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Unimolecular dissociation of a neopentyl radical to isobutene and methyl radical is competitive with the
neopentyl association with 3% ) in thermal oxidative systems. Furthermore, both isobutene and the OH
radical are important primary products from the reactions of neopentyl witiC@sequently, the reactions

of O, with the 2-hydroxy-1,1-dimethylethyl and 2-hydroxy-2-methylpropyl radicals resulting from the OH
addition to isobutene are important to understanding the oxidation of neopentane and other branched
hydrocarbons. Reactions that correspond to the association of radical adducts Q(v?l‘}]?;)(]nvolve
chemically activated peroxy intermediates, which can isomerize and react to form one of several products
before stabilization. The above reaction systems were analyzed with ab initio and density functional calculations
to evaluate the thermochemistry, reaction paths, and kinetics that are important in neopentyl radical oxidation.
The stationary points of potential energy surfaces were analyzed based on the enthalpies calculated at the
CBS-Q level. The entropie§’,qs and heat capacitie€y(T), (0 < T/K =< 1500), from vibration, translation,

and external rotation contributions were calculated using statistical mechanics based on the vibrational
frequencies and structures obtained from the density functional study. The hindered internal rotor contributions
to S’298 and Cy(T) were calculated by solving the Sclinger equation with free rotor wave functions, and

the partition coefficients were treated by direct integration over energy levels of the internal rotation potentials.

Enthalpies of formationAH;°,9g) were determined using isodesmic reaction analysis.AH&,qs values of
(CH3),CeCH,OH, (CH;),C(OG»)CH,OH, (CHs).,C(OH)GH,, and (CH),C(OH)CHOO. radicals were
determined to be-23.3,—62.2,—24.2, and—61.8 kcal mot?, respectively. Elementary rate constants were

calculated from canonical transition state theory, and pressure-dependent rate constants for multichannel reaction

systems were calculated as functions of pressure and temperature using multifrequency quantum Rice
RamspergerKassel (QRRK) analysis fd(E) and a master equation for pressure falloff. Kinetic parameters

for intermediate and product formation channels of the above reaction systems are presented as functions of

temperature and pressure.

Introduction the reactions of e*s;) with the radical adducts resulting
Low-temperature hydrocarbon oxidation proceeds via from the OH addition to isobutene are essential to the under-

reactions involving alkyl and alkylperoxy radicals that play a standing of the oxidation of neopentane and other branched
critical role in such practical combustion systems as the nydrocarbons.

auto-ignition in homogeneous charge compression ignition Recently, Taatjes et &F measured the time-resolved produc-
(HCCI) engines and the pre-igniton associated with tion of HO; and OH in the pulsed-photolytic Cl-initiated
engine knock. Compared to most alkane oxidation systems,oxidation of neopentane between 573 and 750 K and ob-
the neopentane moiety has unique features that facilitate aserved significant Hoformation above 623 K. Furthermore,
simpler interpretation of experimental resuitsdowever, they also found that the formation of HOincreases
the overall interpretation of early time products from the Withincreasing temperature and that the overall amount of HO
oxidation of neopentyl radical is complex because of the produced increases with increasing €@ncentration at 673 K.
competition from the oxidation products of isobutene and a The ad hoc kinetic model by Taatjes et?dlpredicted well
methyl radical, which are produced from the competing for their experimental OH formation versus time at 673 K,
B-scission of the neopentyl radical. Furthermore, both iso- although it failed to predict the increase in ki@t higher
butene and OH radical are important primary products O2 concentration. Hence they indicated that the agreement

from the reactions of neopentyl with,(3Z ). Consequently, could be improved by including the complete chemistry

of the initial and secondary peroxy radical systems in their
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The neopentyl radical plus oxygen system has a number of Unimolecular dissociation and isomerization of the chemically
product channels as illustrated in our ab initio and density activated and stabilized adducts, resulting from addition reac-
functional studiesand is in competition with thg-scission of tions, were analyzed by first constructing potential energy
the neopentyl radical to isobutene plus methyl radical. The diagrams for the reaction systems. The DFT and ab initio
important initial products in the neopentyl radical reaction with calculations were then used to determine the transition state
0O, are: neopentyl-peroxy, OH and Gkadicals, and isobutene.  structures and activation energies for the isomerizafiesgis-

The addition of an OH radical to the isobutene at the GD/H sion, and dissociation reactions. The enthalpies and entropies
and CD/G carbon atoms (CD represents carbon double bond were treated with conventional transition state theory to calculate
group) forms two new radical products, 2-hydroxy-1,1-dimeth- the Arrhenius pre-exponential factors and activation energies
ylethyl and 2-hydroxy-2-methylpropyl radicals, which undergo as functions of temperature. The data were then fitted by a
further oxidation by reacting with © The oxidation reactions  nonlinear least-squares method to the modified Arrhenius
of these products resulting from hydroxyl or methyl radical equationk. = AT" exp(—E4/RT) over the temperature range of
addition to the isobutene intermediate need to be studied further,300—2000 K.

as they are important to model the formation of intermediates  Kinetic parameters for the bimolecular chemical activation
and end products in the oxidative or thermal reactions of reactions and the subsequent unimolecular thermal dissociation

neopentane. reactions to adducts and product sets were calculated by using
The reactions of @with the two adducts from OH addition  a multifrequency quantum Rie€RamspergerKassel (QRRK)

to isobutene were previously estimated by THERivid PM3:7 analysis fork(E),*® with the steady-state assumption of the

methods and other estimation techniques by Chen and Bdzzelli energized adduct(s) in combination with a master equation

as a submechanism of tertiary butyl radical oxidatidn.the analysis for the pressure falldff. The QRRK code utilizes a

present study, the thermochemistry and the stationary pointsreduced set of three vibration frequencies that accurately
on the potential energy surfaces of 2-hydroxy-1,1-dim- reproduce the molecular (adduct) heat capacity téta.
ethylethyl and 2-hydroxy-2-methylpropyl radicals with Molecular density-of-state functions were constructed through
02(329‘) were characterized by using ab initio and density direct convolution of single-frequency density functions on a
functional calculations, and new important reaction channels 10 cn! grid. The functions corresponding to each reduced
were found. Thermochemical and kinetic parameters along with frequency are explicitly convolved into a relative density-of-

the reaction paths were determined for these-FD, reactions, states §(E)), which is normalized by the partition functio®).
which are important in neopentyl and similar branched hydro- The inclusion of one external rotation, corresponding to the
carbon radical oxidation. symmetric top, is incorporated into the calculations by convolv-

ing the vibrational density function with the proper rotational
Calculation Methods density function.

