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Abstract 

2-Butanone (methyl ethyl ketone) is a recently identified high-octane, next-generation 

biofuel candidate, synthesized through microbiological pathways from biomass. Its high 

octane number (RON=117), low boiling point (80 °C), and relatively high vapor pressure 

(10.8 kPa at 20 °C) make 2-butanone a potentially good candidate for use in spark-ignition 

engines. The flame structure and species formed in 2-butanone combustion are of interest 

when further considering this compound for use as a fuel. To this end, the present study 

has, for the first time, quantitatively measured species profiles within a fuel-rich (ϕ=1.6) 

laminar premixed flat flame of 2-butanone. Two experiments which used different facilities 

and measurement techniques were combined to provide a cross comparison of the 

measured species. One experiment was performed using electron ionization (EI) molecular-

beam mass spectrometry (MBMS), and the second relied on synchrotron-generated 

vacuum ultraviolet (VUV) photoionization (PI) MBMS. Quantitative mole fraction profiles for 

about 45 species were obtained from the two independent experiments that are found to be 

in good agreement. The experiments have identified the formation of a number of toxic 
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oxygenated intermediates, such as methyl vinyl ketone (MVK), acetaldehyde, and 

formaldehyde. In addition, the measurements have also provided quantitative species 

profiles for a number of soot precursor species, the concentrations of which are notably low. 

These measurements provide useful validation targets for the further development of 

detailed chemical kinetic models. As a first test, an existing 2-butanone model was 

examined against the experimental data with the main aim to identify elements of the model 

that may need improvement.  
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1. Introduction 

Rising global energy demand and adverse environmental impacts related to fossil-fuel 

combustion motivate a transition to a low-carbon energy system. Because of the dominant 

role of combustion in transportation, considerable effort is devoted to develop biofuels that 

may enable carbon savings and improved emission profiles. The combustion behavior of 

the biofuel classes of alcohols, esters and (cyclic) ethers has been investigated in some 

detail [1–3]. Depending on the conditions, such oxygenated fuels typically decrease the 

emission of unburned hydrocarbons, soot, and CO [2,4], but emission of carbonyl 

compounds may increase [5–7]. Recent research activities focus on fuels from cellulosic 

biomass to minimize competition with food production [8,9]. The expeditious incorporation 

of these next-generation biofuels into the existing transport infrastructure could be 

supported by accurate detailed/reduced chemical kinetic models that can predict their 

combustion characteristics. These models require experimental validation in order to 

evaluate their predictive capabilities [10,11].  

2-Butanone (methyl ethyl ketone) has been proposed as a promising biofuel, because it can 

be easily produced in two steps: Glucose can be microbiologically fermented by klebsiella 

oxytoca to 2,3-butanediol, which is catalytically converted to 90% 2-butanone [12]. 

Compared to standard gasolines 2-butanone has a high solubility in water and could thus 

leak into the groundwater upon spills. However it is relatively non-toxic with and LD50,oral of 

3400 mg/kg [13]. Compared to diesel fuel its effective concentration EC50 [mg HC/L] is 

1357, while that for Diesel is 0.16 [14]. 

2-Butanone’s performance in a direct injection spark-ignition engine was recently compared 

to different other fuels, including a RON95 fuel blend, ethanol, and 2-methylfuran [15]. That 

study outlined the improvements 2-butanone yielded for soot, unburnt hydrocarbons, NOx 

emissions, and improved mixture formation. 
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Only few studies have been devoted to 2-butanone combustion chemistry. Decottignies et 

al. [16] have presented a mechanism for the combustion of 2-butanone added to a 

methane/air flame, based upon experiments using gas chromatography coupled with mass 

spectrometry. Shock tube ignition delay times and laminar burning velocities accompanied 

by a high-temperature detailed chemical kinetic model were provided in [17]. Theoretical 

calculations for the reactions of 2-butanone with OH and HO2 [18,19], and of 2-butanone-

3-yl with O2 [20] have been reported. Also, species time-histories in high-temperature 

pyrolysis of 2-butanone were analyzed in [21]. High-pressure ignition delay times and a 

modified detailed chemical kinetic model were recently presented in [22]. The first detailed 

chemical kinetic model that incorporates pathways in 2-butanone’s low-temperature 

oxidation was reported by Burke et al. [23]; their study includes thermodynamic calculations 

for 2-butanone’s oxidation species and further ignition delay time and laminar burning 

velocity measurements. 

