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Product formation pathways in the photolytically initiated oxidation of CH3OCH3 have been investigated as
a function of temperature (298-600 K) and pressure (20-90 Torr) through the detection of HO2 and OH
using Near-infrared frequency modulation spectroscopy, as well as the detection of CH3OCH2O2 using UV
absorption spectroscopy. The reaction was initiated by pulsed photolysis with a mixture of Cl2, O2, and
CH3OCH3. The HO2 and OH yield is obtained by comparison with an established reference mixture, including
CH3OH. The CH3OCH2O2 yield is also obtained through the procedure of estimating the CH3OCH2O2/HO2

ratio from their UV absorption. A notable finding is that the OH yield is 1 order of magnitude larger than
those known in C2 and C3 alkanes, increasing from 10% to 40% with increasing temperature. The HO2 yield
increases gradually until 500 K and sharply up to 40% over 500 K. The CH3OCH2O2 profile has a prompt
rise, followed by a gradual decay whose time constant is consistent with slow HO2 formation. To predict
species profiles and yields, simple chlorine-initiated oxidation model of DME under low-pressure condition
was constructed based on the existing model and the new reaction pathways, which were derived from this
study. To model rapid OH formation, OH direct formation from CH3OCH2 + O2 was required. We have also
proposed that a new HCO formation pathway via QOOH isomerization to HOQO species and OH+
CH3OCH2O2 f HO2 + CH3OCH2O are to be considered, to account for the fast and slow HO2 formations,
as well as the total yield. The constructed model including these new pathways has successfully predicted
experimental results throughout the entire temperature and pressure ranges investigated. It was revealed that
the HO2 formation mechanism changes at 500 K, i.e., HCO+ O2 via HCHO+ OH and the above proposed
direct HCO formation dominates over 500 K, while a series of reactions following CH3OCH2O2 self-reaction
and OH+ CH3OCH2O2 reaction mainly contribute below 500 K. The pressure dependent rate constant of the
CH3OCH2 thermal decomposition reaction has been separately measured since it has large negative sensitivity
for HO2 formation and is essential to eliminate the ambiguity in the CH3OCH2 + O2 mechanism at higher
temperature.

Introduction

The chemical kinetic mechanism of hydrocarbon autoignition
has attracted much attention, not only by combustion chemists
but also automobile engineers who seek to settle engine
knocking and to actualize an alternative engine technology such
as HCCI (homogeneous charge compression ignition).1 The
reactions of hydrocarbons with molecular oxygen are particularly
important in low temperature (500 K< T < 1000 K)
combustion, which governs autoignition features such as
multistage ignition and negative temperature coefficient (NTC)
behaviors. Through experimental studies consisting of time-

resolved or indirect product analysis in thermal and photolysis
reactors, as well as theoretical studies, the general description
of this reaction has been established,2-4 as described below.

An alkyl radical (R) formed through hydrogen abstraction
by active radicals like OH reacts with the molecular oxygen to
form the alkylperoxy radicals (RO2):

As the RO2 is stable at temperatures lower than that of low-
temperature combustion, RO2-RO2 self-reaction and reac-
tions with other species like NOx is important in atmos-
pheric chemistry.5 At higher temperatures the RO2 may isomer-
ize via hydrogen transfer to form a hydroperoxy alkyl radical
(QOOH);

This isomerization reaction occurs through a ring structure
transition state (TS) and the six-membered ring TS is least
strained; therefore, the rate depends on the position of hydrogen
relative to the OOH site.

The QOOH species decomposes to form OH and HO2 or
reacts with O2;
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R + O2 (+M) f RO2 (+M) (1)

RO2 (+M) f QOOH (+M) (2)
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At the condition of excess O2 concentration or higher pressure,
the second O2 addition reaction may dominate in the QOOH
reaction system. As the O2QOOH species finally produces two
OH and one alkoxy radical (RO), the growing chain reaction
system is established. The decomposition reactions 3 and 4
become dominant as the temperature increases. While the OH
forming reaction 3 is a chain propagation step, reaction 4 is a
chain termination step owing to the formation of HO2, which
is relatively inactive in the range of low-temperature oxidation.
Consequently, the branching ratio between reactions 3 and 4 is
an essential part determining the NTC character of individual
hydrocarbons.

Taatjes and co-workers have provided further insights on
the R + O2 reactions through direct time-resolved measure-
ments of HO2 and OH, and RRKM-master equation cal-
culations.6-15 Their notable finding is the direct HO2 and OH
formation, distinguished from the slow formation reactions
via stabilized RO2 in C2H5 + O2 and C3H7 + O2 reac-
tions.7,8,13,14

In the reactions of ethyl and propyl with molecular oxygen, the
HO2 yield gradually increases with increasing temperature in
the range 296-550 K and drastically increases above 550 K.
On the other hand, OH formation is insignificant throughout
the entire temperature range. This is because either isomerization
to QOOH or QOOH decomposition has a higher barrier than
that of HO2 elimination from RO2.13 Substantial participation
of QOOH and OH formation is expected in butyl and larger
alkyls and, in practice, the reduction of HO2 yield was
recognized in their butane experiment.10 They also confirmed
HO2 formation in the reaction of the neopentyl radical with
molecular oxygen, despite the fact that the formation of the
conjugate alkene+ HO2 is structurally impossible.11 As RO2

isomerization and OH formation from QOOH decomposition
is feasible, which is supported by their OH detection and detailed
quantum chemical calculations,16 they proposed that the HO2
is formed secondarily by the reaction RO2 + OH.

Dimethyl ether (CH3OCH3: DME) is proposed as an alterna-
tive fuel for diesel engines. Besides the high ignitability,
denoted by the cetane number of 55-60, this oxygenated
hydrocarbon without a C-C bond has the distinguishing
advantage of soot free combustion. While the ignition character
of DME has two stages and NTC behavior liken-heptane, the
simple structure enables us to reveal the detailed chemical
mechanism.

The DME oxidation mechanism has been examined by shock
tubes, rapid compression machines, flow reactors and burners.17-29

Detailed chemical kinetics models were proposed by Dagaut et
al.17 and by Curran et al.19 In 2000, Curran et al. modified the
DME oxidation model from the point of formic acid (HCOOH)
formation.21,22 In these kinetic models, the low-temperature
oxidation mechanism of DME is the simplest form of the above-
mentioned general hydrocarbon oxidation, in which there is no
branching to isomers.

As the isomerization reaction (10) has a six-membered ring
transition state and the barrier height of both reactions 10 and
11 is lower than the energy level of R+ O2 reactants, OH
formation is more favorable than that of C2H5 + O2.

