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Kinetics and mechanisms for thetds + CH3;C(O)CH; and CR3C(O)CD; reactions have been investigated

by cavity ring-down spectrometry (CRDS) and hybrid density functional theory (DFT) calculations. The rate
constants measured for the two reactions at the constant pressure of 45 Torr using Ar as a carrier gas can be
represented by the following Arrhenius expressions in units of wml™* s % ky = (4.2 £ 0.4) x 101!
exp[-(955+ 30)/T] andkp = (5.1 =+ 0.6) x 10" exp[-(1114+ 43)/T] in the temperature ranges of 29951

and 328-455 K, respectively. The significant kinetic isotope effect observed suggests that H-abstraction is
the major path, according to their activation energies, with tkldsG- CDsC(O)CD; reaction being higher

by 0.3 kcal/mol. DFT calculations at the B3LYP/aug-cc-PVTZ//B3LYP/cc-PVDZ level of theory indicate
the reaction can in principle take place by three reaction paths, one H-abstraction and two addition reactions
to the C=0 double bond at both C and O atom sites, with the latter two processes having significantly higher
reaction barriers. The rate constants predicted by canonical variational transition state theory (CVT) with
small curvature tunneling (SCT) corrections for the direct H- and D-abstraction reactions are in reasonable
agreement with the experimental data after slightly decreasing the calculated barriers from 3.9 kcal/mol to
3.3 kcal/mol and from 4.7 kcal/mol to 4.1 kcal/mol, respectively. The predicted rate constantgHor-C
CH;COCH; in the temperature range of 298200 K can be represented reasonably by the expredsion,

(1.7 £ 0.6) x 1071 T 4201 exp[-(4664 26)/T] cn? mol~ s,

I. Introduction To determine the reactivity of ¢€ls toward the CH-group,
we have investigated in this work the kinetics of the reaction
with acetone using the same CRDS technique. Similar to the
s abovementioned aldehyde mechanism, the acetone reaction may
occur by a direct H-abstraction and two addition paths

Phenyl radical (gHs) plays a crucial role in the formation
of polycyclic aromatic hydrocarbons (PAHs) and sbdt.
Kinetics of GHs reactions with a number of combustion specie
=20 have been measured in this laboratory by the direct detection

of the radical with the cavity ringdown spectroscopic (CRDS) ¢ 1+ cH C(O)CH,— C¢H, + CH.C(O)CH, (@)
method! based on the transition first observed by Porter and e 3 e e 3
WarcP? in 1965. To elucidate the spectroscopic properties of — CeHSC(O)(Ci'%)zT—’

CeHs, numerous experimental and theoretical studies have been

reported®10.22-31 Experimentally, a series of detailed studies by CeHC(O)CH; + CH; (b)

Radziszewski, Ellison, and co-workét® reported IR absorp- . T
tion and Raman scattering data. Theoretically, Kim and co- CeHsOC(CH;),” — products  (c)
workers? assigned the absorption bands gHgin ~212, 230- where 1 stands for internal excitation. To examine which

265, and 406-530 nm regions using multireference configuration reaction path is dominant, we have also investigated the kinetic
interaction (MRCI) and complete active space self-consistent jsotope effect using the fully deuterated acetone;CD)CDs.

field (CASSCF) calculations. Tonokura et®alverified experi- For prediction of rate constants at high temperatures for
Ward? and Yu and Li§*?in the 490-535 nm region. kinetics data with statistical theory calculations based on

For the kinetics of GHs reactions, we have recently extended computed transition state parameters. These results are reported
our studies to include small carbonyl compounds;C¥#32and herein.

