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Abstract: Neopentane is an ideal fuel model to study low temperature oxidation chemistry. The 

significant discrepancies between experimental data and simulations using the existing neopentane 

models indicate that an updated study of neopentane oxidation is needed. In this work, neopentane 

oxidation experiments are carried out using two jet-stirred reactors (JSRs) at 1 atm, at a residence time 

of 3 s, and at three different equivalence ratios of 0.5, 0.9, and 1.62. Two different analytical methods 

(synchrotron vacuum ultraviolet photoionization mass spectrometry and gas chromatography) were 

used to investigate the species distributions. Numerous oxidation intermediates were detected and 

quantified, including acetone, 3,3-dimethyloxetane, methacrolein, isobutene, 2-methylpropanal, iso-

butyric acid, and the peroxides, which are valuable for validating the kinetic model describing 

neopentane oxidation. In the model development, the pressure dependence of the reaction classes of 

Q̇OOH + O2 and Q̇OOH decompositions are considered, which improves the prediction of the low 

temperature oxidation reactivity of neopentane. Another focus of model development is to improve the 

prediction of carboxylic acids during the low temperature oxidation of neopentane. The detection and 

identification of iso-butyric acid indicates the existence of the Korcek mechanism during neopentane 
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oxidation. Regarding the formation of acetic acid, the reaction channels are considered to be initiated 

from the reactions of ȮH radical addition to acetaldehyde/acetone. This updated kinetic model is 

validated extensively against the experimental data in this work and various experimental data 

available in the literature, including ignition delay times (IDTs) from both shock tubes (STs) and rapid 

compression machines (RCMs) and JSR speciation data at high temperatures. 

Keywords: neopentane oxidation; kinetic modeling; Korcek mechanism; carboxylic acids; 

synchrotron vacuum ultraviolet photoionization mass spectrometry 
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1. Introduction 

Considering energy resources, combustion efficiency, and the strict control of pollutant 

emissions, further exploration of combustion chemistry and the development of advanced combustion 

technology is of contemporary significance.1 To achieve cleaner combustion, new engine strategies2-5 

are developing rapidly. In particular, low temperature combustion (LTC) has recently attracted great 

interest.3-5 LTC is a combustion strategy for advanced internal combustion engines (ICEs), including 

homogeneous charge compression ignition (HCCI),4 reactivity-controlled compression ignition 

(RCCI),3 and premixed charge compression ignition (PCCI),6,7 which has great advantages in 

simultaneously reducing pollutant emissions and improving combustion efficiency. However, LTC is 

currently facing many design and research challenges that require the support of numerical calculations 

and computational fluid dynamics (CFD) simulations.5 Consequently, further studies on fuel chemistry 

and establishing precise detailed combustion kinetic models is one of the prerequisites. 

The low temperature oxidation of large alkanes is governed by successive radical additions to 

O2 and intramolecular H-atom migration reactions. The reaction scheme leads to many oxygenated 

species and makes the low temperature oxidation reaction networks particularly complex, especially 

when the mechanism of the 3rd addition to O2 is explored and added.8-12 Neopentane (2,2-dimethyl 

propane) is one of the unique representatives of branched alkanes with a symmetrical molecular 

structure and only identical H-atoms and thus gives a single alkyl radical by H-atom abstraction 

reactions. This leads to a more concise low temperature oxidation network. Accordingly, neopentane 

is an ideal model fuel to study low temperature oxidation chemistry and to develop detailed kinetic 

models of alkanes. 

Some early work13-16 conducted preliminary explorations on the reaction mechanism of 

neopentane. Recently, Bugler et al.17,18 provided the latest ignition delay time (IDT) results of the 

pentane isomers and proposed a detailed model in which the thermodynamic data were systematically 

updated and consistent rate rules were used for the important reaction classes. Eskola et al.19 used 

synchrotron vacuum ultraviolet photoionization mass spectrometry (SVUV-PIMS) combined with a 
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flow reactor to explore the oxidation products of neopentane in the temperature range of 550–675 K; 

the potential intermediates from keto-hydroperoxide (KHP) decomposition were discussed. Hansen et 

al.20 conducted low temperature oxidation experiments of neopentane using a jet-stirred reactor (JSR) 

and a time-resolved flow reactor. KHP and keto-dihydroperoxide (KDHP) species were detected. They 

developed a kinetic model including the 3rd O2 addition reaction network based on the model of Bugler 

et al.17,18 to explore the effect of the 3rd O2 addition reactions on IDTs. Very recently, neopentane 

oxidation in JSRs was studied at 1 atm in the temperature range of 500–850 K and φ = 0.5 by 

