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a Institute of Combustion Technology, German Aerospace Center, Stuttgart 70569, Germany 
b State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China 
c Department of Chemistry, Materials, and Chemical Engineering “G. Natta”, Politecnico di Milano, Milano 20133, Italy 
d Department of Chemistry, Bielefeld University, Bielefeld 33615, Germany   

A R T I C L E  I N F O   

Keywords: 
Oxymethylene ethers 
NO 
Dimethoxy methane 
Molecular-Beam mass spectrometry 
FTIR spectroscopy 
i2PEPICO 
Plug-Flow reactor 

A B S T R A C T   

Oxymethylene ethers (OMEs) are potential alternative fuels that can be produced in a sustainable way based on 
CO2 and electricity. Additionally, they exhibit low tendencies to emit NOx or soot during practical combustion. 
Dimethoxy methane (DMM, CH3OCH2OCH3) has received increasing attention as the smallest OME with a 
O-CH2-O moiety. In the face of a possible application in exhaust gas recirculation (EGR) scenarios, understanding 
the influence of NOx on DMM oxidation is of importance. In this work, eleven mixtures of DMM/NO/O2/Ar were 
investigated in an atmospheric laminar flow reactor employing an extensive set of diagnostics. Molecular-beam 
mass spectrometry (MBMS), Fourier-transform infrared (FTIR) spectroscopy, NOx chemiluminescence detection, 
and double imaging photoelectron photoion coincidence (i2PEPICO) spectroscopy were combined to obtain a 
reliable speciation. All in all, species concentrations from different instruments showed a good agreement and 
one technique could counterbalance the physical limitations of another technique in many cases. In this manner, 
accurate mole fraction profiles of intermediates like e.g. CH4, C2H4, NO2, and methyl formate (C2H4O2) were 
gained. Based on i2PEPICO results, nitromethane (CH3NO2) and trans-HONO could additionally be identified as 
crucial intermediates in the NO-assisted oxidation of DMM. The present data set therefore provides an excellent 
basis to enhance future model development.   

1. Introduction 

In the context of the concerted global effort to mitigate greenhouse 
gas emissions, oxymethylene ethers (OMEs, CH3O(CH2O)nCH3) are 
gaining increased attention as promising alternative fuel. Synthesized 
from sustainable resources, e.g. CO2 and electric power (E-fuels), their 
combustion emissions feature low soot / NOx [1–4]. While significant 
recent work has been performed regarding the combustion and oxida-
tion chemistry of OMEs family fuels (e.g., n = 0–5) [4–7], the chemical 
interaction between OMEs and NOx, an enduring focus of combustion 
research, has been rarely explored in both experimental and modeling 
aspects [7–10]. The comparatively unsatisfactory model predictions 
observed in recent studies on dimethyl ether (DME, CH3OCH3, as OME0) 
oxidation with NO addition clearly underscored the complexity of the 
interaction between the OMEs fuel species and NOx [7,11]. While DME 
is established as an alternative fuel, DMM might be considered mainly in 

fuel blends. However, its additional -CH2O moiety, which is a repre-
sentative feature also in the larger OME molecules discussed as e-fuels, 
adds complexity in the reaction chemistry and consequent combustion 
behavior regarding ignition, low-temperature pathways and pollutant 
formation. 

Comprehensive information on the involved reactive species is 
essential for understanding a combustion / oxidation process, involving 
various combustion diagnostics such as noninvasive laser and optical 
techniques, probe-sampling techniques with mass spectrometry (MS), 
Fourier-transform infrared (FTIR) spectroscopy, and gas chromatog-
raphy (GC) etc. [2]. Even powerful and universal methods such as 
molecular-beam mass spectrometry (MBMS) often fall short of providing 
a complete quantitative characterization via a single analysis method 
[12]. For instance, in our recent efforts to elucidate the species pool of 
DME and dimethoxy methane (DMM, CH3OCH2OCH3, OME1) oxidation 
with NO addition, utilizing laboratory-based electron ionization 
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(EI)-MBMS revealed challenges in reliably identifying and/or quanti-
fying key N-species such as NO2, HNO2, CH3NO2 and/or even NO, due to 
mass overlaps and potential intermediates’ fragmentation [7,11]. 
Additionally, the high uncertainty in quantifying intermediates or rad-
icals, typically up to a factor of 2–4, complicates model validation 
[11–13]. The modest energy resolution of the ionizing electron beam 
(typically E/ΔE<20) in EI-MBMS does not allow for an isomeric 
determination. 

