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Kinetic Studies of the Oxidation of Dimethyl Ether and Its Chain Reaction with Cl,
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The reaction between dimethyl ether radicals and molecular oxygen proceeds along two distinct pathways at
temperatures between 230 and 350 K. Above about 100 Torr total pressure the peroxy radioat Hzb},

is predominantly formed. As the pressure is reduced, a channel leading to the formation of OH and two
formaldehyde molecules becomes progressively more important. Real time kinetic measurements of these
reactions are made using time-resolved UV spectroscopy to monitgdCH, loss and CHOCH,O, formation

along with transient IR absorption to probe formaldehyde production. The OH radicals are identified via
their UV spectrum. The reaction can be described via a modified Lindemann mechanism using the three
parameterf oz, Koz,0 andkared,e Which represent the high- and low-pressure limits of thadlition reaction

and the low-pressure limit of the OH/formaldehyde channel. At 295 K they have values of (A1) x

10 cemPs, (2.6+0.9) x 102°cnPsL, and (6+ 2) x 1072 cm?® s71, respectively. AP = ~120 Torr

the reaction exhibits a negative temperature dependencekwith= (3.159) x 10712 326580 e 571,
Experiments in the absence of oxygen were performed to investigate t§@CGHFmediated chain reaction
between chlorine and dimethyl ether. Analysis of time-resolved UV spectra reveals rate constanis of

= (1.8732) x 10711 gB60:120T oy 571 and ke, = (1.8709) x 10711 g200£200T o 1, respectively, for the

chain propagation reaction between {HH, and molecular chlorine and for the chain-terminating
recombination reaction.

Introduction Verification of OH radical formation would have important
implications with respect to the compression ignition of dimethyl
ether, since this radical is an important reactive intermediate in
the combustion process. Alkyl radical oxidation reactions are
usually dominated by processes leading to the much less reactive

fuel additivest From the standpoint of combustion chemistry, ngg:ﬁggoggfﬁgg:tzgiﬂghpgc;ﬁi {;ﬂ'i%lrsngjl:g:éze tﬁmhsg:g)t(l;ze

dimethyl ether has been advanced, due toits high cetane numberadicals are formed directly at lower temperature during the

and low soot production, as an alternative, low-emissions, diesel. . . . .
fuel2 An intgresting property of dimethyl ether is that its initial steps of dimethyl ether oxidation, they would attack the

combustion is readily initiated by compression ignition; that is, Iﬁgl;gcﬁg?;iligi%;az?Iggr,nplc))rl?svtli?)l:g a plausible mechanism for
it has a high cetane number. In contrast to other ethers the The ti ved ob i ) f OH and red
cetane number is very high (CN 55), comparable, or even € time-resolved observations o and LHeporte
superior, to conventional diesel fuiklConcomitantly, whereas h_ere fl_Jm_'Sh direct evidence for the proposed rearrangement/
other ethers, such as MTBE, find application as octane enhanc-d'ss'oc'atIon channel. of .the reaction betwgen;;OBHz and.
erst dimethyl ether exhibits a very low octane number and molecular oxygen. Kinetic data for this reaction are determined
WOL’J|d function poorly in this regard not only by following the loss of CEDCH, with time but also

A possible explanation for dimethyl ether's compression by ?egsurlng th? appearance fthmHZO? a”dT CHO,
ignition propensity lies in its oxidation chemistry. Previous producing a consistent picture of this reaction. Temperature

product studies of the chlorine atom initiated low-temperature and pressure dependent rate constants are presented for this
oxidation of dimethyl ether revealed a dependence on total reaction as well as for the chain reaction betwe_erg(()IEI—b
pressurée;as the pressure is lowered, formaldehyde is produced and Cj and for the CHOCHZ_ recombination reaction. _These

at the expense of GIOCHO. This observation was explained data are compared to previous measurements on this system.
by postulating two channels for the reaction between meth-
oxymethyl radicals and oxygen,

The oxidation of dimethyl ether is of interest on two counts:
From the atmospheric chemistry perspective it is the simplest
representative of the class of ether compounds, some of which
(e.g. methyltert-butyl ether, MTBE) find use as automotive

Experimental Section
The kinetics of the reactions of GBCH, with itself, Cl,

CH,OCH, + O, + M — CH,OCH,O, + M (1a) and Q were interrogated using time-resolved UV spectrostopy
and transient infrared absorpti®bpth of which have been pre-
CH;OCH, + O,—~2CHO+ OH (1b) viously described. The former technique was used to probe the

' B . ' . intermediate CHOCH,, OH, and CHOCH,O; radicals formed
the conventional oxygen addition reaction along with a bimo- in these reactions as well as the loss of Clransient infrared
lecular channel, both of which presumably proceed through an absorption was used to monitor formaldehyde generation.

excited reaction complex, GACH,O.*.

* Author to whom correspondence is addressed.

T Present address: Department of Chemistry, University of Colorado,
Boulder, CO 80309.

® Abstract published iAdvance ACS Abstractsune 15, 1997.

Time-resolved UV spectra are collected using a gated diode
array spectrometer. Broad-band UV light from either adD
Xe lamp propagates through the cell in a direction opposite to
the photolysis beam, is dispersed by a monochromator, and
impinges the array detector, which is gated to measure the

S1089-5639(97)00966-3 CCC: $14.00 © 1997 American Chemical Society
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transmitted light intensity at specified times300us after the

photolysis pulse. At each delay time the recorded absorbance
consists of contributions from each absorbing species weighted

by its UV absorption spectrum and concentration; thus,

AbsG.Y) = 5 lo(2) G(1) @)

These spectra are subsequently deconvolved, using indepen-=
dently measured absorption cross sections for each species, to

provided the time variation in the concentration of each

absorbing species over the course of the reaction. In the present

experiments these species includesO8BH,, CH;OCH,O;, Cl,,
CH3zOCH,CI, and CHOCHs; however, the last two molecules
exhibit nearly identical spectra over the 19860 nm region

investigated, and only their combined concentration change can

be followed (the spectra are illustrated in Figure 1).
Formaldehyde formation is monitored via vibratiomtation
lines of thev, carbonyl stretch mode at 1729 cin Radiation

from a lead salt diode laser propagates through the cell and is

focused onto a HgCdTe detector with a @8response time.
The detector responds only to changes in IR light intensity; thus,

Maricq et al.
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Figure 1. UV spectra of CHOCH, and CHOCH;O,. These are
compared to previously reported cross sections by Langer®edrad.
Dagaut et al* respectively. The dotted traces represent best fits of
the spectra to a Gaussian line shape. Spectra,air@ the CHOCHy/
CH3OCH,CI composite are also illustrated for comparison.

the absolute intensity is added to the transient response prior todimethyl ether reacts spontaneously with molecular chlorine.
the use of Beer's law to extract the formaldehyde concentration To what extent this reaction is heterogeneous remains uncertain;

via

I+ I(t)) @)