Bourgalais et al.,21 and the products were analyzed via a combined theoretical, chromatographic, mass 

spectrometric, and photoelectron photoion coincidence spectroscopy (PEPICO) study. Although the 

current neopentane kinetic models in the literature have been validated extensively, discrepancies 

between the measured and predicted neopentane reactivity, as well as mole fractions of many important 

species still exist, such as 2-methylpropanal ((CH3)2CHCH=O), 3,3-dimethyloxetane 

(CH3C(CH2OCH2)CH3), acetone (CH3COCH3), isobutene ((CH3)2C=CH2), and methacrolein 

(CH3C(=CH2)CH=O). The new JSR experimental data and the corresponding analyses in the work of 

Bourgalais et al.21 show that the existing neopentane models need to be improved. These latest works17-

21 provide a starting point and valuable references for the further extension and improvement of the 

neopentane kinetic model. 

In this work, SVUV-PIMS combined with gas chromatography (GC) was used to detect and 

quantify the key intermediates and final products of neopentane oxidation in JSRs at 1 atm and at 

equivalence ratios of 0.5, 0.9, and 1.62. Important oxidation intermediates, e.g., acetone, 3,3-

dimethyloxetane, methacrolein, isobutene, 2-methylpropanal, and iso-butyric acid 

((CH3)2CHC(=O)OH), were identified and quantified, which are crucial to clarify the low temperature 

oxidation mechanism of neopentane and to refine and develop the kinetic model. Next, the rate 

constants of key reaction classes in the neopentane submechanism, e.g., the reaction classes of Q̇OOH 

+ O2 and Q̇OOH decompositions, were re-examined and evaluated based on new JSR experimental 

data and available studies in the literature. Furthermore, carboxylic acid formation chemistry was 
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revisited. The Korcek mechanism was added, and the rate constants for the reactions of ȮH radical 

addition to acetaldehyde were updated. The reaction pathways of ȮH radical addition to acetone and 

subsequent decomposition were proposed to better predict the acetic acid mole fraction distribution. 

This updated model satisfactorily predicts current experimental data and various experimental data 

available in the literature. 

2. Experimental method 

In this work, we carried out neopentane oxidation experiments in two JSRs using the analytical 

methods of SVUV-PIMS and GC. The results obtained by different analytic methods are mutually 

verified and supplemented. The diluent gas used in the JSR-SVUV-PIMS experiment was argon (Ar), 

while the diluent gas used in the JSR-GC experiment was helium (He). The influence of different 

dilution gases on the experimental results is negligible. The initial concentration of neopentane in all 

experiments was 0.015, and the residence time was 3 s. The detailed JSR experimental conditions are 

summarized in Table 1. 

2.1 The JSR experiments based on SVUV-PIMS 

The first experimental work was carried out in NSRL (Hefei, China). The specific description of 

this experimental platform can be found in recent work.22 Gaseous neopentane (purity 99.8%) is mixed 

with diluent gas (Ar) and oxygen and enters the JSR. There are four nozzles with a diameter of 0.3 

mm in the sphere of the JSR. The gas mixture forms jets through the four nozzles and is evenly mixed 

in the reactor. The mixture is sampled by the tapered quartz nozzle that is welded on the JSR sphere to 

form a molecular beam, which is ionized by the SVUV-PIMS. The mass resolution (m/Δm) of SVUV-

PIMS was ~4000 at m/z 72 in this experiment. Methods of species identification and quantification 

can be found in previous work.23 The photoionization cross-sections (PICSs) are obtained from an 

online database,24 available literature data,25-27 and experimental measurements in this work. The 

uncertainties of the measured mole fractions are within ± 10% for neopentane and oxygen, ± 20% for 

species with known PICSs, and a factor of two for those with estimated PICSs. 
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2.2 The JSR experiments based on GC 

JSR experiments under the same conditions were also carried out in LRGP (Nancy, France) using 

an analytical method based on online GC-FID/GC-MS. A detailed description of the experimental 

setup can be found in previous publications.23,27,28 The outlet of the JSR is connected to two GCs 

through a heated transfer line.23,27 The first GC is equipped with a Carbosphere packed column and a 

thermal conductivity detector (TCD) that allows the acquisition of the mole fraction distributions of 

H2, O2, CO, and CO2. The second GC is equipped with a PlotQ capillary column and a flame ionization 

detector (FID) to quantify molecules ranging from methane to reaction products containing up to five 

carbon atoms and one or two oxygen atoms.23,27 The mass spectrometer (MS) analyser was adopted 

for the identification of reaction products according to the NIST Mass Spectrometry database. For O2, 

CH4, CO, CO2, and some common hydrocarbons, standard gases were used for TCD and FID 

calibration. For other species detected by FID, the effective carbon number (ECN) method was used 

for quantification. The uncertainties of the species mole fractions calculated using the standard gas are 

within ± 5%, while those obtained using the ECN method are ± 10%. 