In this study, we selected DMM as the first OME with an O-CH2-O 
moiety to comprehensively unravel the chemical composition of OMEs 
oxidation in the presence of NO. Eleven DMM/NO gas mixtures were 
investigated with varying equivalence ratios (0.8, 1.2, 2.0) and NO ad-
ditions (0, 200, 500, 900 ppm) in an atmospheric laminar flow reactor 
(PFR). Different state-of-the-art techniques, including EI-MBMS, FTIR 
spectroscopy, chemiluminescence NOx-sensor, and double imaging 
photoelectron photoion coincidence (i2PEPICO) spectroscopy, were 
combined to provide a comprehensive and isomer-resolved new speci-
ation dataset. These reliable data are expected to significantly contribute 
to a better understanding of OMEs/NO interactions. Although it can 
serve as a basis for future model development, it is beyond the scope of 
this study to develop a kinetic mechanism. 

2. Experimental setup 

The majority of experiments were carried out at DLR’s atmospheric 
laminar flow reactor (DLR reactor: 1497 mm length, 40 mm inner 
diameter) originally described in [14] and used for several works 
already also reporting oxidation experiments of neat OMEs [5,15]. 
During an experiment, reactant gasses flow continuously into the reactor 
controlled by Coriolis flow meters (Bronkhorst). DMM (99%, 
Sigma-Aldrich) is evaporated first at 373 K by a commercial vaporizer 
(Bronkhorst CEM) and fed into a pre-heating line (373 K) to avoid 
condensation. Measurements were started at a reactor temperature of 
1170 K. Then the reactor temperature was decreased by 200 K per hour 
until no reaction was observed (~700 K). 

The complete dataset for all conditions (see Table 1) is provided with 
the electronic supplement including an overview of applied techniques 
for the respective species mole fraction profiles as well as empiric 
reactor temperature profiles based on [5]. 

2.1. Molecular-beam mass spectrometry 

Sample gasses were continuously guided from the reactor exit (~980 
mbar) through a two-stage expansion (1st stage ~10− 4 mbar, 2nd stage 
~10− 5 mbar) into an electron impact reflectron time-of-flight (TOF) 
mass spectrometer (~10− 7 mbar) with a nominal electron energy of 13.5 
eV. 

Species signals were quantified by using argon as an inert reference 
species and calibration factors either derived from an elemental balance 
(major species) or direct calibration (typical intermediates) approach. 

Since EI-MBMS is a commonly employed technique in combustion sci-
ence, the reader is referred to previous works for a more detailed 
description of its principles and data evaluation [16–18]. Comprehen-
sive discussion on experimental errors are available in the literature as 
well [12,13,17,18]. To summarize, typical uncertainties are less than 
±20% for species quantified by direct calibration or elemental balance 
and up to a factor of 2–4 for species where the relative ionization cross 
section (RICS) [16] approach is used for quantification. All 
species-specific calibration methods and resulting uncertainties are 
given in Table S1 in SM1. 

2.2. FTIR spectroscopy 

MBMS techniques based on electron ionization do not enable isomer 
assignment and sometimes lead to challenging data interpretation due to 
overlapping species and fragmentation processes. Therefore, a FTIR 
spectrometer (Matrix-MG5, Bruker Optics) was adapted to the DLR 
reactor with a heat-resistant, austenitic stainless steel (material number: 
1.4841) sample head positioned near the quartz nozzle of the MBMS 
setup. The sample gasses were then guided through a tube (diameter 6 
mm, ~100 cm length) into a gas cell heated at 453 K. FTIR spectra were 
measured at a resolution of 0.5 cm-1 and 10 spectra were summed up for 
one measurement point. 

Species quantification was performed with the OPUS GA software 
package and commercial FTIR spectra database by Bruker Optics. 
Evaluated spectral ranges were optimized for each species to reduce the 
effect of overlapping absorbances. The selected spectral range was then 
fitted with the algorithm employed in OPUS GA while also considering 
further contributing species and the background signal. Fits below a 
minimal correlation limit were discarded and the corresponding species’ 
concentration was set to zero to avoid false assignment of spectral 
absorbances. 

Although the accuracy of the instrument is considered to be ±1 ppm 
for single species in an inert dilution gas, it is to be expected that the 
complexity of a combustion-generated and temperature-dependent 
mixture leads to a higher uncertainty. Therefore, the identical uncer-
tainty to directly calibrated EI-MBMS species (±20%) is assumed and 
discussed further in Section 3, where the experimental results are pre-
sented in comparison. 

