mole fraction 

profiles as a function of temperature were also obtained in present work. A detailed 

kinetic model with 779 species and 3594 reactions was updated and developed to 

validate the new JSR oxidation data of MHP. Reaction path and sensitivity analyses 

were performed to provide detailed insights for MHP oxidation chemistry. The 

consumption of MHP was determined by the H-abstraction reactions via OH and HO2 

radicals producing abundant MHP radicals. In the low-T oxidation region, the O2 

addition reactions were responsible for the consumption of MHP radicals. The 

formation pathways of unsaturated methyl esters such as MP2D, MB3D, and MF4D 

were strongly related to the decomposition of cyclic ethers. Furthermore, 

hydroperoxides, including CH3OOH and C2H5OOH, were detected for the first time in 

the oxidation of methyl esters. Their formations were closely linked to reactions 

between the radicals of CH3O2 and C2H5O2 and the radicals of CH2O and HO2.  
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Figure 1 The schematic for primary reactions considered in the sub-mechanism of 

MHP oxidation.  
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Figure 2 Molecular structure of MHP with carbon labeled for nomenclature and its 

corresponding radicals produced by H-abstraction reactions.  
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Figure 3 Experimental (symbols) and simulated (lines) mole fraction profiles of (a) 

MHP, (b) O2, (c) CO, (d) CO2, (e) H2O, and (f) CH2O in MHP oxidation at ϕ 

= 0.5, 1.0, and 1.5. 
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Figure 4 Experimental (symbols) and simulated (lines) mole fraction profiles of (a) 

MP2D, (b) MB3D, and (c) MF4D in MHP oxidation at ϕ = 0.5, 1.0, and 1.5. 
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Figure 5 Experimental (symbols) and simulated (lines) mole fraction profiles of (a) 

CH3OH, (b) CH3CHO, and (c) C2H3CHO in MHP oxidation at ϕ = 0.5, 1.0, 

and 1.5. 
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Figure 6 Experimental (symbols) and simulated (lines) mole fraction profiles of (a) 

CH3OOH and (b) C2H5OOH in MHP oxidation at ϕ = 0.5, 1.0, and 1.5. 
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Figure 7 Experimental (symbols) and simulated (lines) mole fraction profiles of (a) 

CH4, (b) C2H4, (c) C2H6, (c) C2H6, (d) C3H6, (e)1,3-C4H6, (f) 1-C4H8, (g) 1-

C5H10, and (h) 1,3-C6H10 in MHP oxidation at ϕ = 0.5, 1.0, and 1.5.
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Figure 8 Reaction networks of MHP oxidation presented with the approximately 50% 

fuel conversion in low-T oxidation region for the equivalence ratios of 0.5 

(red), 1.0 (black) and 1.5 (blue). 
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Figure 9 Sensitivity analysis of MHP oxidation presented with the approximately 50% 

fuel conversion in low-T oxidation region for the equivalence ratios of 0.5, 

1.0 and 1.5. 
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Figure 10 Formation pathways of (a) MP2D, (b) MB3D, and (c) MF4D in MHP 

oxidation with the approximately 50% fuel conversion in low-T oxidation region for 

the equivalence ratios of 0.5 (red), 1.0 (black) and 1.5 (blue). 

 