. ) . i The collisional deactivation of the energized adduct was

The geometries of reactants, intermediates, transition stateésca|cylated using a master equation analysis by Shenglét al.
and products in the two reaction systems were calculated at thetne (AE)°yon of 570 cal mot® for the collisional deactivation
B3LYP/6-31G(d,pj level using the Gaussian 98/Gaussian 03 yith helium as the third body was used in the master equation
programs*°The optimized structure parameters were then used anaysis. A 0.5 kcal energy interval was used in calculation of
to obtain total electronic energies at the BSLYP/6-8#G-  rate constants as functions of temperature and pressure for the
(3df,2pf and CBS-Q* single-point levels of calculation. These  chemjcal activation and dissociation reactions. Lennard-Jones
data were used along with isodesmic reactions to determine theparametersy (A) ande/k (K), were obtained from tabulatioHs
standard enthalpies of formation at 298 K. The CBS-Q enthal- g from an estimation method based on molar volumes and
pies based on the B3LYP/6-31G(d,p) optimized geometries are compressibility2
referred to as CBSQ//B3LYP in our study. The CBSQ//B3LYP
method for the estimation of th&H:°,9g values on hydrocar-
bons, oxy-substituted hydrocarbons, and the corresponding
radicals has been evaluated in our previous studieétwhere 1. Geometries of Reactants, Intermediate Radicals,
it shows good accuracy and precision with accepted literature and Transition States. The geometry optimization for
values. The discrepancy between activation energies calculatedhe reactants, transition states, adducts, and products in the
at the CBSQ//B3LYP level with the values at the CBS-QB3 two isobuteneOH adduct oxidation systems was per-
level is within 1 kcal mot®. Contributions from translation, formed at the B3LYP/6-31G(d,p) level. The optimized struc-
vibration, external rotation, and electronic motion to entropies tural parameters of 34 species are provided in Supporting
and heat capacities were calculated by statistical mechanicsinformation Table S1. The corresponding unscaled
based on the vibration frequencies and moments of inertia from vibration frequencies and moments of inertia are pro-
the DFT optimized structures. The torsion frequencies were vided in Table S2. The transition states on several types
omitted in the calculation o295 andCy(T); their contributions of reactions in the two oxidation systems were identified as
were determined by summation over the energy levels obtainedfollows:
by direct diagonalization of the Hamiltonian matrix of hindered Hydrogen Atom Transfer: Peroxy Radical Isomerizatibms
internal rotations represented by the truncated Fourier series aglass of reactions represents intramolecular, endothermic transfer
ap + Ya cosfp) + Shi sin(g) with ¢ < 81415 The H¢°20g of an H atom from the OH or C¥group to the peroxyoxygen
values for reactants, intermediates, and products were calculatedadical site via a five- or six-member ring transition state
using the total energies from ab initio and DFT calculations (includes the H atom). In these transition states, the cleaving
and isodesmic reactions with group balance when possible. TheO—H bond stretches to 1.351.36 A from 0.96 A, and the
AH¢°295 values of transition state structures were calculated by cleaving G-H bond stretches to 1.341.42 A from 1.09 A,
using the AH%,0g Of stable radical adducts from isodesmic with the forming OG-H bond length of 1.081.25 A. The
reaction analysis plus the difference of total energies betweenROO—H bond length formed in radical intermediates or
transition states and radical adducts. products is 0.97 A.

Results and Discussion
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TABLE 1: Calculated AH;°;9g Values by Isodesmic Reaction Analysfs
B3LYP/6-31G(d,p)

B3LYP/6-314+G(3df,2p)  CBSQ//B3LYP/6-31G(d,p)

aUnits in kcal mol™,

reaction series AHixn® AH¢ °298 AHixn® AH¢ °298 AHn® AH¢°29s8

C,CeCOH + CHy — CeC(OH)C+ CyHp 6.62 —23.92 5.91 —23.21 5.91 —23.21

C,CeCOH + CH;— CeCOH + C3Hg 11.37 —24.20 9.64 —22.47 10.53 —23.36
recommended value: —23.3

C,C(OGs)COH + C3Hg — CsCCOG + CCOH 6.98 —65.69 5.05 —63.76 3.59 —62.30

C,C(OO)COH + C,Hg— CCOO + C;COH 1.36 —62.64 —-0.91 —60.37 0.72 —62.00
recommended value: —62.2

C,0C(OOH)COH+ CyHg— CeCOOH+ C3COH 2.00 —45.52 —0.42 —43.10 2.13 —45.65

C,0C(OOH)COH+ C3Hg— C36CCOOH+ CCOH 7.60 —48.14 5.48 —46.01 5.12 —45.66
recommended value: —45.7

C,C(OOH)GOH + CH; — C,COOH+ CCsOH 6.13 —50.54 3.71 —48.12 4.68 —49.09

C,C(OOH)GOH + C;Hg— C,COOH+ CsC(OH)C 9.27 —52.97 6.51 —-50.21 4.84 —48.54
recommended value: —48.8

C,C(OH)Gs + C;Hg — C3COH + CyHs —0.80 —24.88 -1.11 —24.57 —1.56 —24.12

C,C(OH)Gs + CgHg— C3CC + CeCOH 6.19 —27.05 4.79 —25.65 3.45 —24.31
recommended value: —24.2

C,C(OH)COG + CH;— CH300. + C3;COH 6.76 —61.44 4.48 —59.16 6.83 —61.51

C,C(OH)COQG + C;Hs— CCOO + CsCOH 1.36 —62.64 -0.91 —60.37 0.72 —62.00
recommended value: —61.8

C,C(0s)COOH + C;Hg— C3C0Oe + CCOOH —0.96 —41.64 —-2.11 —40.49 —1.38 —41.22

C,C(0s)COOH + C3Hg— C3C0Os + CCCOOH —0.65 —42.24 —1.63 —41.26 —-1.52 —41.37
recommended value: —-41.3

C,0C(OH)COOH++ C;Hg — CeC(OH)C+ CCCOOH 3.89 —43.37 1.24 —40.72 4.59 —44.07

C,0C(OH)COOH+ C;Hg— C,C(OH)G + CCOOH 0.69 —44.36 —1.89 —41.79 —0.26 —43.42
recommended value: —43.7

C,C(OH)CHO+ C;Hg— C3CCHO+ CH3OH 10.42 —97.00 8.63 —95.20 7.76 —94.33

C,C(OH)CHO+ C3Hg— C3CCHO+ CCOH 6.57 —96.41 5.34 —95.18 4.81 —94.65
recommended value: —94.5

TABLE 2: AH;°,9g for Standard Species in Isodesmic assumed to fill the valence, and the notatieh represents a

Reactions radical site. For example,,CeCOH stands for 2-hydroxy-1,1-
species AHf’ 08(kcal/mol) ref dimethylethyl radical, and £(OH)G stands for 2-hydroxy-
CH, —17.89+ 0.07 Cox et & 2-methylpropyl radical. These notations are kept in the text and
CsCC —40.14+ 0.2 Good2 data tables for simplicity. Furthermore, the notatios""
CoHe —20.244+0.12 Cox et &t represents double bond, and “y” represents cyclic structure
CoHs 28.80+ 0.50 Marshaf® within the bracket.
gf_""sOH _4213'8% %‘%)% Eedley et & The AH¢°,9s for the saddle-point transition state structures
3 —48. . ox et &t h . . .

