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ABSTRACT 

Theoratical studies on the chemistry of methyl acetate radicals with molecular 

oxygen was conducted to get further understanding of biodiesel combustion. Reaction 

networks of the first oxygen addition to methyl acetate radicals has been investigated 

by high level quantum chemical methods , and rate constants were computed by using 

microcanonical variational transition state theory coupled with 

Rice-Ramsberger-Kassel-Marcus/Master-Equation theory. The calculated rate 

constants agree reasonably well with both theoretical and experimental results of 

chain-like alkoxy radicals. We considered each step in the oxidation process as a class 

of reaction, including all the possible reactions taking place, only the formation and 

re-dissociation of initial adducts are critical for the low temperature combustion of 

methyl acetate. The current study is an extension of kinetic data for such chain 

branching and propagation reactions for methyl acetate oxidation in a wider pressure 

and temperature range, which can be used for the modeling study of low temperature 

oxidation of methyl esters. 

Keywords: Methyl acetate, RRKM, Master equation, low-temperature oxidation, 

biodiesel 

1. Introduction 

Biodiesel, as an environment friendly source of renewable energy, has been 

regarded as one of the most promising alternative fuels [1-3]. The main 

component of biodiesel is esters, which contain oxygen in their molecular 

structure and can be obtained from several types of oil, including soybean oil in 
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the United States and rapeseed in Europe [4]. Esters are typically made of long 

(16-18) carbon atom chains and usually require very large detailed chemical 

kinetic models to precisely describe their oxidation. Compared with the 

combustion of fossil fuels, combustion of biodiesels could effectively reduce 

soot formation by suppressing its precursors in combustion processes [5], 

mitigating the climatic impact of fuel combustion. The detailed kinetic study of 

biodiesel is challenging both experimentally and theoretically because of the 

complexity and the size of the biodiesel components. As a result, surrogate 

molecules are widely used in kinetic studies to imitate the property of real 

biodiesel. Some small molecules, such as methyl formate, methyl acetate (MA), 

methyl crotanoate, and methyl butanoate (MB), have instead served as 

surrogates for studies of biodiesel recently [6-9].  

MA is the simplest methyl ester with a chain only one carbon atom 

connected to the methyl ester group. MA is also an important reaction 

intermediate during the pyrolysis of biodiesel and a potential pollutant of the 

atmospheric degradation. Furthermore, association reactions of MA radicals 

and O2 reaction represent an important model system to explore the kinetic 

consequences of the methyl ester radical oxidation; it contains many of the 

complexities of larger systems, yet is more feasible to detailed electronic 

structure calculations.  

While the research on the high temperature oxidation and pyrolysis is 

extensive [10-13], only a few studies have been performed to promote the 
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development of low-temperature oxidation sub-mechanisms for methyl esters. 

A theoretical study of low-temperature oxidation of MB was conducted by Tao 

et al. [14], in which reaction channels, kinetics of methyl ester peroxy radical 

decomposition but the O2 addition reaction were considered. Jiao et al. [15] 

investigated the autoignition of MB theoretically, and the study focused on the 

quantum chemistry and kinetics of second O2 addition reactions to MB peroxy 

radicals. As for the oxidation reactions of MA, the first study was performed by 

Dagaut et al. [16] at temperature between 800 and 1230K, and a comprehensive 

kinetic mechanism was then developed to interpret the phenomena observed in 

JSR experiments. Recently, Deka et al. [17] developed a kinetic mechanism 

where the rate coefficient of the H-atom abstraction of MA by chlorine atoms 

was computed by using G2(MP2)//MPWB1K/6-31+G(d,p) method and RRKM 

master equation analysis at 298K. Tan et al. [18] also respectively conducted 

theoretical studies on the H-atom abstraction of MA initiated by free radicals 

(H, OH, HO2, CH3 and O), whose predications were validated against available 

theoretical results reported previously [11, 19].  