CH3;CHO/!5 both are important combustion intermediates that

can be formed by the oxidation of alkyl radicals and unsaturated ||. Experimental Measurements
hydrocarbons. The results of our complementary quantum
calculations revealed that the measured low activation energies Me_asurer_nents of the overall rate constants for taklsC

for these two reactionsEf < 1 kcal/mol) were dominated by reactions with gcetonegmnd ds Were.performed by CRDS
the aldehydic H-abstraction process. Addition reactions to the Under pseudo-first-order conditions with large excess amounts

C=0 double bond at both C and O atom sites were found to of _the molecular reagents at the total pressure G2 Torr
occur with much higher barriet4.1532Similarly, for the GHs using Ar as a carrier gas. The experimental system and

+ CHsCHO reaction, H-abstraction from the Gigroup was procedure employed in this study have been described else-

10,18
concluded to be slow and noncompetitive below 1008 K. where: . . . . .
The cavity length formed by a pair of highly reflective mirrors
* Corresponding author. E-mail: chemmcl@emory.edu. (R = 0.995 at 500 nm, radius curvature 6 m) was ap-
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proximately 500 mm. The phenyl radicals were generated from
the photodissociation of ¢ElsNO using the excimer laser
(Lambda Physik, LPX 105) operating at 248 nm (KrF); the
conversion of @HsNO at this wavelength with an unfocused
photolysis laser beam was typically in the range ef12%.
The probing laser (Lambda Physik, FL 3002) pumped by the
pulsed excimer laser (Lambda Physik, EMG201 MSC) generat-
ing 308 nm (XeCl) was used for the detection of the phenyl
radical at 504.8 nm1%:31The two lasers controlled by a pulse/
delay generator (SRS, DG 535) interfaced with a personal
computer by means of the LabVIEW progr&were operated
typically at a repetition rate of 2 Hz to allow for replenishment
of the reactants. Decay signals of the probing photon were
detected by a photomultiplier tube (Hamamatsu, R955) through

a focusing lens and a diffuse glass. The decay signals from the

detector were sent to a digitizing oscilloscope (LeCroy, LS140)
and then transferred to the computer for further processing. A
calibrated K-type thermocouple (AlumeChromel) located
below the center of the probe region was utilized to measure
temperature maintained withift 0.4 K.

All experiments were carried out under slow-flow conditions.
Mixing of reactants and the argon carrier gas was achieved in
a stainless bellows tube prior to the introduction into the reactor.
Nitrosobenzene was placed on a sealed, fritted glass disk an
carried into the reactor via a mixing tube with Ar carrier gas.
The initial concentration of gHsNO was determined by standard
calibration mixtures to be in the range of-8 x 107! mol
cm~3 using a UV/VIS spectrometer (SHIMADZU, UV-2401
PC). The concentration of each individual species was obtained
by the following formula: R] = (%) PFs/ Fr Torr, where %
is the percentage of the species in its gas mixtris,the total
reaction pressure in Torfr is the flow rate of each gas mixture,
and F is the total flow rate of all gases. The flow rates were
measured by using a mass flowmeter (MKS, 0258C) and the
gas pressure was measured with an MKS Baratron manometer

CH3C(O)CH; (Fisher Chemicals, 99.6%) and @C(O)CDs
(Aldrich, 99.5 atom % D) were purified by means of the freeze
pump-thaw degassing procedure with liquid nitrogen (77K)
before mixing with argon (Specialty Gases, 99.995% UHP
grade) in a concentration of approximately 10% and stored in
glass bulbs for kinetic measurementgHgNO (Aldrich, 97%)
was obtained from Aldrich and purified by recrystallization
using ethanol as solvehtvith subsequent vacuum distillation
to remove the solvent.

The measured values of photon decay tirheand ty with
and without absorbing species are much smaller than the
chemical decay time of the radical? The following kinetic
relationship holds

1/t,=1/ty+ (cl € / nL)[CgHe, 1)

or

In(1 /tc_ 1 /to) =B~ I<ﬁrstt 2
wherec is the velocity of light| is the length of the absorbing
medium,e is the extinction coefficienty is the refractive index

of the medium,L is the length of the cavity, [§Hs]: is the
concentration of the phenyl radical at timeandB = In{(cle/

nL)[ CeHs)o}. The photon decay times without absorbing species
are typically in the range of 2540 us, whereas the chemical
decay times of the phenyl radical usually varied from 500 to
3000us, which depends on the concentration of the reactants.
As depicted in Figure 1, the slope of an In(t. ~ 1/o) versus

t plot gives the pseudo-first-order rate coefficidnts:, for the
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Figure 1. Typical pseudo-first-order plots for thesis + CHsC(O)-