Missing in the literature is a detailed investigation of combustion intermediate and product 

species from 2-butanone combustion. The present work combines quantitative experiments 

in a laminar premixed low-pressure fuel-rich (ϕ=1.6) flame using electron ionization (EI) as 

well as photoionization (PI) molecular-beam mass spectrometry (MBMS). For the first time, 

quantitative mole fraction profiles of ~45 species were measured in these two independent 

flame experiments and thus provided an experimental cross check to reduce uncertainties 

in the quantification. The PI-MBMS measurements also served to identify isomers. The 

experiments have provided a wide array of intermediate species formed through the 

oxidation of 2-butanone in the flame. As an initial test, the detailed kinetic model of [23] was 

compared to the experimental results, including some modifications in fuel radical reactions.  
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2. Experiments 

Laminar premixed fuel-rich flames of 2-butanone/oxygen/argon (0.113/0.388/0.50 mole 

fraction) were investigated at 40 mbar, with a stoichiometry of ϕ=1.6 and a cold-gas velocity 

of 2.574 cm/s (at 298 K and 1 atm). Experiments were performed with two fully independent 

arrangements in Bielefeld (EI-MBMS) and at the Advanced Light Source (ALS) in Berkeley 

(PI-MBMS). The combination is thought to minimize uncertainties related to different cross 

sections and calibration procedures in both facilities. 

EI-MBMS experiments were performed in Bielefeld using an apparatus and evaluation 

procedures presented earlier [24]. The mass spectrometer provides high mass resolution of 

m/Δm≈4000 and permits detection of all species in the same mass spectrum due to a 

Gaussian energy distribution of 1 eV (FWHM) of the ionizing electron beam. Intermediate 

species were detected at nominal energies of 11.0, 11.75, and 12.75 eV, and major species 

at 18 eV. From the flame stabilized on an in-house-built flat-flame burner, gas samples 

were obtained as a function of position via a quartz nozzle with a 25° cone angle and 

~300 µm orifice. An expansion sequence to ~10-4 mbar in the 1st pumping stage and 10-

6 mbar in the ionization chamber minimized further reaction of the probed species. The data 

evaluation followed procedures in [24,25], wherein quantitative concentrations were 

evaluated using argon as an internal reference and with calibration factors that combined all 

species-dependent parameters. Calibration factors were determined by cold-gas 

measurements of known gas compositions (direct), estimated by the RICS (relative 

ionization cross sections) method [26] or by simulating the signal (convolution, see [24]). 

PI-MBMS flame experiments were performed at the ALS in Berkeley using synchrotron-

generated VUV radiation. Detailed information on the set-up and the experimental 

procedures are given elsewhere [27]. The set-up combines high mass and energy 

resolution of m/Δm≈3500 and ΔE=±0.05 eV, enabling identification of isomers by their 

ionization potential (IP). Sampling was done by a quartz nozzle with a cone angle of 40°. 
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Measurements were performed with energies between 8.7 and 16.6 eV for soft ionization 

with low fragmentation and determination of isomeric species. Data evaluation relied on 

similar procedures as above and described in [25], using photoionization cross sections.  

In all measurements, calibrated mass flow controllers with a maximal error of 5% were 

used. The syringe pump in the vaporizer system had an error of 0.5%. Main species 

concentrations were determined within less than 15%, and 20% uncertainty for H2. 

Intermediate species mole fractions carry a higher uncertainty with <30% for directly 

calibrated species and factors of 2-4 for convolution and RICS procedures, depending on 

the calibration method and accuracy of available cross sections. Regarding such 

uncertainties, the combined PI- and EI-MBMS approach is of particular value. 

The temperature profile was determined in the EI-MBMS set-up as described in [24] and 

calibrated in the exhaust gas at a height above the burner h=20 mm by planar laser-

induced fluorescence of OH using the set-up and procedure described in [28]. This 

calibration measurement with a result of 2160 K has an estimated uncertainty of ±40 K. 

3. Kinetic Modeling 

A recently developed chemical kinetic model [23], here called Version1, was utilized in 

order to test its predictive capabilities compared to the new flame speciation data presented 

here. This mechanism includes recent ab-initio thermodynamic calculations for all species 

related to 2-butanone oxidation, including 2-butanone, the three 2-butanoyl radicals, and 

further species formed through O2-addition to these radicals. The base mechanism in this 

model is the most recent version of the AramcoMech (Mech56.54) mechanism [29,30]. 