Many studies have been conducted on the hydrogen abstraction of MA [18, 

19]. Few studies focused on the sub-mechanism of low-temperature oxidation 

for MA. The ignition of MA is mainly initiated by hydrogen abstraction with 

free radicals to form one of two carbon centered radicals: ∙CH2COOCH3 

(denoted by MA2J) and CH3COOCH2∙ (denoted by MAMJ). The MA radicals 

can isomerize to each other via 1, 4-H shift. Under low temperature range, MA 
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radicals can directly react with O2 and then form peroxy radicals. These peroxy 

radicals can isomerize to hydroperoxy alkyl radicals (∙QOOH), which in turn 

can decompose through concerted OH-loss or β-scission and can reverse to the 

peroxy radicals. The OH-loss and β-scission reactions involving ∙QOOH either 

propagate the radical chain reaction or lead to radical chain branching. These 

reactions have a great influence on the low-temperature combustion chemistry 

of MA. Compared with the analogous alkyl reaction systems, the present 

system is more complicated because of the presence of the oxygenated ester 

group.  

In the manuscript, MA is recognized as a candidate methyl ester for 

surrogate formulation, and is also considered as the starting point for the 

development of reaction rate rules and kinetic mechanism of other methyl 

esters. For the present work, we identified detailed reaction pathways for each 

radical and determined the potential energy surfaces (PES) by using highly 

accurate theoretical methods. Rate constants were subsequently calculated for 

dominant channels. Master equation analysis of the kinetics for barrierless 

reactions was performed to obtain accurate temperature- and 

pressure-dependent rate constants. Moreover, phenomenological rate 

coefficients and competing relationship among reaction pathways were 

provided for this system to develop the chemical kinetic modelling of low 

temperature oxidation of methyl esters. A detailed kinetic model of reactions of 
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MA peroxy radicals and QOOH has been described in the present study which 

is also compared with MB peroxy radicals reported in early studies [14].  

2. Theoretical Methodology  

2.1 Electronic structure calculations 

The method of M06-2X/cc-pVTZ was employed in the geometry 

optimization and frequency analysis of stationary points on the MAOO 

potential energy surfaces [20]. Transition states possessing one and only one 

imaginary frequency were verified to correspond to desired reaction coordinates 

via visual inspections. For ambiguous cases, the intrinsic reaction path analysis 

was utilized to examine the connections of each saddle point to its local minima. 

Vibrational frequencies were scaled by a factor of 0.985 [21], and the 

zero-point energies (ZPE) were obtained at M06-2X/cc-pVTZ level. High level 

single-point energies of these species were corrected by using two high-level 

theories. The first one is the coupled-cluster singles and doubles with 

perturbative triples correction (CCSD(T)) theory implemented in Molpro 

package [22]. The single-point energies were obtained by restricted CCSD (T) 

with cc-pVXZ (X= D, T) basis sets [23]. The second is the explicitly-corrected 

CCSD(T)-F12 method [24] implementation in the same package [22]. The 

extrapolation of F12 correlation energies can be highly accurate even with just 

a DZ/TZ pair of basis sets [24]. Energy extrapolation to the complete basis set 

(CBS) limit was conducted with two-point extrapolation scheme [23, 24]:  

E[CCSD(T)/CBS]DZTZ 
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= E[CCSD(T)/cc-pVTZ] 

+{E[CCSD(T)/cc-pVTZ]-E[CCSD(T)/cc-pVDZ]}×0.4629  (E1) 

E[CCSD(T)-F12/CBS]DZTZ 

= E[CCSD(T)-F12/cc-pVTZ] 

+{E[CCSD(T)-F12/cc-pVTZ] 

-E[CCSD(T)-F12/cc-pVDZ]}×0.4210       (E2) 

The molecular oxygen with triple ground state reacts like radicals in the 

entrance channel of O2 addition reactions that are typically barrierless. Single 

reference methods failed to deal with this process. Thus, the multi-reference 

method CASSCF(7e,5o)/cc-pVDZ-F12 was employed for frequency 

calculations and the relaxed scan along the reaction coordinate. The active 

space was chosen as (7e, 5o) including six electrons in two pairs of O-O π and 

π* orbitals and one electron in a radical orbital. After that, the explicitly 

correlated multi-reference configuration interaction (MRCI-F12) method 

combined with the cc-pVDZ-f12 basis set was used to map out the minimum 

energy pathway (MEP) [25].When combined with cc-pVDZ-F12 orbital 

auxiliary basis sets, recently developed F12 methods utilize an exponential 

correlation factor, which can achieve results near aug-cc-pVQZ quality with a 

negligible increase in computation load [26, 27]. The energy obtained above 

were scaled asymptotically by referring to corresponding energies of the O2 

addition reactions achieved at CCSD(T)/CBS//M06-2X/cc-pVTZ level.  
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For the barrierless channels in this case, the CASPT2 method is unable to 

predict smooth energy potentials due to the existence of strong interactions 

between O and H atoms. An H atom could even be abstracted by O2 with these 

two atoms getting closed to each other, which is also found in previous studies 

[28]. Thereby, the potential calculations by using the 

MRCI-F12(7e,5o)/cc-pVDZ-F12//CASSCF(7e,5o)/cc-pVDZ-F12 were chosen 

for the O2 addition channels. 