Table 1. The JSR experimental conditions in this work 

Location T (K) p (bar) τ (s) φ neopentane O2 He/Ar 

NSRL 500–825 1.03 3 0.5 0.015 0.24 0.745 

NSRL 500–825 1.03 3 0.9 0.015 0.133 0.852 

NSRL 500–825 1.03 3 1.62 0.015 0.0741 0.9109 

LRGP 500–825 1.07 3 0.5 0.015 0.24 0.745 

LRGP 500–1100 1.07 3 0.9 0.015 0.133 0.852 

LRGP 500–1100 1.07 3 1.62 0.015 0.0741 0.9109 

3. Kinetic model development 

The current model is developed based on NUIGMech1.229 and the previously published pentane 

mechanism.17 The submechanisms of the three pentane isomers were developed using consistent rate 

rules and thermochemistry.17 The neopentane subchemistry was well validated against various 

experimental data, including IDTs measured in STs and RCMs and some JSR species data measured 
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at high temperatures. Since the new JSR data of this study mainly focused on neopentane oxidation in 

the low temperature regime, the model updates mainly focused on the low temperature chemistry of 

neopentane submechanism. 

In this study, one of the major updates in the neopentane submechanism is adding pressure-

dependent rate constants for the reaction classes of Q̇OOH + O2 and Q̇OOH decompositions. These 

reaction classes are critically important for alkane low temperature chemistry, as the rate constants 

directly controlled the branching ratios of chain propagation and chain branching pathways. In the 

previous pentane mechanism,17 only high-pressure limits were used for these reaction classes. 

However, the high-pressure limits are slightly too fast to simulate JSR oxidation at 1 atm. Goldsmith 

et al.30 theoretically investigated the kinetics of the O2 + propyl system, highlighting the pressure-

dependent reaction rate coefficients of the Q̇OOH radicals. Recently, Duan et al.31,32 also performed 

theoretical studies of the rate constants of O2 addition to n-butyl and four heptyl radicals, with 

significant pressure dependence observed above ca. 500 K. In the current model, the rate constants at 

1 atm for both Q̇OOH + O2 and Q̇OOH decompositions are included and are a factor of two slower 

than the high-pressure limit values across the temperature range. The rate constants of these reactions 

are assumed to reach the high-pressure limits at pressures of 10 atm and higher. 

Other major updates of the current mechanism include the new formation reaction pathways of 

carboxylic acids. In this work, formic acid, acetic acid, and iso-butyric acid were measured. In previous 

studies,33-35 it was suggested that carboxylic acids are mainly formed via the Korcek mechanism, i.e., 

the decomposition of γ-keto hydropeoxide (γ-KHP) species. Scheme 1 shows the Korcek mechanism 

for neopentane proposed by Eskola et al.19 γ-KHP undergoes cyclic peroxide isomerization that leads 

to two aldehydes (formaldehyde and 2-methylpropanal) and two acids (formic acid and iso-butyric 

acid). The rate constants for the Korcek mechanism of the C5 KHP are adopted to be the same as the 

Korcek reaction of C3 KHP calculated by Goldsmith et al.36, with an assumption that the extra methyl 

groups in the C5 KHP (3-hydroperoxy-2,2-dimethylpropanal) are spectators. In addition, the reactions 

of ȮH radical additions to formaldehyde/acetaldehyde and subsequent reactions can also lead to the 
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formation of formic acid, as shown in Scheme 2. In NUIGMech1.2,29 the rate constant of ȮH radical 

addition to formaldehyde and the subsequent decomposition of the adduct to formic acid were adopted 

from the work of Xu et al.37 In this work, the rate constant of ȮH radical addition to acetaldehyde is 

determined to be the same as the reaction of ȮH radical addition to formaldehyde. For the 

decomposition of the adduct to formic acid via β-C-C bond scission, the rate constant was estimated 

based on the decomposition of the isopropoxy radical.38 

 