2.3. NOx-sensor 

A NOx-sensor based on chemiluminescence of ozone-activated NO2* 
(CLD700, Ecophysics) is adapted to the reactor by adding a tube from 
the FTIR spectrometers’ exhaust gas line. The internal pump of the NOx- 
sensor ensures a constant flow rate of 1.2 slm through both FTIR spec-
trometer and NOx-sensor. The CLD700 sensor is capable of quantifying 
NO and NOx simultaneously at a measurement rate of 1 Hz. NO2 is 
automatically calculated from the difference of NOx and NO. 

Table 1 
Experimental conditions investigated in this work.  

Gas mixture Inlet mole fractions φ Total flow rate / slm Residence time τ 

DMM Ar NO / ppm O2 

DMM_0.8_200NO 0.00167 0.9898 200 0.00833 0.8 10 3.5 to 5.3 s depending on reactor T [K]: 

τ =
2520s⋅K

T
+ 1.7s DMM_0.8_900NO 0.00167 0.9891 900 0.00833 0.8 10 

DMM_1.2_0NO 0.00231 0.9900 0 0.00769 1.2 10 
DMM_1.2_200NO 0.00231 0.9898 200 0.00769 1.2 10 
DMM_1.2_500NO 0.00231 0.9895 500 0.00769 1.2 10 
DMM_1.2_900NO 0.00231 0.9891 900 0.00769 1.2 10 
DMM_2.0_0NO 0.00333 0.9900 0 0.00667 2.0 10 
DMM_2.0_200NO 0.00333 0.9898 200 0.00667 2.0 10 
DMM_2.0_500NO 0.00333 0.9895 500 0.00667 2.0 10 
DMM_2.0_900NO 0.00333 0.9891 900 0.00667 2.0 10 
DMM_0.8_900NO_93Ar 0.01167 0.9291 900 0.05833 0.8 3.025 4.1 s at 833 K  
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2.4. i2PEPICO 

Measurements using i2PEPICO spectroscopy were performed to 
further identify crucial isomers at the VUV (X04DB) beamline of the 
Swiss Light Source (SLS). To obtain clear signals for intermediate species 
with a favorable signal-to-noise ratio, the argon dilution was decreased 
to 93% to increase the respective intermediate species concentrations. 
Another flow reactor (1000 mm length, 22 mm inner diameter) called 
PIRo [5] was used for these experiments, but the total flow rate was 
adapted accordingly to 3.025 slm to ensure similar residence time 
behavior compared to the experiments conducted in the DLR reactor 
(see Table 1). 

Please note that it was not possible to investigate a whole tempera-
ture ramp due to limited beamtime. Therefore, all i2PEPICO experiments 
were performed at only one constant reactor temperature T of 833 K, 
which equals a gas flow temperature of 780 K. This temperature was 
chosen, since it corresponds to a maximum signal intensity at a mass-to- 
charge ratio m/z = 61 (CH3NO2). The photon energy was scanned from 
9.95 to 11.7 eV with a step size of 0.025 eV. At each photon energy, 
photoions and photoelectrons were detected coincidently. A detailed 
description of this technique can be found in [19–21]. Mass-selected 
threshold photoelectron spectra (ms-TPES) were then extracted from 
the raw signals following a well-established procedure [21,22]. Species 
information are gained by comparing the measured spectra to pure 
compound reference spectra and the corresponding ionization 
threshold. 

3. Results 

This section presents the experimental results and the insight gained 
on the interaction between DMM and NO based on the combination of 
EI-MBMS, FTIR, NOx-sensor, and i2PEPICO techniques. First, the general 
reactivity will be discussed (Section 3.1) followed by a deeper analysis of 

intermediate species quantified with different techniques and in-
struments (Section 3.2). Then, ms-TPES gained from i2PEPICO experi-
ments are used to identify crucial intermediates in the NO-assisted 
oxidation of DMM (Section 3.3). As concluding part, the results are 
examined from a kinetic perspective and suggestions regarding model 
development are presented (Section 3.4). 

3.1. General reactivity 

Fig. 1 shows the mole fraction profiles of DMM as a representative 
reactant and H2O as a product, respectively. Corresponding data for O2 
and CO2 is shown in Fig. S1 in SM1. Please note that the data in Fig. 1(a) 
corresponds to previous work [5], but is shown here for a more complete 
picture. In general, the reactivity is increased by NO addition as evident 
from the fuel consumption at lower temperatures with increasing NO 
amount (200 to 900 ppm), although the influence is not strong (consider 
also the estimated temperature uncertainty of about ±5 K [5]). Also, the 
influence of NO depends only weakly on the equivalence ratio for the 
investigated cases. Only selected conditions are thus presented in the 
following discussion and the reader is referred to SM2 for the complete 
data set. 