CCOH 5621+ 0.10 Pedley et & were determined by incorporating the difference of the total
CGCsOH —13.34+0.84 Sun et &b energies between radical adducts and transition states and
CeCOH —5.70+£0.85 Sun et &b AH;°,9g Of radical adducts. The enthalpies of 17 transition state
CeC(OH)C —14.95+ 238 Sun et af structures in the isobuter®H oxidation systems determined
CsCOH —74.72+0.21 Wiberg et & at the three different levels are listed in Table 3. The activation
CsCOe —23.14 Chen et &l . .
CH:00» 2154+ 1.22 Knyazev et &1 energies calculated at the BSLY_P Ievel_ agree with those at the
CCOOH ~39.7+023 Chen et & CBSQ//B3LYP level for most isomerization (TS14, TS23,
CeCOOH 10.96+ 1.06 Chen et &t TS27), HQ concerted elimination (TS19, TS20j;scission
CCOO —6.8+23 Blanksby et & (TS18, TS24, TS25, TS26), and epoxide formation (TS28, TS29,
CCCOOH —44.77£0.41 Chen et & TS30) reactions within2 kcal molL. The TS15 and TS16
gfcccoo%H 7_2;'231, 332 :: gll are hydrogen-shift reactions to the peroxy oxygen from a carbon,
CsCCHO —58.74 Sun et al and the DFT energies for TS15 and TS16 are higher than those
C,COOH —49.0 Lay et aP° of the CBS-Q energies by5 kcal mol. The B3LYP energies

of TS17, TS22, TS26 for thg-scission reactions are-3} kcal
and 1.38 A. In the leaving &1,00H group, the @0 bond mol~1 lower compared to those of CBSQ//B3LYP. One isomer-
length increases to 1.44.48 A. ization reaction via TS27 was calculated at the CBS-QB3 level,
The (GH,OOH)* radical formed in the reactions above is and the activation energy was found to be 41.2 kcal Mol
unstable, and it rapidly dissociates (exothermic) over a small which is in good agreement with the 41.5 kcal mbdetermined
barrier (0-4 kcal moi1) to CH,O + OH. from the CBSQ//B3LYP calculation. The enthalpies of forma-
2. Thermochemical Properties: AH;°2gg, S°295 and Cy(300) tion for transition states calculated at the CBSQ//B3LYP level
to Cy(1500).Enthalpies of formation for reactants, intermediates, in Table 3 are considered reliable and were used in our kinetic
and products were calculated by isodesmic reaction analysis,analysis.
total energy differences, or taken from available literature. The Internal Rotor AnalysisThe internal rotational potentials
calculated reaction enthalpies aA#f;°,9g values of reactants,  versus dihedral angle on GHC, C—C, C—OH, C—00s., and
peroxy adducts, and intermediates with isodesmic reactions areC—Ce bonds were calculated at the B3LYP/6-31G(d,p) level.
listed in Table 1. The\H¢°,95 values of reference species used The potential curves for terminal methyl rotation (€+C) in
in isodesmic reaction analysis are listed in Table 2. The notation C;,CeCOH, GC(OH)G, C,C(OH)COQG, and GC(OG)COH
“C” in Tables 1 and 2 represents carbon with hydrogen atoms radicals exhibit the normal 3-fold symmetric barrier, with typical
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TABLE 3: Calculated Activation Energies at 298 K&

B3LYP/ B3LYP / CBSQ//
transition state  6-31G(d,p) 6-311++G(3df,2p) B3LYP
TS14 (HSO) 23.3 23.9 219
TS15 (HSC) 41.9 41.3 35.6
TS16 (HSC) 34.7 33.6 28.4
TS17 (BSC) 7.4 4.8 1071
TS18 (BSC) 104 9.5 11.6
TS19 (HQ-CE) 35.2 33.1 31.9
TS20 (HQ-CE) 34.7 32.3 32.0
TS2P (BSC) 22.1 17.9 14.9
TS22 (HSO) 16.8 17.4 22.8
TS23 (HSC) 28.1 26.3 26.7
TS24 (BSC) 9.0 6.3 9.3
TS25 (BSC) 145 12.2 12.9
TS26 (BSC) 21.9 20.4 24.0
TS27 (HSC) 44.1 43.1 415
TS28 (EPF) 13.6 115 13.2
TS29 (EPF) 9.3 6.7 5.1
TS30 (EPF)) 18.8 16.7 17.7

aUnits in kcal mot?, activation energies were calculated from
forward reaction. Abbreviations: TS stands for transition state structure;
HSO stands for H-shift from oxygen; HSC stands for H-shift from
carbon; BSC stands fg#-scission reaction; HOCE stands for H@®
concerted elimination forming a $parbon structure. EPF stands for
epoxide formation? The activation energy was calculated based on
the energy difference between transition state and peroxy adduct.
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Figure 1. Internal rotation potentials on the GHC bond for

C,CeCOH, GC(OH)Gs, C,C(OH)COQG, and GC(OO»)COH radicals
calculated at B3LYP/6-31G(d,p) level.

values of 2.5-3.5 kcal mof? as is in the normal €C bond
environment, see Figure 1. The barrier of thes€i& rotor in
the GCeCOH has lower value near 1 kcal mé| which is a
result of reduced steric hindrance due to the methyl group being
adjacent to a tertiary radical site.

Figure 2 shows the internal rotor on the-C bonds in the
C,C(O0s)—COH and GC(OH)—COO» radicals, which have
relatively high barriers, 49 kcal mof!. These are 3-fold
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Figure 2. Internal rotation potentials on the-<€ bond for GC(OO»)-

COH and GC(OH)COGO radicals calculated at B3LYP/6-31G(d,p)
level.

and GC(OH)Gs. Our further inspection on the higher barrier
implies they are from the H atom on theéOH group interaction
(hydrogen bonding) with the peroxyoxygen radical. Figure S2
illustrates the rotation potentials on the-OOe bond in GC-
(OH)COOG and GC(OGs)COH radicals, where the barriers are
3—4 kcal mol?; these are similar in complexity to the rotations
of —OH groups. The rotation potentials on the-Ce bonds
for the GCsCOH and GC(OH)Gs radicals have 2-fold barriers
of 1.5—3.0 kcal mof! as shown in Figure S3. TheCHj rotor
has a barrier of 1.5 and is more symmetric than th€«c
COH rotor, which has a 2-fold barrier with an average maximum
of 2.6 kcal mot™,

The potential barriers were used to calculate the contributions
from internal rotors to entropy and heat capacities. Table 4
lists the contributions from vibration, translation, and external
rotation as well as the contribution from each hindered internal
rotor to S°»9g and Cy(T) for the GCsCOH, GC(OH)Gs, C,C-
(O0e)COH, and GC(OH)COO radicals. Table 5 lists the cal-
culated thermochemical properties of reactants, transition states,
intermediates, and products associated with the two reaction
systems.