This reaction mechanism was supported by several elementary
kinetics studies30-38 using UV absorption, FTIR, and mass-
spectrometric sampling. Sehested et al. investigated the reaction
mechanism of the CH3OCH2 + O2 reaction at 296 K and 0.38
- 940 Torr using FTIR.32 They found that at the lowest pressure
condition, the HCHO yield reaches approximately 200%. This
indicates that reactions 9-11 occur kinetically as one step when
stabilization by a third body is avoided at this low pressure. At
higher pressure, methyl formate (CH3OCHO) and methyl
hydroperoxy (CH3OCH2OH), which are secondary products of
once stabilized CH3OCH2O2, are dominant. Rosado-Reyes et
al.38 examined the CH3OCH2 + O2 reaction mechanism,
detecting HCHO, CH3OCHO, and HCOOH with time-resolved
IR absorption techniques in the temperature range 295-600 K
and the pressure range 20-200 Torr, where the HCHO yield
increases and CH3OCHO decreases with increasing temperature.
This indicates that while at lower temperature the CH3OCHO
is mainly formed via a series of CH3OCH2O2 self-reactions, at
higher temperature the CH3OCH2O2 decomposes to mainly form
HCHO. Theoretical calculations were conducted by Yamada
et al. and Andersen et al.35-37 These studies generally support
the dominance of OH formation.

In our previous study, the HO2 formation pathway between
550 and 600 K in the reaction CH3OCH2 + O2 was inves-
tigated by detecting HO2 and OH with the same procedure as
developed by Taatjes et al.39 It was argued that HO2 is mainly
formed by the reaction OH+ HCHO, a part of which is
formed promptly via the sequence without stabilization. We
also detected CH3OCH2O2 and CH3OCH2 radicals with the
UV absorption technique in the same cell between 298 and
600 K.40 By modifying the mechanism indicated in the
Rosado-Reyes et al. paper, we proposed a different mech-
anism of HO2 formation at room temperature from that at
600 K.

In this paper, we describe the experimental and analytical
procedures conducted in the temperature range 298-625 K and
the pressure range 20-90 Torr in more detail to further discuss
and give confidence to the proposed mechanism. Another
pathway contributing to HO2 formation, i.e., HCO formation
via QOOH isomerization was also included in our model. Since
this is not considered in previous theoretical studies, our own
quantum chemical calculations are also conducted to further
validate the reaction mechanism.

Experimental Methods

To examine the HO2 formation in the reaction of CH3OCH2

+ O2, OH and CH3OCH2O2 were also detected using the
NIR-FM and UV absorption techniques, besides HO2 detection.
The reaction is initiated by pulsed photolysis in a mixture of
Cl2, O2 and DME with He buffer to establish the following
reaction sequence:

QOOHf O-heterocycle+ OH (3)

QOOHf alkene+ HO2 (4)

QOOH+ O2 T O2QOOH (5)

R + O2 f alkene+ HO2 (6)

R + O2 f O-heterocycle+ OH (7)

CH3OCH3 + O2 or OH f CH3OCH2 + HO2 or H2O (8)

CH3OCH2 + O2 (+M) f CH3OCH2O2 (+M) (9)

CH3OCH2O2 (+M) f CH2OCH2O2H (+M) (10)

CH2OCH2O2H (+M) f OH + 2HCHO (+M) (11)
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Initial [DME]/[Cl] and [O2]/[Cl2] are maintained larger than 60
to ensure prompt completion of reaction 13 and 100% yield of
reaction 14 to [Cl]0 by avoiding CH3OCH2 + Cl and CH3OCH2

+ Cl2 reactions. The yield of HO2 relative to the initial Cl
concentration in the reaction of CH3OCH2 + O2 was determined
by comparison with the reference reaction of CH2OH + O2 from
a sample of CH3OH;

To determine the OH yield compared with the initial Cl
concentration in the reaction of CH3OCH2 + O2, the OH signals
from this reaction were also compared with those from the
reference reaction. The OH reference was obtained by adding
NO to the HO2 reference mixtures, where

takes place. A typical condition was [Cl2] ) 2 × 1014, [O2] )
1.2 × 1016, [DME] ) [CH3OH] ) 1 × 1015, and total gas
density ) 1.1 × 1018, all in molecules cm-3, where the
concentration is varied on purpose, as described later. The
photolysis yield of the Cl atom is estimated as ca. 5% of Cl2 at
the typical 355 nm fluence of about 110 mJ/cm2. Pressure was
controlled according to temperature changes between 298 and
625 K, so as to maintain a constant total density, except for
pressure dependent measurements. The photolysis repetition rate
was set at 1 Hz to meet with the mean gas residence time at a
typical flow rate of 5200 N-cm3/min. Usually the time-resolved
signals were averaged over 1000 times in a digital oscilloscope.

a. NIR Detection.HO2 and OH were detected in this method.
The experimental setup using FMS with a Herriott type
multipass cell was originally developed to detect HO2 by Taatjes
and co-workers.41 Our apparatus in the part of FMS with a
multipass cell has been described in detail elsewhere.42 The UV
absorption function was added to our FMS setup. The schematic
of the experimental system is shown in Figure 1. The compo-
nents of FMS and the multipass cell are described briefly here.
A CW diode laser, tunable between 6900 and 7090 cm-1

(1410-1450 nm), (New Focus, Velocity 6327) is used as the
probe light source. The output of the diode laser is two-tone
frequency modulated at 599.8( 2.6 MHz through an EOM
(New Focus 4423M). The beam is then collimated, introduced
into a Herriott type multipass cell, and finally fed into a
photoreceiver (New Focus 1811MFS). The photoreceiver output
signal is demodulated to an FM signal by mixing with a
frequency-doubled fraction of the 2.6 MHz modulation signal
and low-pass filtering. The signal is averaged with an oscil-
loscope (Tektronix TDS 520A) and stored in a PC. A partially
reflected beam is introduced in a wavemeter (Burleigh WA-
1500) for continuous monitoring of the wavelength. The Herriott
cell consists of two concave mirrors placed coaxially at a
distance of 1.5 m, between which a light path of 12 reflections
at each mirror was established for this study. The center region
of about 60 cm between two mirrors is the observation region
where the probe beam is overlapped with the photolysis beam
from a frequency tripled Nd:YAG laser (Continuum Surelite
2) passed through center holes of the Herriott mirrors, hence

the effective absorption length is approximately 15 m. The cell
is wrapped by a set of electric heaters, and three-zone temper-
ature control is conducted so that the overlapped region is well
within the flat temperature zone.