1
CH,0],=——In
[ 2 ]t OCHZOI ( |0

where| is the pathlengthgcn,o is the IR absorption cross
section, andlp is the diode laser intensity. The absorption

strength is measured at the temperature and pressure of eac

experiment and for each vibratiemotation line used as a probe
by introducing a known amount of formaldehyde into the

reaction cell. The formaldehyde is obtained by heating paraform-

aldehyde, and its concentration is confirmed by FT-IR analysis.
The oxidation and chain reaction studies of dimethyl ether
were performed by combining laser flash photolysis to initiate

the radical chemistry and the above described time-resolved

spectroscopic techniques to monitor the important chemical
species. Two sources of GECH, were utilized: 351 nm
photolysis of C} followed by hydrogen abstraction from
dimethyl ether,

Cl + CH;OCH; — CH;0OCH, + HCI 4)

and 193 nm photolysis of phosgene into 2€ICO followed

by reaction 4. Because the rate constant for reaction 4 is targe,
ks = 1.9 x 10720 cnm?® s71, only a small amount of dimethyl
ether (0.5 Torr) is required to convert the chlorine atoms
produced by photolysis into methoxymethyl radicals on a short
time scale €0.5 us) compared to the subsequent reactions of
CH30OCH,. However, when Gl (~0.2 Torr) is used as the
radical precursor, the situation is somewhat more complicate
than for phosgene. The chain reaction

CH,OCH, + Cl,— CH,0CH,CI + Cl (5)

however, the impact in our experiments was that only about
85% of the chlorine added to the reaction mixture actually
reached the cell. This reaction is quenched by the addition of
even a small amount of oxygen, implying that it likely proceeds
via the intermediate C}¥DCH, radical. Due to quenching by

O, the spontaneous reaction affected only the measurements
of the CHOCH; + Cl, and CHOCH, + CH3;OCH; reaction

hate constants. The means of accounting for this interference
Is discussed in the Results section below.

The use of COGlas a chlorine atom source introduces two
complications into the experiments. First, 193 nm light causes
some Q dissociation and the subsequent formation of ozone, a
strong UV absorber. At the £zoncentrations employed in the
present experiments, this problem occurred predominantly
outside the cell, but within the photolysis and probe beam paths.
The extent of ozone formation was measured independently and
its contribution subtracted from the individual time-resolved
spectra. Second, the 193 nm radiation dissociates some of the
dimethyl ether reactant into GHand CHO. This is readily
observed by the appearance of a sharp absorption feature at 216
nm characteristic of the methyl radical. Quantification of this
absorption indicates that the formation of these dissociation pro-
ducts is limited to<15% of the ClI atom production under our
experimental conditions. The effects of the methyl and meth-
oxy radicals on our kinetics measurements are considered below.

The experiments were carried out using premixed gas
mixtures, either GICH;OCHs/N, or COCL/CH3;OCHs/N,, each
with or without added @ that are slowly flowed through a
thermostated cylindrical cell that is 51 cm long and 3.2 cm in

gdiameter. A 15 ns, 206400 mJ, pulse from an excimer laser

operating at 193 nm for COglor at 351 nm for Cl, passes
longitudinally through the central portion of the celt1.5 cm
diameter) of which the central 0.8 cm diameter region is probed.
A Neslab ULT 80dd recirculating chiller maintains the cell

implies that a steady state population of chlorine atoms relative temperature and preconditions the gas mixture over a range of

to CHsOCH,, equal toks[Cl;])/kqCH3OCH;z], will be quickly
established following chlorine photolysis. To ensure that this
ratio is small, i.e., that the radical population consists predomi-
nantly of CHHOCH,, necessitates considerably higher dimethyl
ether concentrations-G Torr).

A second difficulty incurred with the use of £photolysis
to initiate the radical chemistry stems from our observation that

215-360 K. Tylan flow controllers are employed to regulate
the individual gas flows, with the exception of Clwhich is
adjusted by a needle valve.

Results

A. UV Spectra. The UV spectrum of the C}¥DCH, radical
was measured in three ways: photolysis of phosgene in a
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COCL/CH30OCHs/N2 gas mixture, photolysis of €lin a Ck/ TABLE 1: Mechanism for the Cl,—CH3OCH3; Chain
CH3;OCHgy/N, mixture, and photolysis of @in a CL/CH;OCHy/ Reaction

O,/N, mixture. The spectra were measured at a variety of times reactiont rate constanti)
shortly after photolysis (210@5) and extr.apolated backtotime ;¢ CHsOCH; — CH:OCH, + HCl  1.9x 10 0¢cnis16

zero. The initial concentration of chlorine atoms produced by 5. CHOCH, + Cl,— CHOCH,Cl + Cl 1.8 x 101307 cn g1 b
the photolysis pulse was ascertained by substituting ethane for7. CHOCH, + CH;OCH, — (CH;OCH,); 1.8 x 10711200 cm s71b
dimethyl ether, ensuring that oxygen was present in the gas8. CHOCH, + Cl — products (6-2) x 1070cmP st
mixture, and recording the absorption intensity of the ethyl- when using 193 nm photolysis of COCthe reactions below were
peroxy radicals that were forméd Ethylperoxy radicals are  added to the modélwith the initial CHs and CHO concentrations

rapidly formed, but only slowly removed via their self-reaction, CH. 4 CHL - C Hset equal to 15% Ofe[qllcrll -

. . : 5 3 — CoHe X cms”

and, thus, affqrd q con\{gnlent calibration standard.  CH+ CHO — products e 101 P o1

The absorption intensities recorded from phosgene photolysis  cH,0 + CH;0 — products 3 101 P 571
and from C} photolysis with oxygen present were in quantitative CH3;OCH, + CHz; — products (6-6) x 10t cmPs?t
agreement over the 24350 nm range. Information cannot CH;OCH;, + CH30 — products (6-6) x 10 cmPst

be obtained below 215 nm for phosgene photolysis owing to  aRreaction numbers correspond to those used in thetéeasured
the 193 nm optics used to introduce the photolysis beam into in the present study.Rate constants are taken from the NIST dataPase.
the cell. The absorption intensity measured using the Cl Those for the reactions involving GBCH, are varied over the
precursor in the absence of oxygen was about 15% smaller tharindicated range.

from the other two types of measurements, but otherwise . .
exhibited the same wavelength dependence. Consistent with 1€ €rrors in the CEDCH, and CHOCH;O; absorption cross

this observation, the 330 nm absorption of Glas found to sections are estimated to be somewhat less than 10%. The
fall by about 15% when dimethyl ether is introduced into the ethylperoxy calibration spectrum is accurate to about 5%. An

gas stream. As stated above, this occurs due to a (possimyadditional 5% is allowed for small changes that might have

heterogeneous) reaction betweensOBH; and Ch that depletes _occurred when_ ethane ang @re substituted for dime;hyl ether
a small fraction of the chlorine prior to its reaching the cell. 1" theé gas mixture and for the short extrapolation of the

. absorption to zero time.
The CHOCH, spectrum determined from the three types of .
measurements is presented in Figure 1. It exhibits two The methoxymethyl and methoxymethylperoxy spectra dis

absorption bands: one with a maximum at 295 nm and aseconclcussed above are used to extract concentrations of the corre-

. . . . sponding species from time-resolved spectra of the reaction
band having a maximum intensity at 204 nm. These two bands ™. . -
. __mixture. The actual experimental spectra, and not the Gaussian
can be conveniently represented as the sum of two Gaussial

profiles Iq‘its, are us_ed for thi_s purpose. Besic_ies these, two additional
terms are included in the deconvolution represented by eq 2:
) the first accounts for the loss of molecular chlorine and the
o(A) = z(fiexP(_ai[m(ii,ma)M)] ) (6) second is a composite term that accounts for the loss of dimethyl
! ether and the corresponding formation of LLKCH,CI. As
) previously stated, the latter two compounds absorb weakly in
with 01 = 7.0 x 10718 cn?, &y = 47.8,11.max= 208 nm,0, = the region below about 210 nm, but with spectra that are not
3.3x 107*%cn?, a; = 81.4, andlamax= 295 Nm. As apparent  readily distinguishable. This term is included to preclude a
from Figure 1, this expression gives a very good rfepresentationsystematic bias on the determination of the ;:08H,, CHa-
of the CHOCH; spectrum, except for a small region near the ocH,0,, and Ch concentrations; however, its contribution to
peak of the short wavelength band, which the fitted expression the gverall absorption is not used in the subsequent kinetic
underestimates by about 10%. analysis.

