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Flash photolysis combined with UV time-resolved spectroscopy has been utilized to investigate the composite
UV cross section for methyl formate peroxy (gBC(O)G, and QCH,OC(O)H) between 210 and 320 nm.

The self-reaction rate constant for methyl formate peroxy was measured at 298 K and found tath8.(2.3

x 107 cm?® molecule® s, Evidence is reported for the production of OH radical and,@Hrom the
decomposition of the activated methyl formate peroxy radical produced by the additiop tof i@ethyl
formate radical, and for the formation of CIO from the-Elperoxy reaction. High level ab initio calculations

were performed to explore the methyl formate oxidation mechanism as well as to assign the experimentally
observed UV spectrum. The calculated UV spectrum band center is found to be within 10% of the
experimentally determined methyl formate peroxy spectrum. High-resolution IR detection of t@ef@agment

was used to probe the branching ratio for unimolecular dissociation relative to collisional stabilization of the
activated methyl formate peroxy radical as a function of pressure. The dissociation kinetics is described using
a modified Lindemann mechanism.

I. Introduction responsible for rearrangement and subsequent dissociation of
0 . dical . | fthe nascent peroxy radicals formed by the addition pfddhe
rganic peroxy radicals represent an important class of , jsomeric methyl formate radicals. The benefits of combining
molecules with atmospheric implications. They are produced experimental and ab initio methods to the study of methyl

in the atmosphere by the hydroxyl radical initiated oxidation ¢, ate oxidation and spectroscopy can be extrapolated to other
of hydrocarbon molecules, followed by the addition of © peroxy radicals. P Py P

the hydrocarbon radical. Laboratory studies often substitute
chlorine atoms to initiate the oxidation chemistry. In urban
environments R@ radicals can react with NO and as a
consequence promote;@rmation? In a clean atmosphere (i.e., A. Experimental Methods. Flash photolysis/UV time-
low NO4 environment), the principle fate of RQOadicals is  resolved spectroscopy is used to measure the UV spectrum of
reaction with other peroxy radicals, such asi@xygenated  methyl formate peroxy radical as well as a probe for evidence
hydrocarbons such as dimethyl ether and dimethoxymethaneof OH and CIO radicals. A high resolution continuous-wave
have been proposed as substitutes or additives to diesélfuel. (cw) Pb-salt IR diode laser (9 MHz fwhm) is used to detect
Although dimethyl ether has been shown to have a favorable CH,0. The details of this apparatus have been described
impact on diesel engine combustion, the fate of the combustion previously!112 As such, only a summary is given here. The
products is just beginning to be reporfed.Methyl formate  reagent gases are introduced into a 52.8 cm long by 3.5 cm
(CH3OC(O)H) has been found to be a product of the oxidation diameter cylindrical flow cell operating under slow flow
of dimethyl ether in the atmosphef&lt is expected that the  conditions. The gas flows are adjusted with Tylan/Millipore
atmospheric degradation of methyl formate will proceed via the mass flow controllers to produce a variety of reagent gas

Il. Methods

methyl formate peroxy radicals (GBC(O)C; and QCHOC- compositions from which methyl formate peroxy radicals are
(O)H), which can then undergo reaction with other peroxy formed. For these experiments, the gas mixtures consisted of
radicals or with NQ. methyl formate ¢2—6 Torr), 4.8% chlorine/M (~2—5 Torr)

High level ab initio calculations are presented to help interpret or 10% fluorine/N (~20—40 Torr), G (~20-50 Torr), and
the experimental measurements of the UV spectrum, degradatiorN, to make up the balance. Using these partial pressures the
pathways, and subsequent products from the chlorine andtotal pressure in the reaction cell ranges between 10 and 230
fluorine atom initiated oxidation of methyl formate. The Torr. Under these conditions there is a complete renewal of
calculated vertical excitation energies for the methyl formate reagent gases in the flow cell every 5 s. The hydrogen
peroxy radical help support the deconvolution of the experi- extraction from methyl formate by atomic chlorine (or fluorine)
mental spectra that arise from the two peroxy isomers producedis initiated by firing a Lambda Physik model LPX 301 excimer
from the hydrogen atom abstraction by halogen atoms. The ablaser into the gas mixture at a repetition rate of 1.5 s per pulse,
initio calculations lend insight into the reaction pathways lasing at 351 nm, and having an output energy of either 300 or
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600 mJ per pulse. This generates-(2) x 10 molecules cm3 compounds of interest include the methyl formate peroxy radical,
of Cl atoms (F atoms) per pulse. Cly, methyl formate, OH, and CIO. Measurements used to
The time-resolved UV spectroscopy is performed as follows. determine the methyl formate peroxy radical cross sections were
The output from a 75 W deuterium lamp passes through the made at early delay times, @0 us, following Ch (or )
flow cell and then enters a monochromator (Instruments SA, photolysis, and at total pressures above 150 Torr. These
HR320) with a 147 line/mm grating that separates the spectral conditions were selected to minimize the effects of reactions
features onto a linear diode array (Princeton Instruments IPDA- that remove the peroxy radicals, including unimolecular dis-
700). The resulting spectra have a fwhm resolution-e82im. sociation of the radical. Measurements of the OH radical were
A background UV spectrum over the range of 220 nm is performed at early delay times when the OH concentration is
obtained before the reaction is initiated. At preset delay times expected to be at a maximum, and at total pressures of 20, 50,
after the laser fires, a second spectrum is collected. The and 220 Torr to confirm the dependence of OH yield on total
absorbance spectrum is then calculated using Beer's lawpressure. To measure the methyl formate peroxy self-reaction
(absorbance= —In(1/1g)), wherely is the intensity of the light rate constant, UV spectra were collected at a variety of discrete
before the laser is fired ands the intensity of the light at the  delay times between 105 and 1.0 ms at total pressures between
selected delay time after the laser fires. In general, 500 spectra20 and 220 Torr.
are co-added and averaged to generate an absorption spectrum Transient IR measurements of the formation of;OHluring
for methyl formate peroxy. When probing for OH and CIO the first 20us after the photolysis laser pulse were used to
radicals, the detector array is mounted to a higher resolution predict the fraction of the nascent methyl formate peroxy radicals
monochromator with a 600 line/mm grating set to cover the that dissociate (see reactions 7 and 8 in Table 5). IR traces were
wavelength range between 275 and 320 nm. These spectra haveecorded using chlorine atom initiation at pressures between 10
a fwhm resolution of 0.3 nm, which makes it possible to and 220 Torr. Fluorine was not used because a relatively high
distinguish the characteristic spectral features of both OH and concentration is required to generate a sufficient amount of
CIO radicals. Due to the greater dispersion of light by the high- fluorine atoms (using 351 nm photolysis) and limits the
resolution monochromator, less light impinges on each diode; reduction in total pressure. To quantify the £0Hconcentration,
therefore 2500 spectra are averaged to generate an absorptioit was necessary to determine the IR cross section foiCCat
spectrum with suitable S/N. Wavelength calibration is verified the 1709 cm?! absorbance line for the pressures used in this

with spectral lines from a low-pressure Hg lamp. study. This was accomplished by substituting:OH for methyl
The transient IR absorption measurements are performed aformate in the reaction gas mixture. Methanol oxidation proceeds
follows. A high-resolution diode laser is used to probe=a 0 as follows:
to v = 1 rovibrational carbonyl stretch transition of @bl at a
frequency of 1709 crt. The output from a cryogenically cooled CH,0OH + Cl — CH,OH + HCI