3. Analysis of Chemical Activation Reactions3.1. GCeCOH
+ O, Reaction SysterA. Primary Reaction Paths of,CeCOH
+ O,. The potential energy diagram for the@COH + O,
reaction system calculated at the CBS-Q//B3LYP level is shown
in Figure 3a,b. (The combined PE diagram, all paths, in Figure
3a,b are provided in Supporting Information Figure S4). The
C,CeCOH radical AH¢°208 = —23.3 kcal mot?) reacts with
02(32§ ) to form a chemically activated peroxy adductGe
(O0»)COH* with a 38.9 kcal mot! well depth to the lowest
energy adduct intermediatAl;°,9s = —62.2 kcal mot?). This
intermediate has the hydroxyl hydrogen in a hydrogen bonding

potentials, but each system has at least one barrier and onaVith the peroxy radical. The energized peroxy adduct has

potential well that are unique.

The internal rotation potentials for the€© and C-Ce bonds
are provided in the Supporting Information Figures-&B. The
potential curves for internal rotors on the—OH bond in
C,CeC—0OH, GC(—OH)Gs, C,C(—OH)COG, and GC(OG»)C—

OH radicals are provided in Figure S1. The potentials in the
two peroxy radicals €&C(—OH)COG and GC(OGs)C—OH are
complex, highly nonsymmetric, and show the different interac-
tions of the —OH hydrogen through the rotation. These
potentials range to about& kcal moi~1, which are higher than
the 2.5-3 kcal moi! for the nonperoxy radicals LL«C—OH

sufficient energy to react over a number of isomerization and
elimination barriers including three H atom shifts (isomerization)
and two concerted HOmolecular elimination paths. In some
cases, the isomer formed has more than sufficient energy to
further dissociate to smaller and more stable products before
its stabilization.

There are three isomerization (H-transfer) reaction paths
for the GC(OG)COH adduct: (1) H atom transfer from
the hydroxyl group to the peroxy radical site via a six-member
ring TS14 E, = 21.9 kcal mof?) to form an alkoxy isomer
C,C(OOH)CO; (2) H atom transfer from a methyl group
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TABLE 4: Calculated Contributions to Ideal Gas-Phase Thermodynamic Propertied

species AHCo S  Cp300°0 C,400 C,500 C,600 C,800 C,1000 C,1500
C,CsCOH (9 TVRY 67.77 1867 2457 3022 3517  43.07  48.99 58.29
C—Ce(C)COH 5.48 1.42 1.26 1.18 1.13 1.07 1.04 1.02
C—Ce(C)COH 5.48 1.42 1.26 1.18 1.13 1.07 1.04 1.02
C,Ce—COH® 6.42 2.41 2.19 1.96 1.77 1.50 1.34 1.15
C.CeC—OHe 3.09 2.44 2.36 2.11 1.88 1.56 1.37 1.17
total -233 8824 2636 3164 3665 4108 4827  53.78 62.65
C.C(OH)G» (9Y TVR 67.85 20.78  26.83 3224  36.84 4409 4957 58.39
C,C(~OH)Cse 3.42 2.20 2.02 1.81 1.64 1.41 1.28 1.13
C—C(C)(G)COHe 4.26 2.07 2.14 2.08 1.97 1.73 1.54 1.28
C—C(C)(G)COHe 4.26 2.07 2.14 2.08 1.97 1.73 1.54 1.28
Co—C(C,)OHe 4.61 1.75 1.55 1.41 1.31 1.19 1.13 1.06
total —242 8440 2887 3468 3962 4373 50.15  55.06 63.14
C.C(OO)COH (9  TVR 7315 2348  30.62 37.13 4269 5134  57.67 67.50
C,C(O0»)C—OHe 0.92 2.41 3.57 3.99 3.85 3.09 2.44 1.63
C.C(OO»)—COHe 354 266 3.41 3.91 4.06 3.71 3.13 2.08
C—C(C)(00)COHe 4.72 2.10 1.97 1.80 1.64 1.42 1.29 1.14
C—C(C)(00)COHe 4.72 2.10 1.97 1.80 1.64 1.42 1.29 1.14
C.C(OH)C-00»® 5.92 3.34 2.77 2.32 2.00 1.62 1.41 1.18
total —62.2 9297 3609 4431 5095 5588 6260  67.23 74.67
C,C(OH)COG (9  TVR 7280 2336  30.65 3723 4281 5143  57.74 67.52
C,C(OH)C-00s¢ 554  4.04 3.33 2.68 2.23 1.72 1.46 1.19
C.C(OO»)C—OHe 1.60 2.48 2.95 3.10 3.02 2.62 2.22 1.62
C,C(OH)COG® 5.58 2.95 3.25 3.29 3.14 2.6 2.07 1.21
C—C(C)(OH)COG® 4.38 2.15 2.16 2.04 1.89 1.63 1.45 1.22
C—C(C)(OH)COG® 4.38 2.15 2.16 2.04 1.89 1.63 1.45 1.22
Total -61.8 9437 3713 4450 50.38 5498 61.63  66.39 73.98

aThermodynamic properties are referred to a standard state of an ideal gas af Uatta.in kcal mof . ¢ Units in cal mof! K=, ¢ The sum
of contributions from translations, vibrations, and external rotatib@antribution from internal rotation$ Symmetry number.

TABLE 5: Calculated Ideal Gas-Phase Thermodynamic Propertie%

species AH o oo C, 300° C,400  C,500  C,600  C,800  C,1000  C,1500
C,C+COH —23.3 88.24 26.36 31.64 36.65 41.08 48.27 53.78 62.65
C,C(O0»)COH —62.2 92.97 36.09 44.31 50.95 55.88 62.60 67.23 74.67
CxeC(OOH)COH —45.7 101.89 36.94 4534 51.98 56.80 63.15 67.42 74.20
C,C(OOH)GOH -48.8 101.48 35.19 4213 48.24 53.26 60.78 66.05 73.97
C.C(OOH)CO —43.5 98.39 34.53 42.22 48.83 54.11 61.71 66.95 74.82
C,C=COH ~49.5 80.02 25.98 31.14 35.75 39.73 46.12 51.01 58.89
C=C(C)COH -39.8 83.04 24.68 29.78 34.45 38.49 44.97 49.91 57.83
C.C(OH)G —24.2 84.40 28.87 34.68 39.62 4373 50.15 55.06 63.14
C.C(OH)COO —61.8 94.37 37.13 44.50 50.38 54.98 61.63 66.39 73.98
C,C(0»)COOH ~41.3 100.06 37.11 43.89 49.51 54.08 60.96 65.96 73.88
CxC(OH)COOH —43.7 102.52 39.35 46.35 51.85 56.06 62.08 66.39 73.40
CC(=0)COOH -68.2 90.28 29.07 33.78 37.73 40.96 45.83 49.32 54.78
C.C(OH)CHO —94.5 83.87 29.01 35.08 40.34 4475 51.61 56.71 64.78
Cy(CCO)COH ~76.6 79.73 28.02 36.48 43.29 48.26 54.80 59.15 65.92
C2y(COC)OH ~66.6 80.53 27.76 34.09 39.68 44.35 51.63 56.99 65.39
Cy(CCOC)OH ~71.3 76.99 24.06 31.02 37.18 42.30 50.08 55.69 64.30
TS14 —40.3 87.39 32.92 40.54 47.15 52.63 60.99 66.93 75.74
TS15 —26.7 86.50 33.45 43.06 50.63 56.14 63.35 68.09 75.34
TS16 -33.7 86.93 33.07 41.54 48.33 53.47 60.83 66.05 74.28
TS17 —33.4 94.83 34.31 40.64 46.34 51.23 59.02 64.87 74.12
TS18 -37.2 91.01 33.69 40.72 46.87 51.95 59.67 65.22 73.86
TS19 -30.2 90.56 34.09 41.98 48.48 53.50 60.80 66.04 74.30
TS20 -30.2 90.44 32.37 39.71 46.22 51.68 60.01 65.93 74.72
TS21 -30.8 91.76 33.73 40.86 46.97 52.02 59.82 65.58 74.75
TS22 ~39.0 85.19 31.16 39.18 45.96 51.51 59.87 65.85 74.94
TS23 ~35.0 85.38 31.78 40.02 46.94 52.54 60.86 66.76 75.74
TS24 -32.0 94.68 34.34 41.29 47.22 52.12 59.68 65.29 74.23
TS25 -28.4 97.46 38.14 44.72 50.05 54.36 60.87 65.70 73.53
TS26 ~19.7 97.60 35.60 4252 48.30 53.01 60.19 65.51 74.15
TS27 —20.6 91.86 33.60 40.98 47.20 52.29 59.96 65.50 74.10
TS28 -325 91.82 36.22 45.11 51.97 56.87 63.27 67.59 74.65
TS29 —43.7 92.71 35.29 41.98 47.66 52.36 59.67 65.13 73.98
TS30 ~26.0 91.07 34.18 41.70 47.95 52.99 60.59 66.14 75.01