All the present DFT calculations were performed by using the Gaussian 09 

program suite [29]; multi-reference calculations were performed by using the 

Molpro 2010 program package [22].  

2.2 Rate constant calculations 

The pressure-dependent rate coefficients were computed though solving the 

time-dependent master equations based on RRKM theory [30] by employing 

the MESS code [31]. The collisional energy transfer was approximated by a 

single-exponential-down model, (ΔE)down=250(T/300K)0.85, which has been 

validated in relevant studies of MB [32] and n-butyl radicals [33]. Rate constant 

calculations were performed for wide ranges of temperatures from 300 to 1500 

K and pressures from 0.01 atm to 100 atm. The interaction between reactant 

and bath gas Argon was estimated by using the Lennard–Jones (L–J) model. 

The L-J parameters of Ar, σ = 3.47 Å and ε = 79.2 cm−1, were adopted from the 

early literature [34]. For methyl acetate radicals, the L-J parameters, σ =5.94 Å 
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and ε = 669.8 cm−1, were calculated by using the empirical method of Chung et 

al. [35, 36]. 

For the channels with pronounced transition states, the high-pressure rate 

constants were computed by using the conventional transition state theory 

(CTST) applying the rigid-rotor harmonic-oscillator (RRHO) assumption for all 

degrees of freedom except for the torsional modes. The low-frequency torsional 

modes corresponding to internal rotations were simulated as one-dimensional 

(1-D) hindered rotors with hindrance potentials, which were obtained by a 

relaxed scan with the increment of 10 degrees at the M06-2X/cc-pVTZ level. 

As reactions considered in the consumption of MD radicals involving the 

transfer of hydrogen atoms, the tunnelling effect on the rate constants was 

calculated on base of asymmetric Eckart model [37]. 

On MAOO surfaces, the O2 addition reaction to MA radicals has a loose 

transition state along the reaction coordinate and the microcanonical variational 

transition state theory (µVTST) was implemented to evaluate the minimum 

number of states at each specific energy for the transition states [38, 39]. The 

most distinctive feature of µVTST approach lies in that the optimal dividing 

surface, which is devised to minimize the rate flux from reactants to products, 

is a function of energy [40, 41]. This procedure for computing variational TST 

rate constants was proposed by da Silva and Bozzelli [42]. As described above, 

the interaction potentials predicted by 
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MRCI-F12(7e,5o)/cc-pVDZ-F12//CASSCF(7e,5o)/cc-pVDZ-F12 were used in 

the variation treatment of transition state theory.  

3 Results and discussion  

3.1 Electronic structure calculations 

The MAOO radicals were generated from MA radicals with molecular 

oxygen via barrierless reaction channels. Optimized geometries, rotational 

constants and vibrational frequencies of all the species are given in the 

Supplementary Material. Table 1 display the well depth of the formation for 

MAOO adducts and their energy barriers of isomerization at 0K for the 

different O2 addition reactions. Two independent theories of CCSD(T) and 

CCSD(T)-F12 were utilized to calculate the single-point energies of all the 

species, and the results are almost the same between the two theories. 

Considering the calculation accuracy and computation cost, the PESs were 

constructed by using CCSD(T) theory. The M06-2X/cc-pVTZ optimized 

structures for the MAOO complexes produced by the addition of O2 to MA 

radicals are illustrated in Figure S1. The lowest energy conformer of each 

MAOO radicals was identified as the local minimum though relaxed potential 

scans. These conformations were used as starting points when interaction 

potentials of barrierless reactions were explored by using MRCI-F12 method 

implemented in Molpro [22].  