Pb-salt diode is passed through a mode selecting monochromator
and is then directed through the reaction cell. After passing
through the cell, the IR light is directed through a second
monochromator to prevent extraneous light from the excimer Under the conditions used in this study, these two reactions
laser from reaching the detector. The IR light is then focused Proceed quickly,<5 us, generating CO and HQ radicals.
on a LN; cooled HgCdTe detector with a response time of 0.3 Because there is essentially no loss of ;OHollowing the
us. Measurements are made over both a$@nd a 1 msime second reaction, on the 5@ time scale, its yield is used to
scale after photolysis. calculate the absorbance cross section of@Ht the pressures

The initial halogen radical concentration is determined by ©f the methyl formate experiments.
substituting ethane for methyl formate into the reaction mixture ~ B. Computational Methods. Ab initio molecular orbital
for each set of conditions and measuring the corresponding ethylcalculations were performed using the GAUSSIAN 98 suite of
peroxy UV absorbance spectrum over the wavelength rangePrograms:* Geometry optimizations were performed using
200-300 nm. The cross section for ethyl peroxy radical is well Hartree-Fock (HF) and second-order MgliePlesset perturba-
studied® and provides a suitable reference for determining the tion theory (MP2) using the 6-31G(d) basis set, on all species
initial halogen radical concentration from the ethyl peroxy yield. involved in the formation and subsequent unimolecular dis-
A small correction is included to account for minor interfering  Sociation of the CHOC(O)Q; species. These include, @BIC-
reactions that reduce the yield from 100%-~85%. (0), CHOC(0)Q,, CHOC(O)QH, HC(O)H, CQ, and OH

The measured UV absorption spectra taken of the methyl rad|.c.al. In addition, the transition states involyegl in. the decom-
formate/chlorine or fluorine/oxygen/nitrogen reaction mixtures Position of CHOC(O)Q; were identified. All optimizations were
have contributions from several UV absorbing compounds over carried out to better than 0.001 A for bond lengths and fd
the 206-325 nm range. Deconvolving the transient spectra into angles, with a self-consistent field convergence of at least 10
their individual absorbing components and number densities wasfor reactants, products, and transition states on the density
necessary to determine the UV absorption spectrum of the Matrix. The residual rms force was I_ess than“m)to_mm units.
methyl formate peroxy radical as well as the kinetics of its self- 1hese parameters were used to verify that the minimum energy
reaction. The overall absorbance spectrum that is measured cagtructure had been identified for each species. The vibrational

be described by the following linear combination: frequencies and estimates of the zero point energies were
performed for each species involved in the EC(0)G

A= SCloc! 1) potential energy surface using the optimized geometry found
otal z PG at the MP2/6-31G(d) level. One imaginary frequency was found
for each transition state, verifying their location as a maximum
where Ayl is the total measured absorbance at a given delay in one coordinate of the potential energy surface. To refine the
time, [Cj] is the change in concentration of the absorbing energies and geometries, optimizations were performed using
compound,oc, is the cross section for the corresponding the Gaussian-2, second-order variant (G2(MP2)) and complete
compound, and is the path length. For these experiments, basis set (CBSQ) composite methods. Heats of reaction and

CH,OH + 0, — CH,0 + HO,
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TABLE 1: Total Energies (hartrees) for Methyl Formate Radical, Methyl Formate Peroxy, the Unimolecular Decomposition

Products, and the Transition States at 298 K

species MP2/6-31G(d) G2MP2 CBSQ
CH;0C(O) —227.75883 —228.06403 —228.08015
CH;OC(0)0O0 —377.75688 —378.26748 —378.29954
CH,OC(O)OOH —377.74625 —378.25922 —378.29180
HC(O)H —114.17495 —114.33606 —114.34272
COo, —188.11836 —188.35661 —188.37122
OH —75.52320 —75.64092 —75.64887
O, —149.95431 —150.14207 —150.16274
transition states MP2/6-31G(d) G2MP2 CBSQ
[CH3;0C(0)O0— CH,OC(O)OOHf~ —377.70099 —378.25262 —378.28346
[CH,0C(0)OOH— HC(O)H + CO; + OHJ* —377.71072 —378.24393 —378.27671

TABLE 2: Heat of Reactions and Activation Energies Calculated Using a Number of ab Initio and Composite Methods (kcal
mol~1)

heat of reactiot’ activation energié®

reaction MP2/6-31G(d) G2MP2 CBSQ MP2/6-31G(d) G2MP2 CBSQ
CH;OC(0O)+ O, — CH;0C(0)G, —24.0 —35.0 —-32.1
CH;OC(0)Q, — CH,OC(O)OOH 5.1 3.6 3.3 31.7 6.0 6.7
CH,OC(0O)OOH— HC(O)H + CO, + OH —50.1 —-52.7 —50.6 19.9 7.2 7.1
aUnits are given in kcal mok. ® Energies include zero point energy correction.
CH;0C(0)
r 0, [CH,OC(0)OOH-= HC(O)H + CO, + OHJ
. —
[CH;0C(0)0™ CH,0C(0)OOH]*
321 % 4 ;71 "

22 % CH,0C(O)OH ; \

\ CH,0C(0)0, | ©7 ' —p= 3
g ! 1 33

-50.6 S

\ CH,0+CO,+OH
|
Figure 1. Potential energy surface for the formation of methyl formate peroxy and its subsequent unimolecular dissociation.