Scheme 1 The γ-KHP decomposition of neopentane via the Korcek mechanism.33 

ȮH radical addition to acetaldehyde and the subsequent scission of the C–H bond could lead to 

the formation of acetic acid, as shown in Scheme 2. In addition, we propose another pathway that 

occurs via ȮH radical addition to acetone and the subsequent decomposition, producing a methyl 

radical and acetic acid. The branching ratio of ȮH addition to acetone has been discussed in a number 

of studies.39-41 It is suggested that this reaction pathway is slower than H-atom abstraction from acetone. 

However, as acetone is one of the major products of neopentane oxidation, the reaction pathways of 

ȮH radical addition to acetone and subsequent decomposition may be important in the prediction of 

acetic acid. In this study, the rate constant of ȮH addition to acetone was estimated by analogy with 

ȮH addition to formaldehyde,37 with the activation energy decreasing by 2 kcal/mol, considering the 

structural difference between formaldehyde and acetone. Furthermore, the rate constants of the adduct 

decomposition of ȮH addition to acetone were estimated by analogy with the β-C–C bond scission of 

the isopropoxy radical.38 
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Scheme 2 The formation reaction pathways of formic acid and acetic acid by the ȮH radical addition 

to aldehydes and ketone in the model. 

4. Results and discussion 

4.1 Species measurement and quantification 

Some important intermediates (acetone, formaldehyde, 3,3-dimethyloxetane, methacrolein, 

isobutene) were detected by both SVUV-PIMS and GC. Carbon monoxide and methane were 

measured by GC, and water was measured by SVUV-PIMS. Additionally, peroxides (hydrogen 

peroxide and methyl peroxide), carboxylic acids (formic acid, acetic acid, and iso-butyric acid), and 

alcohols (methanol) were detected, identified, and quantified by SVUV-PIMS. The PICSs of 

formaldehyde, hydrogen peroxide, acetic acid, and methyl peroxide were adopted from the literature 

studies.25-27,42 The PICS of iso-butyric acid was measured in this work. Details of the PICS 

measurement method can be found in previous work,43 and the table of PICS for iso-butyric is provided 

in the Supplementary material. The PICSs used for other species are from the online database.24 

3,3-Dimethyloxetane is a critically important intermediate in the chain-propagation process. 

Eskola et al.19 carried out time-resolved measurement and analysis on this intermediate. The PICS of 

3,3-dimethyloxetane at the parent ion m/z 86.07 is very small (the maximum PICS at 9.5–11.0 eV is 

~0.007 Mb), but it has a very large PICS at its daughter ion m/z 56.06.19 For SVUV-PIMS, 3,3-

dimethyloxetane was quantified by the PICS of the daughter ion m/z 56.06 at 9.8 eV. We note that 

isobutene also contributed a signal at m/z 56.06, so the signal of isobutene needed to be subtracted to 
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obtain the mole fraction of 3,3-dimethyloxetane. In this subtraction, we first obtain the mole fraction 

of isobutene at 9.3 eV. We note that the appearance energy for the daughter ion m/z 56.06 of 3,3-

dimethyloxetane is ~9.45 eV, while the ionization energy for isobutene is ~9.2 eV. The photon energy 

of 9.3 eV could exclude the strong interference of the daughter ion of 3,3-dimethyloxetane. Here, we 

used 1,3-butadiene as a reference to obtain the mole fraction of isobutene at 9.3 eV. Considering the 

low PICS of isobutene at 9.3 eV, the uncertainty in its mole fraction is estimated to be ± 50%. Then, 

the mole fraction of 3,3-dimethyloxetane was quantified at 9.8 eV after subtracting the isobutene signal. 

Considering the impact of error propagation, the mole fraction uncertainty of 3,3-dimethyloxetane is 

also estimated to be ± 50%. 

Two C5 peroxides were measured in this work, i.e., the C5 ROOH (C5H12O2) and the C5 KHP 

(C5H10O3). They could be determined to be neopentyl hydroperoxide and 3-hydroperoxy-2,2-

dimethylpropanal due to the highly symmetrical structure of neopentane. The C5 KHP was also 

identified as 3-hydroperoxy-2,2-dimethylpropanal ((CH3)2C(CH2O2H)CH=O) by the ionization 

energy calculated by Hansen et al.20 

4.2 Low temperature chemistry of neopentane 

CHEMKIN PRO software44 was used to simulate these JSR data. The measured and model-

predicted mole fraction distributions of neopentane oxidation products are shown in Figs. 1-4 and Figs. 