CHs reaction against different G&(O)CH; concentrations: @),
[CHsC(O)CH;] = 0; (&), [CHsC(O)CH] = 4.5 x 10°% and (),
[CH3C(O)CHy] = 1.3 x 108 mol cnr® at T = 428 K andP = 45

Torr. Solid lines are obtained from linear least-squares analyses; the
slopes of these plots give the first-order decay constépts,Dashed
lines represent modeledids decay plots at the concentration of €3+
(O)CH; using the CHEMKIN programThe initial concentration of
CeHsNO is 8.1 x 10711 mol cm 2 with its initial conversion to @Hs

stimated to be 14% based on the modeling ats@)CH;] = 0
see Appendix for explanation on the modeling).
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Figure 2. Variation ofkss: versus acetone concentration for thgHg

+ CDsC(O)CD; (®) and CHC(O)CH; (O) reactions at 355 and 428

K, respectively. The initial concentrations oflsNO are 6.5x 10~

and 8.1x 10 mol cnT3, with their initial conversions at 10% and
14%, respectively, based on the modeling. Solid and dashed lines are
obtained from linear least-squares analyses and modeling, respectively.
The linear least-squares fits yield the second-order rate constants.

decay of the @Hs radical, in the presence of a specified
molecular reactant concentration, [acetogexh-ds]. Figure 2
presents typicaksst versus [acetone] plots which provide the
second-order rate constakiecong @ccording to the relationship
based orkirst = Ko + Kseconax [acetone], wherd is the first-
order decay coefficient of the phenyl radical in the absence of
the molecular reactant, due primarily to the bimoleculgH£

+ CsHsNO reaction at lower gHsNO conversions and, to some
extents, to the radical recombination reactionsH§&+ CgHs
and GHs + NO) at higher conversions, as discussed in the
Appendix.

[ll. Computational Methods

All electronic structure calculations were performed with the
Gaussian 98 program packatjeAll geometries were fully
optimized by using the hybrid density B3LYP functional
theony?>—37 with the cc-PVDZ basis set of Dunning and co-
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TABLE 1: Measured Rate Constants in 16° cm® mol~1 s72 25.0
for the C¢Hs + CH3C(O)CH3; and CD3;C(O)CD3; Reactions at "
Different Temperatures Studied T
CeHs + CH3C(O)CH CeHs + CD3C(O)CDs 26r
[CH3C(O)CHy] [CDsC(O)CDy] ) HAr
K) (Torr) Ksecond T(K) (Torr) ksecond — 242}t
299 0-0.19  1.68£0.05 328 6-0.37  1.68:0.18 g
304 0-0.24  2.02£0.25 355 6-0.28  2.21+£0.19 rg 40F
312 0-0.29 2.08+0.10 388 6-0.38 2.98+ 0.40 2 a3gl
324 0-0.21 2.07+0.25 405 6-0.34 3.26+ 0.24 z
324 0-0.28 2.31+0.10 455 0-0.31 4.20+ 0.64 236
344 0-0.11 2.49+0.19
344 0-0.23  2.7140.20 234
344  0-0.38  2.78+0.13 232 e
357 0-0.31 2.85+ 0.39 20 22 24 26 28 30 32 34 36
392 0-0.23 4.03+0.48 1000 /T (K™
383 &gig i:?gi 8:%8 Figure 3. Arrhenius plots of overall rate constant for theHz +
428 0-0.35 456+ 0.28 CH3C(O)CH; reaction () and the GHs + CD3;C(O)CD;s reaction @).
451 0-0.30 5.08+ 0.19 Solid lines represent the results of least-squares analyses with convolu-

tion of errors inksrst. (O0) and @) correspond to the experimental results

aThe experimental uncertainties represent'sl evaluated by at 20 and 75 Torr, respectively.

convoluting errors in th&;s determinations using the weighting factor
wi = (kloi)? (ref 44).° P =20 Torr.cP = 75 Torr; otherwise, P= 45 A
Torr.