In our study, HO2 was detected in the first electronic transition
at 1.4µm, whereas the band detected by Taatjes et al. is mainly
the O-H vibrational overtone at 1.5µm. The 1.4µm band has
a clear rotational structure in the (000)′-(000)′′ envelope, as
analyzed by the high-resolution emission spectroscopic study
of Fink and Ramsay,43 and most of the lines are separable with
the current resolution. A potential merit of the 1.4µm band is
selective detection of DO2,44 OH,45 H2O2

42 in a narrow range
of wavelengths using a high-resolution diode laser. Figure 2
shows (a) HO2, (b) DO2, and (c) OH spectra using FMS with
the 1.4µm diode laser at 298 K, though DO2 detection is not
currently an issue. In this study, HO2 was detected at 7013.520
cm-1 of the A-X (0′-0′′)1-0Q2(18) transition43 and OH was
detected at 6971.291 cm-1 of Q1e(1.5) of the vibrational
overtone.45

b. UV Detection. The absorption setup was established in
the Herriott type cell without affecting NIR-FM function. A
30 W deuterium lamp (Hamamatsu, L7296-50) was employed
as a light source. The UV light was collimated, and fed into
the cell through the slits in the Herriott concave mirrors placed
for the NIR beam passage. The UV light was transmitted directly
through the cell without reflection in the Herriott mirrors. A
pair of dichroic mirrors (99% reflection in 210-280 nm and
99% transmission in 1410-1450 nm) were used to mix and
separate the UV and NIR beams. The maximum light intensity
is obtained at 250 nm, due to the mirror properties. The
transmitted light was detected by a photomultiplier tube
(Hamamatsu, R928) through a band-pass filter (Sigma Koki,
VPF-25C-10-λ, λ ) 228, 253 nm, FWHM) 10 nm) or a
monochromator (Ritsu, MC-25). The problem in the UV
detection is broad overlap of the cross section between HO2

and RO2, which is CH3OCH2O2 in this case. The cross sections
of these species46 are shown in Figure 3. The CH3OCH2O2 was
detected at 250 nm considering the UV light intensity and lower
interference from HO2. As the HO2 component is still included
at this wavelength, it was corrected using the FM HO2 signal.
The cross section of CH3OCH2O2 at 250 nm is estimated in
this setup to be 3.57× 10-18 cm2 molecule-1, which is 1.2
times higher than in ref 46. The cross section of CH3OCH2 is
also shown in Figure 3.47 It was detected at 228 nm, considering
the UV light intensity, and the cross section. In the rate constant
measurements of CH3OCH2 thermal decomposition conducted
without O2, HO2 interference is not a problem. The cross section
of CH3OCH2 at 228 nm is 4.76× 10-18 cm2 molecule-1.48 Both
cross sections are assumed to be independent of temperature in

Cl2 + hν f 2Cl (12)

Cl + CH3OCH3 f HCl + CH3OCH2 (13)

CH3OCH2 + O2 f products (14)

Cl + CH3OH f HCl + CH2OH (15)

CH2OH + O2 f HO2 + HCHO (16)

HO2 + NO f OH + NO2 (17)

Figure 1. Experimental apparatus of flash/photolysis time-resolved
near-IR frequency modulation spectroscopy, combined with UV
absorption spectroscopy. The NIR beam undergoes 23 reflections in
the Herriott type cell, and UV light is transmitted through a single path
in the same cell.
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this study. The peak absorbance was approximately 0.4% under
typical experimental conditions.

The length of the UV-probe and photolysis overlap regions
was estimated by comparing the HO2 profiles detected by UV
and NIR. HO2 was detected at 228 nm, where the recommended
value of cross section is 2.8× 10-18 cm2 molecule-1.46 The
experimental condition is [Cl2] ) 1 × 1015, [O2] ) 6 × 1016,
[DME] ) [CH3OH] ) 1 × 1015, and total gas density) 1.1×
1018, all in molecules cm-3. Both time profiles are shown in
Figure 4. The HO2 profiles show a rapid rise at photolysis,
followed by a gradual decrease by the rate of HO2 self-reaction.
The half-life time of HO2 detected by UV is approximately 6.5
ms, which is consistent with that of the NIR profile. Since the
rate constant of HO2 is given to be 3.0× 10-12 cm3 molecule-1

s-1,49 the initial HO2 concentration is estimated to be ap-
proximately 5.1× 1013 molecules cm-3. This value is in good
agreement with initial chlorine atom concentration derived from
the photolysis laser fluence at this experimental condition. As
the initial absorbance (A ) - ln (I/I0)) is approximately 0.6(

0.06%, the absorption length was estimated to be 40( 4 cm
on the basis of the Beer-Lambert law. This length is applied
to the following kinetic analysis.

Results and Discussion

A. Measurements of Products.To investigate the mecha-
nism of HO2 formation in the reaction of CH3OCH2 + O2, HO2,
OH, and CH3OCH2O2 have been detected using above-described
techniques. The time profiles of these species at 600 and 298
K are shown in Figure 5. Reference signals of HO2 at both
temperatures show a prompt rise under photolysis, followed by
a gradual decrease by the rate of HO2 + HO2 self-reaction. In
contrast, the HO2 signal from the CH3OCH2 + O2 at 600 K
exhibits a slow rise, followed by a gradual decay, similar to
the previously investigated cases of ethane, propane, and
cyclopentane.6-9 The HO2 signal from CH3OCH3 at 298 K
begins with a fast but weak rise and levels off, which indicates
that steady HO2 formation balances with the consumption rate.
OH profiles from CH3OCH2 + O2 show rapid rises, similar to
the previous cases.11,13 This is consistent with the HCHO
formation having a fast component, as reported by Rosado-
Reyes et al.38 The peak amount of OH, particularly reaching
over half that of the reference at 600 K, is considerably larger
than those of ethane, propane and neopentane.11,13These results

Figure 2. Frequency modulation spectra of (a) HO2, (b) DO2 at the
first electronic transition, and (c) OH at the O-H vibrational overtone
detected at 298 K. The spectra show a unique shape coming from the
second-order frequency modulation spectroscopy. Those species were
formed in photolysis of Cl2, O2, and CH3OH (CD3OD) mixtures for
HO2 (DO2) and Cl2, O2, CH3OH, and NO mixtures for OH. The initial
condition is [Cl2] ) 1 × 1015, [O2] ) 6 × 1016, [CH3OH ) CD3OD]
) 1 × 1015, [M] ) 1.1× 1018 molecules cm-3, and [NO]) 1 × 1015

molecules cm-3.

Figure 3. Cross section of HO2, CH3OCH2O2,46 and CH3OCH2.47 The
square symbols show our estimation using the estimated overlap length
(40 cm) and the model consideration of initial CH3OCH2O2 yield (86%).