aThermodynamic properties are referred to a standard state of an ideal gas at®lUatts.in kcal mot™. ¢ Units in cal mof* K—1, 4 Chen,
C.-J., Bozzelli, J. WJ. Phys. Chem. A999 103 9731.¢ Turecek, F.; Brabec, L.; Korvola, 1, Am. Chem. Sod988 110, 7984. Bozzelli,

Thermo Database.

via the five-member ring TS15E4 = 35.5 kcal mol?) to
form an alkyl hydroperoxide £C(OOH)COH radical AH:°29s
—45.7 kcal mot?); (38) H atom transfer from the alcohol

carbon via the five-member ring TS1E(= 28.4 kcal mof?)
to form the radical @(OOH)GOH (AH¢°293 = —48.8 kcal
mol™1).
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Figure 3. Potential energy diagram of,CeCOH + O, reaction system calculated at the CBS-Q//B3LYP level. Unit in kcal-fnol

Two reaction paths for Hoconcerted elimination from the
C,C(OG)COH adduct were found as follows: (1) the peroxy

elimination from the peroxy radical formed initially. The
hydroperoxide-alkyl radicals also form these two alcohols by

oxygen interacts with the H atom on the alcohol carbon via the $-scission (HQ elimination) via reaction through TS18 and

five-member ring TS19H, = 31.9 kcal mot?) to form C=
C(C)COH+ HOy; (2) the peroxy oxygen attacks the H atom
on the terminal methyl group, also via a five-member ring TS20
(Ea = 32.0 kcal mot?) to C,C=COH + HO; products.

B. Reaction of Radical Intermediates: Hydroperoxide Alkyl
and Alkoxy Radicals Formed via Isomerization(s) of theQ€
(O0.)COH] Peroxy Radical. (1-Scission-Elimination Reac-
tions. The alkoxy radical ££(OOH)CQO (AH;°93 = —43.5 kcall
mol~?, formed via TS14), further dissociates to aceten@eH,-
OOHY) via TS17 with a small (10 kcal mot) barrier; the GHx-
OOH radical immediately decomposes (exothermic) to form-
aldehyde+ OH radical. The highest barrier in this two step
reaction path is 10 kcal mot below the energy of the activated
peroxy adduct (reactants) formed initially. There is sufficient
energy in the chemically activated peroxy radical for direct
reaction via the Waddington mechan#&r?to the products of
acetone, formaldehyde, and OH radical.

(2) Unsaturated (Olefin) Alcohol Formation. An illustrated
above, one vinylic alcohol (2-methyl-1-propen-ol) and one non
vinylic olefin alcohol may be formed via HOmolecular

TS21 to form the @C=COH and G=C(C)COH alcohols plus
HO,, respectively.

(3) Epoxide Formation. The hydroperoxidalkyl radicals
also undergo intramolecular substitution via three-member ring
transition states TS2&{ = 13.2 kcal mot?) and TS29 E, =
5.1 kcal mot?), resulting in two three-member ring epoxides
+ OH: Cy(CCO)COH QAH¢°298 = —76.6 kcal mot?1) + OH,
Czy(CCO)OH (AHfozgg = —66.6 kcal moTl) + OH.

C. Kinetics of the GCeCOH + O, Reaction System. The
calculated rate constants for the chemical activation product
channels of this reaction:

C,CeCOH + O, — — C,C(OO)COH* — Products

versus temperature at one atmosphere are illustrated in Figure
4, with the elementary rate parameters (high-pressure limit rate
constants) listed in Table 6. The dominant product channel in
this alkyl radical+ O, reaction system at 1 atm is stabilization

to the GC(OOG)COH peroxy radical below 700 K, and
dissociation back to ££¢COH + O, (nonreaction) is fast above
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14 pressures of 0.001, 0.01, 0.1, 1, 10, 40, 100, and 200 atm. The
kinetic data illustrate that the two concerted eliminations (TS19-
vinylic, TS20-allylic), and one H-shiffi-scission (TS18) are
nearly identical in importance. If the rate constants of these three
e HO, formation channels are summed, they are competitive with
the Waddington reaction channel over the temperature/pressure
regimes.

The calculated pressure dependence of rate constants for the
chemically activated §CeCOH + O, system at 1000 K is
plotted in Figure 5. The stabilization of the chemically activated
adduct to GC(OG)COH and isomerization to the,C(OOH)-

L ]