workers®3 according to the Berny algorithA.For transition
state searches, we applied the Synchronous Transit-Guide
Quasi-Newton (STQN) methd8:#!Intrinsic reaction coordinate S ! VLT 38an 2%

(IRC)*?43 calculations were then carried out to confirm the CH,CO)CH, / ebtiat ;

connection between each transition state and designated reactant$ o —"" A y T >
and products. Harmonic vibrational frequencies calculated at = 0T e0s -
the B3LYP/cc-PVDZ level of theory were used for zero-point | CHCOXCHY,
energy (ZPE) corrections and rate constant calculations. Energie \ -5.3 \
for the construction of potential energy surface (PES) and the \ \ \

prediction of reaction rate constants were further calculated at C,H,0C(CH,), \\ CoH; C(O)CH,+ CH,
the B3LYP/aug-cc-PVTZ level based on the optimized geom- -13.6 \ w121
etries at the B3LYP/cc-PVDZ level of theory. Calls *C:;x‘;((olf'o‘)z
IV. Results and Discussion Figure 4. Schematic energy diagram for theHs + CHs;C(O)CH;
reaction calculated at the B3LYP/aug-cc-PVTZ//B3LYP/cc-PVDZ level
A. Kinetic Data Analysis. Table 1 gives all of the rate  of theory. The relative energies of the direct abstraction reaction through
constants obtained by CRDS at the total pressure of780Torr TS1in parentheses are for thel; + CD;C(O)CD; reaction.

and the repetition rate of 2 Hz. As represented in Figure 2, the

pseudo-first-order rate coefficierifs;) varied with molecular the data (see Figure 3). Similarly, an increase in the photolysis
concentrations and the second-order rate con¥tap,qwas laser energy from 20 to 48 mJ gave rise to no systematic
obtained from the slope. Least-squares analyses of the absolut&ariation in the measured and kinetically modeled bimolecular
rate constants for theglls + CH3C(O)CH; and D;C(O)CDs rate constant as illustrated in the Appendix. Kinetic modeling

y (kcal/m%l)

T
\
\
\
\
\ \
\
\
1
\

RLlative

reactions in the temperature ranges of 2891 K and 328 was carried out with the CHEMKI®N program using the
455 K, respectively, can be represented by the Arrhenius mechanism presented in Table Al. Such modeling allows us to
equations in units of cfmol~1 s1 simulate the observedsBs radical decay rates by CRDS with

and without the molecular reactant and the dependence of
k (CgHs + CH;COCH;) = photolysis laser power, or lack of it, as illustrated in the
4.2+ 0.4) x 1011exp[— (955+ 30) / T] Appepdix. In Figures 1 and 2, the qlashed lines rep.resgnt
kinetically modeled values; the pseudo-first-order decay kinetics
k (CHs + CD,COCD,) = and the linear dependence kst on the molecular reactant
1 concentration can be quantitatively simulated.

(5.1£0.6) x 10 exp[~ (1114 43) /T] B. Reaction Mechanism.As described in the Introduction,
where the error limits represent’s, evaluated by convoluting  the reaction of gHs with CH3C(O)ChHs can occur via three
errors in thekss; andkseconddeterminations using the weighting ~ reaction paths, a H-abstraction reaction and two addition
factorw; = (ki/oi)2.44 Although the reactions can take place by reactions. Figure 4 depicts the schematic energy diagram of the
many paths as alluded to in the Introduction, the significant reaction calculated at the B3LYP/aug-cc-PVTZ//B3LYP/cc-
kinetic isotope effect (see Figure 3) suggests that the H- PVDZ level of theory.
abstraction is the major path according to their activation  For the direct H-abstraction reaction a, it takes place &ysC
energies, with the gHs + CD3C(O)CD; reaction being higher  approaching one of the six hydrogen atoms of the two methyl
by 0.3 kcal/mol. groups through a weakly bonded complex found by IRC

