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Infrared Frequency-Modulation Probing of Product Formation in Alkyl + O, Reactions: I.
The Reaction of GHs with O, between 295 and 698 K
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The production of H@in the reaction of ethyl radicals with molecular oxygen has been investigated using
laser photolysis/cw infrared frequency modulation spectroscopy. The ethyl radicals are formed by reaction of
photolytically produced Cl atoms with ethane, initiated via pulsed laser photolysis,ar@l the progress of

the reaction is monitored by frequency-modulation spectroscopy of thepkduct. The yield of HQin the
reaction is measured by comparison with the/ @H;OH/O, system, which quantitatively converts Cl atoms

to HO,. At low temperatures stabilization to,sO, dominates, but at elevated temperatures5/5 K)
dissociation of the ethylperoxy radical begins to contribute. Biexponential time behavior of therétidiction
allows separation of prompt, “direct” HGormation from HQ produced after thermal redissociation of an
initial ethylperoxy adduct. The prompt H@ield exhibits a smooth increase with increasing temperature, but
the total HQ yield, which includes contributions from the redissociation of ethylperoxy radicals, rises sharply
from ~10% to 100% between 575 and 675 K. Because of the separation of time scales intheHition,

this rapid rise can unambiguously be assigned to ethylperoxy dissociation. No OH was observed in the reaction,

and an upper limit of 6% can be placed on direct OH formation from té; G O, reaction at 700 K. The
time behavior of the H@production is at variance with the predictions of Wagner et al.’'s RRKM-based
parameterization of this reactiod. (Phys. Chem199Q 94, 1853). However, a simple ad hoc correction to
that model, which takes into account a recent reinterpretation of the equilibrium constanHipt@©, <

C;Hs0,, predicts yields and time constants consistent with the present measurements. The reaction mechanism
is further discussed in terms of recent quantum chemical and master equation studies of this system, which

show that the present results are well described by a coupled mechanism with 8%, formed by direct
elimination from the GHsO, adduct.

Reactions of alkyl radicals with oxygen molecules are critical theoretical tractability; it is the smallest-R O, system for which
in understanding many combustion systems and play anHO, + alkene and OHt epoxide formation are possible.
especially important role in autoignition phenomena. At low  Previous experiments on the ethyi O reaction have
temperatures, stabilization to the alkylperoxy radical dominates determined that at low temperatures the ethyl radical forms an
the reaction. At higher temperatures, thermal dissociation of the 2dduct with the oxygen which may be collisionally stabilized.
alkylperoxy radical becomes more rapid and only bimolecular At higher temperatures and lower pressures the bimolecular
product channels remain. This change in mechanism is respon-Preduct channels, principally to ethylere HO,, increase in
sible for the negative temperature coefficient region in hydro- 'mportance.
carbon oxidation. Depending on the size of the alkyl radical,

reaction with Q can lead to either HDradicals and the C,Hs + Ozﬂ C,H:0, (1a)
conjugate alkene or to the more reactive OH radical and an
epoxide. The precise mechanism of these reactions has been a — C,H, + HO, (1b)
source of puzzlement, with apparently contradictory conclusions
arising from investigations of the forward and the reverse{HO — ¢ — C,H,O(oxirane)+ OH (1c)

+ alkene) reactions. The reaction of ethyl radicals withh@s

b(_een the most extensive_ly studied of aI_I theH:OZ_ react_ion;, Much of the investigation of ethyk O, has concentrated on
with a wealth of theoretical and experimental investigations. unraveling the mechanism of the reactioR.Proposed mech-
Ethyl + O, has been regarded as prototypical for the set of R 4nisms have generally fallen into two categories, a parallel