Figure 4. HO2 time profiles detected by UV and NIR techniques under
the condition of [Cl2] ) 1 × 1015, [O2] ) 6 × 1016, [CH3OH] ) 1 ×
1015, and [M] ) 1.1 × 1018 molecules cm-3, at 298 K.
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suggested that the OH formation pathway is more favorable
than in C2 and C3 alkyl radicals. The CH3OCH2O2 profiles at
both temperatures have a rapid rise and a gradual decay, but
with different decay time constants. It seems that the relatively
fast decay at 600 K corresponds to the HO2 formation and the
298 K decay to the CH3OCH2O2 self-reaction.

In order to obtain the overall HO2 yield, the procedure of
profile correction developed by Taatjes et al. was performed.6

Originally this procedure can correct the raw profile for the
decay caused by HO2 self-reaction and HO2 + RO2 reaction.
However, in this study only the HO2 self-reaction was consid-
ered because of the lack of direct measurement for the rate
constant of HO2 + CH3OCH2O2. The upper limit of the yield,
including the correction with the HO2-CH3OCH2O2 reaction,
was estimated to be approximately 70% at 600 K and to be
approximately 20% at 298 K, respectively, using the
CH3OCH2O2 profile obtained in the UV measurement and
assuming a rate constant of 5.65× 10-13 × exp(5.3 kJ/mol/
RT) cm3 molecule-1 s-1,17 which is the largest estimate for this
reaction. Even in this case, the yield is below unity, which is
different from that of C2 and C3 alkanes.

The yield of OH was also obtained using another procedure
simulating the rise and decay profiles due to fast OH consump-
tion reactions.11,13 The dashed line in Figure 5, parts c and d,
was the result of using the model shown in Table 1, which is
in good agreement with the reference signals.

The UV signal at 250 nm was corrected for the pure
CH3OCH2O2 profile by removing the HO2 component using
the FMS signal of HO2. The conversion factor was determined
by the comparison, as demonstrated in Figure 4. The observed

absorbance, the effective absorption length (40 cm), HO2 cross
section at 250 nm (6.6× 10-19 cm2 molecule-1)46 and the
concentration estimate from the decay rate due to HO2 self-
reaction are consistent. At 600 K, the maximum absorbance of
HO2 was approximately 0.5%. The raw and corrected signals
are shown in Figure 5, parts e and f.

The temperature dependence of overall HO2 yield, OH peak
yield, and CH3OCH2O2 peak yield, which are the ratio to initial
Cl concentration determined by laser influence and decay of
reference HO2 signals, are shown in Figure 6. The HO2 yield
gradually increases until 500 K and rapidly increases toward
600 K. The yield of HO2 below 500 K is a few percent higher
than that of ethane and propane. The OH yield increases
gradually with increasing temperature in this temperature range.
The peak yield ranged between 10% and 40%, 1 order of
magnitude larger than observed for ethane and propane13 and
also larger than that of neopentane.11 The CH3OCH2O2 peak
yield gradually decreases until 500 K and sharply decreases
toward 600 K. This suggests that the mechanism of CH3OCH2O2

consumption changes at 500 K. While the slow decay corre-
sponds to the rate of CH3OCH2O2 self-reaction, the positive
temperature dependence over 500 K is a property of thermal
decomposition.

The pressure dependence of HO2 prompt yield, and OH and
CH3OCH2O2 peak yields are also shown in Figure 6, parts b,
d, and f. The HO2 and OH show weak negative pressure
dependence and CH3OCH2O2 shows a weak positive depen-
dence. A similar pressure dependence of HO2 yield was
observed in the cases of ethane and propane.7,8

B. HO2 Formation at 600 K. The time profiles of HO2, OH,
and CH3OCH2O2 scaled relative to the initial chlorine atom
concentration are shown in Figure 7. The corrected reference
signal leveling off at unity indicates that the decay is dominated
by the HO2 self-reaction. The correction for the DME signal is
not significant, owing to the low concentration. The peak yield
of CH3OCH2O2 is approximately 40% and the part following
decay is noticeably fast. This indicates that the CH3OCH2O2

formation rate is comparable to that of consumption, which may
be either CH3OCH2O2 decomposition or CH3OCH2 decomposi-
tion.

The HO2 formation pathway depicted from the model of
Curran et al.19 consists of reactions 9-11 and following
reactions:

OH is consumed by HCHO and CH3OCH3 competitively

The CH3OCH2 thermal decomposition reaction competes with
the CH3OCH2 + O2 reaction over 550 K.39

This mechanism with the original set of rate constants does not
predict the experimental results such as the OH rapid rise and
the amount of HO2 at 600 K, as superimposed in Figure 7. One
important point is that the Curran et al. model has been
established to represent higher pressure reactors like shock tubes
and jet stirred reactors.

Accordingly, we have constructed a modified model for this
reduced-pressure photolytically initiated system, as shown in
Table 2. The model of pulsed-photolytic Cl-initiated reaction

Figure 5. Time profiles of (a, b) HO2, (c, d) OH, and (e, f)
CH3OCH2O2 at 600 and 298 K. Thin blue lines are from the photolysis
of Cl2/O2/CH3OCH3 mixtures. Thin red lines are from the photoysis of
reference mixtures. Gray lines in the CH3OCH2O2 time profiles are
raw UV signals before correction for HO2 contribution. The initial
condition is [Cl2] ) 2 × 1014, [O2] ) 1.2 × 1016, [CH3OH] ) 1 ×
1015 molecules cm-3 for HO2, [Cl2] ) 1 × 1015, [O2] ) 6 × 1016,
[CH3OH] ) 1 × 1015 molecules cm-3 for OH and CH3OCH2O2, all in
a total gas density of 1.1× 1018 molecules cm-3.

HCHO + OH f HCO + H2O (18)

HCO + O2 f HO2 + CO (19)

CH3OCH3 + OH f CH3OCH2 + H2O (20)

CH3OCH2 (+M) f HCHO + CH3 (+M) (21)
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of neopentyl + O2
11 was also referenced. An important

modification is pressure dependence of unimolecular reactions
9-11 and 21, for which originally the high-pressure limit was
given. The pressure dependent rate constant of the
CH3OCH2 decomposition reaction 21 has been measured in this
study, as described later. (The rate constant of this reaction at
600 K and 68 Torr is 1.06× 103 s-1, which is 8 times lower
than in the Curran et al. model.) The pressure dependent rate
constants of reactions 9-11 were first taken from the Yamada
et al. evaluation, which were calculated with the CBS-q level
of theory and the QRRK method,35 and considered modification.
These rate constants are expressed in Troe form as shown in
Table 2. After the adjustment to fit the experimental profiles,

the rate constant of the CH2OCH2O2H decomposition reaction
is 10 times higher than the original one.

To represent the prompt OH formation and fairly rapid HO2

formation, the direct formation from R+ O2 reaction and one
of the HO2 formation reactions suggested in the neopentyl+
O2 reaction model are considered.