activation energies were calculated to characterize the energeticCH;OC(O) radical, the major product from hydrogen abstraction
of the potential energy surface of the reaction mechanism. by chlorine atoms. The thermodynamics and corresponding
Enthalpies of reactionA;x,H20¢) Were obtained by calculation  potential energy surface are expected to be similar for the CH
of the absolute energy for each species involved in the reaction.OC(O)H radical. The addition of Oto the methyl formate
The difference in the sum of the absolute energies of the radical is thermodynamically favored, being exothermic by
reactants and products with zero point energy correction was —32.1 kcal mot?. Which is in good agreement with previous
used to calculate the enthalpy of reactidxfHzos). calculations by Good et alwhich reports a value of 36.4 kcal
The excited states were calculated with complete active spacemol~1.7 The rearrangement of methyl formate peroxy radical
self-consistent field (CASSCF) methét® The CASSCF into the acyloxymethyl radical proceeds over an energy barrier
calculations were performed using the MOLPRO96 progtam.  of 6.7 kcal mot? relative to methyl formate peroxy. Due to
The active space used for the CASSCF was (9 electron, 9the large exothermicity of the initial peroxy formation, it is not
orbital). unreasonable to expect some fraction of methyl formate peroxy
to proceed through this channel. Once over the barrier, formation
of the CHOC(O)QH radical is calculated to be exothermic by
A. Computations. 1. Thermodynamics of the Methyl Formate —2.2 kcal r_n_o‘rl relative to the transition state. The unimolecular
Radical+ O, ReactionThe absolute energies calculated using decomposition of CEDC(O)CG:H is predicted to be thermody-
a number of ab initio and composite methods are listed in Table Namically and kinetically favored, proceeding with an activation
1. Different methods were used to verify convergence to a energy of 7.1 kcal mof,, and having a large reaction enthalpy
uniform value. The relative energies are listed in Table 2. The of —50.6 kcal mot* relative to CHOC(O)OH.
values at the MP2/6-31G(d), G2ZMP2 and CBSQ incorporate 2. Thermodynamics of the Methyl FormateF Reaction.
the zero point energy correction at the MP2/6-31G(d) level of Calculations were performed in a previous studging the
theory. Figure 1 illustrates the potential energy surface for the second-order MgllerPlesset method and the G2 and G2MP2

Ill. Results
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TABLE 3: Absolute Energies (hartrees) for the F+ CH3;OC(O)H Reaction

methyl H formyl H
extraction extraction
level of theory F HF CHOC(O)H CHOC(O)H CHOC(O) transition state transition state
QCISD/6-31G(d) —99.49795 —100.18691 —228.42217 —227.76460 —227.769003 —327.91280 —327.91569
QCISD/6-311G(d,p) —99.56415 —100.27050 —228.55303 —227.88733 —227.891591 -—328.11171 —328.11360
QCISD(T)/6-31%+G(d,p) —99.57168 —100.28530 —228.58828 —227.9217 —227.925972 —328.15875 —328.15941
QCISD(T)/6-311+G(2d,2p) —99.59208 —100.30986 —228.64242 —227.97451 —227.977933 —328.23498 —328.23577
QCISD(T)/6-311+G(2df,2p) —99.61391 —100.33312 —228.71347 —228.04495 —228.047631 —328.3281 —328.32867
ZPE QCISD/6-31G(d) (kcal mot) 0 5.7 39.7 304 31.8 37.1 38.1
TABLE 4: Heats of Reaction and Activation Barriers for the F + CH3;0C(O)H Reaction (kcal moi~?)
Hxn[CHsOC(O)H+ F — Hixn[CHzOC(O)H+ F — Ea (methyl H Ea (formyl H
level of theory CH,OC(O)H+ HF] CH;OC(0O)+ HF] extraction) extraction)
QCISD/6-31G(d) —23.3 —24.6 2.0 1.2
QCISD/6-311G(d,p) —29.1 —30.3 0.8 0.7
QCISD(T)/6-31%+G(d,p) —33.1 —34.3 -1.8 -1.2
QCISD(T)/6-31%-+G(2d,2p) —34.9 —35.6 -2.9 —-2.4
QCISD(T)/6-311-+G(2df,2p) —35.4 —35.6 -3.1 —-2.4

methodologies on the Gt CH3;OC(O)H reaction to determine  calculation of the branching ratio is due to the treatment of the
the branching ratio of hydrogen abstraction from methyl formate. vibrational modes as harmonic oscillators, especially the low-
Because the present study includes+F methyl formate frequency modes that are populated at room temperature. The
chemistry, it was important to probe the potential energy surface effect on the deconvolved methyl formate peroxy cross sections
of this reaction. Fluorine atoms are more reactive than chlorine as a result of ac10% uncertainty in the R methyl formate
atoms; consequently, it is expected that fluorine atoms will be branching ratio is described in detail in section B-3 of the
less discriminate than chlorine atoms for the hydrogen that it Results.

will extract from methyl format(_a. As such, a different ratio of 3. Geometry and Vibrational Frequencies of Methyl Formate
CH30C(0) and CHOC(O)H radicals, and subsequent {CKC- Peroxy. The optimized geometry for all the species and the
(0)0; and QCH,OC(O)H radicals will be produced as aresult  ansition states involved in the oxidation of methyl formate
of the use of quorln_e versus chlorine as the_ radical Precursor. radical are listed in Supplemental Table 1 which is included as
The absolute energies for all of the species involved in the F g5norting Information. The corresponding optimized structures
CH;OC(O)H reaction including F, C¥DC(O)H, CHOC(O)H, e jllustrated in Figure 2ee. The addition of @to methyl
CH50C(0), and HF_are given in Table 3. The activation barriers ¢y mate radical (Figure 2a), producing methyl formate peroxy
and heats of reaction for both methyl formate radicals <CH (gjgyre 2b) barely modifies the structure of the methy! formate
OC(0) and CHOC(O)H) are reported in Table 4. All values o 4ica The CObond length is unaffected by the addition of
have been corrected for zero point energy. Evaluation of the 0, to the methyl formate radical and theé@ bond length
activation barrier for both pathways shows that at the QCISD/ decreases by a trivial 0.009 A. After the addition of e
6-31G(d) level a modest barrier of 2.0 kcal mbfor e_xtractlon molecule adopts &ans planar configuration with respect to
of a methyl hydrogen and 1.2 kgal mé!for extraction of the the carbonyl group CO, making the dihedral angle OO
carbonyl hydrogen. As the basis set is increased, the energyequal to 180.0) The dihédral angles of OCO and COC'H
barrier for both paths decreases. At the highest level, QCISD- remain the same, with values of 8.8nd 180.6, respectively
(T)/6-311++G(2df,2p) the activation barrier for both pathways Compared to méthyl formate radical the. é’C&hd CO’C.