+ O reactions, a position gained mainly from its relative mechanism and a coupled mechanism. The parallel mechanism
typically postulates an activated direct abstraction mechanism
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dissociation of the ethylperoxy adduct, and all product channels reactants, in good agreement with thd.3 kcal mof? they
are coupled through reaction la. These two types of reactioninfer from comparison of the master equation results to
mechanism imply different effects of temperature and pressure experimental data. While this transition state may account for
on the rate coefficient and branching fractions for reaction 1. the behavior of the &5 + O, reaction, an explanation which
The available experimental evidence appears to favor some@/S0 predicts the preferential production gHzOOH from the
form of the coupled mechanism for reaction 1 at temperatures C2H4 + HOz reaction, with a sizable activation barrier, remains
below 1000 K. The reaction producestG + HO, even atroom  €lusive. Recent ab initio and density functional calculations yield
temperature, with a yield that decreases with increasing pressure2 Smaller activation energy-1.3.5 kcal mot”) for HO, addition

Early measurements by Plumb and Ryan suggested a pressurd® ethylene than that deduced by Walker's grétiphe apparent
independent component to,id; formation* as would be disharmony between measurements of the forward and reverse

observed in a parallel mechanism. However, more recent reaction may be alleviated by recent proposals involving the

measurements by Kaiser, Wallington, and co-workers have participation of (_excned glectrgmc_ surfaces. )
shown a pressurg28 dependence of the;8, yield over nearly Several experimental investigations of the ethyD; reaction

4 orders of magnitude and have demonstrated that the pressurelave concentrated on describing the fate of the ethylperoxy
independent contribution to£, is negligible5~7 Slagle, Feng, rad|cgl in the coupled mechamsm. Slagle et al. have .stud|ed
and Gutman showed that the consumption gfi€in reaction the kinetics and probable mechanism of theiC+ O reaction

1 exhibits a negative temperature dependence from 298 to 1000" & serie$%2%f papers, observing production of ethylene and
K,8 even at temperatures 700 K where the yield of gH, is HO; as well as the €450, adduct, and measuring thermo-
essentially unity, a result which has been corroborated by chemlgal bonq streng_ths and kinetic rate cqefﬂugnts. A detalled
McAdam and WalkeP. McAdam and Walker found that analysis of this expenr_nental data, along vv_|th qflt to an RRKM
formation of GH, dominates the s + O, reaction between model, forms the basis for the parameterization of Wagner et

673 and 813 K, with only a small branching to GHc-CH,0 all* Recently, Kaiser has studied the ethylene branching fraction

products. The observed negative temperature dependence pre‘r’-1S a function of temperature and presstita.these experiments,

cludes an activated direct abstraction mechanism for reactionthe total yield of GHy is determined using end-product analysis

1b. Significant abstraction contributions are to be expected only from photolysis Of. Cl/CHE/O, mixtures In & Smog chamber
o apparatus. The yield of £, as a function of temperature
at still higher temperatures.

; . ) displays a slow increase with temperature from ambient up to
The details of the coupled reaction mechanism have been a._4qq K, followed by a more rapid increase around 500 K. The
source of greater controversy. Reaction of theldD, radlcal_ ~ rapid increase is attributed to the onset of thermal decomposition
is thought to pass through a cyclic five membered transition of the ethylperoxy radical, and Kaiser is able to fit his data using
state before forming products. It was initially proposed that g 12-reaction model, employing the Wagner et al. parameteriza-

isomerization to an ethyl hydroperoxy radical is the initial step tjon for the ethyl+ O, reaction.
in the formation of HQ and GHa. To account for the negative |, yhe present investigation, infrared frequency-modulation
temperature dependence, the transition state for this Isomerizagpectroscopy is used to monitor the time behavior of,HO

tion must lie below the energy of Bs + O A QRRK  y4qyction from reaction 1 as a function of pressure and
calculation by Bozzelli and_Dean predicted that isomerization temperature. Using the time resolution in these experiments, it
to the ethylhydroperoxy radical ¢8,00H) \1/gould be followed s possible to discern the kinetic signature of the equilibration
rapidly by dissociation to &Hs + HO..*® Wagner et al.  jn reaction 1a. Redissociation of theHGO, regenerates the