Since there are no measurements of the rate constant of reaction
(23), we assumedk23 ) 4.0 × 10-11 cm3 molecule-1 s-1 after

TABLE 1: Reaction Rate Constants Used to Model the OH Reference Signal Initiated by Pulsed Photolysis in the Mixture of
Cl2/O2/CH3OH/NOa

reaction A n E ref

CH3OH + Cl f CH2OH + HCl 3.31× 1013 0 0 48
CH2OH + O2 f HO2 + CH2O 4.56× 10-6 5.94 -4539 49
HO2 + NO f OH + NO2 2.11× 1012 0 -497 50
HO2 + HO2 f H2O2 + O2 1.3× 1011 0 -1629 51
HO2 + HO2 f H2O2 + O2 4.2× 1014 0 11 980 52
OH + HO2 f H2O + O2 2.89× 1013 0 -497 53
OH + CH3OH f CH2OH + H2O 1.44× 106 2 -841 54
NO + OH(+M) f HNO2(+M) 2.0 × 1013 0 0 55

low 2.33× 1023 -2.4 0
OH + OH f O + H2O 1.75× 104 2.6 -1878 56
OH + OH(+M) f H2O2(+M) 1.24× 1014 -0.37 0 57

low 3.04× 1030 -4.63 2049
Troe 0.47 100 2000 1× 1015

H2/2/H2O/12/CO/1.9/
OH + CH2O f HCO + H2O 3.44× 109 1.18 -447 58
OH + HCO f CO + H2O 3.01× 1013 0 0 58
OH + NO2(+M) f HNO3(+M) 2.4 × 1013 0 0 59

low 6.42× 1032 -5.49 2351
Troe 0.525 1.0× 10-15 1.0× 10-15 1.0× 1015

H2O/5.0/
OH + HNO2 f H2O + NO2 1.26× 1010 1 135 59
HCO + O2 f HO2 + CO 7.59× 1012 0 405 60
NO + CH2OH f CH2OH(NO) 1.51× 1013 0 0 61

a The rate constants are written in the form ofA × Tn × exp(-E/RT). The unit ofA is cm3 mol-1 s-1 for bimolecular reactions and cm6 mol-2

s-1 for termolecular reactions. The unit of E is cal/mol.“low” shows the rate constant of the low-pressure limit. “Troe” shows the parameter of the
Troe formula,Fcent ) (1 - R) exp(-T/T***) + R exp(-T/T*) + exp(-T**/ T) from the left, in order, whereT is the temperature.

Figure 6. Yields of (a, b) overall HO2, (c, d) peak OH, and (e, f) peak CH3OCH2O2 as a function of temperature and pressure. Solid symbols are
experimental results and lines with open symbols are calculated results using our model shown in Table 2.

CH3OCH2 + O2 f OH + 2HCHO (22)

OH + CH3OCH2O2 f HO2 + CH3OCH2O (23)

HO2 and OH Formation Mechanisms J. Phys. Chem. A, Vol. 111, No. 19, 20073781



the case of neopentane,15 which originally is the rate of CF3O2

+ OH.65 The rate constant of reaction 22 is set ask22 ) 4.0 ×
10-13 cm3 molecule-1 s-1 to represent the OH formation as
shown in Figure 7c. Even when reactions 22 and 23 were con-
sidered, the amount of HO2 formation was only approximately
40% that of the experiment. In addition, the CH3OCH2O2 decay
was still considerably slower than experimentally observed,
although reaction 23 greatly accelerated the decay.

In this state of the model, the dominant HO2 formation
pathway is via HCHO+ OH and HCO+ O2 reactions. In order
to achieve the amount of HO2 within the framework, the amount
of HCHO and OH needs to be increased. This was done by
further enhancing the CH2OCH2O2H decomposition rate 10
times; however, it overestimated the CH3OCH2O2 decay rate
and the HO2 rise rate is still underestimated.

Accordingly, the direct formation of HCO was assumed:

The rate constant of reaction 24 was determined to fit the HO2

formation, keeping reactions 9 and 22 intact. Whenk24 ) 5.8
× 10-14 cm3 molecule-1 s-1 was assumed, the HO2, OH, and
CH3OCH2O2 profiles at 600 K were successfully modeled. The
diffusion rate, which is specific to this experiment and estimated
as 12 s-1, was also considered.40 Note that reactions 10 and 11
simply act as a series reaction under these experimental
conditions so that only the product of these rate constants is
essential. As understood later, the absolute rate constant of
reaction 9 is unimportant, provided that the excess oxygen
ensures the completion of reaction 9, while the CH3OCH2

decomposition does not contribute.
The remaining concern is the OH profile on which the current

calculation does not perfectly model the experiment, particularly
at the rise rate. For this part not only the above-mentioned OH
formation/consumption reactions, but also the preceding reac-
tions such as CH3OCH2O2 formation are responsible. Because
of the insufficient time resolution in HO2 and CH3OCH2O2

detection under the current experimental conditions, we settle
with this state of the model.

Ab Initio Calculation of Potential Energy Surface. Previous
theoretical studies35-37 on the CH3OCH2 + O2 reactions
suggested that the dominant products are 2 HCHO+ OH via
the fission of CH2OCH2OOH and the potential barrier for the
channel of HO2 + CH2OCH2 formation is so high that direct
formation of HO2 from CH3OCH2 + O2 was not considered in
the DME oxidation model. These computational results are
mostly consistent with the experimental results, in which HCHO
was formed primarily,37 but seem insufficient to account for
the present observation of rapid HO2 formation. We therefore
investigated the potential energy surface of the CH3OCH2 +
O2 reactions by using ab initio molecular orbital calculations,
particularly for undiscovered channels.

First, we employed density functional methods to survey the
potential energy surface of the CH3OCH2 + O2 system. Most
minima and transition states (TS) were optimized using the
B3PW91 hybrid density functional method and cc-pVTZ basis
set. The G2M(CC1) calculations69 were performed at the
B3PW91/cc-pVTZ optimized geometry in order to determine
more accurate energies. These calculations were conducted with
Gaussian 98 and 03 codes.70,71

MRMP//CASSCF calculations were further executed for the
transition states of key reaction channels by using GAMESS.72

Geometry of CH2OCH2OOH (shortly QOOH) and transition
states in consecutive reaction steps were finally optimized at
the CASSCF(17,14)/VTZ level. The active space of the
CASSCF(17,14) calculations consist of the highest singly
occupied molecular orbital, the bonding and antibonding orbital
of C-O, O-O and O-H bonds and a lone pair orbital of the
each oxygen atom. Vibrational analysis was conducted at the
CASSCF(17,14)/VTZ level. The MRMP energy calculations
were performed at the CASSCF(17,14)/VTZ optimized geom-
etry. The MRMP energy of the transition states was compared
with that of CH2OCH2OOH, and was converted to relative one
to CH3OCH2 + O2, where the G2M(UCC1) energy of-111
kJ mol-1 was employed as the relative energy of CH2OCH2-
OOH to CH3OCH2 + O2. Results of the PES calculations are
illustrated in Figure 8. In the same figure, wells and the transition
states with asterisk on the shoulder represent that the potential
energy was obtained by the MRMP/CASSCF methods.