The CHOCH,O; spectrum was measured by the same B. Chain Reaction. Photolysis of G in the presence of
method as just described for the methoxymethyl radical, except CH;OCH; initiates a chain reaction represented by reactions 4
that a high concentration of D~10 Torr, was employed in  and 5. Figure 2 illustrates how the absorbance of the reaction
the reaction mixture to convert rapidly the gB{CH, radicals mixture changes over time. At time zero, the two absorption
to peroxy radicals. The spectrum was measured as a functionbands characteristic of the methoxymethyl radical are evident.
of O, pressure, total pressure, and time following photolysis. As time progresses, the intensities of these features decrease
The G, and total pressures were increased until no change wasowing to the loss of this radical; however, the changes in
noted upon further increase in either quantity; this occurs for intensity are not uniform over wavelength. At long times, a
[O2] > 5 Torr andPy > 100 Torr. The latter condition is  short wavelength feature appears at about 200 nm. Furthermore,
consistent with the observation that the LKL H, + O, reaction the absorption decreases below zero in the 330 nm region.
channel leading to formaldehyde represents less than about 5% These spectral changes are consistent with a reaction mech-
of the overall reaction above this pressure. anism (see Table 1) that consists of the chain propagation

The CHOCH,0, spectra obtained from 193 nm photolysis reactions as well as the termination reaction
of phosgene and 351 nm photolysis of,Gre essentially
identical. The spectrum, illustrated in Figure 1, is put on an CH;OCH, + CH;0CH, — (CH;0CH,), (7)
absolute intensity scale by calibration against the absorption by
ethylperoxy radicals. It consists of a broad absorption feature, Reaction 7 accounts for the decreases in intensity of the bands
as is typical of peroxy radicals, with the hint of a shorter at 295 and 204 nm. In principle, the reaction between
wavelength band beginning below 200 nm. As evident from methoxymethyl radicals and chlorine atoms,

Figure 1, a Gaussian profile provides an excellent representation

of the longer wavelength band of the gbCH,O, spectrum CH;OCH, + CI — products (8)
(for A > 200 nm), being virtually indistinguishable from the
experimental trace. In this case,= 3.8 x 1078 cn?, a = also contributes, but under the present experimental conditions

31.7, andimax = 228 nm. this reaction, as well as the chlorine atom recombination
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Figure 2. Absorbance-wavelength-time surface for the Cl-mediated chain reaction of dimethyl ether and chlorine.
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Figure 3. lllustration of the deconvolution procedure for the 205 1
time slice of Figure 2. Shown are the absorbance of the reaction mixture -5 ACL. /20 \
and the methoxymethyl contribution obtained after subtracting out the ] 2
best fit contributions made by the Qbss and the CEDCH,/CHs- -6 1
OCH,CI composite. ]
R e T | A A B R B A
reaction, is unimportant since the steady state radical population 0 200 400 60O 80O 1000
fulfills [CH 3O0CH,]ss > > [Cl]ss Prior to its removal, however, time (us)

each methoxymethyl radical cycles through reactions 4 and 5 rigure 4. Methoxymethyl and molecular chlorine concentration versus
roughly 20 times on average. This removes on the order of time profiles obtained by deconvolution of the time-resolved spectra.
10 cm~3 chlorine molecules, explaining the negative absor- The solid lines show best fits of the model in Table 1 to the data.
bance that develops at 330 nm. The chain also converts an
equal number of CEDCH; molecules into CHOCH,CI. Each absorption provides time-varying concentration profiles for the
of these two species has an absorption band with an onset inmethoxymethyl radical and chlorine. Figure 3 demonstrates the
the vicinity of 200 nm, but the chloride has the stronger deconvolution procedure, and Figure 4 illustrates the resulting
absorption; thus the short wavelength feature appears at longconcentration profiles. The gtoncentrations have been scaled
times. down by a factor of 20 for purposes of illustration and in order
Fitting the time-resolved absorbances to reference spectra ofthat they do not inordinately weight the fitting of the data to
CH3OCH,, Cl,, and the CHOCHy/CH3;OCH,Cl composite the reaction model.
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TABLE 2: Measured Rate Constants for the Reactions CHOCH, + CH;OCH, and CH3;0OCH, + Cl,

radical source conditions results
temp source; conc CH;OCH; Piot [Cllo Ketr Ke+cl2
(K) (10 cm3) (10 cm3) (Torr) (10 cm3) (10 cmis™) (101 cmis™)
220 Ck; 0.80 28 112 4.6 4.%0.8 9.3+ 15
231 Ch; 1.2 27 413 5.3 4.8 1.0 8.1+14
260 Chk; 0.95 24 25 51 32038 7.0+ 1.3
295 Ch; 0.64 5.0 112 3.6 3.50.6 6.4+ 0.9
295 Ch; 0.61 22 116 3.6 3.20.7 6.4+ 1.0
295 Ch; 0.85 21 114 6.8 3.4£0.6 5.5+ 0.8
295 Chk; 0.70 20 112 1.6 3407 6.2+ 0.8
295 Ch; 1.2 4.8 113 4.6 3.61.0 7.2+ 15
295 COC}; 0.25 1.6 122 5.2 3.6 0.6
325 COC}4; 0.25 1.5 451 54 3.£0.6
327 Ch; 0.53 19 120 3.7 3.860.6 5.0+ 0.9
357 Ch; 0.86 17 58 4.4 3.20.6 4.8+ 0.9

a Listed concentrations are determined by measurements of gas flows. Due to the reaction betare CEIOCH;, actual chlorine concentrations
in the cell were approximately 85% of the tabulated vahfError bars aret20 and include systematic uncertainties.