The PES for the major reaction channels at the 

CCSD(T)/CBS//M06-2X/cc-pVTZ level is shown in Figure 1. The well depths 
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of the initially-formed adducts, such as MA2JOO and MAMJOO are 24.33 and 

32.94 kcal/mol, respectively. The energy barrier of MA2J is significantly lower 

than that of MAMJ owing to the presence of –C(∙)-C=O- conjugated system in 

the MA2J radical, which reduces the energy of  MA2J +O2 and therefore has 

different reaction behaviours. The well depth of MAOO∙ adduct determines 

how the re-dissociation channel competes with other decomposition reaction 

channels of MAOO. The initial adduct MA2JOO isomerizes to form 

CH2(OOH)C(=O)CH2∙ (i.e. W2 in Fig. 1) through a 7-membered-ring transition 

states with a barrier energy of 31.23 kcal/mol, which is higher than that of the 

re-dissociation of MA2JOO radicals (i.e. W1 in Fig. 1). Thus the 

re-dissociation of W1 is more competitive that the isomerization. The MA2JOO 

adduct also can isomerizes to form CH2(OOH)C∙(=O)CH2 via 1,3-H shift with 

a barrier of 40.38 kcal/mol (a relatively high energy), so its contribution to 

products is negligible. The intermediate W2, having the relative energy of 

-15.13kcal/mol, can undergo β-scission to form HOOCH2C∙ (=O) (i.e. P3 in 

Fig. 1) subsequently releasing a formaldehyde with a relative high barrier of 

36.39 kcal/mol, this dissociation channel plays a less important role in the 

low-temperature oxidation of MA. The formation of OCH2C(=O)OCH2OH (i.e. 

P4 in Fig. 1) goes through the OH-migration from MA2JOO with the high 

barrier of 40.38 kcal/mol. Even the product of OH-migration channel has a low 

relative energy, this channel is less important. Alternatively, the intermediate 

W2 can dissociate to form CH(=O)C(=O)OCH3+OH. The lowest energy 
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reaction channel of this system is the formation of cy[OCH2C(=O)OCH2] via a 

5-membered-ring transition state involving O-O bond breaking and C-O bond 

forming, with a barrier height of 21.18 kcal/mol. 

For MAMJ +O2 reaction system, the well depth of MAMJOO adduct 

formation is 32.94 kcal/mol lower than the reactants which are closer to those 

of MB system [14]. Two different products: cy[C(=O)OCH2OO](P6)+CH3∙, 

CH2C(=O)OO∙ (P5)+CH2O can be directly formed from the initial adduct 

through ring TS, with barrier of 33.44 and 35.90 kcal/mol, respectively. The 

MAMJOO(W1) can isomerize to form CH2C(=O)CH2OOH(W2) via 1,6-H 

shift and CH3C(=O)OCHOOH via 1,3-H shift with the barrier of 33.86 and 

42.29 kcal/mol, respectively. The product of this 1, 3-H shift isomerization is 

unstable and easily dissociate to form CH3C(=O)OCHO(P4)+OH. The 

CH2C(=O)CH2OOH(W2) can dissociate to form 

cy[OCH2C(=O)OCH2](P1)+OH and P4+OH, with barrier of 27.74 and 30.57 

kcal/mol, respectively. These four reaction channels are more favoured due to 

the lower barrier. A more detailed depiction can be discussed in rate constant 

analysis. These molecular properties of methyl acetate radical system can be 

applied to similar methyl ester oxidation systems in the later related studies. 

3.2 High-pressure limit rate constants  

Because of the paucity of kinetics data of methyl acetate, only comparisons 

with previous high-pressure rate constants of chain-like radicals were made for 
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the present system. Only the kinetically preferred reaction pathways discussed 

above were taken into consideration for rate constant calculations. 

Figure 2 represent the present prediction of high pressure limit rate 

constants for the O2 addition to methyl acetate radicals by using the variational 

transition state theory. From the plots, addition reactions of O2 to methyl 

acetate radicals show positive temperature dependence, which is also reported 

in the reaction of ethyl and O2 by Miller et al. [38]. At temperature below 800K, 

the recombination rate constant of MA2J + O2 is higher than that of MAMJ+ O2, 

which is attributed to the lower well depth at low temperatures. The 

recombination rate constant of the MAMJ + O2 show slightly positive 

temperature dependence. At low temperatures, the variational transition state 

locates at shorter C-O distance, where the MEP has a large slope and the 

enthalpy change dominates the temperature dependence. As temperature 

increases, the transition state lies at longer C-O separation where the MEP has a 

smaller slope and the decreasing entropy dominates the temperature 

dependence. Compared with the MA2J system, the transition state of 

MAMJ+O2 lies at a longer C-O distance and the rate constants rise slightly with 

the increase of temperature. For O2 addition to the MAMJ, the rate constants 

are larger than those of MA2J in the important range of low temperature 

(500-800 K), which displays weaker temperature dependence. Due to the 

uniqueness of methyl acetate and scarcely available data, rate constants of low 

oxidation reactions for ether [43] and ethyl [38] were illustrated for comparison. 
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The association rate constant of ethyl and O2 demonstrated relatively 

comparable temperature dependence with that of MAMJ and O2, while 

deviations are as high as two orders of magnitude [38]. This is because 

association reactions of MAMJ and O2 with resonance interaction have 

swallower well depth than that of ethyl systems by 1.1 kcal/mol [38]. 