Transition structures for three-body fission (TS3: QOOHf
2HCHO+ OH), two-body fission (TS4: QOOHf HCHO +
CH2OOH), the elimination of OH (TS5: QOOHf OH +
HCHO dimer), HO2 (TS6: QOOHf HO2 + C2H4O), and H

Figure 7. Scaled time profiles relative to initial chlorine atom
concentration at 600 K. (a) HO2 from reference mixture (Cl2/O2/
CH3OH), (b) HO2, (c) OH, and (d) CH3OCH2O2 from the CH3OCH3

mixture (Cl2/O2/CH3OCH3). Blue and gray lines are calculated profiles
from each stage of modeling described in the text.

CH3OCH2 + O2 f HCO + H2O + HCHO (24)
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atom (TS7: QOOHf H + 1,2,4-trioxolane) were successfully
obtained at the CASSCF(17,14)/VTZ level of theory. The
transition structure of H atom transfer (TS1: RO2 f QOOH)
was also obtained at the same level. However, the CASSCF-
(17,14)/VTZ calculations failed to attain the geometry of the
transition state of OH transfer (TS2: QOOHf HOQO), owing
to misconvergence occurring for neighboring geometries. This
seems to be attributed to the fact that the active space is not
sufficient for OH transfer. The transition structure of TS2 was
obtained with CASSCF(19, 14)/VDZ, for which residual two
lone pair orbitals of two oxygen atoms in-OOH were added
to and the bonding and antibonding orbitals of the CH2O-
COOH bond were excluded from the active space of the
CASSCF(17,14). The reason for the latter elimination is the
lack of our computational resources.

The addition of O2 to CH3OCH2 proceeds without an
intervening potential energy barrier to form CH3OCH2O2.
Except for dissociation back to the reactants, the reaction of
CH3OCH2O2 occurs via intramolecular migration of the H atom
to form CH2OCH2OOH. The potential barriers of TS2, TS3,

TS4, and TS5 are all lower than the entrance energy of
CH3OCH2 + O2. Therefore, any channel via these transition
states has the possibility of being an actual reaction pathway.
Considering that the results were due to the MRMP//CASSCF
calculations with a limited active space and uneven basis sets,
especially for TS2, we hesitate to discuss the difference in barrier
heights among them. It is noted, however, that TS2 is a tight
transition state, whereas TS3 and TS4 are loose ones, so the
dissociation of CH2OCH2OOH via the latter transition states
are favorable in entropy. Apart from the free energy of each
transition state, the channel via TS2 has the advantage of
becoming the dominant course of the CH3OCH2 + O2 reactions
at lower temperature because barrier penetration by tunneling
at TS2 is much greater than that in other transition states. The
barrier height of TS6 and TS7 are entirely over the entrance
energy, so the product channels of HO2 + C2H4O via TS6 and
H + C2H4O3 via TS7 are unlikely as actual reaction courses.

HOCH2OCH2O via TS2 on the potential energy surface
connects to 2HCHO+ OH (via TS8), HCO+ HCHO + H2O
(via TS9), as products of fission or migration. All the above

TABLE 2: Kinetic Model for Cl Initiated Oxidation of CH 3OCH3
f

reaction A n E ref

Cl + CH3OCH3 f CH3OCH2 + HCl 1.06× 1014 0 0 62
CH3OCH2 + Cl2 f CH3OCH2Cl + Cl 1.08× 1013 0 720 34
CH3OCH2 (+M) f CH3 + CH2O + (M) 1.60× 1013 0 25 500 63a

low 2.8× 1016 0 18100
Troe 0.5 350 450

CH3OCH2 + O2 +(M) f CH3OCH2O2 (+M) 5.82× 1012 0 0 35
low 1.04× 1016 0 -6436
Troe 0.312 246 5.9× 10-4

CH3OCH2O2 (+M)fCH2OCH2O2H (+M) 6.54× 1010 0 18 220 35
low 2.33× 1015 0 11430
Troe 0.25 2088 1.04× 10-4

CH2OCH2O2H(+M) f OH + 2HCHO (+M) 1.16× 1014 0 20 560 35b
low 3.2× 1019 0 19400
Troe -2.69 163 1.09× 10-5

CH3OCH2 + O2 f OH + 2HCHO 9.33× 1010 0 -1127 this work
CH3OCH2 + O2 f HCO + H2O + CH2O 6.67× 1010 0 773 this work
CH2OCH2O2H + O2 f O2CH2OCH2O2H 9.0× 1011 0 0 19
CH2O + OHf HCO + H2O 3.44× 109 1.18 -447 58
HCO + O2 f HO2 + CO 7.59× 1012 0 405 60
CH3OCH3 + OHf CH3OCH2 + H2O 6.03× 1012 0 735 48
CH3 + Cl2 f CH3Cl + Cl 2.88× 1012 0 477 60
CH3 + O2 (+M) f CH3O2 (+M) 7.83× 108 1.2 0 64
HO2 + HO2 f H2O2 + O2 1.3× 1011 0 -1629 51
HO2 + HO2 f H2O2 + O2 4.2× 1014 0 11 980 52
CH3OCH2O2 + CH3OCH2O2 f CH3OCHO+ CH3OCH2OH + O 5.42× 1010 0 -1390 38c
CH3OCH2O2 + CH3OCH2O2 f 2CH3OCH2O + O2 1.261× 1011 0 -1390 38c
CH3O2 + CH3O2 f 2CH3O + O2 5.48× 1010 0 -834 53
CH3O + O2 f CH2O + HO2 2.17× 1010 0 1747 53
OH + CH3OCH2O2 f HO2 + CH3OCH2O 2.41× 1013 0 0 65d