developed a model in 1990 which parameterizes the experi-reactants after some delay, resulting in a biexponential profile
mental evidence for the forward reaction using a similar of HO, production. The difference in time scales permits a
mechanism, with a transition state for isomerization lying 2.4 separation between “prompt” H@nd HQ which is produced
kcal mol* below ethyl+ O,.'* The exact nature of the pathway  after ethylperoxy redissociation. The time behavior of HO
from CGHsOO0 to HG, + CzH4 is not constrained by the  production from ethylperoxy dissociation has also been mea-
experimental measurements used in Wagner et al.’s RRKM fits, sured as a function of temperature and pressure. These observa-
except for requiring rapid irreversible dissociation of any tions are complementary to the lower pressure measurements
intermediate species to products. of reactant disappearance by Slagle, Gutman, and co-work-
However, investigations by Walker and co-workers of the er$'1192and the final product measurements of Kaiser et
reverse reaction, HO+ C,Hs, suggested a barrier of 17 kcal ~ al.’ "?*and provide an additional level of detailed experimental
mol~1 for the addition to form gH4OOH, and a still higher characterization of this critical combustion reaction. The present
barrier for the isomerization to /8500. Further, the HO+ total yield measurements can be qualitatively modeled using
C,H. reaction was observed to form principathC,H.,O + OH the parameterization of Wagner et 8lwith modifications to
instead of GHs + 0,.1213These measurements appeared to rule account for recent improvements in the equilibrium constants
out GH4OOH as an intermediate species in the formation of for reaction 1_a1.9 The detailed time k_)ehavior is in excellent
C,H, and HG in reaction 1. An alternative mechanism for agreement with recent master equation calculatténs.
reaction 1b has been proposed, with a cyclic transition state
leading to direct HQ elimination from GHsO,. Calculations
at various levels of theory have confirmed this propd$ai®
with recent density functional calculations producing a cyclic
transition state for H@elimination 1.9 kcal moi! below the The reaction of @Hs with O, is investigated using a
reactants. Miller, Klippenstein, and Robertson have performed modification of the laser photolysis/continuous wave (CW)
time-dependent master equation simulations of reaction 1 usinginfrared long-path absorption (LP/CWIRLPA) method, similar
ab initio theory to characterize the important stationary points to that employed in previous experimefts?® The reaction is
on the potential energy surfaée.They calculate the HO initiated by pulsed photolysis of ght 355 nm. The Cl atoms
elimination transition state as3.0 kcal mof? relative to the react rapidly with a large excess of ethane (99.995% purity) to
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Figure 1. Diagram of the experimental apparatus.

produce the correspondinglds radical in a nearly thermo-
neutral reaction. The thermabBs subsequently reacts withp,O

hv(355 nm)

Cl, 2Cle 2)
Cl+ C,H;— C,H + HCI (3)
C,H; + O, — products 1)

The progress of reaction 1 is monitored by infrared absorption
of the overtone of the ©H stretch in HQ near 6686 cm!
using a tunable diode las€r:?® Possible OH production is
monitored by absorption on the P(2.5)line of the vibrational
fundamenta® at 3484.6 cm! using an F-center laser. Two-
tone frequency modulation of the infrared lasers is sometimes
employed®3lto increase the signal-to-noise ratio. The sensitivity
decreases at higher temperatures due to increases in th
vibrational and rotational partition functions. The infrared probe
beams are passed multiple times through the reactor using
Herriott-type multipass cef?32 The optical arrangement is
depicted in Figure 1. Both infrared beams are placed on the
same path through the reactor using polarizing prisms to
combine and separate the beams. The Nd:YAG photolysis lase
(2—3 mJ cnT?) travels along the axis of the cell, and the pump
probe overlap is confined to the center of the cell, where the
temperature can be precisely controlled.