5 T L B LS 101° T T T T
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Figure 5. Decay of CHOCH, produced by the photolysis of COCI 1 X7

in the presence of dimethyl ether. The solid line shows the fit of the Figure 6. Temperature dependence of the{OI€H, self-reaction rate
data by the model. constant. Also shown are the values reported by HoyermannZt al.
The concentration versus time data are fit to the reaction and Sehested et &.

model of Table 1 treating,;, andk.¢2, the rate constants for

reactions 7 and 5, respectively, as adjustable parameters. Additional measurements of the @BICH, self-reaction rate
Examples of the quality of fit are provided by the solid lines in constant were made using the photolysis of COidl the
Figure 4. The rate constants are collected, along with the presence of dimethyl ether. After removing the contribution
pertinent experimental conditions, in Table 2. The errors are made by ozone formed outside the reaction cell, the time-
+20 and include both the data scatter and systematic uncertain-resolved spectra reveal the characteristic methoxymethyl absorp-
ties. In the case d€. ., the latter are dominated by uncertainties tion bands, which decay in time without changes in the
in the optical cross sections of GHCH, and C} and in the wavelength dependence. This is consistent with the second-
initial radical concentration, as measured by the ethylperoxy order removal of CHOCH, into a form having at most a minor
calibration method. A 10% uncertainty iRnsoch2introduces a optical absorption in the 2068840 nm range. The time
~8% error, a 5% uncertainty i, contributes 8%, and a 10% dependence of [CH¥DCH;] at 325 K derived from these spectra
uncertainty in [CI} contributes about 5% to the overall error in is provided by Figure 5.

kr+ci2, Whereas uncertainties in the valueskgfandkg have a The analysis of the data when using the CO@lecursor
negligible impact. Combining these statistically with a 5% differs somewhat from the above discussion. In the absence
fitting error leads to & error bars in the vicinity of-16%. The of Cl, the chain reaction plays no role; thus, reaction 5 is omitted
errors ink.+r also derive primarily from uncertainties insocha from the model. However, additional chemistry, listed in Table
oq2, and [Clp. In this case the fit is more sensitive tothe£H 1, is included to account for reactions of the £&hd CHO
OCH, cross section, which contributes a 15% error, and the radicals that are produced from the 193 nm photolysis 0f-CH
initial radical concentration, which contributes a 10% error. OCH;s (kinetic data for these reactions are obtained from the
Combined with a 10% error from data scatter, the net error in NIST databas®. Their rates of reaction with C}¥DCH, are

kr+r is approximately+20%. unknown and, thus, introduce an uncertainty into the determi-
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Figure 7. Temperature dependence of the O&H, + Cl, reaction
rate constant.

nation ofk., Fortunately this uncertainty is small since the
initial CH; and CHO concentrations are approximately 8 times
less than [Cl}. Thus, variation of the rate constants over the
range (6-6) x 10711 cm® s71, a range reasonable for radieal

Maricq et al.

there are 10% errors from data scatter and from the uncertainty
in ochsochz that result in a statistically combineds Zrror of
~+17%.

The variations with temperature of the rate constants for the
CH3;OCH, self-reaction and its reaction with chlorine are
presented in Figures 6 and 7, respectively. Both exhibit a
negative temperature dependence, which is mildly surprising
in the case of the radicamolecule reaction. Expressed in the
Arrhenius form, the self reaction rate constant is giverkhy
= (1.899 x 10711g@00£100 ¢cnd g1, whereas the rate
constant for the reaction with molecular chlorinekisc, =
(1.870) x 10 113601200 o 571,

C. Reaction of CHtOCH, with O,. i. High Pressure: The
Peroxy Radical ChannelAdding oxygen to a GICH3;OCHy/

N> gas mixture dramatically changes the shape of the absorp-
tion—wavelength-time surface recorded following £bhotol-

ysis, as is evident from comparing Figures 8 and 2. In both
cases, the absorption at early time is characteristic of the
methoxymethyl radical; however, the decay below zero of the
absorption at 330 nm is less pronounced when oxygen is present,
and more importantly, a new absorption feature peaking at about
225 nm appears rapidly, within 565 of the photolysis pulse.
This new feature matches the gPICH,O, spectrum illustrated

in Figure 1.

Qualitatively these changes in the optical absorption of the
reaction mixture are what one would expect from the addition
of O; to the methoxymethyl radical to yield the corresponding
peroxy radical. Fits of the time-resolved spectra to reference
spectra of CHOCH,, CH3;OCH,O,, Cl,, and the CHOCHy/

radical reactions between alkyl and alkoxy radicals, affects the CH;OCH,CI composite yield the concentration versus time

best fit values ok. by aboutt7%. The rate constants derived
from this modified model, listed in Table 1, are in excellent
agreement with those derived fromy@hotolysis. In addition

to the uncertainties introduced by dimethyl ether dissociation,
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profiles illustrated in Figure 9. The decay of the methoxymethyl
radical is accompanied by a rapid rise in {LH,O, concen-
tration. There is still some loss of £however, it is diminished
when oxygen is present because the;OBH, + O, reaction
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Figure 8. Absorbance-wavelength-time surface for the Cl-initiated oxidation of dimethyl ether.
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Figure 9. Methoxymethyl, methoxymethylperoxy, and molecular Versus time profiles obtained by deconvolution of time-resolved spectra
chlorine concentration versus time profiles obtained by deconvolution OPtained using phosgene photolysis. The solid lines show best fits of
of time-resolved spectra obtained using giotolysis. The solid lines ~ the model in Table 3 to the data.

show best fits of the model in Table 3 to the data. . )
underestimates the rate of methoxymethyl radical decay and

acts as an additional chain termination step. The results remainoverestimates the quantity of peroxy radicals formed. Adding
unchanged when the GACH, radical is generated by COLI the cross reaction
photolysis, as shown by Figure 10, except for the obvious fact
that there is no accompanyingGbss. CH,OCH, + CH,0CH,0, — products

The apparent simplicity of the above discussion belies a L i
number of underlying complexities inherent in this system. The corrects these deficiencies qnd leads to excellent fits of the data,
principal one, the pressure dependence of the@EH, + O, treat]ng Ki+o2 and.kg as adjustable parameters. The values
reaction, is discussed below; here we consider the mechanisnfPtained forks lie in the range (28) x 107+ cm® s™; those
assuming that only the peroxy radical is formed, which is [OF Koz are listed in Table 3. _ _
appropriate for total pressures greater than about 100> Earen The fits of the concentration versus time profiles shown by

under these conditions, however, simply augmenting the chainthe solid lines in Figures 9 and 10 are obtained using the
reaction of Table 1 with the reaction more complete reaction mechanism provided in Table 4

(including a contribution by channel 1b &f6% atPy: > 100
Torr), although the additional chemistry only slightly affects
the fits. Aside from the above reactions this model includes
is not sufficient to permit satisfactory fits of the data; the model the peroxy radical self-reaction and the ensuing regeneration

9)

CH,OCH, + 0, + M — CH,0CH,0, + M (1a)

TABLE 3: Measured Rate Constants for the CHHOCH, + O, Reaction

radical source conditions results
temp source; conc CH3OCHs 0, Prot [Cllo Ke+o2
(K) (10% cm3) (106 cm3) (106 cm3) (Torr) (10 cm3) (10°2cmis™)

versusT at~120 Torr
220 C}; 0.82 26 1.0 111 4.6 128 1.7
229 COC}; 1.1 2.1 1.1 118 53 124 2.0
252 Ch; 0.77 8.8 0.77 108 4.9 1341.8
270 COC}; 0.89 1.8 0.96 120 4.9 1021.2
295 COC}; 0.84 1.6 0.47 119 5.6 9814
295 Ch; 0.64 4.8 0.78 110 4.4 921.2
295 COC}; 0.86 1.6 0.89 122 5.7 9511
295 COC}; 0.84 1.6 1.8 122 54 94 1.2
295 COC}; 1.7 1.6 1.7 125 6.0 8412
355 Cb; 0.59 6.4 0.6 110 3.7 74 1.0
VerSUSPm[ at 295 K