We have examined the possible effects of pressure andanalysis. After overcomingS1 with a barrier of 3.9 kcal/mol,
photolysis laser energy. The variation of total pressure betweenreaction a directly gives the productsHg and acetonyl radical
20 and 75 Torr led to no noticeable effect within the scatter of (CH3;COCH,), with a predicted exothermicity of 17.2 kcal/mol.
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TABLE 2: Unscaled Vibrational Frequencies and Moments of Inertia for the Species Involved in the Direct Abstraction
Pathways for the GHs + CH3C(O)CH3; and CD3;C(O)CD3 Reactions Computed at the B3LYP/cc-PVDZ Level of Theory

species Ia Ig 1c (10740 g cn) vi (cm™1)

CeHs 134.3,150.5,284.8 402,425,597,614,673,721,815,893,967,981,998,1022,1047,1070,1164,1165,1292,
1340,1457,1465,1584,1639,3163, 3170,3182,3185,3196

CH;C(O)CH; 83.2,99.2,171.9 43,147,377,489,531,789,869,880,1071,1104,1229,1361, 1370,1427,1435,1438,1458,
1812,3026,3033,3090,3097, 3152,3152

CD;C(0)CDs 99.9,131.9,210.8 31,109,316,404,477,661,694,708,889,974,1001,1027,1031,1037,1050,1089,1251,
1805,2175,2180,2285,2291,2335, 2338

TS1-hg 300.7,1416.9,1561.3 10{@B26,35,46,91,132,136,365,394,404,426,505,540, 576,608,670,720,735,

807,840,902,917,932,979,1007,1008,1034,1065,1077,1080,
1083,1167,1173,1239,1301,1308, 1341,1364,1378,1425,1436,1448,1466,
1487,1601,1636,1762,3028,3083,3093,3152,3164,3171,3175,3181,3187, 3196
TS1-ds 333.6,1509.8,1645.4 8(i%,24,33,44,87,97,130,302,352,395,404,446,468,493, 607,682,691,696,715,
731,741,840,885,912,936,949,979, 987,1004,1007,1013,1029,1033,
1043,1066,1080,1096,1167,1173,1263,1309,1343,1460,1483,1598,
1635,1754, 2176,2237,2287,2336,2360,3163,3171,3180,3187,3196

CeHs 148.1,148.1,296.2 414,414,618,618,692,723,866,866,987,987,1014,1019, 1022,1059,1059,1162,1187,
1187,1357,1365,1507,1507, 1646,1646,3163,3174,3174,3190,3190,3201

CsHsD 148.1,158.4,306.5 392,414,611,614,621,718,796,864,866,944,987,1000,1013,1017,1056,1100,1172,
1187,1334,1358,1479,1501,1640, 1641,2352,3166,3174,3182,3190,3198

CH:C(O)CH; 77.1,93.1,164.9 71,370,383,507,523,745,823,919,1013,1056,1263,1370, 1430,1448,1449,1602,
3032,3097,3139,3152,3264

CD:C(0O)CD; 90.8,120.1,200.3 51,266,319,424,468,597,705,757,874,890,1014,1033,1043,1102,1299,1593,2179,

2275,2291,2336,2434

The D-abstraction reaction has a slightly higher barrier with
4.7 kcal/mol (see Figure 3). For the addition reaction b, the
first step is the formation of &1sC(O)(CH), with an exother-
micity of 5.3 kcal mot! after overcomingr' S2 with a reaction
barrier of 9.4 kcal/mol. The adduct can then undergo decom-
position by eliminating one of the two methyl groups via a 2.8
kcal/mol barrier affS3 with an overall exothermicity of 12.1
kcal/mol.

For reaction c, the C atom of the phenyl radical can add to
the O atom of the &0 group viaTS4 with a reaction barrier
of 12.4 kcal/mol. It forms the radical adduct, phenoxy-iso-
propyl, with a 13.6 kcal/mol exothermicity. For this pathway,
we did not search further for additional reaction products on
account of the high barrier; it is kinetically unfavorable.