Version1 was compared to the new flame speciation measurements. To attempt 

improvement of the predictions, Version1 was then modified by adding reactions for radical-

radical isomerization between the three fuel radicals (2-butanone-1-yl, 2-butanone-3-yl and 

2-butanone-4-yl), resulting in Version2 (see Table S1), and leading to an improvement in 
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the species predictions for the first primary intermediates. The rate constants for these 

reactions were assigned based on an analogy to alkanes [31]. The inclusion of these 

reactions changed the predictions of major product species from the decomposition of fuel 

radicals, highlighting the need for more detailed consideration of the fuel radical 

decomposition reactions and more accurate assignments of their rate constants to 

ultimately improve model predictions. Furthermore, the methyl-vinyl-ketone (MVK) sub-

mechanism was updated in Version2 by adopting that by Somers et al. [32]. 

All simulations were performed using the LOGEsoft [33] premixed burner-stabilized module. 

The experimentally determined temperature profile was included in the simulation while 

accounting for thermodiffusion and radiation, using a variable Lewis number transport 

model. The maximum number of grid points per unit curvature and gradient were 1.0 and 

1.5, respectively. The number of grid points used were 301. Further comparisons of the 

model to existing experimental data in the literature [17,21–23] are available in the 

Supplemental Material (Figs. S4-S7). With the changes from Version1 to Version2, the 

model performance remains reasonably consistent with the literature data. 

4. Results and discussion 

The following analysis will provide information on the flame structure and will then focus 

particularly on intermediate species mole fractions, quantified in both experiments. These 

experimental results are also used as a guide to identify parameters in the model that would 

benefit from more detailed consideration. 

4.1. Main species 

Main species (Ar, CO, CO2,
 O2, H2, H2O, and 2-butanone) mole fractions are given in Fig. 1. 

Excellent agreement is noted between PI- and EI-MBMS measurements, especially when 

considering their fully independent determination. Because H2 was not detected at the ALS, 

the profile in the PI-MBMS evaluation is taken to be the same as in the EI-MBMS 
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evaluation, normalizing the H2 signal to argon. Including H2 serves to decreases the total 

error in the species mole fractions. Mole fractions in the burned gas at h=20 mm agree well 

with equilibrium calculations, shown at 24 mm. The kinetic model simulations capture these 

profiles well. The experimental temperature profile used for the simulations is given in Fig. 

S1. Only simulations with Version2 are shown, since the quality of the prediction of the 

main species was similar with both models. 

 

Figure 1: Main species profiles; symbols: filled: EI-MBMS, open: PI-MBMS, solid line: 

simulation with Version2. 

 

4.2. Reaction flux analysis 

Figure 2 shows a flux analysis with Version2, displaying the net percentage consumption 

(range h=0-20 mm) of each species. Some pathways are included with contributions <1% 

to attempt to rationalize experimentally observed species. 2-Butanone is consumed through 

H-abstraction reactions, forming the three fuel radicals (2-butanone-1-yl, 2-butanone-3-yl, 

and 2-butanone-4-yl, from left to right in Fig. 2). The 2-butanone-1-yl radical is consumed 

almost equally via β-scission and radical-radical isomerization forming 2-butanone-3-yl. 

2-Butanone-3-yl is almost completely consumed through C–C β-scission resulting in CH3 

and methylketene, and <2% is consumed through either C–H β-scission forming MVK and 

H-atom or through the concerted addition of HO2 and O–O bond scission forming the 

related RO alkoxy radical species. Finally, 2-butanone-4-yl is primarily consumed through 
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C–C β-scission, and <2% of this radical forms MVK through C-H β-scission as the main 

production pathway for MVK.  

The three fuel radicals, formed by H-abstraction from the fuel molecule, could not be 

detected with the present PI-MBMS instrument. The first detectable intermediates, 

according to Fig. 2, should include ethyl (C2H5) and ketene (C2H2O) as a result of 

H-abstraction on the primary C1-atom (methyl group) and subsequent β-scission; methyl 

(CH3) and methylketene (C3H4O) as a product of 2-butanone-1-yl β-scission; MVK (C4H6O) 

from the pathways discussed above; and acetyl (C2H3O) and ethylene (C2H4) from 

2-butanone-4-yl decomposition. Further reactions of these primary products towards 

smaller molecules are expected to provide CO, HCO, CH3, and C2H3.  