OH + HO2 f H2O + O2 2.89× 1013 0 -497 53
Cl + CH2Of HCl + HCO 4.94× 1013 0 68 48
CH3 + CH2Of CH4 + HCO 7.77× 10-8 6.1 1976 53
OH + OHf H2O + O 1.5× 109 1.14 99 64
CH3OCH2O2 + HO2 f CH3OCH2O2H + O2 2.29× 1011 0 -1790 66e
CH3OCH2Of CH3OCHO+ H 3.0× 105 0 0 38
H + O2 (+M) f HO2 (+M) 1.48× 1012 0.6 0 67

low 3.5× 1016 -0.41 -1120
Troe 0.5 1× 10-30 1 × 1030

H2/2.5/H2O/12/CO/1.9/CO2/3.8/
CH3OCH2O + O2 f CH3OCHO+ HO2

3.61× 1010 0 1092 38

OH + OH + M f H2O2 + M 2.38× 1019 -0.8 0 48
OH + HCOf CO + H2O 3.01× 1013 0 0 58
H + Cl2 f Cl + HCl 8.59× 1013 0 0 68
HO2 diffusion 12 this work

a The rate constant is obtained for the pressure range 20-90 Torr in this study. The data of ref 63 is applied to high and low-pressure limits.
b The rate constant is enhanced 10 times from the original of ref 40.c Jenkin et al.’s data38 is applied to the branching ratio of these reactions, which
are assumed to have no temperature dependence.d The temperature-independent rate constant of the CF3O2 + OH reaction is assumed to be this
reaction rate constant.e The rate constant of C2H5O2 + HO2 is adopted.f The unit ofA is s-1 for first-order reactions, cm3 mol-1 s-1 for bimolecular
reactions, and cm6 mol-2 s-1 for termolecular reactions. The unit of E is cal/mol. “low” and “Troe” are the same as in Table 1.
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product channels are energetically promising because their
respective intervening barriers are lower than that of TS2. TS8
is a looser transition state than TS9, which indicates that the
decomposition of CH2OCH2OOH* via TS2 partly contributes
to form 2HCHO+ OH. End-products specific to the reaction
channels via TS2 are CO, HO2. Consequently, the reaction
course via TS2, which was not considered in the previous
theoretical studies, seems to contribute to a certain extent to
the formation of HO2 observed in the experiments.

The Rate Constant of the CH3OCH2 Thermal Decomposi-
tion Reaction. In this study, the rate constant of the CH3OCH2

thermal decomposition reaction has been measured using the
UV absorption technique. Loucks et al. reported only high and
low-pressure limits for this reaction.63 The measurements were
conducted in the temperature range 600-700 K and the pressure
range 20-90 Torr. The experimental condition was [Cl2] ) 5
× 1014, [DME] ) 1 × 1015 molecules cm-3 with He buffer.
The reaction is initiated by pulsed photolysis in a mixture of
Cl2/CH3OCH3. The CH3OCH2 were measured at 228 nm (σ )
4.76 × 10-18 cm2 molecule-1) with a peak absorbance of
approximately 0.4%.

A typical time profile of CH3OCH2 at 650 K and 60 Torr is
shown in Figure 9. After the initial few tens of microseconds
that were blind due to the photolysis shot noise, the CH3OCH2

decays in a single-exponential manner. Under this condition,
CH3OCH2 is consumed by thermal decomposition and self-
reaction, i.e.;

and CH3 from reaction 25 also reacts with Cl2 forming Cl,

where the rate constant is known ask27 ) 4.78× 10-12 × exp-
(-477 (cal/mol) /RT) cm3 molecule-1 s-1.60 This Cl reacts with
CH3OCH3 to reproduce CH3OCH2. By fitting the model profile
with the above reactions, the rate constantk25 was determined.

Figure 8. Potential energy diagram of the CH3OCH2 + O2 reaction. Wells and the transition states with asterisk on the shoulder represent that the
potential energy was obtained by the MRMP/CASSCF methods.

Figure 9. CH3OCH2 time profile at 650 K, 60 Torr showing the decay
due to the thermal decomposition reaction. The initial concentration is
[Cl2] ) 5 × 1014, [DME] ) 1 × 1015 molecules cm-3 with He buffer.
The dashed line is the model profile considering the CH3 + Cl2 reaction.
Note that the initial 20µs is the region interfered with by the photolysis
shot noise.

CH3 + Cl2 f Cl + CH3Cl (27)

CH3OCH2 (+M) f CH3 + HCHO (+M) (25)

CH3OCH2 + CH3OCH2 f CH3OCH2CH2OCH3 (26)
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The predicted profile is also shown in Figure 9. The obtained
rate constant is shown as a function of pressure in Figure 10.
The present rate constant is lower than that of the Lindemann
interpolation from Loucks et al. by a factor of 0.2. Three
parameters of Troe form are determined as shown in Table. 2.
The high and low-pressure limits are assumed as those of Locks
et al. However, although the fitting curves look reasonable, the
bath gas (DME) is different from ours. Accordingly, this
expression should be considered as a practical interpolation valid
within the present experimental range.

C. HO2 formation at 298 K. Time profiles of detected
species at 298 K scaled by the same procedure as in 600 K are
shown in Figure 11. The overall yield of HO2 throughout the
lower temperature region is approximately 10% as shown in
Figure 6, which is larger than in the C2 and C3 alkanes.11,12

The time profile also behaves differently, which keeps a steady
nonzero level after the initial rise, unlike the decay profiles of
ethyl and propyl.11,12OH is also produced at approximately 10%.
Once CH3OCH2O2 is thermally stabilized, its isomerization and
decomposition reactions are unlikely at this temperature; hence,
HO2 should be produced by other pathways. The room-
temperature oxidation mechanism of DME has been suggested
by Jenkin et al. in 199373 and Rosado-Reyes et al. in 2005.38

According to Jenkin et al., HO2 is formed as

CH3OCH2O2 decreases by its self-reaction in this temperature
range. Jenkin et al. obtained the rate constant of the self-reaction
at 298 K ask28 ) 2.1 × 10-12 cm3 molecule-1 s-1 and the
branching ratio ask28a/k28 ) 0.7. Rosado-Reyes et al. also
obtained the temperature dependence of this reaction ask28 )
3.0 × 10-13 exp(700/T) cm3 molecule-1 s-1 between 295 and
650 K. The rate constants of reactions 29 and 30 are also
reported. In that model, the direct formation of OH is considered.
The time profiles of HO2, OH and CH3OCH2O2 calculated using

the Rosado-Reyes et al. model are shown in Figure 11. The
OH profile was well predicted, whereas the HO2 and
CH3OCH2O2 are not.