The relative yield of HQin the reaction of @Hs with O, is
determined by comparison with the reference reaction ofCH
OH with oxygen, which produces one Hfr each CHOH 34
Signals are acquired using the same amount paad the same
photolysis conditions, but replacing the ethane flow by a similar
flow of methanol. The initial Cl concentration is the same in
both cases, and the amount of H@roduced from the ethane
reaction can be scaled to the 100% conversion of Cl t@ IHO

a

reactions 4 and 5 by comparing signal strengths.

hy(355 nm)

cl, 2Ch @)
Cl + CH,0H % CH,OH + HCI )
CH,OH + 0, % HO+ CH,0O )

The yield of OH can be determined using the same reference
reaction, by completely reacting HQvith NO to form OH
radicals®®

100%

HO, + NO —— OH + NO, (6)

Comparison of the signal amplitudes of HO@r OH from
reaction with ethane to that of the reference reaction with

énethanol gives a phenomenological yield of the products. To

relate the observed quantities to characteristics of the reaction,
corrections must be made for removal reactions of OH ang HO
as well as for certain side reactions, as discussed below.

The individual gas flows are controlled by calibrated mass
flow controllers, and the chosen total pressure is maintained
by a butterfly valve at the exit of the cell which operates under

'feedback from a capacitance manometer. The reactor is heated

by three resistive elements, each under microprocessor control
from a separate K-type thermocouple. The pressure using the
present yield measurement method is limited to about 100 Torr,
above which the neat methanol vapor does not produce a stable
flow. Typical concentrations are fp= 10" molecules cm?;

[Cl;] = 10* molecules cms; and [GHg] or [CH30H] = 5 x

10 molecules cmd, with the remainder He (99.9999%). In
the reference system for OH detection NO concentrations of
~4 x 10" cm~3 are typically used. The reaction of ethyl with
Cl, can affect the production of HCby sequestering radical
density in the GIC,Hg chain reaction, causing incorrect yield
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Figure 2. Time-resolved H®@ signals taken at 423 K. The larger  Figure 3. Time-resolved infrared FM signals for H@aken at 648 K.

amplitude trace in blue is the HQignal from the reference reaction;
the smaller amplitude trace in red is the ggnal from the GYCHe/
O, system.

The larger amplitude trace in blue is the H&gnal from the reference
reaction; the smaller amplitude trace in red is thexldi@nal from the
Clo/CoHe/O, system.

transfer’6-38 The decay of the reference signal is dominated

measurements. Keeping the concentration pa@proximately .
by the HQ self-reaction

30 times higher than that of £gjives a yield that does not vary
as the Q/Cl, ratio increases further. The;@umber density is @)
maintained at 36100 times the Glnumber density in order to

minimize contributions from the &5 + Cl; side reaction. At ang the time profile of the H©signal from the reference
the concentrations used, the reaction of Cl with ethane or yeaction is therefore given by

methanol is complete in a few microseconds.

HO, + HO, — products

o[HO,],

le) = a[HO,], = 1+ 2k [HO, It

(8)

Results and Data Analysis

with o a constant relating HOconcentration to FM signal

Yields of HO,. The time-resolved production of HGn amplitude. A plot of the inverse of the reference Hsiynal vs
reaction 1b has been measured as a function of pressure an@ime therefore gives a line with slopéz2a. The differential
temperature. Figure 2 shows a typical time-resolved FM signal equation governing the HQconcentration in the ethyt O,
of HO, at low temperature. The HOFM signal from the reaction can be written
reference reactions 4 and 5 is the larger-amplitude trace; thed
smaller-amplitude signal represents the smaller, §ii@ld for 4 — _ 2 _
reaction 1 at this temperature and pressure. The referencait[HOZ] Roroduction ™ 2KHO21" = Remova[HO:]
reaction of CHOH with O, proceeds rapidly and produces HO
directly, and the decay of the H@oncentration is dominated
by self-reaction. At temperatures below 550 K, the time profile
of the HQ, production from reaction 1 is similar to that from
the reference reaction, that is, essentially instantaneous at th
high G, concentrations used. Under these conditions, where the
production of HQ is much faster than its removal, the HO
yield is straightforwardly calculable as the ratio of the prompt
signal amplitudes.