 

Figure 2: Reaction flux analysis for the flame condition; net consumption (h=0-20 mm) is 

shown as percentages next to the arrows. 

 

4.3. Primary intermediates 

Selected quantitative intermediate species profiles are provided in Figs. 3-5 (and Fig. S2) 

and maximum mole fractions for all measurements are given in Table S2.  
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Figure 3 shows mole fractions for the first H-abstraction/β-scission products identified in 

Fig. 2. Notable is the overall very good agreement between both sets of measurements, 

with differences of the order of 10%. H-abstraction from the C1-atom leads to the formation 

of ketene with a maximum mole fraction (Fig. 3a) of ~1.7×10-3. The measured ketene mole 

fraction is over-predicted by Version1. Ketene is mainly a result of 2-butanone-1-yl 

decomposition. Including fuel-radical-specific reactions in Version2 improves the agreement 

with the measurements, probably because isomerization to 2-butanone-3-yl decreases the 

2-butanone-1-yl mole fraction. The remaining discrepancy may be due to the rate constant 

for the β–scission of 2-butanone-1-yl. The corresponding scission product ethyl (Fig. 3b) is 

similarly over-predicted. 

 

Figure 3: Mole fraction profiles of first detectable intermediates after H-abstraction and 

β-scission. Symbols: PI- and EI-MBMS experiments, solid line: simulation with Version2; 

dashed line: Version1. 

 

For methylketene and methyl (Figs. 3c,d), peak concentrations of 1.5×10-3 and ~5×10-3, 

respectively, are again in excellent agreement from both experiments. Both species are 

main β–scission products of 2-butanone-3-yl. Their mole fractions are over-predicted by 

factors of 3 and 2, respectively, by Version1. Using Version2 is no improvement for 
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methylketene, while both model predictions are similar for CH3. A plausible reason for this 

behavior could be an incorrect prediction of the branching ratio between the destruction of 

2-butanone-3-yl towards methylketene or MVK (see Fig. 2). CH3 might come from 

additional reactions with lesser influence of this branching ratio. 

As noted earlier, MVK (Fig. 3e) should be formed mainly by decomposition of 

2-butanone-4-yl, and in a lesser quantity from 2-butanone-3-yl, likely due to the weaker C-H 

being broken in 2-butanone-4-yl decomposition compared to that of 2-butanone-3-yl. These 

are also the two most sensitive reactions for the formation of MVK (see Fig. S3, R1 and 

R2). A small amount is formed via a low-temperature pathway with O2 addition to the 2-

butanone-4-yl radical, followed by HO2 abstraction. The severe under-prediction of MVK is 

in accord with the potentially incorrect branching ratio for 2-butanone-3-yl destruction; 

however, the difference between Version1 and Version2 is not as pronounced as for 

methylketene since MVK is mainly formed via 2-butanone-4-yl. These assumptions are in 

agreement with a sensitivity analysis, showing the high sensitivity to the β–scission 

reactions of the fuel radicals (see Fig. S3, R19 and R20) as well as the lower sensitivity to 

the radical-radical isomerization reactions (R8 and R16). MVK formation is a critical point in 

the kinetic model, because MVK is a highly toxic species, LD50,oral=23.1 mg/kg [13] which is 

five times more toxic than formaldehyde, and it is thus important to understand its 

formation/consumption. At present, the model is not capable of predicting the experimental 

findings, and it is most likely that fuel radical decomposition pathways will need further 

consideration. Ethylene (Fig. 3f), formed mainly from the decomposition of ethyl and β–

scission of 2-butanone-4-yl, is the most abundant intermediate, measured with both 

techniques to be ~2.2×10-2 and accurately reproduced by both models.  

For the premixed flame conditions here, Version2 improves the performance for primary 

product prediction, except for methylketene which shows somewhat larger discrepancies. 

Production pathways predicted for methylketene are in general unimolecular (radical-radical 
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isomerization and radical β-scission) and as such pressure-dependent. Currently, these 

reaction rate constants estimated in the model have no pressure dependence assigned to 

them. The current study therefore highlights that more detailed theoretical and/or 

experimental study of these elementary reactions should be performed to further reduce the 

uncertainty in their rate constants. In addition, a more detailed sub-mechanism for the 

oxidation of methylketene might help to improve the predictions of the intermediates 

presented here. 