C. Rate Constant Calculations.The rate constant for the
dominant H-abstraction reaction was computed with the Polyrate
program?® The rate constants for the addition reactions are
estimated to be several orders of magnitude smaller than that
of the H-abstraction reaction based on the reaction barriers
shown in Figure 4. The optimized geometries of the reactants,
products, and transition state for the hydrogen abstraction
reaction are presented in Figure 5. Table 2 gives harmonic
vibrational frequencies and moments of inertia for the species
involved in the direct abstraction reactions.

Treatment of Torsional Motions in AcetoniEhe simplest
moleculé’ that has two methyl groups witBs, rotor is ethane
(CHsCHg) with the torsional frequency of 289 crh*® whose
approximated value at the B3LYP/cc-PVDZ level of theory is . »

318 cn. The potential curve of the hindered rotation in ethane F19ure 5. Optimized structures of the reactants, transition state, and
. . . products for the direct H-abstraction reaction for th¢1€+ CHsC-

can be obtgln_ed _by rotating one of the methyl groups with a (O)CH; reaction at the B3LYP/cc-PVDZ level of theory. Bond lengths

relaxed 0pt|m|zat|0n method On the Othel’ handBC(ﬂ))CHg are in A and bond ang|es are in degreesl

with C,, symmetry has two torsional vibrations owing to the

presence of the carbonyl group. Thus, to treat the torsional treated by the hindered-internal-rotor approximafidriro

motions of acetone, we carried out one-dimensional hindered approximate the reduced moment of inertia for the torsional

rotation at the B3LYP/cc-PVDZ level of theory: the dihedral motions, scheme@* based on a curvilinear model was chosen.

angle,JOCCH (see Figure 5), of one of the methyl groups was In the scheme @, the following relationship hold¥’

varied with the fully relaxed optimization method to produce a

torsional barrier of 266 crt. It should be noted that the two W= 21; (w / M)? €))

parameters for the Polyrate progrd®, the number of distinct

minima, ando1, Ssymmetry number of a minimum, are 1 and 3, whereW is the torsional barrier aniglis the moment of inertia

respectively. Two vibrational frequencies of and v, were for the jth internal rotationw is the harmonic frequency, and
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30 25 20 -15 -0 -05 00 05 10 constants of the H-abstraction reaction igHe+ CH3;C(O)CHs. Open
s (amu'” bohr) circle (©), experimental data; solid line, standard TST prediction; dotted

) ) ) o ) ~line, CVT prediction; and dashdotted, CVT/SCT prediction witlto
Figure 6. (a) Classical potential energy and vibrationally adiabatic = 3.3 kcal/mol. (b) Arrhenius plots for the D-abstraction reaction of
groun_d-state potential energy curves versus m_ass-welg_hted reactionhe GHs + CDs;C(O)CD; reaction. Open circle®), experimental data;
coordinate (s; ami? bohr) for the direct abstraction reactions of the  solid line, standard TST prediction; dotted line, CVT prediction; and
CeHs + CH3C(O)CH; and CRXC(O)CD; reactions. Solid line corre-  dash-dotted, CVT/SCT prediction wittE, = 4.1 kcal/mol.
sponds to the classical potential energy fgHg+ CH3;C(O)CH; and

dotted line to that for ¢Hs + CDsC(O)CDs. Dashed-dotted line = —0.4 amd? bohr. Then, it elongates linearly and proceeds
corresponds to the vibrationally adiabatic ground-state potential energy to separate the bond up to 1.606 A forming the acetonyl radical.

for CgHs + CH3;C(O)CH; and dasheddotted-dotted line to that for - P : -
CeHs + CDsC(O)CDs. (b) Variations of main geometrical parameters As aforementioned, two harmonic vibrational frequencies of

along the MEP. Solid line represents the distance o§@B)CH:+H vy and v, for acetone were treated as hindered rotors With
approximately as free rotors contributing by thgHgand CH;

M is the total number of minima along the coordinate from 0 fotations, respectively. To treat those vibational frequencise as
to 360 with j = 1, 2,...,P. free rotors, torsional barriers for the motions were made to be