Figure 3 shows an analogous pair of traces taken at higherso thatRiemova® k11[C2Hs02]:. Determining the time-resolved
temperature (648 K). The time behavior of the H@oduced production of HQ from reaction 1, denote®production iS the
in the reference reaction is similar to that observed at lower aim of the measurement. Equation 10 has the formal solution
temperatures. Once again the Hi® produced rapidly and the

decay is second order, principally by self-reaction. However, (HO.. = [ (x)dx — 2k, [ THO.1.2dx —
the production of H@from reaction 1 now displays two clearly MOl ‘[ORprOdumor( ) 7‘/£)t[ 2k
JoRemove)[HOL,dx (12)

separated components. The prompt ;H@bserved at lower
temperatures remains, but a slower “delayed” production of HO
begins to appear. The separation of time scales betweenSo the time-dependent FM signal from ki¥oduced in reaction
production and removal of HQwhich simplifies the prompt 1 can be described by
yield analysis, is no longer valid. Determining the fraction of
HO; that appears via this delayed mechanism requires correction|(t) = ¢ ' - (X)dx — 20k t[|-|o 2dx —
for the ongoing removal of HPby self-reaction and reaction ‘[ORprOdumor( 7Lt 2k
o} Reemovad[HOL,ax (13)

with other radical species.

This correction is accomplished using a modification of
Yamasaki’'s integrated profiles method, originally developed to The integrated profiles method uses this formal solution along
extract rate coefficients for state-to-state vibrational energy with the measured time-resolved relative concentrations to

(10)

where Ryroduction aNd Removal @re the effective time-dependent
rate of HQ production and the effective time-dependent rate
coefficient for removal of HQ by processes besides self-
eaction. Under the conditions of the present experiments,

emoval reflects principally reactions of HOwith C,Hs0,
radicals,

HO, + C,H;0, — products (11)
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TABLE 1: Yields and Time Constants for HO», Production
from CoHs + 02

temp (K) total density  Ppompt = Praw Lot T

w
'§ I~ 294 3.3x 10cm=2  0.08 0.08 0.08
> 294 8.2x 10cm=2  0.06 0.06 0.06
g 294 1.6x 10¥cm™= 0.032 0.032 0.03
8+ 294 2.5x 10¥cm=3 0.025 0.025 0.025
3, 423 1.1x 10¥cm™=  0.06 0.06 0.06
® 523 4.6x 107cm=  0.10 0.10 0.10
L= —— Corrected reference signal 523 9.2x 10cm=3  0.08 0.08 0.08
o ] 523 1.1x 10¥cm=  0.07 0.07 0.07
Q Ethyl + O, signal: 523 1.4x 10¥cm=  0.05 0.05 0.05
—— corrected for self reaction 573 7.7x 10%cm3  0.12 0.12 0.35
—— corrected for reaction with C,Hs0,— 573 1.1x 10cm=  0.06 0.06 0.23 323
598 7.8x 10cm™=2  0.15 0.15 0.50 88%
T T T T = 598 9.0x 10cm™=  0.08 0.08 0.36 423
0 10 20 30 40 598 1.1x 10®¥cm™=  0.08 0.15 0.43 494
Time (ms) 608 9.0x 10cm™=  0.10 0.12 0.56 4873
) ) ) ) _ 623 3.8x 10cm™=2  0.18 0.15 0.64 6473
Figure 4. Correction of HQ FM signals from Figure 3 using the 623 53x 107cm2  0.13 0.13 0.62 473

integrated profiles method. The largest-amplitude trace in blue is the 623 6.8x 107cm=3  0.09 0.17 0.70 353
HO, signal from the reference reaction after correction for the, HO 623 7.8x 107cm™  0.16 0.25 0.69 91%

self-reaction; since the decay of H® this system is dominated by 623 8.3x 10cm™=  0.10 0.12 0.72 224
the self-reaction, the signal after this correction is nearly a step function ~ 623 9.0x 101; Cm:z 0.15 022  0.76 653
at the time of the photolysis pulse. The red trace is the, ignal 623 1.1x 10%cm 012 037 073 708