The low-temperature oxidation kinetic data of n- and i-propoxy radicals and 

O2 have been measured by Fittschen et al. [44] though experimental detection, 

which are in generally good agreement with our results at temperature between 

300 and 500K. in addition, association rate constants of i-propoxy radicals and 

O2 explored by Setokuchi et al. [43] on base of the high-level ab initio theory 

and the variational transition state theory, agree well with the present 

calculations at temperature ranging from 300 to 1500K. 

3.3 Pressure-dependent rate constants  

It is recognized that reaction mechanisms of ROO radicals do significant 

effect on the autoignition behaviour of biodiesels [45]. In the present problem, 

the temperature and pressure-dependent kinetics is sensitive to the well depth of 

the MAOO formation. Figure 3 plots recombination rate constants of MAOO+ 

O2 at different pressures. Below 600 K, the calculated rate constants show 

weakly pressure dependent, while significant pressure dependence was 

observed with temperature increase. For example, rate constants show a factor 

of 2 orders of magnitude deviation at 0.01 atm and 1000 K, comparing with that 

of high pressure limit. At 0.01 atm, absence of rate constants at temperature 
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above 700 K is explained by the fact that the MA2JOO equilibrates with W1 

more rapidly than its collisional energy transfer. There is a fall-off at finite 

pressures as the stabilization reaction equilibrates, and the onset temperature 

increases with the pressures. The complex behaviour is attributable to the 

dissociation mechanism of MAOO to MA + O2.  

Intramolecular hydrogen transfer is a key step for low-temperature oxidation 

reactivity of fuels. Figure 4 demonstrates rate constants and of isomerization 

reactions for MA radicals, with relevant data of MB and dimethyl ether for 

comparison. In the present system, the products of 1, 3- H shift with relatively 

high barrier height is hard to proceed, and therefore only the kinetic parameters 

of 1, 6-H shift for MAOO radicals were considered in this manuscript. The rate 

constant of 1, 6-H shift for MA2JOO is higher than that of MAMJOO by a 

rough factor of 10 due to the lower energy barrier. As shown in Figure 4, the 

calculated rate constants of isomerization reactions for MBOO are in excellent 

agreement with the theoretical data predicted by using 

G3MP2B3//B3LYP/6-31G(d)method [14] except for isomerization reactions 

from MBMJOO radicals at low temperature. At temperature below 800 K, 

kinetic difference between 1, 6-H migration reactions of MBMJOO and that of 

MAMJOO is as high as 5 orders of magnitude, which is caused by the fact that 

MBMJOO isomerization reaction with barrier height of 29 kcal/mol is roughly 

lower than that of MAMJOO by 4 kcal/mol. In addition, the rate constant of 
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MAMJOO isomerization has a good agreement with that of dimethyl ether 

peroxy adduct, which has an O atom in the ring-structure transition state [46].  

To clearly clarify the relationship at various regimes (T/P), Figures 5 and 6 

display the temperature and pressure effect on the rate constants of main 

channels for two different systems. For simplicity, only rate constants at 

pressure of 0.01atm and 10atm were depicted in Figures 5 and 6. The respective 

branching ratio of the production of MA2JOO and MAMJOO is sum up to 99% 

or more, indicating that the rate constants of stabilization reactions is 99% of 

the overall rate constant. 

It is evident that the re-dissociation reaction of MA2JOO is the most important 

channel and the OH elimination reaction is secondary, as shown in Figure 5. Here the 

kinetic results confirm the observations made from the PES in Figure 1. Our 

calculation shows that the isomerization is not comparable with the re-dissociation 

reaction of MA2JOO radicals and the contribution of OH migration channel is 

negligible at low temperature. Both thermally and chemically activated formation of 

products become energetic and the formation of cyclic pathway is more competitive. 