295 CE;0.58 5.2 0.49 5.4 3.2 8% 15
295 Ch;0.71 5.2 1.4 6.5 5.6 7112
295 COC}; 0.87 1.6 0.87 53 5.2 984 1.1
295 COC}; 0.86 1.5 0.85 206 5.0 10861.3
295 COC}; 0.89 1.6 0.81 442 5.6 1081.3
295 Ch; 0.70 8.0 0.75 480 4.4 11618
295 Ck; 0.70 5.2 0.98 690 5.9 1181.2
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TABLE 4: Mechanism for the CH3;OCH, + O, Reaction

Maricq et al.

reactiort rate constantlq
Principal
4. Cl+ CH;OCH; — CH3;OCH, + HCI 19x 10%cmis16
la. CHOCH,+ O, + M — CH;0CH,O, + M see text
1b. CHOCH, + O, —~ 2CHO + OH see text
Radicat-Radical

10a. CHOCH,O; + CH3;OCH,O, —~ 2CH;OCH,0 + O,

CH;OCH, + CH;0CH, — (CH3;0CH,),
CH;OCH;, + CH3;0CH,0, — products
CH:OCH, + Cl — products
Chain
. OH+ CH;0CH; — CH3;OCH; + H,0
. CHOCH,O — CH;OCHO+ H
. H+ CH;0CH,O, — CH;0CH,O + OH
H + Cl,— Cl + HCI
CHOCH, + Cl, — CH;OCH,CI + CI

aReaction numbers correspond to those used in the td&¢asured in
of CH3OCH; radicals. The latter occurs via
CH,OCH,0, + CH,0CH,0, — 2CH,OCH,0 + O, (10a)

CH,OCH,0 — CH,0CHO+ H (12)

in which one channel of the G@CH,O, peroxy radical self-
reaction yields the corresponding alkoxy radical, which subse-
quently ejects a hydrogen atom. The competing reaction
between CHOCH,O and Q is too slow at the oxygen
concentrations of this study to be of consequence. Hydrogen
atoms formed by reaction 11 can add, @hich is slow under
the present conditions because of the low d@ncentrations
employed, react with dimethyl ether, which is slow compared
to the C} reaction, or react with Gto regenerate chlorine atoms.
Potentially they could also react with peroxy radicals,

CH,OCH,0, + H— CH,0CH,0+ OH (12

with the interesting consequence of producing one methoxy-
methyl radical, from OH attack of dimethyl ether, and regen-
erating the hydrogen atom via reaction 11. Although provided
here for completeness and although important for understanding
the subsequent chemistry of the €¥CH,O, radicals, reactions
10—12 have only a minor influence on the decay of the
methoxymethyl radical and on the determinatiorkaf.

The temperature dependence of thesOBH, + O, reaction
was investigated at a total pressure in the vicinity of 120 Torr.
The results are listed in Table 3 and illustrated by Figure 11. A
fit of the data to the Arrhenius form yields,2(120 Torr)=
(3.159 x 1071263265800 ¢ -1 The reaction exhibits a

. CHOCH;O, + CHz:0CH,O; — CH;OCHO + CH3;0CH,OH + O>

(3-6) x 1072cm*s™t

(1-2) x 107%2cmPst

1.8 x 10711200 g3 g1 b
(28) x 10 cmPs?
(6-2) x 10%cmist

6.7x 10712 30T cm g1 8
0—0s?t

(0-1) x 10°*°cm’s?t
1.4x 10709 50T e s1 8
1.8 x 107 11e360T e 510

the present study.

2x10™"

CH,OCH, + O,
P

=120 Torr

tot =

10

K. (cm3s")

kn-oz - (31:;2))(1 0-12 e(326t80)/T Cm38—1
2.5 3.0 3.5 4.0 4.5 5.0
10T (K™)

Figure 11. Temperature dependence of the reaction betweeg CH
OCH; and Q at 120 Torr total pressure.

X 2[T — A 2=* transition of the hydroxyl radical at 308.6 and
282.5 nm, respectively, which are superimposed on the long
wavelength tail of the CEDCH,O, spectrum. This is confirmed

negative temperature dependence, as expected for an additioty the OH spectrum shown in the lower trace, which is obtained

reaction.

ii. Low Pressure: The Hydroxyl Radical Channdlhe data
shown in Figures 811 and described above were recorded at
pressures greater than 100 Torr. Another level of complexity
arises as the total pressure is lowered below this level. The
product study of Sehested et3abbserved an increase in
formaldehyde formation, from about 15% at 100 Torr to 120%
at 5 Torr, which they attributed to the competing reaction
channel

CH,OCH, + O, — 2CH,0 + OH (1b)
A direct observation of this channel is presented in Figure 12,
which shows the absorbance of a@/CH3;OCHs/O, gas mixture
at 5.5 Torr total pressure s after photolysis. The upper trace
reveals the' = 0— ¢ = 0 andv” = 0— ¢/ = 1 bands of the

by the photolysis of kin the presence of water vapor via the
reaction

F+ H,0— OH + HF

By calibrating the OH absorption intensity at the spectral
resolution of our spectrometer against the absorption by
ethylperoxy radicals formed when ethane and€ substituted
for water vapor, we find the OH concentration in the upper trace
to be 2.8x 10 cm™3, a value in good agreement with the
reaction mechanism given in Table 4 and discussed below.
Direct observation of channel 1b is also provided by the IR
diode laser transient absorption measurements of formaldehyde
generation that are presented in Figure 13. The amount gDCH
formed falls with increasing total pressure such that the
branching fraction for channel 1b decreases fifom 0.45 at
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Figure 12. X 2[1 — A 2=* transition of the hydroxyl radical formed
from the reaction between GBCH, and Q.

Pt =5 Torr to a value of 0.17 at 48 Torr. Similar results are

obtained when phosgene, as opposed to chlorine, photolysis is ,

used to initiate the reaction (see Table 5).

Aside from the fact that two competing channels are active
below about 100 Torr, the formation of OH further complicates
matters. It introduces an additional chain reaction into the
overall mechanism since the hydroxyl radical will attack
dimethyl ether,

OH + CH;OCH; — CH;0CH, + H,0O (13)
and regenerate a methoxymethyl radical. This is included in
the reaction mechanism of Table 4. Fitting the formaldehyde
formation traces to this model, treatikg > andf as adjustable
parameters and setting = 5 x 10711 cm? s71, leads to the
smooth line fits of the data shown in Figure 13.