4.4. Further species 

Regarding cleaner combustion, it is important to predict the formation of potentially harmful 

species. Even though the presence of toxic intermediates may be of limited importance in 

laminar reaction systems, since they might burn off, their formation might be interesting 

under turbulent conditions where small amounts of unburned hydrocarbons might be 

released. While ketene and methylketene are non-toxic, the formation of MVK is critical. 

Furthermore, oxygenated species such as aldehydes or specific alcohols could be of 

concern, as well as soot precursors including aromatic compounds. 

Figure 4 shows the profiles of formaldehyde, acetaldehyde, and acetone. The CH2O mole 

fraction is substantial at ~4×10-3 (Fig. 4a), with slight deviations between both experimental 

methods and reasonable model prediction. Acetaldehyde is formed directly and through 

vinyl alcohol from the decomposition of methylketene; it also results from the concerted 

elimination reaction of ethyl and molecular O2. The prediction of acetaldehyde is improved 

in Version2 (Fig. 4b), possibly because of the larger tendency of the reactions in this model 

to form methylketene, as explained above. Acetone mole fractions are lower with ~4×10-4 

(Fig. 4c) and show formation closer to the burner than for the primary intermediates, 

potentially indicating that the pathway is dominated by the recombination of acetyl with 

methyl radicals in a third-body reaction. The models severely under-predict acetone 
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formation. It should be noted, that its isomer propanal was detected in only very small 

amount in the PI-MBMS measurements where it could in principle be unambiguously 

separated by acetone due to the high energy resolution. Also propanal formation is 

kinetically unlikely because of a much higher activation energy for an addition to the 

carbonyl C-atom. 

 

Figure 4: Mole fraction profiles of selected oxygenated species. Symbols: PI- and EI-

MBMS experiments, solid line: simulation with Version2; dashed line: Version1. 

 

2-Butanone’s fuel structure exhibits a C2-hydrocarbon sequence, and higher hydrocarbons 

are thus formed by radical recombination. Propyne (C3H4) as a representative C3-species 

attains a mole fraction of ~3×10-4 (separated by PI-MBMS), and the C4-hydrocarbon with 

the highest concentration of ~6.6×10-4 is 1-butene (C4H8, measured by PI-MBMS) (see 

Table S2). Some intermediates typically identified as soot precursors are given in Fig. 5. 

While the acetylene concentration is almost 2%, higher molecular species including 

propargyl (C3H3), 1,3-butadiyne (C4H2), and 1-butene-3-yne (C4H4) are present at the 10-4 

levels, and 1,3-butadiene (C4H6) and cyclopentadiene (C5H6) are in the low ppm region. 

The potential of 2-butanone to form higher molecular species is thus limited, not 

unexpectedly, as oxygenated fuels have a lower soot formation tendency [4], a result in 

good agreement with those by Lemaire et al. [34] and McEnally et al [35]. The 

unsatisfactory prediction of 1,3-butadiene seems somewhat surprising, but it is used to the 

significant uncertainties in the formation reactions of 1,3-butadiene from the fuel; also the 
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consumption reactions of 1,3-butadiene are not as precisely known as those for the 

corresponding alkane, butane. 

 

Figure 5: Mole fraction profiles of selected soot precursors. Symbols: PI- and EI-MBMS 

experiments, solid line: simulation with Version2; dashed line: Version1. 1,3-Butadiene was 

identified, separated and quantified from PI-MBMS.  

 

Table 1 compares mole fractions of selected oxygenated intermediates and soot precursors 

to those found under comparable conditions in flames of some representative biofuel types, 

including several furanics, alcohols, and small esters. Minor differences in equivalence ratio 

(1.6 or 1.7) don’t have a significant effect on the trends shown in this table. In this 

comparison, part of which has been discussed before in an analysis of furan and its 

derivatives as potential cellulosic biofuels [36], 2-butanone shows the lowest overall 

concentrations for species that could contribute to potentially hazardous volatile emissions, 

underlining its attraction as a fuel also from this perspective.  

5. Summary and perspectives 

Experimental results for a laminar premixed low-pressure 2-butanone flame were obtained 

providing a large array of quantitative species profiles from two independent MBMS 
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experiments, including isomer separation from PI-MBMS. Very good agreement between 

both measurements was found. MVK, a highly toxic species, was unambiguously detected 

as an intermediate species formed in significant quantities. Further oxygenated species 

including formaldehyde, acetaldehyde, ketene, and acetone were seen to be formed in 

quantities similar or lower than for selected oxygenated fuels under comparable conditions. 