is cal_culated to be Iowe.r in energy than the reactants. .ThIS angles in methyl formate peroxy decrease by’ Gd 0.8,
effectively means the activation barrier is nonexistent for either respectively

path and that the reactivity of the two unequivalent hydrogens i . i . )

will be a function of the preexponentiAlfactor in the Arrhenius The first transition state involved in the unimolecular
expression. Transition state theory was used to calculate thedegradation of methyl formate peroxy involves the shift of a
preexponentiaA factor for extraction of either hydrogen. The methyl hydrogen to the terminal oxygen in the peroxy moiety.

functional form used is The transition state minimum-energy structure is given in Figure
2c. The OCO'" angle increases from 103.8& 114.4, and the

KT, Quans _ERT breaking CH bond elongates by 14% from 1.086 to 1.260 A.

k=L~ OOrr e (2) The O'O" bond stretches from 1.332 to 1.458 A to accom-
FeCh;0C0H modate the hydrogen atom attaching to thg gdoup. The

wherek, is the Boltzmann constarttis the degeneracy factor, forming O'"H bond shortens from 1.237 A in the transition state

T is the temperature in Kelvin, ardis Planck’s constanQans tzo d§).989 Aiin the acyloxymethy! radical GRC(O)OH (Figure

is the product of the individual partition coefficients for the '

transition stateQr and Qcryocon represent the product of the C_HzOC(O)QH closely resem_bles a planar mc_)lecule. Thg two
individual partition coefficients for fluorine atoms and methyl €duivalent hydrogen atoms align themselves in plane with the
formate, respectivelyE is the calculated activation barrier and ~ carbonyl group. In addition, the hydrogen atom on the peroxy
Ris the gas constant. The ratio of the calculated preexponentialdroup is in the plane with the hydrogen atoms on the methyl
A factors is the branching ratio for extraction of a methyl carbon. The C@'H and COO™H dihedral angles have values
hydrogen relative to the carbonyl hydrogen by fluorine atom. ©Of 18.7 and 1.4, respectively.

This analysis calculates an 81% probability for extraction of a  Figure 2e illustrates the transition state in which the acyl-
methyl hydrogen and thus 19% probability of extraction of the oxymethyl radical decomposes to form &M CGQ,, and OH
carbonyl hydrogen. The largest source of uncertainty in the radicals. At the transition state the C®ond is almost



5310 J. Phys. Chem. A, Vol. 107, No. 27, 2003

(a) CH:0C(0)

(b) CH,0C(0)0;

{d) CH:OC{O)O:H

(e) [CHOC(OYO0H —
HC(O)H + CO; + OHJ*

Hansen et al.

products, CHO, CO,, and OH radical and is included as
Supporting Information. The vibrational frequencies for the
transition states are listed in Supplemental Table 3. Both
transition states have large imaginary frequencies, suggesting
a narrow passage through the energy barrier.

B. Experimental MeasurementsThree aspects of the methyl
formate peroxy radical were measured in this experiment: the
pressure dependent stabilization versus dissociation of the
activated peroxy radical, the UV spectrum, and the peroxy self-
reaction rate constant at 298 K. Prior to calculating either the
absorption spectra or self-reaction rate constant, it was necessary
to quantify the fraction of peroxy radicals lost to interfering
reactions. This required the additional consideration of (1) the
branching ratio for hydrogen abstraction from methyl formate
and (2) the impact of the reaction between the peroxy radicals
and Cl atoms.

The oxidation of methyl formate is expected to proceed via
the mechanism shown in Table 5 and will be briefly reviewed
before presenting the results. Known rate constants are listed
along with appropriate references. Estimated rate constants are
based on analogous reactions at 298 K, usually substituting
either the ethyl radical or acetyl radical for the methyl formate
radical and using an average value for those reactions from the
NIST chemical kinetics databad®All of the rate constants,
except forks, are either pressure independent or are assumed
to be at their high-pressure limit. Where appropriate, R is used
in the table to represent either one of the two methyl formate

radical isomers (CEDCO or CHOC(O)H). However, in the
kinetics model each isomer is assigned a separate reaction
equation because the products of these reactions will be different.
(e) [CH:0C(0)00 — CHOC(0)00H] The initial reactions are typical of alkyl peroxy radical forma-
Figure 2. Optimized structures for the species involved in the formation  tion; hydrogen abstraction from methyl formate by reaction with
and unimolecular dissociation of methyl formate peroxy. ClI (or F) atoms produces the methyl formate radical, which
then quickly adds @to produce the corresponding peroxy
completely broken, with a value of 3.042 A. The decomposition radical (reactions 1 and 2). Conditions were carefully chosen
products are clearly identified in the transition state structure. to reduce the loss of methyl formate radical via competing
Supplemental Table 2 lists the vibrational frequencies for reactions with halogen atoms or via self-reaction (reactions
methyl formate, methyl formate peroxy, and the decomposition 3—5). In the experiments when k5 photolyzed, the three body

TABLE 5: Mechanism for the Methyl Formate Peroxy Reactions

reactioit rate constafit ref
Initial Reactions
la RH+ Cl— R* + HCI 14x 107 8,19, 20
1b RH+ F—R + HF 5x 101 est
2 R + 0, — RO* 5 x 10712 est
3 R+ X;— RX+ X (2.5-8) x 10712 est
4 R + X —RX 2 x 10710 esf
5 R+ R —RR 5x 10°1% est
6 F+O,+M—FO,+M 4.4 x 10°8Pg 18, 25
Peroxy Reactions
7 RO — CH,OC(O)OOH see text this work
8 CH,OC(O)OOH— CH,O + OH + CO; see text this work
9 RO* + M — RO, + M see text this work
10 RH+ OH— R+ H,O 1.7x 1013 6
11 RQ + RO, —~ 2RO+ O, (2.3+£0.7)x 10°1¢ this work
12 RG + Cl— RO+ CIO 2.5x 10710 this work
13 CHOC(0)O— CH30 + CO;, ~1x 10fs? est
14 CHO + O, — CH,O + HO, 2.0x 1071 18
Secondary Reactions
15a CHOC(0)Q, + HO, — CH30OC(O)OOH+ O, 2x 101 esf
15b CHOC(0)Q + HO, — CH;OC(O)OH+ Os 2x 1071 est
16 CHO + Cl— HCO + HCI 7.3x 101 18, 25
17 HCO+ O,— HO, + CO 5.5x 1072 18, 25
18 HG;, + HO, — HOOH + O, 21x10% 18, 25

2R represents either GBCO or CHOC(O)H for conditions where there is no distinction between the isomers. X represents either Cl or F
atoms.P Units are (crd molecule’ s™%) unless otherwise noted. All rate constants are reported for 29&REte constants are based on estimates
from analogous reactions as listed in the NIST chemical kinetics database (ref 18).
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addition of F to Q can reduce the peroxy radical yield by b : = : : g,
another 2-3% (reaction 6). The methyl formate peroxy radical, 003l | —— [Cl], =6.1x10" cm™ |
which is born with internal excitation, can then undergo either T h —— [Cll,=3.4x10" cm®
internal rearrangement followed by dissociation into formalde-
hyde, OH and CgQ or it can be collisionally stabilized by the
buffer gas (reactions—79). Any OH that is formed reacts quickly
with methyl formate, extracting a hydrogen atom, thereby
producing additional methyl formate radicals (reaction 10).