S1-S4. Figure 1 shows the mole fraction profiles of neopentane, oxygen, carbon monoxide and water 

at φ = 0.5, φ = 0.9 and φ = 1.62, respectively. The neopentane model updated in this work can 

satisfactorily capture the profiles of reactants and final products at different equivalence ratios and 

different temperatures, especially under fuel-rich conditions. 
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Figure 1 Measured (symbols) and model-predicted (lines) mole fraction profiles of neopentane, 

oxygen, carbon monoxide and water at φ = 0.5, φ = 0.9 and φ = 1.62. Dotted and solid lines represent 

the results predicted by NUIGMech1.229 and the present model, respectively. The error bar for the 

experimental data is given. 

Under the three experimental conditions presented in Fig. 1, both the experimental and model-

predicted results show significant low temperature reactivity and a notable negative temperature 

coefficient (NTC) zone. The reactivity of neopentane decreases as the equivalent ratio increases. 

NUIGMech1.229 overpredicts neopentane reactivity in the temperature range 550–675 K, while the 

model updated in this work can satisfactorily predict the reactivity. However, both models overpredict 

fuel reactivity in the temperature range of 750–850 K for φ = 0.5 and φ = 0.9. The overprediction is 

more evident at φ = 0.5. These major products formed during oxidation are also overpredicted at φ = 

0.9, as seen in Figs. S1–S4 in the temperature range of 750–900 K. In contrast to the observation in 

this work, the models predicted the high temperature reactivity of neopentane well, as shown in Figs. 

S5–S7, with a much lower fuel initial mole fraction of 0.001 that was measured by Dagaut et al.16 The 

sensitivity analyses in Fig. S8 indicate that some of the most sensitive reactions are related to the base 
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chemistry, and it is believed that future updates of base chemistry will improve the model predictions 

in the intermediate range (above 750 K). 

The final products of the low temperature oxidation of neopentane are carbon monoxide and 

water. The GC method failed to detect carbon dioxide at 500–800 K, although the maximum carbon 

dioxide concentration predicted by the present model is ca. 500 ppm at 500–800 K and at φ = 0.5. The 

comparisons of the experimental and simulated results for oxygen, carbon monoxide, and water at φ = 

0.5, φ = 0.9, and φ = 1.62 are also presented in Fig. 1. Considering the experimental error and model 

uncertainty, the updated model satisfactorily predicts the reactants and final products of the low 

temperature oxidation of neopentane. 

In the following discussion on the oxidation intermediates, we will focus on the results at the 

experimental condition of φ = 0.5, and the results at other conditions of φ = 0.9 and φ = 1.62 are 

presented in the Supplementary material. 

4.2.1 The first and second additions to O2 

Neopentane oxidation is initiated by H-atom abstraction initially by O2 and subsequently by ȮH 

radicals to form neopentyl radicals (Ṙ). These radicals add to O2 to form the neopentyl peroxy radical 

(RȮ2). Thereafter, a dominant reaction channel is the isomerization of RȮ2 radicals to hydroperoxy 

neopentyl radicals (Q̇OOH) via a 6-membered ring transition state. The fate of Q̇OOH radicals is 

critical for the low temperature chemistry of alkanes because they directly control the branching ratios 

of the chain-propagation and chain-branching pathways. In NUIGMech1.2,29 the high-pressure limit 

rate constants of the first (Ṙ) addition to the O2 reaction calculated by Miyoshi et al.45 were used. The 

rate constants of the second (Q̇OOH) addition to the O2 reaction were based on the first Ṙ addition to 

the O2 rate constants, with the A-factor decreasing by a factor of two based on the suggestions of 

Goldsmith et al.30,46 The rate constant of the Q̇OOH decomposition is derived from the rate rule of the 