For all investigated cases, agreement of DMM and CO2 (Fig. S1 in 
SM1) mole fractions measured by EI-MBMS and FTIR is nearby perfect. 
Regarding the different physical principles of both methods, the excel-
lent quantitative agreement underlines the power of the present 
approach. Also, this finding provides confidence that the adaption of the 
FTIR spectrometer to the DLR reactor is successful and that sampling 
effects do not play a significant role in the current setup. Existing 
response time differences between the FTIR gas cell and the mass 
spectrometer are negligible compared to the applied temperature ramp 
as can be seen from the absence of any temperature shift between EI- 
MBMS and FTIR results. 

H2O mole fraction profiles in Fig. 1 agree within the respective 

Fig. 1. Mole fraction profiles of DMM and water (H2O) quantified by both EI-MBMS (filled symbols) and FTIR (open symbols). (a) Data by Gaiser et al. [5], (b)-(k) 
this work. The estimated uncertainty of ±20% is indicated at only one point for clarity and vertical dashed lines were added to highlight the different onsets. Note the 
overlap of the results with EI-MBMS and FTIR for the DMM traces. 
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experimental uncertainties but with larger discrepancy than for DMM. 
These differences could result from water in the background FTIR 
spectrum, an assumption supported by the later onset of the FTIR H2O 
mole fraction profiles. Please note that the FTIR H2O background de-
pends not only on H2O in the gas cell but also within the optics of the 
spectrometer. However, the effect of H2O in the optics of the spec-
trometer is expected to be small, since a molecular sieve is used to 
minimize H2O contributions. Since one aim of this study is to evaluate 
and use the potential of combining FTIR and EI-MBMS, it was not 
attempted, although possible, to post-calibrate H2O (FTIR) with the 
elemental balance approach used for the major species in EI-MBMS data. 

The H2O mole fraction profiles of both instruments indicate a second 
ignition step, evident from the slight delay in the increase of H2O be-
tween 900 and 1000 K. This could originate from the change from low- 
to intermediate-temperature oxidation, which is less pronounced for 
DMM than for dimethyl ether (DME) [7]. 

Previous studies have obtained contrasting results regarding NO 
consumption. While Zhang et al. [7] observed that NO was not 
completely consumed in EI-MBMS experiments at 93% argon dilution, 
later results by i2PEPICO [11] indicated a complete NO consumption in 
DME/NO experiments. An accurate NO quantification via EI-MBMS is 
challenging since significant overlap with C18O and CH2O influences the 
NO signal; also, fragmentation from e.g., NO2 and HONO (see SM1 of 
[11]) possibly contributes to the NO signal at m/z = 30. The selected 
combination of methods can resolve these issues that could be causing 
the deviations of the NO (EI-MBMS) profile in Fig. 2 from the other two 
curves and the higher scatter of the data. 

The present experiments indicate that NO is not consumed 
completely (see Fig. 2), confirmed by all three instruments that quantify 
NO following different physical principles. Especially the NOx-sensor 
and FITR data show excellent agreement. For the high fuel/NO ratio in 
the DMM_0.8_900NO_93Ar case, the absence of NO in the reacting 
regime could be proven by i2PEPICO spectroscopy (see Fig. S2 in SM1) 
in agreement with Pelucchi et al. [11]. It can thus be concluded that the 
fuel/NO ratio is the key parameter that governs whether NO is 
consumed completely. 

3.2. Intermediate species 

After summarizing the general reactivity of DMM/O2/NO/Ar mix-
tures, the reaction properties are further analyzed by discussing selected 
intermediate species as exemplarily shown in Fig. 3 for the 
DMM_2.0_500NO case. Methane (CH4, Fig. 3(a)) can be considered as a 

rather stable proxy for the highly reactive methyl (CH3) radicals that are 
formed in many of DMM’s initial decomposition steps. 

Ethene (C2H4, Fig. 3(b)) is built up from precursor reactions. Its mole 
fraction is approximately one order of magnitude larger in the fuel-rich 
mixtures than in the fuel-lean ones. Once again, EI-MBMS and FTIR 
results are almost identical indicating that the estimated uncertainty 
could be lowered by combining both instruments where neither tech-
nique faces a specific challenge. 