To predict the HO2 and CH3OCH2O2 experimental profiles,
the direct formation of HCO (reaction 24), the direct formation
of OH (reaction 22) and OH+ CH3OCH2O2 reactions (reaction
23) were also considered in this study. The reaction 23 is
assumed to be temperature independent. The rate constants of
reactions 29-31 were adopted from the values of the Rosado-
Reyes et al. measurements. The rate constants of reactions 22
and 24 were determined by fitting to the experimental pro-
files as k22 ) 1.0 × 10-12, and k24 ) 3.0 × 10-14 cm3

molecule-1 s-1 keeping the rate constant of the recombination
reaction of CH3OCH2 + O2 reaction (reaction 9) as it is. The
branching ratio among reactions 9, 22, and 24 is 0.86:0.13:0.01.
The initial rapid HO2 formation is approximately 80% via OH
+ CH3OCH2O2 and at most 10% via HCO. The slow HO2

formation after 2 ms, balancing with the consumption, is via
the series of reaction governed by CH3OCH2O2 self-reaction.

UV Cross Section of CH3OCH2O2. According to the
analysis of HO2 formation at 298 K and 34 Torr, the amount of
CH3OCH2O2 is 86% relative to the initial Cl concentration and
the remaining 14% reach fission products without stabilization.
The pressure dependence of the branching is shown in Figure
6. For the previous cross sections measured,74 100% of the Cl
was assumed to convert to CH3OCH2O2 at 298 K and 100 Torr.
Figure 6 states that the CH3OCH2O2 yield should be 90% at
100 Torr and 298 K. CH3OCH2O2 is overestimated by about
10% by this factor. Our separate estimate of the CH3OCH2O2

cross section considering this effect is shown in Figure 3, which
is larger than the previous one by a factor of 1.2.

D. Model Evaluation. The CH3OCH3 oxidation model is
constructed by combining the 600 and 298 K HO2 formation
mechanisms, as shown in Table 2. The rate constants of OH

Figure 10. Rate constant of CH3OCH2 decomposition reaction as a
function of pressure. Symbols are measurement results, bold lines are
fitting using the Troe form expression, and thin lines are the Lindemann
interpolation of high and low-pressure limits from Loucks et al.63

CH3OCH2O2 + CH3OCH2O2 f 2CH3OCH2O + O2 (28-a)

CH3OCH2O2 + CH3OCH2O2 f

CH3OCHO+ CH3OCH2OH + O2 (28-b)

CH3OCH2O (+M) f CH3OCHO+ H (+M) (29)

CH3OCH2O + O2 f HO2 + CH3OCHO (30)

H + O2 (+M) f HO2 (+M) (31)

Figure 11. Scaled time profiles relative to initial chlorine atom
concentration at 298 K. Bold line are calculated profiles using our model
shown in Table 2, the dot-dash lines are the Rosado-Reyes et al.
model.38
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direct formation and HCO direct formation from CH3OCH2 +
O2 reactions are determined to bek22 ) 1.55× 10-13 × exp-
(4.7 kJ/mol/RT), andk24 ) 1.1 × 10-13 × exp(-3.2 kJ/mol/
RT) cm3 molecule-1 s-1 between 298 and 600 K. The
temperature dependence of the yield is successfully predicted
by this mechanism, as shown in Figure 6. Pressure dependence
of the yield is also represented with this model, which supports
the current mechanism that the pressure dependent stabilization
of CH3OCH2O2 competes with the direct formation of bimo-
lecular products.

Sensitivity coefficients for HO2 concentration 2 ms after the
photolysis are shown in Figure 12. At 298 K, the direct
formation of OH and HCO from CH3OCH2 + O2 and
CH3OCH2O2 self-reaction are important for HO2 formation. The
OH + CH3OCH2O2 reaction also has a large sensitivity for HO2,
which particularly contributes to the rapid HO2 formation. The
H + O2 recombination reaction has a positive sensitivity because
it competes with the H+ Cl2 reaction, whereas H production
through reaction 29 is the essential point of this pathway. The
HO2 formation is governed by CH3OCH2O2 self-reaction. This

is the unique feature of CH3OCH3 oxidation. In the case of C2
and C3 alkanes, the RO2 self-reaction is slower than
CH3OCH2O2 self-reaction by a factor of 10,46 and the RO
decomposition reaction is negligibly slow.75 At 600 K, the direct
formation of OH and HCO also has large sensitivity for HO2,
which particularly contributes to the rapid HO2 formation. As
the CH3OCH2O2 isomerization effectively occurs under this
condition, the CH2OCH2O2H decomposition reaction and HCHO
+ OH reaction largely contributes to HO2 formation. OH+
CH3OCH3 shows negative sensitivity, which competes with OH
+ HCHO, forming HO2 via HCO + O2 reaction. The OH+
CH3OCH2O2 reaction still has positive sensitivity. Also shown
in the figure are coefficients at 500 K, where the HO2 yield
begins to increase sharply. The direct formation of HCO and
OH from CH3OCH2 + O2, and OH + CH3OCH2O2 have
positive sensitivity, whereas the recombination reaction of
CH3OCH2 + O2 has negative sensitivity. Other reactions that
contribute to HO2 formation at 298 and 600 K do not have
significant sensitivity coefficients at 500 K. These results
indicate that 500 K is the junction of the HO2 mechanism in
the reaction of CH3OCH2 + O2. A schematic summary of the
pathway toward HO2 is shown in Figure 13.

Conclusions

The product branching between OH and HO2 elimination
channels in alkyl+ O2 reactions is the point that characterize
the fuel specific low-temperature combustion property. From
this standpoint, the time-resolved HO2 and OH measurements
were conducted in this system of Cl atom-initiated dimethyl
ether oxidation. The detection of OH through the whole
temperature range was direct proof of the dominant OH+
2HCHO exit channel from CH3OCH2 + O2, which was
predicted from the past indirect experimental evidence and
theoretical considerations. On the other hand, the analysis of
the HO2 formation pathway was not straightforward, although
the temperature-dependent yield and the formation profiles
consisting of fast and slow components are phenomenologically
similar to the cases of C2 and C3 alkanes. The presence of active
OH, which readily reacts with the reactant and intermediates,
made the system complex, so that we needed to add the function
of UV absorption for further examination. In order to account
for the OH, HO2 and CH3OCH2O2 observations in this range
of temperature and pressure, existing mechanisms for high and
low-temperature sides were individually modified. It has been
revealed that the HO2 formation is dominated by CH3OCH2O2

self-reaction and OH+ CH3OCH2O2 below 500 K, whereas
HCO + O2 and HCHO + OH, both of which are formed
promptly and slowly, dominates over 500 K. Among the
reactions added and modified in this work, the HCO formation
from QOOH species via the HOQO intermediate is a proposal
that was not considered in any previous investigations, but
supported by our own ab initio calculations. The HOQO route
contributes partially throughout the temperature range. This
HO2 formation pathway is unique to this DME system,
compared to the cases of small hydrocarbons for which HO2

formation has already been studied. The independent measure-
ment of CH3OCH2 thermal decomposition in the current pressure
range could reduce the uncertainty of the model on the high-
temperature side.
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