LLNL model.47 The pressure dependence of the reaction classes of Q̇ OOH + O2 and Q̇ OOH 

decompositions, as described in Section 3, is considered by this model to satisfactorily capture the 

neopentane low temperature oxidation reactivity at 550–675 K. 
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Isobutene and 3,3-dimethyloxetane are the predominant species during neopentane low 

temperature oxidation. This is because the RȮ2 radical does not have any β-hydrogen and lacks the 

reaction pathway of concerted elimination that leads to olefins and HȮ2 radicals. Instead, the RȮ2 

radicals dominantly isomerize to Q̇ OOH radicals, which can either decompose to form 3,3-

dimethyloxetane and an ȮH radical or undergo β-scission to form isobutene, ȮH and formaldehyde; 

formaldehyde is the byproduct in the formation of isobutene. These two reaction channels compete 

with each other, and the formation of isobutene and 3,3-dimethyloxetane inhibits the chain-branching 

process, which is directly related to the low temperature reactivity of neopentane. Furthermore, the 

RȮ2 radical derived from the first addition to O2 reacts with HȮ2 radicals and leads to the formation 

of neopentyl hydroperoxide (ROOH). The second additions of Q̇OOH radicals to O2 lead to peroxy 

neopentyl hydroperoxide radicals (ȮOQOOH), which leads to C5 KHP and ȮH radicals via internal 

H-migration reactions. ROOH and C5 KHP are the key intermediates formed by the first and second 

additions to O2 reactions, and their decomposition is crucially important for the low temperature 

reactivity of neopentane. 

Figure 2 presents the measured and model-predicted mole fraction profiles of 3,3-

dimethyloxetane and isobutene at φ = 0.5. Considering the uncertainties of the SVUV-PIMS and GC 

measurements, the mole fractions of 3,3-dimethyloxetane and isobutene obtained by these two 

methods are in good agreement. The normalized signal and model-predicted profiles of ROOH and C5 

KHP are also presented here. ROOH and C5 KHP were obtained by SVUV-PIMS, but they could not 

be quantified due to the lack of PICSs. The model developed in this work captures the mole fraction 

distributions of isobutene and 3,3-dimethyloxetane well and satisfactorily predicts ROOH and C5 KHP 

formation and decomposition in the temperature range 500–800 K.  
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Figure 2 Measured (symbols) and model-predicted (lines) mole fraction profiles of 3,3-

dimethyloxetane and isobutene at φ = 0.5 in neopentane low temperature oxidation. The signal profiles 

(∗) of ROOH and KHP are also presented with a comparison of the profile shape from model prediction. 

The dotted and solid lines represent the results predicted by NUIGMech1.229 and the present model, 

respectively. The error bar for the experimental data is given. 

4.2.2 C5 KHP decomposition 

The dominant KHP consumption pathway is the formation of ȮH radicals and keto alkoxy 

radicals through O–OH bond scission. The keto alkoxy radical leads to the formation of acetone via 

CH2O loss and the following reactions in Scheme 3. Acetone is one of the dominant products during 

the low temperature oxidation of neopentane. These reaction channels are one of the main sources for 

the formation of acetone and formaldehyde. The kinetic model updated in this work predicts the 

formation of these two intermediates well, as shown in Fig. 3 and Fig. S1. 

 

Scheme 3 The formation reaction pathways of acetone via C5 KHP decomposition. 

In addition to the above pathways of KHP unimolecular ȮH-loss and subsequent reactions, 

another potential pathway of KHP is decomposition via the Korcek mechanism,33 which is known to 
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lead to a carbonyl compound and a carboxylic acid. The first decomposition pathway, Scheme 1 (1), 

of the Korcek reaction leads to the formation of 2-methylpropanal and formic acid. 2-Methylpropanal 

was detected and identified using GC and SVUV-PIMS, and formic acid was detected and identified 

using SVUV-PIMS. The second decomposition pathway, Scheme 1 (2), leads to the formation of 

formaldehyde and iso-butyric acid. Eskola et al.19 observed a very weak product signal at m/z 88.05 

during neopentane oxidation but could not identify its structure. Bourgalais et al.21 obtained 

photoionization efficiency (PIE) spectra for m/z 88.05 during neopentane oxidation at 600 K and φ = 

0.5. Their results suggested that the signal of m/z 88.05 came from 3-hydroperoxybut-1-ene. In this 

work, a PIE experiment was performed at 675 K and at φ = 0.9, and the results support the existence 

of iso-butyric acid. The signal of m/z 88.05 can be attributed to the combined contribution of iso-

butyric acid and 3-hydroperoxybut-1-ene, as shown in Fig. S9. The comparison of the measured PIE 

curve with that of iso-butyric acid indicates that iso-butyric acid is the dominant contributor for m/z 

88.05 at 675 K. The measured absolute PICS of iso-butyric acid is presented in Fig. S10. 