NO2 mole fraction profiles (Fig. 3(c)) show two peaks for both 
NOx-sensor and FTIR spectrometer. Since the first peak corresponds to a 
temperature (~750 K) where DMM is not consumed yet, this indicates 
an interconversion from NO that does not influence the DMM reactivity, 

Fig. 2. NO mole fractions for the DMM_2.0_500NO case obtained by EI-MBMS, 
NOx sensor, and FTIR. The estimated uncertainty of ±20% is indicated at only 
one point for clarity. 

Fig. 3. Mole fraction profiles of CH4 (a), C2H4 (b), and NO2 (c) obtained by 
different instruments for the DMM_2.0_500NO case. The estimated uncertainty 
of ±20% is indicated at only one point for clarity. 
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in contrast to the second peak (~850 K) that coincides with the reaction 
zone of DMM. However, rather small amounts of NO2 were detected that 
correspond to only about 4% of the NO added. NO2 could not be 
quantified by EI-MBMS due its significant fragmentation tendency to-
wards NO and overlaps with fragments of DMM. 

The good agreement between EI-MBMS and FTIR described before 
implies that calibration of the MBMS signals by using the corresponding 
FTIR concentrations is possible. This has been done for methyl formate 
in Fig. 4, based on the methyl formate concentration obtained by FTIR 
for the DMM_2.0_900NO case. Nonetheless, this approach is only valid, 
if all present isomers are quantified by FTIR spectroscopy and raw signal 
profiles have identical shapes. 

Limitations of the FTIR technique were observed, when species show 
quite similar absorbances or when high-resolution reference spectra are 
unavailable for the investigated conditions (453 K and Ar dilution). An 
example of the first issue is DME which could not be quantified by the 
FTIR spectrometer due to its similarity to DMM, although mole fraction 
profiles could be obtained for C2H6O by EI-MBMS (see Fig. S2 in SM1). 

Trans-HONO and nitromethane (CH3NO2), previously identified as 
crucial intermediates in the interaction between DME and NO [11], 
could both not be detected by FTIR spectroscopy due to lacking 
high-resolution reference spectra. Also, EI-MBMS experiments are un-
able to prove the presence of these species due its lack in isomer selec-
tivity, and high fragmentation tendency. i2PEPICO spectroscopy is used 
to investigate whether these species also play a crucial role for the 
DMM/NO reaction network and to resolve molecular structures of the 
respective sum formula obtained by EI-MBMS. The corresponding re-
sults are discussed in the following section. 

3.3. Crucial isomers analyzed by i2PEPICO 

The molecular structure of intermediates can be determined by 
comparing the obtained ms-TPES with reference PES as shown in Fig. 5. 
The ms-TPES corresponding to m/z = 60 agrees well with the reference 
PES of methyl formate by Nunes et al. [23]. Since no additional signals 
were detected, it can be concluded that methyl formate is the only 
C2H4O2 isomer present in the experiments, supporting the approach to 
calibrate EI-MBMS based on the FTIR-derived concentrations (see 
Fig. 4). Formaldehyde and methanol were identified as additional 
oxygenated intermediates (see Fig. S3 and S4 in SM1). 

At m/z = 61, the measured ms-TPES corresponds mainly to the 
reference spectrum of nitromethane by Hoener et al. [24]. A small peak 
is present at around 10.5 eV which might indicate minor amounts of 

methyl nitrite (CH3ONO, IP: 10.44 eV [25]), but to the best of the au-
thors’ knowledge, there is no reference spectrum with a sufficient 
spectral resolution available of CH3ONO in the literature. Additionally, 
the presence of trans-HONO could be concluded by the corresponding 
ms-TPES at m/z = 47 (see Fig. S5 in SM1). These species have been 
identified as most important interaction species in a previous study in 
DME/NO experiments [11], which leads to the assumption that the 
species pool necessary to describe higher OMEs/NOx interactions is 
similar. 