~ 52

CVT Predictions.For the GHs + CH;O and CHCHO  Very small Wy ~ 0). . . .
reactions, both occurring with small barriers]( kcal/mol), we F|gure. 7 shows the comparisons of the experimental datg with
reported*32 that canonical variational transition state theory the pred.lcted ones by TST, CVT, and CVT./ SCT, for the direct
(CVT)* reproduced more accurately experimental data than did abstractmr_\ reactions. For th? gcetoreedachon, itis apparent
the conventional transition state theory with Eckart tunneling }:‘at there is a ver%/ smgllt_v an?tu?fnaltgffecttagIqwt:]emperatures.
corrections. In this work, for the CVT calculation using the Owever, no such variational efiect Is noted in the acettye-
Polyrate progranfé the direct H-abstraction pathway forming reaction. Figure 7a presents the rate constants from CVT/SCT

. for the acetone-reaction after decreasing the barrier height
CsHg and CHC(O)CH, has been mapped out following the .
minimum energy path (MEP) with the tight convergence obtained from B3LYP/aug-cc-PVTZ//B3LYP/cc-PVDZ, 3.9

criterion at the B3LYP/cc-PVDZ level of theory. Projected gcgllfmcil,to 3.3tkc?lf/m?:]to fit otu;jzxperltr.nent?l data. The CV;—/
frequency calculatio?$ were then performed at thirty points rate constant for fhe aceloagreaction aiso gave a goo

. : agreement with the same shift energy of 0.6 kcal/mol from 4.7
along the MEP. The electronic energy at each point was scaled ) .
and adjusted based on the single-point energy from the B3LYP/ kcqll/rglol tg 4.1 k(t:)all mol. The prcjedc;c]Eed Ir(atetgonstz:jntls_ comp;lr?d
aug-cc-PVTZ level of theory. Figure 6a shows the classical ,'(n a et can be r?czogr;rggg}f ?r: th'nef 'ﬁ modeting In the
potential curveVuver(s), without zero-point corrections and the Se.g:ger? grne_quang%oof cAmol-1 sl’\ll' © Tollowing expres-
vibrationally adiabatic ground-state potential energy curve, ! given in uni )
e iong. e b ey g s postias k= (708)x 1077 42200
directions correspond to the reactant and product sides, respec- exp[—(466+ 26) / T] for CgHs + CH,C(O)CH,
tively. The forming C-H distance of HCs:-+-H decreases over _ 3 (4.6+0.1)
the reaction coordinate. The breaking-B distance of CHC- k=(6.4+£2.7)x 10°T x
(O)CHg+++H has no apparent variation before approximately exp[—(546+ 31) / T] for CHs + CD,C(O)CD;
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TABLE 3: Predicted Rate Constants (cn? mol~! sec?) for the Direct Abstraction Processes in the GHs + CH3C(O)CH3 and
CD3;C(0O)CD3; Reactions

CeHs -+ CHyC(O)CH; — CgHg + CHsC(O)CHb CeHs + CDsC(O)CD; — CgHsD + CDsC(O)CDy

T(K) CVT CVT/SCT CvT CVT/SCT
298 2.07x 10° 1.66x 10% 6.37x 10 1.20x 10
300 2.16x 10° 1.68x 10% 6.72x 10 1.22x 10
350 5.71x 10° 2.56x 101 2.12x 1@ 1.89x 10
400 1.28x 10%° 3.90x 10V 5.29x 10° 2.88x 101
450 2.41x 1010 5.51x 10w 1.12x 101 4.28x 10
500 4.13x 10 7.60x 10%° 2.11x 10% 6.21x 10%
600 9.94x 101 1.37x 104 5.90x 10% 1.22x 10
800 3.60x 10t 3.77x 104 2.59x 10" 3.75x 101
1000 9.24x 10 8.59 x 10t 7.41x 101 9.11x 101
1200 1.94x 10%? 1.71x 10 1.67 x 102 1.88x 1012

V. Conclusions 92

The reactions of phenyl radicals with acetogexhd -¢ have 9.0 'Eﬁa %<,

been investigated by CRDS and the hybrid density functional QEI:\:‘aé\

B3LYP method. The overall rate constants were measured 88F \RDZ::} ?:Q‘Qf’\o\o °

mostly at the total pressure of 45 Torr usingHgNO as the ) EN NN \\"O‘Q\o\o .