The detection and identification of 2-methylpropanal, formic acid, formaldehyde, and iso-

butyric acid indicate the existence of the Korcek reaction during neopentane oxidation. Their mole 

fraction profiles are presented in Fig. 3. We note that for 2-methylpropanal, the SVUV-PIMS data are 

significantly higher than the GC measurements. The reason for these discrepancies has been discussed 

in detail by Bourgalais et al,21 i.e., SVUV-PIMS results were affected by the additional contributions 

from other isomers at m/z 72.06. These isomers can be well separated by the GC method; only GC 

data are shown here for better comparison with model-predicted results. For iso-butyric acid, the 

calculated mole fraction should have the contribution of 3-hydroperoxybut-1-ene, but the PIE 

comparison indicates that the contribution is not significant. 
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Figure 3 Measured (symbols) and model-predicted (lines) mole fraction profiles of acetone, 

formaldehyde, 2-methylpropanal, iso-butyric acid, formic acid, and acetic acid at φ = 0.5. The dotted 

and solid lines represent the results predicted by NUIGMech1.229 and the present model, respectively. 

The error bar for the experimental data is given. 

It can be seen that their relative ratio is not in accord with the ratio from the Korcek 

decomposition in Scheme 1. The mole fraction of formaldehyde is much higher than that of iso-butyric 

acid. As discussed above, formaldehyde comes from other pathways, such as the pathway in Scheme 

3. For 2-methylpropanal and formic acid, their mole fractions are close to each other. However, apart 

from formaldehyde, the model underpredicts the mole fraction of 2-methylpropanal, iso-butyric acid, 

and especially formic acid. The reaction pathway analysis for these three intermediates at φ = 0.5 and 

650 K is shown in Scheme 4. For 2-methylpropanal, the main formation pathway is ȮH radical 

addition to isobutene and the subsequent reactions, with only a small contribution (~15%) from Korcek 

decomposition of the C5 γ-KHP. For the formation of formic acid, the Korcek reaction channel of C5 

γ-KHP contributed ~52%, followed by the subsequent reaction of isobutene (~36%) and formaldehyde 

(~12%). For iso-butyric acid, the Korcek decomposition of C5 γ-KHP is the only channel for its 

formation in the model. The above discussion indicates that Korcek decomposition is a source of 
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carboxylic acid, but they could not fully explain their formation, such as formic acid and iso-butyric 

acid. The underestimation of the rate constant for the Korcek decomposition may also be a potential 

explanation for the discrepancy. 

 

Scheme 4 The reaction pathway analysis for 2-methylpropanal, formic acid, and iso-butyric acid at φ 

= 0.5 and 650 K. The numbers represent the contribution of each reaction channel to the formation of 

2-methylpropanal, formic acid, and iso-butyric acid, respectively. Only the main reaction pathways are 

shown here. 

In addition, acetic acid was measured in this work. This carboxylic acid could not be formed by 

the Korcek decomposition of the C5 γ-KHP in neopentane oxidation. Carboxylic acids are often 

observed in combustion experiments,23,48 and there have been some exploratory studies on their 

formation during low temperature oxidation.33,36,49 Battin-Leclerc et al.49 proposed possible channels 

for the formation of short-chain monocarboxylic acids, e.g., C1–C3 carboxylic acids that are mainly 

formed from aldehydes with the same structure. In this work, the reaction of ȮH radical addition to 

aldehydes and the subsequent decomposition via C–H bond scission--Scheme 2 (3) was added to the 

model. Furthermore, an additional formation pathway of acetic acid was proposed in this work, i.e., 

the reaction of ȮH radical addition to acetone and the subsequent decomposition--Scheme 2 (4). 

Experimental measured and model-predicted mole fraction profiles of acetic acid are shown in Fig. 3f. 

Compared to NUIGMech1.2,29 the current model has significantly improved the mole fractions of 

acetic acid. 
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4.2.3 Other products from neopentane oxidation 

Other key products of neopentane oxidation were also identified and quantified in this work. The 

measured and model-predicted mole fraction profiles of ethylene, propene, methanol, ketene, 

acetaldehyde, methacrolein, hydrogen peroxide, and methyl hydroperoxide at φ = 0.5 are shown in Fig. 