623 1.6x 10¥cm=  0.09 0.61 0.90 673
643 1.5x 107cm3  0.44 0.90 0.93 743
643 3.8x 107 cm™=  0.26 0.22 0.76 883

from the GHs + O, reaction after correction for the self-reaction; the
green trace represents the signal after accounting for both the self-

rea_\ctic_)n and the reaction w_itthtsOZ radicals as d_escribed in the text. 643 7 5510 cmr @ 0.16 0.40 0.85 1054
This signal represents the time-resolved production of etforespond- 643 8.3x 10cm3  0.13 028 066 364
ing to the observed time-resolved FM signal. 643 9.8x 107cm2  0.09 0.45 0.84 14473

643 1.1x 10¥cm3  0.07 0.32 0.87 1273
correct for known rate process&dn the present casekda. is 648 3.7x 107cm? 029 030 082 893

7 —3
known from the reference reaction, and the time profile of the gjg ;:gi %g7 gmfg 8:%513 822 8:% iigﬁ

HO, FM signal from reaction 1 has been measuréd) = o 648 9.0x 107cm™3  0.16 0.38 085 1213
[HOZ]:. The self-reaction term in the expression for the FM 648 1.1x 10130m:2 0.15 0.88 1.00 21473
signal amplitude, the second term on the right in eq 13, is thus 658 8.5x 1017 cm 2 0.21 042 080  139%

. . . . 663 3.6x 10 cm 0.31 0.23 0.69 1833
simply related to the time integral of the observed signal 663 66x 107cm3 026 040 078 1014

663 8.0x 10 cm™=  0.16 0.56 0.88 13173
663 1.1x 10cm=  0.15 0.59 0.81 1803

2k
t 2 7 rt 2 7 —3 —
20k, [[THO.1.%dx = — [ 1(x)%dx 14 673 5.7x 10" cm 0.32 0.76 093 36738
7ﬁ>[ 2l o »/; ® (14) 673 78x10cm? 024 035 077 24738
673 9.3x 10cm™=2  0.22 0.96 1.02 4034

8 —3
The contribution of self-reaction is readily removed from the ggg %:gi %8117gm—3 8:% 8:2? g:g? ?éﬁ

observed signals by this method. Figure 4 shows the application )

of this method to the raw data traces displayed in Figure 3 aNumbers are averages for several measurements at each listed set
] - S - " of conditions. Estimated relative uncertainties arel0% for yields,

The reference signal now displays a rapid rise which abruptly 1 20% for time constants.

levels off, since the production of HGs extremely rapid and

self-reaction is the dominant removal mechanism. The signal j,crease the yield extracted from the data. An upper limit can
from reaction 1 maintains its blexponentlal behawor_, but Nnow pe constructed by assuming that all ethyl radicals react promptly
also.reaches a plateaq at long times. If self-reactlon. would ;4 produce either Hor C;HsO,. This assumption is good if
dominate HQ removal in the ethyt- O, system, the yield  he steady-state for reaction 1a favors the products, which is
would sn_nply be the ratio _of the amplitudes of these two signals ihe case under the high-fpconditions of the present experi-

at long-time. The raw yields of HO®ry, calculated after  ments. Then, immediately after the fast establishment of the
correction for self-reaction in this manner, are listed in Table 1 steady-state concentrationd@0,] ~ [C;Hs]o — [HO,]. Using

along with the prompt H@yields ®promps i.€., the ratio of the  yeactions 1, 7, 11, and the self-reaction of the ethylperoxy
amplitudes for the fast initial rise in the ethane and methanol (4gical

systems.
While the data necessary for removing the contributions of C,Hs0, + C,H;0, — products (15)
HO; self-reaction are inherent in the measurements themselves,

relating the phenomenological yields to the time-dependent HO 5 f5rmal solution to the kinetic equations can be constructed

prodgqtion rate requires additional modeling. For example., underyhich allows recursive extraction of a corrected Haofile:
conditions where ethylperoxy and H@re both present (i.e.,