Several soot precursors were also identified in comparatively low concentrations, 

underlining the potential of 2-butanone as a clean biofuel.  

The experiments were initially examined and compared with simulations using an recently 

developed detailed chemical kinetic model [23]. The current understanding of the oxidation 

of 2-butanone under premixed flame conditions is limited, especially in its capacity to 

predict MVK. Despite changes made in the model to improve its performance including the 

present under-prediction of MVK, further kinetic work is required, with particular importance 

seen of reactions controlling the consumption of the 2-butanoyl radicals such as the β-

scission reactions.  

Discrepancies are likely related to uncertainties with the assignment of some rate 

constants. Rate constants for radical C–C β–scission reactions would benefit from a direct 

calculation to improve predictions of intermediate species. Also, uncertainties exist within 

the base mechanism; for example, the methylketene mechanism is currently only 

addressed in a semi-detailed fashion. The present data, providing quantitative mole 

fractions for about 45 species with very good agreement between two independent 

determinations, may prove useful in further critical examinations of the related reaction 

chemistry. 
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Table 1: Peak mole fractions for some key intermediates and products in laminar premixed 

flames of selected biofuels adapted from [36]; MEK=2-butanone, MF=2-methylfuran, 

DMF=2,5-dimethylfuran, EtOH=ethanol, BuOH=1-butanol, MP=methyl propanoate, p 

pressure in mbar.  

Fuel MEK
1
 Furan [37] MF [38] DMF [36] EtOH [39] BuOH [24] MP [40] 

Φ/Ar%/p 1.6/50/40 1.7/50/40 1.7/50/40 1.7/50/40 1.0/25/50 1.7/25/40 1.5/50/40 

Acetylene 1.3E-02 3.5E-02 3.3E-02 3.1E-02 4.8E-04 3.1E-02 1.1E-02 

Ethylene 2.2E-02 6.7E-03 8.0E-03 7.1E-03 2.1E-03 3.1E-02 1.8E-02 

Propargyl 7.5E-05 1.0E-04 2.5E-04 3.6E-04 - 3.4E-04 4.2E-04 

1,3-Butadiene 6.2E-05 4.6E-04 2.0E-04 2.7E-03 - 7.5E-04 4.0E-05 

1,3-Cyclo-
pentadiene 

2.1E-06 1.0E-04 2.5E-03 2.5E-03 - 7.5E-04 3.4E-06 

Benzene 3.3E-05 1.3E-04 1.0E-03 1.0E-03 - 4.5E-05 - 

Formaldehyde 3.3E-03 3.8E-03 2.9E-03 2.9E-03 5.1E-03 7.1E-03 2.0E-02 

Acetaldehyde
2
 8.5E-04 3.2E-03 6.7E-04 6.7E-04 4.8E-03 1.7E-02 2.6E-04 

Acrolein - 2.5E-03 8.5E-04 8.5E-04 - - 1.0E-03 

Methanol 1.5E-04 4.4E-04 3.1E-04 3.1E-04 - - 1.1E-03 

Phenol - 9.7E-06 9.1E-04 9.1E-04 - - - 

MVK 4.2E-04 3.4E-05 3.3E-04 9.7E-04 - - - 

 

 

  

                                                            
- : Not available 
1 Present results from PI-MBMS. 
2 Possibly sum of acetaldehyde and vinyl alcohol. 
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Figure Captions 

Figure 1: Main species profiles; symbols: filled: EI-MBMS, open: PI-MBMS, solid line: 

simulation with Version2. 

Figure 2: Reaction flow analysis for the flame condition; net consumption (h=0-20 mm) is 

shown as percentages next to the arrows. 

Figure 3: Mole fraction profiles of first detectable intermediates after H-abstraction and 

β-scission. Symbols: PI- and EI-MBMS experiments, solid line: simulation with Version2; 

dashed line: Version1. 

Figure 4: Mole fraction profiles of selected oxygenated species. Symbols: PI- and EI-

MBMS experiments, solid line: simulation with Version2; dashed line: Version1. 

Figure 5: Mole fraction profiles of selected soot precursors. Symbols: PI- and EI-MBMS 

experiments, solid line: simulation with Version2; dashed line: Version1. 1,3-Butadiene was 

identified, separated and quantified from PI-MBMS.  

 

 

 