& b dak

log k [em® mol™ 5™

2 C,C(00.)COH COs and GeC(OH)COOH radicals have strong pressure de-
i ad v C,C.COH+O, pendence at 1000 K. In contrast, the forward product channels
. & C=C(C)COH+HO, {TS20) iynifi
01 N o et do not show significant pressure dependence at pressures below
i e cﬁc[oomco.an ’ 200 atm. The isomerization reaction rates between the H-shift
29 A = ora CZC=O+CH20+OH isomers are high, but the steady-state H-shift isomer concentra-
’ —-—@—-- C,C(OOH)COH tions are lower than that of the peroxy radical because they are
=1 ——%——: SEUOEDRItO el higher in enthalpy. The enthalpy difference is due to the
all ¥ A feeen strengths of the REH and RCG-H bonds relative to the
ok C,Y(COC)-OH+OH ROO—H bond.
- : i ol Figure 6 illustrates the pressure-dependent rate constants for
0.5 1.0 15 20 25 30 a5 the unimolecular dissociation reactions of the stabilize@-C
1000 KIT (O0s)COH peroxy adduct at 800 K. At this intermediate
Figure 4. Calculated temperature dependence of rate constants for Emperature, the peroxy radical dissociation (back)-COH
chemically activated €C«COH + O, system af = 1 atm. + O, is the dominant channel at all pressures, and this is,

effectively, a nonreaction. The dissociation to acetén@H,O

700 K. The dominance of the reverse reactiosC@O»)COH* + OH, isomerization to @&(OOH)CG and GeC(OH)COOH
— C,CeCOH + O, from the activated gC(O0»)COH* adduct, intermediates, and HCelimination are the important product
is facilitated by the loose transition state structure of this path, channels. As noted above, this@GOOH)CG alkoxy radical
relative to the tight transition state structures in the competing will dissociate to CHO plus GC«OOH, where the @CeOOH
lower energy isomerization and elimination paths. The tight will dissociate with no barrier to lower energy products acetone
transition state structures of the lower energy isomerization, plus OH.
molecular elimination, angB-scission paths are a result of  The pressure-dependent rate constants for dissociation of the
significant loss of entropy, which occurs through loss of the stabilized adducts to £LtCOH + O, and to adjacent well
internal rotors in the cyclic transition state structures. adducts are also listed in Supporting Information Table S3 for

Isomerization of the activated peroxy adductQUOOs)- these pressures. Here we note that Chemkin modeling of the
COH*) to the alkoxy radical (6C(OOH)CO) via TS14 and  dissociation of stabilized adducts (isomers) should include one
subsequent reaction t0,C=0 + CHO + OH is the most  path between each adjacent adduct/product set, but reaction of
important product channel. The second important forward the peroxy radical to the alkyl radicat O, is automatically
channel is formation of the cyclic epoxide (oxirane}~C included as the reverse of the peroxy formation (stabilization).
y(COC)-OH plus OH via TS29, which is approximately a 3.2. GC(OH)G + O, Reaction Systend\. Primary reaction

factor of 10 slower (over the 362000 K range) than that of paths of GC(OH)G» + O,. The potential energy diagram for

CZC;=O J;] CH2(|) + OH abqve. -lihz sudm of fthese _twg ?H the GC(OH)G + O, reaction system calculated at the CBS-
product channels are approximately 2 orders of magnitude aSterQ//BSLYP level is shown in Figure 7a,b. (The combined PE

than the sum of the three channels (TS18, TS19, and Tszo)diagram of all path is included in Supporting Information Figure

generating HQ plus olefinic alcohols. The OH is determined Th ; fth H ical AH:®o0n = —24.2
to be an important, active radical product from this- C S5). The reaction of the L(OH)C» radical @20 '

COOCOH (tertiary peroxy radical) reaction. Acetone, form- o -

aldehyde, and a dimethyl hydroxyl oxiraneey/(COC)-OH) ~ 200uCt [GE(OHICOOT (Abiasn " =018 keay mot?), which

are the important hydrocarbon products. The second oxiranehas a well depth of 37.5 keal relatl.ve to t_he reactants._

C—y(COC)-COH -+ OH product is about 2 orders of magnitude There are three hydrogen transfer (isomerization) reaction

below the acetone path. paths for the of @C(OH)COG adduct: (i) H-shift from the
Taatjes et a3 have recently reported on the observation and nydroxyl group through TS225, = 22.8 kcal mot?) to form

importance of vinyl alcohols in the combustion of hydrocarbons. @n @lkoxy radical isomer ££(O)COOH (AH208 = —41.3 kcal

Here we illustrate two different pathways (TS18 and TS19) for Mol™); (ii) H-shift from either of the two equivalent methyl

the formation of vinylic alcohols (plus one path to a nonvinylic 9roups via TS23g, = 26.7 kcal mot*) to form a hydroperoxide

olefin alcohol, TS20). We also note the significant difference Methyl radical GC(OH)COOH (A\H;°205 = —43.7 kcal mot™);

in the enthalpy of formation of the two alcohols. Itis interesting (i) H atom transfer from the peroxy radical carbon atom (the

to note that the 2-methyl-1-propen-ol (vinylic alcohol) is 10 iPSO carbon) to the peroxy oxygen (TSEZ= 41.2 kcal mot?).

kcal mol! more stable than the 2-methyl-2-propen-ol. The H-shift isomerization reactions in TS22 and TS23 both
The pressure-dependent rate constants for this chemicalpass through low strain six-member ring transition states. TS23

activation reaction of the £L«COH + O,=C,C(OO»)COH* has a higher barrier and involves the shift of a methytHC

to important channels from the QRRK and master equation bond (101.1 kcal mot), which is 3 kcal mot! weaker than

analysis are provided in Supporting Information Table S3 for the alcohol ©-H bond (104 kcal motl). The barrier for TS22,

kcal molt) with O(°% ;) forms a chemically activated peroxy
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TABLE 6: Elementary Rate Constants of the GCeCOH + O, System

elementary reaction rate constants

reaction A(storcnPmolts™) n Ea(kal moi™?)

C,CeCOH + O,— C,C(O0G»)COH 3.60x 10t& 0.0 0.0

C,C(OG)COH— C,CeCOH + O 1.39x 10'® 0.0 37.49
C,C(O0»)COH— C,C(OOH)CO 2.91x 1012 —0.226 22.30
C,C(OG)COH— CC(OOH)COH 2,52« 10° 0.780 35.34
C,C(O0»)COH — C,C(OOH)GOH 3.97x 1012 -0.270 28.02
C,C(OG)COH— C=C(C)COH+ HO, 3.64 x 10 —-0.711 32.71
C,C(OG)COH— C,C=COH+ HO; 2.44 x 10 —0.253 32.59
C2C(OOH)CG — C,C(OO)COH 5.49x% 108 0.673 3.25
C,C(OOH)CO — C,C=0 + CH,O + OH 5.36x 1012 —0.080 10.79
C2C(OOH)COH— C,C(O0»)COH 2.85x 1C¢ 0.431 19.04
C2#C(OOH)COH— Cy(CCO)COH+ OH 1.58x 10° 1.613 12.60
C2C(OOH)COH— C=C(C)COH+ HO;, 6.12x 108 —0.988 15.93
C.C(OOH)GOH — C,C(OO»)COH 1.01x 107 1.014 13.93
C,C(OOH)GOH — C,C=COH + HO, 2.71x 1@ 0.499 11.79
C,C(OOH)GOH — C,y(CCO)OH+ OH 3.19x 10° 0.634 5.38

a Atkinson, R.; Baulch, D. L.; Cox, R. A.; Hampson, R. F., Jr.; Kerr, J. A.; Troé, Phys. ChenRef. Datal992 21, 1125.P From the principle
of microscopic reversibility, anf, = Hx® — RT. ¢ Reduced frequency sets:;@(OO)COH: 250.2 cm* (12.497), 1061.5 cnt (20.396), 3470.9
cm! (6.608). GC(OOH)CG: 339.1 cntt (14.259), 1213.8 crt (18.651), 3448.4 crit (6.590). GeC(OOH)COH: 250.0 cmt (12.572), 1052.5
cm?t (20.9A62), 3582.5 cnt (5.467). GC(OOH)GOH: 357.5 cm* (15.906), 1324.6 cnt (16.868), 3429.0 cnt (6.227). Lennard-Jones parameters:
o =5.86 A, e/lk = 632 K.