3.4. Key aspects of DMM/NO kinetics 

Although the literature offers several examples of detailed kinetic 
mechanisms of DMM pyrolysis and oxidation [10,26–29], to the authors 
knowledge there is no comprehensive modeling study of the interaction 
between DMM and NO/NO2 published yet. As a first approach, consid-
ering previous kinetic studies on DME/NO oxidation [10,11,30], it is 
reasonable to assume a comparable mechanistic description of the sys-
tem. In qualitative terms, this can be schematized as in Fig. 6. The 
complex interplay between NO and hydrocarbon chemistry can be 
schematized as occurring at two different levels: (i) interaction with C1 
fragments, and (ii) direct reaction with DMM and its reaction products. 
The theoretical understanding of NOx/C1 systems is now 
well-established [31]. A sensitizing effect occurs through the formation 
of NO2 in the temperature region where DMM is consumed (through the 
chain propagation reaction NO+HO2 → NO2+OH). As a consequence, 
the methoxy radical is formed (CH3+NO2 → CH3O+NO) and subse-
quently decomposed to CH2O and H, enhancing the reactivity. This 

Fig. 4. Mole fraction profile of methyl formate for the DMM_2.0_500NO case. 
The estimated uncertainty of ±20% is indicated at only one point for clarity. 

Fig. 5. Mass-selected TPES for m/z = 60 (a) and 61 (b) with literature PES for 
methyl formate (C2H4O2) [23] and nitromethane (CH3NO2) [24]. 
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effect is counteracted by the inhibiting one caused by the formation of 
nitromethane (CH3NO2) via radical recombination. 

Nevertheless, the coupling between NO and higher intermediates is 
mostly unexplored from a theoretical point of view, and mostly relies on 
the analogy with smaller molecules and rate rules. At such temperatures, 
NO intercepts the low-temperature reaction path by reacting with the 
DMM peroxide and provides the more reactive alkoxy radical isomers: 
DMM-RO2+NO → DMM-RO+NO2. This paves the way to alkoxy frag-
mentation, and according to the formed isomer, the formation of either 
the methoxy radical (CH3OCH2O) or the methyl formate radical 
(CH2OCHO), which was previously discussed in Section 3.2. Pelucchi 
et al. [11] already identified methyl formate as a key species in the 
chemistry of DME/NO interaction, which has been also studied in recent 
works due to its role as an intermediate in DME/DMM combustion [32, 
33]. Within DMM oxidation, methyl formate is mostly formed from the 
decomposition of CH3OCH2O itself into CH3OCHO+H. Such a step is 
strongly pressure-dependent, with large disagreements in literature 
about the related rates [34]. 

Once methyl formate is obtained, H-abstraction by NO2 becomes 
possible from both methyl formate [35] and DMM itself, triggering 
reactivity (DMM+NO2 → DMM-R+HONO/HNO2 and CH3OCHO+NO2 
→ CH3OCO+HONO/HNO2, respectively). Both of them boost the reac-
tivity, as already shown in the analysis of DME/NO system [11]. 

Unfortunately, to date no theoretical analysis of such rates has been 
done. The nearest rates available are those calculated for H-abstraction 
by NO2 from DME, in reasonable agreement among the different authors 
[36,37]. 

4. Conclusion 

The present work provides data sets for eleven different conditions 
investigating the influence of NO on DMM oxidation at low to 

intermediate temperatures, including accurate quantitative species 
profiles. For this purpose, a unique method combination has been 
established by adapting two additional instruments –FTIR spectrometer 
and NOx sensor– to the DLR reactor equipped with EI-MBMS. Measuring 
species with different techniques demonstrated a significant increase in 
reliability, reduced experimental uncertainties, and helped to overcome 
individual limitations of specific techniques. 

Moreover, trans-HONO and CH3NO2 as crucial interaction species 
between DMM and NO chemistry were identified by i2PEPICO spec-
troscopy. This combination of accurate quantitative data and structure 
determination provides an excellent basis for developing a detailed 
state-of-the-art mechanism for the DMM/NOx system. 

Novelty and significance statement 

The work presents a unique approach that combines multiple 
experimental techniques coupled to a flow reactor, for species identifi-
cation and quantification (i2PEPICO, FTIR, mass spectrometry). The aim 
is to enhance data quality by reducing uncertainty and compensating 
limitations (e.g., regarding isomer separation) of each technique alone. 
Such combination permits investigation of the targeted complex inter-
action chemistry. 

The investigation is significant because chemical interactions in 
systems of potential replacement fuels for fossil fuels (DMM as a member 
of the oxymethylene ether fuel family) with exhaust gas components 
such as NO is relevant for EGR conditions. DMM-NO interactions were 
scarcely studied before, and no designated and validated DMM/NO 
mechanism is available yet, making the comprehensive dataset obtained 
here a valuable basis for model development. 

Fig. 6. Flux diagram for DMM oxidation, highlighting the two-level interaction between DMM and NO.  
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