As seen from Table 5, the valueslef,; obtained from these
fits are in the range (2:85.5) x 10712 cm? s7%, 2—3 times
smaller than the rate constantRg; > 100 Torr. In fact, the
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Figure 13. IR diode laser transient absorption measurements of the
formaldehyde formed from the GBCH, + O, reaction as a function
of total pressure.

this is as follows. The formation of formaldehyde and the
hydroxyl radical via reaction 1b is exothermic by 40 kcal/mol.
This excess energy is sufficient to produce vibrationally excited
CH,0O molecules. Since the diode laser probesitle 0 — v

= 1 transition of thev, carbonyl stretch, excited molecules
would initially be transparent to the probe. As time progresses
and the excited molecules are collisionally relaxed to the ground
state, they would contribute to the total IR absorbance.
Consequently, the observed rate constant fop@Fbrmation,

rate constants found from formaldehyde formation are smaller being a convolution ofk.;,, and the vibrational relaxation rate
by roughly a factor of 2 than those determined at the same total constant, will appear smaller than the true value. This problem

pressure from CEDCH; loss and CHOCH,O, formation using
time-resolved UV spectroscopy. A plausible explanation for

should decrease &3 increases owing to faster relaxation;
however, sensitivity also decreases because of line broadening

TABLE 5: Yield of Channel 1b from Transient CH ;O Measurements

radical source conditions results

temp source; conc CH;OCH; O, Prot [Cl]o Ke+o02

(K) (10 cm2) (10 cm3) (10 cm3) (Torr) (10 cm3) (102 cmis™) f
230 Cb; 0.80 5.5 14 4.9 4.9 4.7 0.37
230 Cb; 0.80 55 14 10.0 45 3.6 0.30
230 Ch; 0.84 5.5 15 21.0 4.7 25 0.22
230 Ch; 0.84 55 14 34.7 4.9 0.14
295 Cb; 0.65 4.3 11 4.9 35 3.7 0.46
295 Cb; 0.65 4.3 12 10.2 3.8 35 0.37
295 Cb; 0.65 4.3 11 19.0 4.0 3.1 0.29
295 Cb; 0.65 4.3 11 32.0 3.8 34 0.22
295 Cb; 0.65 4.3 11 47.5 3.9 0.18
295 COC}; 1.0 4.3 13 6 41 2.8 0.50
295 COC}; 0.85 4.3 11 10.4 4.1 3.0 0.44
295 COC}; 0.82 4.3 11 24.9 4.6 25 0.27
295 COC}; 0.82 4.3 11 50.1 5.0 1.2 0.19
295 COC}; 0.88 4.3 12 80.3 5.1 0.13
350 Cb; 0.55 3.6 9.4 5 3.2 3.4 0.52
350 Cb; 0.55 3.6 9.2 10 2.9 3.0 0.47
350 Cb; 0.52 3.6 8.8 20 3.7 3.0 0.38
350 Cb; 0.58 3.6 9.9 35 3.8 25 0.28
350 Ch; 0.58 3.6 9.7 50 3.2 3.3 0.22

2 The values ofk,, andf are lower bounds owing to possible vibrational excitation of the@Hsee text. f is the branching fraction for

reaction 1b.
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CH,0CH, + 0, —» 2CH,0 + OH due to vibrational excitation of the nascent £LH The transient
1.0 . , IR measurements of formaldehyde were fit to the same model,

06 except thak.+o2 andf were allowed to vary, whereds andkig
were fixed to the midpoints of their respective ranges, as
determined from the fits of the UV data.

For the UV measurements made wi: >100 Torr, the
errors ink.1o2 arise predominantly from the fitting error and
uncertainties iNochzocha Ochsochzoz @nd f. The fitting error
amounts to about 8% and includes contributions from data
scatter and the uncertainty iR kas stated previouslk;o has

0.9 4 0.5
0.4
0.8

0.3
0.7

% CH,0 Yield

0.2

=

< 06 0.1 little influence onk.1oy; it affects the decay of RE). Uncertain-

; osh - ties of 10% in the gbsolute intensities of the reference UV
=" : spectra each contribute roughly 7% to the overall error.
O b P, (Torr) Variation of f between 0 and 0.1, nearly twice the measured
X 04r s ] value at 100 Torr, introduces another 5% error ikiQop.

Smaller contributions come from uncertainties of 10% in §ClI]
03

1 20% ink,+r, and 10% irks, which introduce errors of 4%, 1.5%,
and 2%, respectively. Combining these errors statistically yields
1 a typical error ink;1oz of £15%.

The preceding error analysis applies to results obtained using

@ Cl, photolysis
021 @ cocl,photolysis

A relative rate

orp F= (1k . Mk )" 1 both Cb and COC} photolysis. Recall that, with respect to
102,01} Rprod,0 k-+r andk.4+cp2, @an additional error arises when phosgene is the
0.0 : : precursor from the uncertainties introduced by small quantities
1 10 100 of CHz and CHO radicals produced by the 193 nm photolysis
P, (Torr) of dimethyl ether. The interference by these radicals in the

Figure 14. Pressure dependence of the branching fraction for the measuremen_t d{'.“’z IS ”."“Ch Sma.”er’ beqause_ the loss of the
formaldehyde channel of the GBICH, + O, reaction. Also shown CH?O,CHZ radlqal is dominated by its reaction W.Itfk.OInstead,
are values from the product study of Sehested &ffae inset shows  their impact will be on the subsequent chemistry of the;RO
the variation with temperature of the pressure dependent formaldehyderadical.
channel. Errors in the UV measurements k.2 for Py < 100 Torr

. become progressively larger as the total pressure decreases.
whereby the measurement ki, becomes less reliable. An  painly this due to the more complex chemistry inherent at low
example of the extent to which nascent vibrational excitation pressure; partly it is due to loss in signal to noise owing to the

can mask the true kinetics is provided in a previous paper yeqyced levels of peroxy radicals that are formed. By 5 Torr
investigating ethylene formation from the reaction eHeand  he et error is close &20%. In principle the reverse is true

Cl. - . ) for the IR measurements based on formaldehyde formation.
By similar arguments, generation of excited formaldehyde oyying to collisional line broadening, the sensitivity of the

by reaction 1b will lead to underestimates of the branching (echnique increases g, decreases. Unfortunately, vibrational
fraction for thls channel that depend systematically on the total (g|axation rates decrease as the pressure is lowered; thus, the
pressure. Rigorously then, the pressure dependent formaldehydg,crease in sensitivity is offset by the increasing influence of
yields exhibited in Figure 14 and listed in Table 5 would be e rejaxation process on the rate of formaldehyde appearance.
expected to represent lower limits of the yield. However, as The geterminations of suffer the same fate, but to a lesser
comparison to the product study of Sehested éreveals, the  oyient The best estimate of their accuracy is probably obtained

limit is quite close to the actual values. This is likely because by comparison of our results to those obtained from the product
the branching fraction, which is determined by the level of study of Sehested et al.

formaldehyde at relatively long times (8® in Figure 13), is
less sensitive to vibrational relaxation tHan,,, which depends
predominantly on the shape of the formaldehyde curve at short
times (0-20us). Close examination of Figure 14 reveals that ~ A. UV Spectra. The UV spectrum of the methoxymethyl
vibrational excitation may have some effect on the determination radical is compared in Figure 1 to previous work by Langer et
of f; the CHO yield as recorded by transient IR absorption is al® In extrapolating to zero time, small corrections10%)
somewhat smaller than that determined via the product studyhave been made to the spectrum to account fos@EH; loss,

at the lowest pressure. The inset to Figure 14 compares theClz loss, CHOCH; loss, and CHOCH,CI formation. As
pressure dependence of the LLHyield at various temperatures.  evident from the figure, there is good agreement between the
Increasing the temperature at a set total pressure has the effeqgeneral features of the two spectra. Both reveal two absorption
of promoting formaldehyde formation, channel 1b, relative to bands and agree on the wavelength maximum of the longer