14 7
* v v v —v —_o-9 E
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@l — - —  CY(COC}-COH+OH Figure 6. Calculated pressure dependence of rate constants for the
© C,C{OOH)C.0H dissociation of @C(O0s)COH (stabilized) adduct at 800 K.
A C,Y(COC)-OH+0OH
8 4 . . - : |
0.001 0.01 0.1 1 10 100

dissociates (exothermic, no barrier) to product€(©H)CHO

Figure 5. Calculated pressure dependence of rate constants for plus OH. This reaction chanrjel s on!yimportant a}t tgmperatures

chemicall.y activated €sCOH + Oy system afl = 1000 K. above 1150 K due to the high barrier from strain in the four-
member ring TS structure.

There are no H@molecular elimination paths in this,C-
which involves the more endothermic<M bond transfer to (OH)COO system because there is no hydrogen atom on the
the peroxy, is 3.9 kcal mot lower that of TS23. This lower  carbon adjacent to the peroxgarbon atom from which HO
barrier is a result of added energy in the adduct resulting from concerted elimination can occur.

a prereaction complex with hydrogen-bonding between the B. Reaction of Products from Isomerization of the UOH)-
hydroxyl hydrogen and the peroxy oxygen. COO Peroxy Radical. (1-Scission of GC(Os)COOH Radi-

. . ) . cal. The alkoxy isomer §C(0s)COOH formed by isomerization
The H-shift from the peroxy radical carbon (ipso position, 5 1527 undergoeg-scission over low barriers {913 kcal

TS27) initially forms a substituted hydroperoxgnethyl radical, mol-1), decomposing to acetore CH,0 + OH via TS24 and
which rapidly dissociates vig-scission to form a strong {5 cH, + CC(=0)COOH via TS25, respectively. The energized
carbonyl bond (aldehyde) while cleaving the weak -ROH peroxy radical has sufficient energy to react directly to these
bond. The overall reaction is,C(OH)COG — C,C(OH)CHO product set channels (acetofeCH,O + OH) and CH + CC-

+ OH (AHi°208 = —94.5 kcal mot?). This reaction proceeds  (=0)COOH before stabilization. The acetone product set is
through a four-member cyclic transition state structure forming another reaction path, resulting in the Waddington mechanism
the unstable intermediate JC(OH)GOOH]*, which rapidly products.

p (atm)
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Figure 7. Potential energy diagram of,C(OH)G + O, reaction system calculated at the CBS-Q//B3LYP level. Unit in kcal"fol

(2) Reaction of (@C(OH)COOH) Radical. The hydroper-
oxide alkyl radical (GeC(OH)COOH) formed from TS23 can
undergo unimolecular dissociation to form 2-hydroxy
propene, (a vinylic alcohol) €C(C)OH, plus CHO and
OH by TS26, or 2-methylhydroperoxide propene<C(C)-
COOH) plus OH. The 2-methylhydroperoxide propene will
undergo homolytic cleavage of the weak—O bond in the
peroxide moiety to generate an alkoxy radicaHC(C)CO
plus OH with a 42 kcal moft barrier. This alkoxy radical rapidly
undergoes dissociation under combustion conditions to
form a carbonyl and H atom (EC(C)CO — C=C(C)CH=0
+ H).

The hydroperoxide alkyl radical ¢@C(OH)COOH) can
also eliminate a methyl radical, forming a methyjlydro-
peroxide-ethenol (EG=C(OH)CH,OOH). Similar to the methyl
radical elimination from the hydroperoxide neopentyl
radicall this reaction is 20.6 kcal mol endothermic with

a 27 kcal mot? barrier. This channel, as well as the product
channel to &C(C)COOH + OH, are unimportant product
channels because of the relatively high barriers and endother-
micity.

The hydroperoxide alkyl radical &C(OH)COOH) can also
undergo intramolecular substitution via TS3), & 17.7 kcal
mol~1) to form substituted oxitane products C(OH)y(CCOC)
(AHf°29¢ = —71.3 kcal mot?) + OH. In addition to the above
reaction channels, the hydroperoxide alkyl radicaeCOH)-
COOH) can further react with molecular oxygen for chain
branching reaction%'

C. Kinetics of the GC(OH)G + O, Reaction System.
The elementary unimolecular rate constants derived from
the ab initio and density functional calculations and
transition state theory for individual (elementary) reactions
in this GC(OH)G + O, reaction system are listed in
Table 7. They are in the form of a three-parameter



4984 J. Phys. Chem. A, Vol. 111, No. 23, 2007 Sun et al.

TABLE 7: Elementary Rate Constants of the GC(OH)Ce + O, System

elementary reaction rate constants

reactior A(storcnPmolts™?) n Ea(kal moi™?)

C,C(OH)G + O, — C,C(OH)COG 3.60x 102 0.0 0.0

C,C(OH)COG —C,C(OH)Gs + O, 2.66x 10 0.0 35.40
C,C(OH)COG — C,C(0)CQ 9.30x 10%° -0.036 22.89
C,C(OH)COG — C»C(OH)CQ 4.33x 10° 0.433 26.52
C,C(OH)COG — C,C(OH)CHO+ OH 1.49x% 10° 0.109 41.39
C,C(0s)CQ— C,C(OH)COG 6.81x 108 0.271 2.25
C,C(0s)CQ— C,C=0 + CH,0 + OH 7.04x 10 0.363 9.46
C,C(0s)CQ— CH; + C(C=0)CQ 4.90x 10° 1.015 12.91
C»C(OH)CQ— C,C(OH)COG 3.25x 108 0.159 8.45
C2¢C(OH)CQ— C=C(C)OH+ CH,O + OH 5.38x 101 0.070 24.80
C»C(OH)CQ— Cy(CCOC)-OH + OH 7.06% 10° 0.184 17.21
C2#C(OH)CQ— C=C(C)COOH 5.20x 10'3 -0.717 31.92

a Atkinson, R.; Baulch, D. L.; Cox, R. A.; Hampson, R. F., Jr.; Kerr, J. A.; Trod, Phys. ChenRef. Datal992 21, 1125.° From the principle
of microscopic reversibility, anef, = Hx° — RT. ¢ Reduced frequency sets;,@Q(OH)COG: 398.6 cnt (18.221), 1277.8 cmi (13.882), 3602.6

cmt (7.397). GC(0»)CQ: 390.3 cm* (18.415), 1381.0 cmt (13.909), 3559.6 cmt (7.176). GeC(OH)CQ: 362.0 cm! (18.577), 1228.3 crt
(13.149), 3672.4 crt (7.274). Lennard-Jones parameters= 5.86 A, e/k = 632 K.
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Figure 8. Calculated temperature-dependent rate constants for chemi- Figure 9. Calculated pressure dependence of rate constants for

cally activated @C(OH)G + O, system at latm.