4. For these key species, the predictions from the updated model improved significantly, especially 

under the conditions of φ = 0.9 and φ = 1.62, as shown in Fig. S2. The model predicts well the formation 

of ethylene and propene under this condition. The simulations show that both ethylene and propene 

are mainly derived from the H-atom abstraction reaction and subsequent reactions of isobutene. In 

addition, ketene and methacrolein are also mainly derived from isobutene. Methoxy radicals are the 

main precursors of methanol, which are dominantly formed from O–O bond scission of methyl 

hydroperoxide. For methyl hydroperoxide, methyl radical addition to O2 and subsequent reaction of 

CH3Ȯ2 with HȮ2 radical is responsible for its formation. The model overpredicts the mole fraction of 

methanol by a factor of two; this overprediction may be caused by the overprediction of methyl 

hydroperoxide by the model. We note that the model predicts the mole fraction profiles of methanol 

and methyl hydroperoxide well at φ = 0.9 and φ = 1.62. Acetaldehyde is an important intermediate 

with a wide range of sources, in which C5 KHP decomposition and subsequent reactions are one of the 

dominant formation pathways. For acetaldehyde, SVUV-PIMS data are in good agreement with the 

prediction by the updated model, but the GC data are lower than SVUV-PIMS data by a factor of two 

at φ = 0.5, φ = 0.9, and φ = 1.62. Hydrogen peroxide plays an important role in low temperature 

oxidation. The model results show that hydrogen peroxide is mainly produced by the 

disproportionation reaction of two HȮ2 radicals and the H-atom abstraction reaction from neopentane 

by HȮ2 radicals and is mainly consumed by decomposing into two ȮH radicals. The model 

overpredicts the mole fraction of hydrogen peroxide by a factor of 1.5 at φ = 0.5, but underpredicts its 

mole fraction profiles by a factor of 2 at φ = 0.9 and well predicts its mole fraction profiles at φ = 1.62. 
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Figure 4 Measured (symbols) and model-predicted (lines) mole fraction profiles of ethylene, propene, 

methanol, ketene, acetaldehyde, methacrolein, hydrogen peroxide, and methyl hydroperoxide at φ = 

0.5. The dotted and solid lines represent the results predicted by NUIGMech1.229 and the present 

model, respectively. The error bar for the experimental data is given. 

The additional validation results based on this model can be found in the supplementary 

materials, including JSR species data measured at high temperatures, other JSR speciation data 

measured in this work, and IDTs of both STs and RCMs. Overall, the updated model in this work 

satisfactorily predicts these experimental data. 

5. Summary and conclusions 

In this work, two different analytical methods (SVUV-PIMS and GC) were used to investigate 

neopentane oxidation in JSRs at 1 atm and three different equivalence ratios of 0.5, 0.9, and 1.62. The 

experimental data obtained by different analytical methods are in good agreement; these different 

analytical methods complement each other, making the experimental results more comprehensive. 

Numerous important intermediates were identified and quantified, e.g., acetone, 3,3-dimethyloxetane, 

methacrolein, isobutene, 2-methylpropanal, formic acid, iso-butyric acid, acetic acid, methyl 
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hydroperoxide, and hydrogen peroxide. These key intermediates are crucial for clarifying the low 

temperature oxidation mechanism of neopentane and developing the kinetic model. 

An updated kinetic model is proposed based on the current experimental data and previous 

neopentane studies. The pressure dependence of the reaction classes of Q̇ OOH + O2 and Q̇ OOH 

decompositions was considered, which is important for improving the predictions under atmospheric 

conditions. The identification of iso-butyric acid supports the existence of the Korcek mechanism 

during neopentane oxidation, which is consistent with the point proposed by Bourgalais et al.21 and 

Eskola et al.19 The Korcek reactions were added to the updated kinetic model. However, the results 

show that the Korcek reactions could not fully explain the experimental observations. Regarding the 

formation of acetic acid, the reaction pathways of ȮH radical addition to acetone/acetaldehyde and 

subsequent reactions were considered. The model analysis shows that the reaction pathway of ȮH 

radical addition to acetone and the subsequent decomposition is the most dominant formation channel 

of acetic acid. 

The updated kinetic model was well validated against the speciation data measured in this work 

and various experimental data available in the literature, including IDTs of both STs and RCMs and 

JSR species data measured at high temperatures. We note that further improvement of the neo-pentane 

model is still needed to reduce model uncertainty, including quantum calculations of the newly added 

reaction pathways discussed in the current study. This model could provide a valuable reference for 

further updating alkane kinetic models or exploring the low temperature oxidation chemistry of highly 

branched alkanes. 

Supporting Information 

Additional validation results and an updated kinetic model of neopentane oxidation are provided. 
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