Discussion

peroxy radical formation, channel 1a. wavelength band. There is a small discrepancy between the
ii. Error Analysis. The quantities of interest in the two spectra in that the intensity of the 295 nm band recorded
investigation of the CBDCH, + O, reaction kinetics ar&o» by Langer et af. is roughly 15% smaller than the present

andf = kykro2 (Wherekq+o2 = kia + kip), the branching fraction measurement, whereas the intensities of the short wavelength
for the formaldehyde channel. For measurements conductedbands appear to be in good agreement. This could be due to
using time-resolved UV absorption, the data were fit to the systematic variability incurred in making single-point intensity
reaction model of Table 4, with.2 Ko, and ko treated as measurements that are absent in the present experiments in
adjustable parameters. In these cases, the branching fractionvhich the entire spectrum is measured simultaneously.

was fixed to the value reported in ref 3, because, as discussed The CHOCH,0, spectrum has been recorded previously by
above, the present IR measurementbazfuld underestimate it  Dagaut et al® and Jenkin et d#l. These determinations are
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virtually identical, so only the data of Dagaut et al. are compared n T T
in Figure 1 to the present measurements. It is apparent that [ T=295K
the spectra are in very good agreement. Both exhibit a broad . CH,OCH, + O,

structureless band peaking at 225 nm, which is typical of peroxy
radicals. The work of Jenkin et &lutilized both molecular
modulation and pulsed radiolysis to generate methoxymethyl-
peroxy radicals. The shape of the spectrum obtained via the
former method exhibited a dependence on thg/[Ol] ratio,
which the authors attributed to the H atom ejection in reaction
11 followed by oxygen addition to form HO This radical also
absorbs in the UV, at shorter wavelengths thansGEH,O,

10

Yt T T T T Y T S T Y T B I

——

(0]

o
el

Q23
Kooy + Kypoq (1077 cm’s D)
-

and thus, its presence would alter the observed composite 6 o o O f
spectrum. In the present study, the &@ncentration was too i o ]
low and the time after photolysis too short for enough H® il - o .
form to interfere with the CEDCH,O, spectrum. Most of the T ol o O i
previous measurements were made near atmospheric pressure; =< [ © " g
therefore, effects that the formaldehyde/OH channel of thg CH [ * : B;g:zm xg:ﬁ |L;§V]
OCH, + O, reaction might have on the apparent {&{CH,O, o[ A Sehested etal 1
were avoided. [ O Masakietal. ]
B. Chain Reaction. The investigation of the Cl-initiated r g ﬁé?g;;tﬁ 5 ]
chain reaction between dimethyl ether and chlorine was carried - Nacke E
out under conditions such that the radical population following 0 ] 1'0 1(;0 1000
photolysis was dominated by GECH, This introduces two P (Torr)
simplifications into the reaction mechanism: first, radical fot

radical reactions other than the self-reaction of the methoxy- Figure 15. Pressure dependence of the reaction betweesOCH,
methyl radical are of negligible importance and, second, preciseand Q at 295 K. The present results are compared to previous direct
knowledge of the rate constant for the-€ICH;OCHs reaction and indirect measurements lofo.. The relative rate data of Sehested

is not necessary. The mechanism is therefore well approximated€t @l° are placed on an absolute scale using our determinatikn.gf

by two reactions, the self-reaction of @BICH, and its reaction he i?ﬁ(igne is a fit of our data to the modified Lindemann mechanism,
with molecular chlorine. By simultaneously fitting the chlorine eas '

and methoxymethyl concentration profiles, the rate constants o ) . )

for these two reactions could be determined. IndependenttYP®. however, is in its low-pressure behavior, in which a
verification of the self-reaction rate constant was provided by r€action channel forming hydroxyl radicals and formaldehyde
the experiments utilizing phosgene photolysis to generate CH becomes important. This reaction was posited by Sehested et

OCH,, under conditions in which the self reaction represented @l to explain the increase with decreasing pressure of form-
the dominant reaction of this radical. aldehyde product from the chlorine-initiated photooxidation of

dimethyl ether. Itis confirmed here by the direct, time-resolved,
observation of both the OH radical and formaldehyde products.
However, it was apparently overlooked in the previous low-
pressure investigations of the @BICH, + O, reaction by
Hoyermann et al2 and Masaki et a¥* Both groups used mass
spectrometry to follow the reaction kinetics, yet reported
observing only the peroxy radical product. This is perhaps
understandable in the work of Masaki et l.since they
employed photoionization by a Xe resonance lamp (8.44 eV),
presumably to avoid ionizing the dimethyl ether parent com-
pound (IP 9.96 eV), and, thus, would have missed the formation
of formaldehyde (IP 10.88 eV). It is unclear why this channel
was not observed by Hoyermann et'@lwho utilized electron
impact ionization (energy of 1629 eV).

The results fork.4, are compared in Figure 6 to previous
room-temperature determinations by Sehested ét ahd
Hoyermann et al> The present rate constants are intermediate
to the previous versions and agree with both within the com-
bined error bars. Our measurements skowto be independent
of pressure between 25 and 400 Torr. This is consistent with
the small difference between the value lef; obtained by
Hoyermann et al. at-14 Torr total pressure versus the value
obtained at 1 atm of SFby Sehested et al. The latter authors
observed no systematic variationlef, with temperature over
the 296-523 K range. We find the self-reaction to exhibit a
small negative temperature dependence ith = (1.089
x 10711g(200:1000T cd 5~1, This expression exhibits only a 35%
change over the temperature extremes of the SehestedZet al. The present measurementskofoz at high pressuresly >
study and, thus, may be obscured within their data scatter. ~_, Torr) are in very good ;greement with the (r):ecently

A direct investigation of the CHDCH, + Cl reaction has  yeported values of Sehested et 'alas evident from the
not, to our knowledge, been previously reported, although the comparison made in Figure 15 (although it is not clear if they
relative rate with respect to Chas been measurédWithin accounted for reaction 9 in their analysis). It is interesting that
the scope of our measurements, between 25 and 400 TorT, theyoth sets of rate constants exhibit nearly the same small pressure
reaction appears to be pressure independent, as expected for gependence in spite of the fact that one set utilized a bath gas
bimolecular reaction. We find it to have a negative temperature of N, whereas the other employedSFOur UV measurements

dependence, given bycp = (1.8704) x 10 11gB60£1200T gy of ko2 at low pressure~5 Torr) agree well with those of
st Negative temperature dependences have been observefasaki et al1* but are somewhat smaller than the value reported
before for this type of reaction, e.g., the isgHz + Cl; by Hoyermann et a2 However, this may be somewhat
reactiont? fortuitous owing to the omission of channel 1b from the reaction