The rate constant of stabilization reaction channel increases with pressure. Absence of 

rate constants at higher temperature is caused by multi-well reduction adopted in the 

MESS code. Furthermore, the rate constants of product channels decrease with 

increasing the pressure, and the similar trend for the O2 addition to chain-like alkyl 

radical was observed. Comparing with other remaining channels, the rate constant of 

cyclization channel decreases faster. As shown in Figure 6, the rate constant of the 
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association reaction is the most favoured reaction at the beginning stage and 

that of the isomerization reaction to W1’ is the secondary, which is consistent 

with the prediction based on PES in Figure 1. With increasing pressure, the 

stabilization channel approaches the high-pressure limit at higher temperature. 

The rate constants of other channels generally decrease with increasing 

pressure. After O2 addition reaction, these four channels competitive with each 

other subsequently. Our calculations show that the well depth of the initial 

adduct has great influence on the rate constants of consequent reactions. The 

dominant reaction channel is the formation of the initial adduct MAMJOO， as 

we anticipated. The reaction channel of aldehyde +OH formation is more 

competitive due to lower energy barrier. The rate constant of formaldehyde 

compounds channel is larger than that of isomerization, which can be attributed 

to the lower barrier heights of formaldehyde compounds channel. The 

isomerization and subsequent reaction channel play less important role in this 

system. The different temperature and pressure dependence observed in this 

system are consistent with the above discussion.  

4 Conclusions 

In the present study, we theoretically explored the sub-mechanism of 

oxidative reaction of methyl acetate at low temperatures. The potential energy 

surfaces for methyl acetate radicals +O2 systems were delineated at the 

CCSD(T)/CBS level. Phenomenological rate constants for low temperature 

oxidation of methyl acetate radicals were performed on base of RRKM/ME 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

18 
 

theory. Kinetic parameters of the association reactions were predicted using the 

microcanonical variational transition state theory. Present results of methyl 

acetate radicals agree well with limited available experimental and theoretical 

data. The detailed reaction sub-mechanism was constructed for the 

low-temperature oxidation and the autoignition of methyl ester. In summary, 

the mechanism of the MA2J+O2 and MAMJ+O2 system is similar excerpt for 

the stabilization channel. The dominant channel is the formation of initial 

adducts which are more competitive at low temperature and high pressure. To a 

great extent, the observed discrepancies of kinetics can be attributed to the 

different reaction enthalpies. Predicted kinetic data at various temperature and 

pressure of low-temperature oxidation of methyl acetate radicals provide a 

wider range of competing relationship between chain branching and chain 

propagation reactions, which can be helpful to improve the chemical kinetic 

modelling of methyl acetate oxidation.  
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Table 1. Comparison of the relative energies of various reaction channels 

calculated at 0 K by CCSD(T) and CCSD(T)-F12 methods  

 

ECCSD(T)/CBS 

(kcal/mol) 

ECCSD(T)-F12/CBS 

(kcal/mol) 

∙CH2COOCH3+O2∙OOCH2COOCH3 24.33 24.46 

 CH3COOCH2∙+O2CH3COOCH2OO∙ 32.94 33.13 

 ∙OOCH2COOCH3HOOCH2COOCH2∙ 31.23 31.15 

 CH3COOCH2OO∙∙H2CCOOCH2OOH 33.57 33.85 

  
  



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

23 
 

 

Fig.1. Potentials energy surfaces for the methyl acetate radicals with O2 at the 

CCSD(T)/CBS//M06-2X/cc-pVTZ level (a) MA2J + O2 , (b) MAMJ + O2  
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Fig.2. Rate constants for MA∙ +O2MAOO at high pressure limit (HPL). The 

HPL rate constants of the association reaction for chain-like alkoxy radicals are 

form previous study [43, 44]. 
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Fig. 3. Rate constants for MA∙ +O2MAOO at various T/P regimes. 

(a)∙CH2C(=O)OCH3 +  O2 , (b) CH3C(=O)OCH2∙ +  O2 
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Fig.4. Rate constants of H-migration reactions for MAOO radicals at high 

pressure limit. The rate constants of isomerization for chain-like peroxyl 

radicals were shown in different symbols. 
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Fig.5. Rate constants for MA2J + O2  products in the temperature range of 

300-1500K at 0.01atm and 10atm  
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Fig.6. Rate constants or MAMJ + O2  products in the temperature range 

300-1500K at 0.01atm and 10atm. 

 

 

 

 