CeHs radical source with argon as the carrier gas. Least-squares T 8or 3%\ 8t RN R B

analyses of the rate constants obtained from the experiment gave § BN \; . RN 20%

the following expressions in units of dmol~1s%; k (CeHs + = 84r Thg T

CHsCOCH;) = (4.2 + 0.4) x 10 exp[—(955 =+ 30) / T] and RN

k (CeHs + CDsCOCD;) = (5.1 + 0.6) x 10 exp[—(1114+ 8.2r = 5%

43) / T] in the temperature ranges of 29951 K and 328-455

K, respectively. No noticeable effect with total gas pressure was Y ™ 0 o1 0 o5 10 12

found in the rate constant determination. The rate constants Time (msec)

predicted by canomcall vananongl transition S'Fate theory W|th Figure Al. Pseudo-first-order decay plots ofg at different
small curvature tunneling corrections for the direct abstraction photolysis energies:Q) and (J) correspond to the experimental results
of H and D are in good agreement with the experimental data optained at 21 and 60 mJ, respectively,Tat= 343 K andP = 45
after slightly adjusting the calculated barrier heights at the Torr. The dashed lines represent modeled4Ziecay rates at different
B3LYP/aug-cc-PVTZ//B3LYP/cc-PVDZ level of theory. Other  CeHsNO conversions using the CHEMKIN program.

product channels occurring via addition to theeG bond were Appendix

calculated to be unimportant kinetically. Kinetic Modeling of C¢Hs Radical Decay RatesThe decay

of phenyl radicals produced in the photodissociation gfi$&=
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0079627) and an IBM shared University Research Award. mainly to the GHs + CsHsNO reaction, whereas at higher

TABLE Al: Reactions and Rate Constant§ Used in the Modeling of the GHs + CH3C(O)CH3; and CD3;C(O)CD3; Reactions in
the CRDS Experiment

reactions A n Ea refo
la GHs + CH;COCH;— CgHg + CH;COCH, 4.20x 10t 0.0 1898 this work
1b GsHs + CDsCOCD;— CgHsD+ CDsCOCD;, 5.10x 10t 0.0 2214 this work
2 C6H5 + CGH5NO - C12H10NO 4.90x 1012 0.0 —68
3 C6H5 + C6H5 - C12H;|_o 1.39x 10]‘3 0.0 111
4 CsHs + NO — CgHsNO 2.95x 1042 0.0 —860
5 CsHsNO — CeHs + NO 1.42x 10Y 0.0 55060
6 C5H5 + C12H10NO e C5H5O + C12H10N 1.00x 1013 0.0 0
7 CgHs + CsHsO — Ci12H160 1.39x 103 0.0 111
8 CeHs + Ci2H1oN — CygHisN 1.39x 108 0.0 111
9 CsHs + CsHsNO — CioHi0 + NO 5.00x 10%? 0.0 4500
10 CioHigN + NO — C12H10NNO 1.00x 10t 0.0 0
11 Cio2H10NO — CeHsNO + CgHs 5.00x 10t 0.0 45000
12 GsHs + CHsCOCH, — CgH100 1.00x 1013 0.0 0 c
13 2CHCOCH, — CgH100- 1.00x 104 0.0 0 c
14 CHCOCH, + NO — CH;COCHNO 1.00x 10+ 0.0 0 [

2 Rate constants are defined by= AT" exp(—Ea/ RT) and in units cry, mol, and sE. is in the units of cal/mol® Ref 53 unless otherwise noted.
¢ Assumed.
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Figure A2. MeasuredM) and modeled®) second-order rate constants
for the GHs + CH3;C(O)CH; reaction as a function of photolysis laser
energy afl = 343 K andP = 45 Torr.

conversions ¥ 30%) a slight nonlinear decay appears, attribut-
able to the fast radicalradical reactions such aslds + CgHs
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