Once stabilized, the majority of methyl formate peroxy
radicals undergo self-reaction (under our experimental condi-
tions), producing the methyl formate alkoxy radical (reaction
11). Because the methyl formate reaction with chlorine atoms 00
is slow compared to other hydrocarbons, such as ethane or “o75 280 285 290 295 300 305
dimethyl ether, a sufficient concentration of chlorine atoms
remains long enough to react with methyl formate peroxy wavelength (nm)

radicals and produce CIO. This can lead to as much as a 30%fFigure 3. UV measurements of CIO radical under high and low initial
loss of RQ (reaction 12). Cl atom concentrations at 298 K. The methyl formate pressure is 5.5

The CHOC(O)O alkoxy radical produced from degradation I;);g;he Q pressure is 12 Torr, and total pressure is 220 Torr in both
of the CHOC(O)Q, peroxy is expected to dissociate rapidly
into methoxy radical and COThe fate of methoxy radical is 0.05 T -
reaction with oxygen to produce HOand formaldehyde i CIO and MFO, OH
(reactions 13 and 14). It is expected that H@rmaldehyde, I |
as well as other degradation products will undergo further
reactions (reactions 1518), but these reactions do not sub-
stantially perturb the methyl formate peroxy self-reaction
chemistry. The overall methyl formate peroxy concentrations
at their maximums were found to be approximately-80%
of the initial Cl radical concentration and 890% of the initial
F radical concentration. The following experimental results will
be discussed in terms of this reaction mechanism.

1. Methyl Formate Peroxy+ Cl Reaction.Due to the
relatively slow rate of reaction between Cl and methyl formate
(kia = 1.4 x 10712 cn?® molecule! s71)81920the number of
chlorine atoms that survive sufficiently long to react with methyl
formate peroxy is much greater than for most alkyl hydrocar-
bons. A possible approach to reduce the peroxy plus Cl reaction
is to increase the methyl formate concentration and, thereby, 4
speed up the chlorine atom loss rate. This was not feasible in 0.01
the present experiments due to the difficulty in obtaining a stable
flow of gaseous methyl formate at partial pressures above 6
Torr and because high concentrations of methyl formate make
the 206-240 nm region optically black. Substituting fluorine I
for chlorine in the mixture eliminates peroxy loss by this path 0.00 |, : : : . . . :
because the F atoms are removed at a faster rate by reaction 280 285 290 295 300 305 310 315
with methyl formate than chlorine atoms. However, using wavelength (nm)
chlorine photolysis allowed measurements to be taken at
pres_sures a_ls low as 10 Torr, which could _not be done with function of pressure at 298 K. The methyl formate pressure-i§ 5
fluorine, owing to the kprecursor concentrations needed. The g \yhereas the Dpressure is 5 Torr wheRe = 10 Torr, and 12
presence of CIO in appreciable concentration affects the Torr at the higher total pressures. For visualization purposes the spectra
calculations of both the methyl formate peroxy UV spectrum have been separated by baseline offsets in increments of 0.01.
and its self-reaction rate. CIO absorbs between 210 and 3lOgreater number of Cl| atoms survive to react with the peroxy
nm, which overlaps the region of interest for the methyl formate radicals (Figure 3). As the total pressure is increased, more of
peroxy radical. This made it necessary to determine the ClO the methyl formate peroxy is collisionally stabilized and is
concentration from the measured UV spectra so that correctionsayailable to react with Cl atoms (Figure 4). The ROCl rate
could be made to the absorbance spectrum as well as to thezonstant ki, = (2.5 + 1.1) x 10-2° cm® molecules? s2) at
RO; concentration. 298 K was determined by fitting the observed CIO production

Figures 3 and 4 illustrate high-resolution UV spectra taken to the kinetics model based on the reactions listed in Table 5.
at various total pressures and gas mixtures that show the distinct The main source of error in calculating the rate constant for
features of CIO between 275 and 300 nm. These spectra werehis reaction was in determining the concentration of CIO from
used to determine its concentration and to estimate the ratethe UV absorbance spectr&16%). Additional sources of error
constant for the R@+ Cl reaction. It was found that both the in this rate constant, which were common to all of the
ratio of initial Cl atoms to methyl formate and the total pressure experiments, are described later in the results section.
were the strongest variables dictating CIO production. Higher 2. Dissociationus Collisional Deactiation of the Nascent
Clg/methyl formate ratios result in larger CIO yields because a Peroxy RadicalThe results from the computational investigation

0.02

absorbance

0.01

0.04

0.03

20 Torr

absorbance

0.02

227 Torr

Figure 4. UV spectra of the OH and CIO radicals production as a
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Figure 5. IR measurement of C# concentration as a function of L. 0.00 : .
time to show the fraction of methyl formate peroxy that dissociates. 0 50 100 150 200 250
The ethyl formate pressure is 5.10 Torr, the @essure is 13 Torr, Total Pressure (Torr)

and the initial Cl atom concentration is 4.98 10“/cr. The solid ) )
line is the CHO concentration calculated from the kinetics model using Figure 6. Pressure dependence of the methyl formate peroxy dis-
the predicted branching rati@6= 0.13+ 0.01. Dotted lines indicate ~ sociation. The symbols8( B, a) indicate different initial conditions

the 95% confidence limits. of methyl formate and Cl atom concentrations, and the solid line is the
calculated fit using a modified Lindemann equation.

of the methyl formate peroxy radical ground state potential Ko = ke IM] + ke 3)

energy surface show that some fraction of the vibrationally otal 0O, H0

excited methyl formate peroxy radicals can undergo unimo- ts th fthe t i is th
lecular dissociation. The fraction that dissociates (reactions 7 represents the sum of the two competing progesb@@.s €
rate constant for collisional stabilization (reaction 9), where [M]

and 8) is indicated by the formation of both OH radicals and .