Arrhenius fit, A., n, andE,, over the temperature range from
298 to 2000 K.

C,C(OH)G + O, — — [C,C(OH)COG]* — Products

chemically activated €&C(OH)Gs + O, system at 1000 K.

The pressure-dependent rate constants of the important
channels in this chemically activated@OH)G + O, reaction,
as determined from the QRRK and master equation analysis,
are provided in Supporting Information Table S3 for pressures

The calculated pressure-dependent rate constants for thePf 0.001, 0.01, 0.1, 1, 10, 40, 100, and 200 atm. The pressure-

chemical-activation reaction to products versus temperature atdependent rate constants for_the dissoci_ation of the stabil_ized
1 atm are shown in Figure 8. The dominant product is adducts to products and to adjacent well isomers are also listed

stabilization to G(COH)COQG below 700 K. Dissociation of
the chemically activated [fC(OH)COGJ* adduct (reaction
back to GC(OH)G + Oy) is also fast due to its loose transition

in Supporting Information Table S3.

The calculated pressure-dependent rate constants for the
chemically activated &(OH)G + O, system at 1000 K are

state structure. This is a nonreaction and the reformed reactantglotted in Figure 9. Stabilization of the chemically activated
can re-react. The most important product channels are theadduct GC(OH)COG has a strong pressure dependence at 1000

[-scissions of one isomerization adduct, aC@0)COOH
radical, to acetone+ CH,O + OH via TS24 and to CK+

K. The product channel to G-H CC(=O)COOH from the
C,C(0s)COOH adduct also shows pressure dependence, but it

CC(=0)COOH via TS25. The stabilization of another isomer- is about 4 orders of magnitude below than that of the peroxy

ization adduct, @C(OH)COOH, is important below 700 K but

radical stabilization. All other product channels exhibit falloff

falls off rapidly above this temperature. The product sets of above 10 atm.

C,C(OH)CHO+ OH and methyl vinylic alcohol (EC(C)OH)

Figure 10 illustrates the pressure-dependent rate constants for

plus CHO and OH start to become competitive with the ketone the unimolecular dissociation of the stabilizegdGQOH)COG

from the alkoxy isomer above 900 K.

peroxy adduct at 800 K. The important forward channels involve
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6 of the adducts with @in a separate manuscript that describes
the thermochemistry and kinetics of the 2-methyl-2-butyl radical
formation and its reactions with &nd improved modeling of
HO, formation. Our extended reaction mechanism including the
calculated isobutereOH—O, and isobuteneCH;—O; sub-
mechanisms shows significant improvement for the modeling
of HO, formation in the neopentane oxidation.

* Summary
2 The stationary points on the potential energy surfaces of
24, — e CCIOHIC.+0, 2-hydroxy-1,1-dimethylethyl and 2-hydroxy-2-methylpropyl
v C,C0.CO0H radicals with Q(32;) and the thermochemical properties of
5 v o C,C=03CH0=0H the species involved in these reaction systems were characterized
b gl o il based on ab initio and density functional theories. Internal
——h— G CIDHICO0H . . . ; :
rotation potential barriers for the reactants and intermediate
0 , ; 2 : : peroxy adducts were also determined to accurately predict
0.001 0.01 01 1 10 100 thermochemical properties for these oxy-generated species. The
P (atm) kinetic parameters for intermediate and product formation

Figure 10. Calculated pressure dependence of rate constants for theChannels of the above SyStems were Calcu,lat,ed as functlon§ of
dissociation of GC(OH)COG adduct at 800 K. temperature and pressure. High-pressure limit rate expressions
for reaction channels on the potential energy surfaces are

the low barrier isomerization path to the@Os)COOH adduct provided, and chemical activation and dissociation rate constants
at higher pressures. The@0O»)COOH adduct will dissociate ~ Versus pressure and temperature are presented. These kinetic
to CH,O plus GCsOOH, where the @C+OOH wiill dissociate parameters can serve as models for branched alcohol oxidation
with no barrier to the lower energy products acetone plus OH. mechanisms, where the radical site is adjacent to the alcohol
At lower pressures, the major products from dissociation of this ¢arbon such as that in primary radical of ethanol and for other

C,C(Os)COOH adduct are acetone plus &M+ OH. OH + olefin addition adducts. _ o _
Our analyses on the chemical activation of these two The major products from the chemical activation reactions

isobutene-OH adducts with G3%;) and the unimolecular ~ &ré those resulting from the Waddington mechanism, where an

dissociation of isobutereOH—0, adducts indicate that: (1) ~ @lkoxy radical is formed and subsequghscission reactions

the most important forward channel for the reaction system is result in the formation of the strong bonds of carbonyl
the formation of acetone, formaldehyde, and OH, which is Products such as aldehydes and ketones. In addition, the reaction
consistent with the Waddington mechani&h#? (2) HO, forma- paths and kinetics of the hydroxyisobutene adducts with
tion paths exist and contribute to the bi@rmation in the  O2(*%;) can also serve as models for simifahydroxy-ethyl
thermal oxidative reactions of neopentane. Furthermore, the OHradical reactions in ethanol combustion.

radical, as shown by Taatjes et @f.yeacts with the neopen-

tylperoxy radical (GH1;00s) to form HO; plus the neopentoxy Acknowledgment. Partial Support by the Army Research
radical GH110e, which rapidly dissociates tert-butyl radical Office, the Air Force Office of Scientific Research, and a Wright
and formaldehyde. Patterson STTR Contract are gratefully acknowledged.
Isobutene and hydroxyl radical are important primary products . . . . )
from the Q reaction with neopenty! radica® and the OH is Supporting Information Available: Optimized geometries

further formed by other reactions in the oxidative combustion and structural parameters of 43 species including tr{insition state
of hydrocarbons. A further concemn is that, at temperatures aboveStructures are listed in Table S1. The corresponding unscaled
800 K, the unimolecular dissociation of neopentyl radical creates ViPrational frequencies and moments of inertia are listed in Table
additional isobutene (plus methy! radical) and this process is in S2- Internal rotation potentials on the-© and C-Cs bonds
competition with that of neopentyl with Ofor loss of the ~ &ré provided in Figures SiS3. Combined potential energy
neopentyl radical. The addition of OH to isobutene forms two diagrams for the €2.COH + O, and GC(OH)G + O, reaction
important new radicals: 2-hydroxy-1,1-dimethylethyl and 2-hy- systems are provided in Figures-S&85. Pressure-dependent rate
droxy-2-methylpropyl radicals. The OH and Hroduct levels ~ Constants on the reaction systems o€ OH + O, and GC-

from the reaction of these hydroxyisobutane radicals with ~ (OH)Cs + Oz are provided in Tables S354.

O, may have strong effects on the respective concentration
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