at intermediate yields of H£), an additional correction is needed d[C,H.0,]

for the GHsO, + HO; reaction. Correction for removal of HO  —————= —R cioll) — kys[C,H-O,]* —
by the reaction with gHsO- requires the relative value for the dt
rate coefficientk;/ks, as well as information on the concentra- ky4[HO,J[C,H;0,] (16)
tion of GHsO,. While literature values are available for rate t

coefficients of the relevant reactions, there is no direct measure[C2HsOsl; = [C;Hslg — ,/(‘)Rproductior(x)dx -

of the time behavior of the ethylperoxy radical concentration. t 2 t

The inclusion of an additional loss channel will serve to slightly leﬁ)[CZHSOZ] dx — kllj;) [CoH5OI[HO,Jdx (17)
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The equation for the observed HBM signal is modified to 1.0F . o S
reflect thatkemovaris dominated by reaction with ethylperoxy ® M =11x10 "cm Q
radicals: O [M]=75x 1017 cm'a é)
08 ® [M]=75x10" cm® (high [Cl],) 6w © &
t t 2
1(t) = o[} Ryyoauctod®)/dx — 2ak; [([HO,] Zdx — ¢
‘ 0.6 —
akyy [([C,Hs0,],[HO,] dx (18) § .
L . _
Recognizing that the peak HGsignal from the methanol 04 ®
reference system is.(0) = a[C,Hs]o and the quantity /o is o *
known from fitting the second-order decay of the reference 0.2 ] -
signal, it is straightforward to recast the kinetic equations as ® ®
equations using the observed signals (i.e., effectively using signal o e © © 8
amplitude as a concentration unit) ' ' ' ‘ '
300 400 500 600 700

Temperature (K)

t
a[CoH50pl, = 1e(0) = aﬁ) Roroduciof X)X = Figure 5. Measured total H@yields as a function of temperature for

15 pt o ) 11t total densities of 1.% 10" cm™ (solid circles) and 7.5¢ 10'" cm™
— J,@ [C,HO, ] dx — — 0(JL[C2H5OZ] I(X)dx= A (19) (open circles). The circles with the crosses represent experiments with
o a higher initial Cl atom concentrations{3 x 10 cm3). The reduction
2k in yield at high temperatures for higher radical densities occurs because
t _ 7 a2 of increased removal of £s0, by radical-radical reactions before
O‘ﬁ) Roroductiof X)dX = 1(t) + o ﬁ)l(x) dx + dissociation can occur. S

11 pt
— Oa[CzHSOZ]xl (x)dx=B (20) Present Measurements:
o 0.7 - —8- 294K —— 523K |
_— —¥ 573K M- 623K
We initially assumeAp = 0, and then calculate thath 06 —@- 648K —X— 673K
approximations to the quantitie’ and B using the following Wagner et al. yields:
equations_ 05k —0- 298K —— 373K
: - —— 473K —— 573K
2
B =10+ [ax+ A 109dx (21 s T |
0 =10+ [0+ = fagioox @) ¢ | |
K5 5 02 .
A(n+1) = (Ie0) — B(n)) T o ,/:)(Iref(o) o B(n)) dx — ‘\'\'\v
01}~
Ku [301,60) — Byl (9l (22)
a Jorref ™ ' 2 & 46678 2 4§ 45678
1 10 100
Iteration of these equations converges to a solutioBfahich Pressure (Torr)

represents the production of H®om reaction 1 which would Figure 6. Pressure dependence of prompt Hgelds for several

give rise to the observed signal under the conditions of the temperatures. The yield measurements of Wagner et al. (ref 11) are

model. The yields extracted from this procedure are necessarilyShoWn as the open symbols. The inverse pressure dependence of the

larger than the raw yields taken directly from the data (corrected prompt yields persists even at higher temperatures where the pressure
. . . dependence of the total yields, which include redissociatiorndfQ;,

only for self-reaction). Yield estimates based on both methods gre negjigible.

are given in Table 1.