CH,0 at delay times<20 us after the photolysis laser pulse. s the tot_al gas c_oncentra‘_[ion, akelo is th_e rate constant for
The rate limiting step in this process is the methyl formate peroxy dissociation (reaction 7). The fraction of methyl formate

Cl (or F) reaction (reaction 1). High-resolution UV spectroscopy peroxy that dissaciates is then given by

over the range 275320 nm provides a measure for OH ke Keo M| -2
production. Figure 4 shows the OH absorption spectra as a _ oo _ : (4)
function of total pressure in the reaction cell. It is seen that as Kiotal kCHZO

the pressure increases, the amount of OH radical produced at

early times (i.e., 1@&s) decreases. The maximum observed OH If [M] is set to the total pressure, arilis defined as the ratio
yield is ~15% at 10 Torr, which is expected to slightly Kkro/kch,o the branching fraction has the following pressure
underestimate the total amount of OH produced due to loss of dependence:

OH by reaction with methyl formate.

Transient IR detection of the GB fragment provides another f= 1
measure of the branching ratio for collisional stabilization versus (1+ BPga)
unimolecular dissociation of the methyl formate peroxy radical. ) ] ]
Figure 5 shows a typical time versus concentration profile for 1he measured branching fractions from three different sets of
the production of CHO at 20 Torr. The trace exhibits two conditions (Figure _6) were used to det_er_mlne the parameter
distinct phases: The rapid initial rise in @8l concentration is B = 0.24. The expe_nmental branching ratio is shown to decrease
due to the unimolecular dissociation of nascent methyl formate rapidly from a maximum of-18% at 10 Torr to a low 0f-2%
peroxy radicals, and the slower secondary rise comes from the@t 220 Torr. The measured concentration of;OHit the lower
oxidation of CHO radicals formed by the methyl formate Pressures may be underestimated due to the possibility that a
peroxy self-reaction (reactions 13 and 14). In Figure 5, the solid fract!on of the formaldehyde is born V\.llt.h vibrational excitation
line through the experimental data points represents the predictedtnd is not probed by our IR laser until it has been collisionally
CH,0 using the kinetics model in Table 5, and the dashed lines relaxed. This may also be responsible fo_r the increase in data
indicate the 95% confidence interval. The branching ratio was Scatter below 30 Torr. Normally a quenching gas, suchaig, C

(%)

determined as a function of pressure over the range 6220 can be added to quickly relax the @Bt in the present
Torr (Figure 6) with the most significant changes in this ratio €Xperiments the relatively large quantities of methyl formate
occurring between 10 and 75 Torr. used may play this role. The fit of the data to the modified

The resulting branching ratio can be described via a modified Lindémann equation (eq 5) was done for pressures above 30
Lindemann mechanism. The mechanism as it was used in this 'O to reduce the influence of the uncertainties at low pressure.

work can be described by the following reactions: At higher pressures, pressure broadening decreases t@ CH
detection sensitivity and causes the uncertainties in the measured
. concentrations to increase from 8% at 10 Torr up to 20% at 75
R'+0,—~ RGO, (R2) Torr. Other sources of error for these measurements include
RO,* — CH,0C(0)OOH (R7) the IR cross section of G at the 1709 cmt line (10%)
and the initial chlorine radical concentration generated by the
CH,0C(0)OOH— CH,0 + OH + CO, (R8) photolysis pulse£5%). The overall uncertainty in the predicted
fraction of methyl formate dissociation is thef25%, orB =
RO,* + M — RO, + M (R9) (0.24+ 0.06).
3. UV Cross Section of Methyl Formate PeroXjhe UV
The overall rate constant for oxygen addition to methyl formate absorbance spectrum for methyl formate peroxy was measured
radical using the photolysis of both chlorine and fluorine to initiate
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0.08 T — T . T the change in methyl formate, chlorine (or fluorine), and CIO
— MFOy using phatolysis of Cly | concentrations. Known rate constants are acquired from the
— — MFO, using photolysis of Fo | | NIST Chemical kinetics databa&&ln cases where an experi-

o
o
(073

] mental rate constant is unknown, an estimate is made on the
basis of analogous reactions. A sensitivity analysis of the model
varies the following parameters: the rate constants for methyl
formate radicalt O, (k;) and methyl formate peroxy Cl (ki2)

and the dissociation branching rati. Errors in rate constants

ko, andk;, contribute+-21% to uncertainty in the cross section.
Because the UV cross sections were measurdel,at 150

Torr, and hencé < 3%, the uncertainty ifi has no significant
effect. Those rate constants that had to be estimated were varied

cross section (A%)
(=]
o
B

o
o
M

0.00 . ; ;
220 240 260 280 300 320 by an order of megnltude to verify that the rr_l(_)del was not
sensitive to the estimated values. There are additional uncertain-
wavelength (nm) ties of £2% in the initial concentrations of methyl formate;, O
Figure 7. Composite UV cross sections of methyl formate peroxy and Ch, and45% in the initial chlorine atom concentrations.
(CH;0COQG; and QCH,OC(O)H) initiated by photolysis of Glor F. Noise in the measured absorbance spectra and the uncertainty

) . ) . in path length each contribute errors 62%. The branching
the chemlst_ry. Because it was not possible expenmentally t0 ratio for both the CH methyl formate and F- methyl formate
generate either of the two methyl formate peroxy iSOMers reactions were variest10%. The largest effect was observed

separetely, the. measured absorbance.spectra represent tnﬁ the intensity of the CHDC(O)Q» spectrum, which was
comblne_d contribution from each of the isomers weighted by increased at its maximum, at 225 nm, by 10%. The correction
the fraction of each produced. These composite absorbances, e ¢l absorbance in the methyl formate peroxy spectrum
were corrected for other absorbing species (methyl formate, yo \yas measured under,@hotolysis conditions was varied
chlorine, and CIO) before determining the methyl formate by +15%. This affected the shape of the §}C(0)Q; spectrum

peroxy radical UV spectra. These corrections resulted in at mO_Stwithin the strongest part of the CIO absorption region of 250

a 6% change at 212 nm (methy formate) and a 25% change N280 nm but did not affect the intensity or shape of the spectrum
the absorbance spectrum at 266 nm (CIO). When fluorine 0 240 nm. The maximum change in the {€(0)0,
photolysis was used, the only substantial correction to the UV spectrum inteneity wag0.005 &, which is+7% of the peak
absorption spectra arises from accounting for the methyl formateCrOSS section. This chaﬁge oceurs around 270 nm. which is

contribution. Absorption spectra were taken under a variety of where the absorbance due to methyl formate peroxy is ap-

oo groaching zeo and ifects he specrum baselne (Figure 64
: he statistical combination of these errors results i2¥%