C. O, Reaction. The addition of Qto form a peroxy radical mechanism by the latter groups. In fact, substituting the
is ubiguitous among organic radicals. Above about 100 Torr, experimental conditions of Masaki et dlinto the model of
the methoxymethyl radical, too, undergoes this pressure de-Table 4 leads to a predicted @BICH, loss that mimics an
pendent reaction. Where this radical differs from others of its exponential decay, although one that decays to a constant
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nonzero offset, with an apparent rate constant comparable tofor k2. andkproa,a respectively, are in very good agreement

the true value.

with the present results, with the caveat that the low-pressure

Two other sets of measurements shown in Figure 15 deserverate constants were determined without consideration of reaction

comment. First are the valueslgf.o, derived from the rate of

1b. Their value forkg0 of (9.4 £ 4.2) x 1070 cnf st is

formaldehyde production. That they are smaller than those from well below our determination; however, it too suffers from the

the UV measurements is attributed to vibrational excitation of
the nascent CHD, which makes a fraction of this product
initially transparent to the IR probe. Its subsequent vibrational

data being insensitive to this parameter. It is clearly too small
since a prediction of the formaldehyde yield based on this value
for kroz,0 gives ko2, dKorod,0 = 1.6 x 10718 cm?, a value nearly

relaxation causes an apparent formaldehyde appearance rate thane-third that required to fit the formaldehyde yield in Figure

is slower than the actual formation rate. Second are rate
constants derived from the relative rate determina®ioh& oo/
kr+ci2 by scaling them with the current measuremenkgf,.

14.
Including the present work, there are three determinations of
the temperature dependence of thesOBH, + O, reaction;

These values underestimate the kinetically derived values of however, all three are measured under different conditions.
ki+o2 by about 30%. While the agreement between direct and Hoyermann et a2 examined the reaction at a total pressure of
relative rate measurements is reasonably good, it does stretctabout 4 Torr, finding a temperature dependence given by 5.6
the combined error bars. The origin of the discrepancy remains x 10713855 cm? s~1. Unfortunately the interpretation of this
uncertain. Because of the good agreement between the variousesult is questionable since they omitted channel 1b. Sehested

direct determinations df.;., this is an unlikely source of the
discrepancy. This leaves the present evaluatiok.of, and

et al!! performed their experiments at 18 bar and over a range
of 296-523 K arriving at a value of (1.0A4 0.08) x

the relative rate measurement as candidates. Were the discrept0~11g@6£20T cmB® s71 for ko2 Our results, near the high-

ancies to arise frork.cy, its already large value of 6.2 10711

cm® s71, as compared to other R Cl, reactions, would have

to be elevated to about:d 1071°cmés~L. Alternatively, there
may exist some, as of yet unknown, subtlety concerning the
relative rate experiments.

pressure limit, givéo2 = (3.1°59 x 10 12326807 e 571,
Measurements Oio2,dKorod,0 at 230, 295, and 350 K yield
lower limits of 4.8x 10718, 4.3 x 10718 and 2.9x 1018 cm?,
respectively. At a constant pressure, the branching fraction for
channel 1b increases with increasing temperature. This is

~ Assuming that both channels 1a and 1b proceed through anconsistent with the C¥OCH, + O, reaction proceeding through
intermediate Complex that is either stabilized or dissociates a CHSOCHZOZ* Comp|ex_ As the temperature is raised, the extra
allows, via a Lindemann analysis, the pressure dependence ofyailable thermal energy enhances dissociation of the complex

the reaction to be parametrized according to

_ _ kroZ,({M]
2= 10 T, M s -
I(prod = klb = kDTOd,O (15)

1+ kroZ,dM]/ kr02,°°

wherekq20is a three-body rate constant that depends on the
nature of the bath gas (here)Nandky2. is the high-pressure
limit. A fit of k02 = kio2 + Korod t0 OUr pressure dependent
data in Figure 15 leads to values 0520 andKprod,0 0f 1.3 x
1030cnfstand 7.8x 107 12cm? s71, respectively. However,

f, the branching fraction for channel 1b, is given by

1

f=
1+ kfoZ,C{M]/ kprod,O

(16)

and fits to eq 16 of the formaldehyde yield pressure dependence,

in Figure 14 givekioz, dKorod,0= 4.3 x 107 cm?. Clearly, this
ratio is incompatible with the individual parameters deduced
from the pressure dependence lgfy, in Figure 15. This
problem is resolved by noting that the three-parameter fits of
k-+o2t0 €gs 14 and 15 are insensitive to the choick@fyand,

consequently, that this parameter is essentially indeterminate

within the accuracy of the measured rate constakigaqoand
ko2, ON the other hand, are fit with reasonable accuracy.
Thereforeko2,0is deduced from fitting the formaldehyde yield
to eq 16. At 295 K the results akgy; 0= (2.6 4 0.9) x 1072°
cmf 571, Koo = (11 £ 1) x 10712 cm? 572, andkprod0= (6 £

2) x 102 cm? s7L. The solid line in Figure 15 represents the
predicted pressure dependence&af, based on these param-
eters.

Sehested et &l also fit the pressure dependence of ithe;
rate constant by combining their high-pressure data with the
low-pressure rate constants of Masaki et*alTheir values of
(1144 0.4)x 102cm*stand (6.0+ 0.5) x 1072 cmést

into the hydroxyl and formaldehyde products.

D. Atmospheric and Diesel Fuel Implications. Under
atmospheric conditions the methoxymethyl radical behaves as
a simple organic radical; namely, it adds oxygen to form the
corresponding peroxy radical. The predominant removal path-
way for this radical will likely involve its reaction with NO to
produce CHOCH,O. The latter molecule either reacts with
O, or expels a hydrogen atom, in either case producing HO
and methylformate. The formaldehyde/OH channel is a minor
one at pressures above 100 Torr. As the inset to Figure 14
shows, this remains true over the 2350 K temperature range.
Consequently the formation of formaldehyde from channel 1b
during the atmospheric degradation of dimethyl ether should
be of only minor importance.

This conclusion about the impact of the formaldehyde channel
is predicated on the assumption that the methoxymethylperoxy
radical is thermally stable. As the temperature is increased
beyond 350 K toward combustion levels, reaction la will
become reversible. When this happens, it will dramatically
affect the net hydroxyl radical formation, even at “high”
pressure, and, hence, the combustion of dimethyl ether. Instead
of forming the relatively unreactive peroxy radical, the £H
OCH, + O, reaction will form the more reactive hydroxyl
radical, which will consume additional dimethyl ether, generate
more heat, and, thereby, engender combustion. While this
provides a plausible scenario for the high cetane number of
dimethyl ether, additional experiments are needed to confirm
the high-temperature behavior of reaction 1.

Conclusion

A detailed kinetic investigation of the chlorine-initiated
oxidation of dimethyl ether has been presented. A combination
of time-resolved UV spectroscopy and transient IR absorption
techniques have been brought to bear on this problem. Record-
ing the entire UV spectrum of the reaction mixture as a function
of time allows us to disentangle contributions arising from the
principal species of interest, GACH, and CHOCH,O,, as



Oxidation of Dimethyl Ether J. Phys. Chem. A, Vol. 101, No. 28, 199167

well as those of potentially interfering contributions, such as (2) Kapus, P. E.; Cartellieri, W. FSAE Trans1995 952754.
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