\;V:gt?oi\éeézgai ti?] ?:?Ss:gts the composite peroxy radical CT9S%rror in the intensities of the individual methyl formate peroxy
The two methods for producing the methyl formate peroxy radical spectra. . . o
radicals provide the opportunity to determine the individual Uv 4 Peroxy Self-Reactiofigure 9 depicts a typical time versus
absorbances of its two isomers, (§3C(0)0 and QCH,OC- concentratlc_)n deeay plot for methyl formate peroxy radicals.
(O)H). Previous studies have concluded that in the methyl At the earliest times {50 us) the shape of the spectrum
formate-+ chlorine reaction, the formyl hydrogen is preferen- COrrésponds to the methyl formate peroxy spectrum. As the
tially extracted 58% of the tim&2! When fluorine is used, ab ~ "®action proceeds to around 208, the shape of the absorption
initio results from this study predict the branching fraction for P€aks remains fairly consistent but grows weaker as the peroxy
formyl hydrogen extraction to be 19%. These differences in fadical is removed. At times longer than 2@8 the band
reactivity allow for the composite peroxy spectra to be described Maximum for the absorption spectra shifts to the red, indicating

in terms of the two peroxy isomer absorption cross sections: & N€W species is being produced. Spectra obtained at delay times
long enough for the complete removal of the peroxy radicals

0(Drotal,c1 = (0.58Pch oc0)0, T (0-42P6,crocom (6) (>10 ms) show a weak absorbance with a band center around

255 nm. This residual absorbance can be accounted for by the

0(A)eotal,r = (0-19V ey oc(0)0, T (0-8100 crociom (7) presence of a small amount of ozone, which is expected from
' 3 212

the cross reaction between Hi@nd CHOC(O)G; (reactions

Simultaneous solution of egs 6 and 7 yields the individuayCH ~ 15@and 15b). The fLH,0C(O)H radical also reacts with HO
0C(0)0 and QCH,OC(O)H cross sections. Parts a and b of but does not produce ozone. Using an estimated rate constant
Figure 8 show the two deconvolved spectra along with the ©f 4 x 107** cm® molecule* s™* for the CHOC(0)Q; + HO,
corresponding predictions from ab initio calculations. A Gauss- '€action and assuming a 50/50 branching ratio between 15a and
ian probability distribution with the appropriate standard devia- 150 provide good agreement with the measured concentration
tion that most closely resembles the experimentally determined ©f 0zone at the longer delay times (Figure 10).
full width at half-maximum of the CEDC(0)G, and QCH;- Although the individual UV spectra for the two methyl
OC(O)H spectrum was used in conjunction with the calculated formate peroxy isomers were calculated in the previous section,
vertical transition energies to generate the calculated spectratheir similarity to each other in shape and strength as well as
The resulting calculated spectrum was then multiplied by a the uncertainties in their deconvolution preclude their use to
scaling factor designed to best match the experimental crosscalculate the individual peroxy isomer concentrations. Instead,
section for visualization purposes. the appropriate composite methyl formate peroxy radical
The errors in the measured peroxy radical cross sections arespectrum (for either chlorine or fluorine photolysis) is employed
determined as follows. The kinetics model in Table 5 is used in the spectral fits. By using eq 1 to fit the time-resolved UV
to predict the methyl formate peroxy concentration as well as spectra of the reaction mixture to the methyl formate peroxy
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Figure 10. Concentration versus time profiles for methyl formate
peroxy @), CIO (v), and Q (W) obtained by deconvolution of the
time-resolved spectra from Figure 9. The solid lines show the fit of
the kinetics model from Table 5 to the methyl formate peroxy radical
concentrations. The dashed lines indicte+ o.

profiles of species concentrations versus delay time from a
measurement of the methyl formate peroxy self-reaction kinetics
are shown in Figure 10. Fits of these data to the kinetics model
of Table 5 yield the self-reaction rate constankgf= (2.3 +

0.7) x 101 cm® molecule’! s~ at 298 K, which is an average

of the self-reaction rate constants for both of the peroxy isomers.
In the kinetics model, the two peroxy isomers are treated
separately, due to the different products from each, however,
the data only permit the model to fit the total peroxy radical
concentration. As a result, the model cannot predict the self-
reaction rate constants of the individual peroxy isomers. Figure
10 shows that there is good agreement between the concentration
of methyl formate peroxy radicals obtained from the decon-
volved absorbance spectra and the calculated concentration
profile. It is also shown in the figure that the kinetics model
predicts the concentrations of the other measured species, CIO
and @, very well. The dashed lines on the methyl formate
peroxy fit show the effect produced by changing the self-reaction
rate constantk;i, by one standard deviation. However, the
predicted CIO and @concentrations are not affected by this
change irk;1, because the rate-limiting reactions in the kinetics
of the other products are RG- Cl for CIO and CHOC(0)G,

+ HO, for Os. Table 6 lists the experimental kinetics trials that
were carried out at pressures between 20 and 220 Torr, using
the photolysis of both fand Ch. The reported value for the
rate constant is the average from triatls& which were done

at pressures above 150 Torr to avoid the complications caused
by methyl formate peroxy radical dissociation at low pressures.
The faster observed rate constant in trials 1 and 2 is a result of
the inability of the kinetic model to accurately predict the
fraction of methyl formate peroxy that dissociates at low
pressures. As was discussed previously, the fraction of methyl

fluorine initiation), the concentrations of these species could formate peroxy that unimolecularly dissociates was determined
be determined as a function of the time after photolysis. The by measurement of the production of &M An error analysis
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TABLE 6: Measured Rate Constants for the Methyl TABLE 7: Vertical Excitation Energies and Transition
Formate Peroxy Self-Reaction at 298 K Momentsl|
trial  Pyi(Torr)  [Cllo (10%cm™3) f ki1 (107 cmPs™?) CASSCF energy (nm) CASSCEF transition
1 20 47 017 5207 states (9e, 9mo) moment (au)
2 54 51 0.07 3.5%05 CH;0C(0)&, Radical
3 166 4.7 0.02 2.50.3 1A' 211 0.002
4 227 4.9 0.02 2.20.2 2A' 180 0.1
3A 154 0.006
trial  Pwt(Torr)  [Flo (0% cm3) f ki1 (107t emPs™) 2A" 198 0.852
5 190 4.7 0.02 2.£0.7 AT 168 0.775
6 226 4.0 0.02 2.20.4 0,CH,OC(O)H Radical
2A! 1970 0.008
similar to the one described in the preceding section yields an ~ 3A' 221 0.002
overall uncertainty of+30% in the self-reaction rate constant an 207 0.0995
y : 5AY 200 0.0078
TN 189 0.001

IV. Discussion

B. UV Spectra of the Methyl Formate Peroxy Isomers.
Comparison of the shape, maximum absorption wavelength, and
intensity of the methyl formate peroxy radical UV absorption
spectrum to other peroxy radical spectra shows many similari-
ties. Most peroxy radicals exhibit a strong, broad, featureless
absorption band in the 2600 nm wavelength regioft.For

A. Rearrangement and Dissociation of the Initially Formed
Methyl Formate Peroxy Radical. The methyl formate peroxy
radical yield depends on a number of factors, among them the
rate of hydrogen abstraction from methyl formate, the branching
fraction for unimolecular dissociation of the newly formed
radical, interference from the Gt RO, reaction, and removal

b i tion. C i tracting kinatic data f th the methyl formate peroxy radical, the absorption maximum
y sell-reaction. Lonsequently, €xtracting kinetic aata rom e ;. ., approximately 225 nm. Table 7 lists the calculated methyl
flash photolysis experiments requires a comparison of the data

10 a complex kinetic model that includes a number of reactions formate peroxy vertical excitation energies and the transition
. P ; moments for the first five excited states for both £LC(0)O,
with unknown, or uncertain, rate constants. The strength of the .
) S and QCH,OC(O)H. The deconvolved experimental spectrum
present work is that the model predictions are compared

. S ' Figure 8a) of CHOC(O)Q: has the band center at ap-
simultaneously to data for a number of participating chemical ( ; o
species, including the methyl formate peroxy radicals, formal- proximately 217 nm. The ground state of the 0%

dehyde, hydroxyl radical, and chlorine monoxide, to help ensure radical is the 1A state. The 1’.5‘._> 2A transition of CHOC-
consistency in the model. (O)O, has the largest transition moment with a calculated

. . vertical excitation energy of 198 nm, 9% higher in energy than
o ?::g{?(’)i“%ﬁ;gg;;hviﬁ4 de:enc?ei%n);e;)(:;;zrg]r;hsrgi—l;ez som etahe experimental band center. The observed band center (Figure
2 . . A
of the first evidence that oxygen addition to alkyl radicals may b) for GCHOC(O)H is 230 nm, whereas calculations predict

proceed via an activated peroxy radigBubsequent work on the 1A — 4A' transition to occur at 207 nm. Thus, for both of
dimethyl ether oxidation demonstrated that the initially formed the peroxy isomers the calculated vertical excitation energies

. . . done at the CASSCEF level overestimate transition energies by
peroxy radical can undergo an internal hydrogen atom shift from -~ . ;
the methyl group to the peroxy moiety, and subsequently 10%. Although the calculations can reasonably predict the band

proceed via bond cleavage to produce two formaldehyde centers, experimental measurements are still required to provide
molecules and a hydroxyl radic&?2“ Figure 1 illustrates the the absolute strength and the shape of the UV spectrum.

reaction mechanism along the dissociation channel calculated C- Peroxy Radical Self-reactionKinetics measurements of
by ab initio methods. The first transition state in the unimo- the methyl formate peroxy radical self-reaction were performed
lecular dissociation channel of methyl formate peroxy involves at pressures between 20 and 220 Torr, using photolysis of both
the rearrangement of the GBIC(O)Q; radical to CHOC(O)- Cl; and F, (Table 6). Fitting the low-pressure kinetics data leads
OOH. The activation barrier is calculated to be 6.7 kcalThol ~ to & higher value of the self-reaction rate constant than is
less than the excess energy available from thaddlition. This obtained from the high-pressure results. This is attributed to
rearrangement is followed by unimolecular dissociation to larger uncertainties in the reaction model at lower pressures,
produce CHO, CQ,, and OH radical over a modest 7.1 kcal which arise from possible underestimation of the;OHormed
mol~! transition state, which is again small compared to the by unimolecular dissociation of the nascent methyl formate
available energy. Thus, the observation of OH and,@H  peroxy radical. In these experiments it was not possible to
formation is neither kinetically nor thermodynamically unex- distinguish between the GBC(O)Q, self-reaction, the gCH,-
pected. OC(O)H self-reaction, or the peroxy cross reaction to separately

At low pressures,~10 Torr, approximately 18% of newly ~ determine rate constants for the 2 isomers. Therefore, the rate
formed methyl formate peroxy radicals were found to dissociate constantki; represents the average for these peroxy radical
into CH;O and OH. This fraction decreases to approximately reactions. If there were a significant difference in the self-
2% at 200 Torr owing to collisional stabilization of the nascent reaction rates of these isomers, the kinetics for the chlorine
peroxy radicals. The concomitant decrease in OH yield at higher photolysis conditions would be noticeably different from the
pressure leads to a ¥20% decrease in the methyl formate fluorine photolysis conditions. However, the different ratios of
consumed. Under atmospheric conditions, it is expected thatinitial peroxy isomers (CEDC(O)Q and QCH,OC(O)H)
most of the peroxy radicals formed will be collisionally produced when using either chlorine (58% and 42%, respec-
deactivated. However, laboratory conditions that use low- tively) or fluorine (19% and 81%, respectively) yield the same
pressure flow cells to measure reaction rate constants or to probevalue forkys, within experimental error. The self-reaction rates
the spectroscopy of these compounds must not ignore the effectgor both peroxy isomers are expected to be close to the measured
of dissociation and the resulting secondary chemistry. average value of 2.% 1071 cm?® molecules?® s™1.
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TABLE 8: Comparison of RO, + RO, Self-Reaction Rate
Constants

rate constant (298 K)

reaction (cm® moleculests™) ref
(CHg),CHC(O)Qy self-rxn  1.44£0.11x 107t 26
(CH3)3CC(O)Q self-rxn 1.43+0.11x 10°1* 26
CRC(0)O; self-rxn 0.8+40.2x 1071* 27
CH3C(0)0; self-rxn 15+ 0.2x 10 28
CH30C(0)Q, self-rxn 2.3+ 0.7x 1071 this work

Table 8 compares the methyl formate peroxy radical self-

Hansen et al.

(3) Fleisch, T. H.; McCarthy, C.; Basu, A.; Udovich, 8oc. Automotie
Eng. Pub. SAE-950061995
(4) Rouhi, A. M.Chem. Eng. New$995 44, 37.
(5) Brooks, R.Ward'’s Engine and Vehicle Technol. Upda®ard’'s
Communications: Southfield, MI, July 15 1995; p 3.
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