The temperature dependence of theiy@lds for a constant The change in prompt HGyield with total pressure is shown
total density is shown in Figure 5. The biexponential HO in Figure 6. As observed in previous experiments, the yield of
production allows separation of prompt bifdom the remainder HO; is inversely dependent on pressure in the low temperature
of the HQ, product. The total yield, which includes the slower regime, because stabilization of the ethylperoxy radical becomes
rise in HQ, rises slowly at low temperatures but abruptly increasingly dominant as the pressure is raised. At higher
increases from 10% to 100% between 548 and 648 K. The temperatures, stabilization becomes more difficult and thermal
prompt yield smoothly increases with temperature over the entire dissociation of the ethylperoxy radical begins to occur, and the
temperature range; the rapid increase is entirely from the delayeddependence of the yield on pressure lessens. At the highest
production of HQ. This increase occurs at significantly higher temperatures of the present studies the tota i€ld displays
temperatures than observed by Kaiser; however, the competindittle or even a slight positive pressure dependence, due entirely

removal mechanisms for850; in this system are radical to the pressure dependence of the delayed H@duction.
radical reactions. The radical densities in Kaiser's smog chamberHowever, the prompt yield retains its inverse pressure depen-
experiments are much lower than th&—4 x 103 cm=3 in dence even at the highest temperatures observed. The present

the present system, so the thermal dissociation does notresults are in good agreement with extrapolation of published
overcome the competing reactions until higher temperatures inresults at lower pressures, as can be seen in Figure 6.

the current work. The circles with crosses in Figure 5 are yield ~ Upper Limits on OH Yields. Detection of OH products from
measurements made at radical densities approximately 5 timegeaction 1 was attempted using infrared absorption on the
higher ~2—3 x 10" cm™3) than for most of the other  P(2.5)T line. A clear absorption signal could be detected from
experiments; the yield at high temperatures is significantly the reference system of GBH + O, + NO (reactions 46
reduced for higher radical concentrations. above), which is used as a calibration for possible OH
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—— OH from C,Hg + O, reaction |
—— HO, from reference reaction
—— OH from reference reaction

FM signal (arbitrary units)

T T T
4 6 8
Time (ms)

Figure 7. Simultaneous OH and HQdetection in the GICH;OH/
O,/NO system and attempted detection of OH frogHE+ O,. No

J. Phys. Chem. A, Vol. 104, No. 49, 20001555

TABLE 3: Time Constants for Delayed HO, Production as
a Function of O, Concentration

temp (K) (O] T
643 2.7x 10%cm=3 84 st
5.3x 10%cm™3 96 st
1.1x 10%cm=3 107 st
1.1x 10%cm™3 94 st
1.1x 10%cm=3 118 st
2.1x 10%cm3 138 st
3.2x 10%cm3 91st
4.3x 10%cm™2 100 st
5.3x 10%cm™3 93 st
6.4 x 10%cm3 93st
658 5.1x 10 cm=3 129st
6.9 x 10 cm™3 114 st
1.1x 10%cm=3 86st
1.9x 10%cm=3 140 st
6.7 x 10%cm™3 204 st
1.3x 107 cm3 140 st
1.8x 107 cm™3 157 st

OH is observed under the conditions of the present study.

ethane to reacting #0, and 2,2,3,3-tetramethylbutane/O

TABLE 2: Upper Limits for OH Yields from C ,Hs + O, . - _ )
mixtures and have deduced branching fractions for production

prompt delayed of oxirane relative to eth initi

. ) ylen&. The initial [C;H4]/[C2H40]

temp OH yield OH yield ratios in those experiments, which range from 127 at 673 K to
522 ig-gg ig-l 87 at 813 K, are consistent with the upper limits to OH
%0 20.06 ;0'15 production observed at the lower temperatures of the present

experiments.

production in reaction 1. Figure 7 illustrates the simultaneous ~ Time Behavior of HO; Production. The time-resolved FM
detection of H@ and OH in the reference system. The time Signal shown in Figure 4, after the correction for H€kelf-
behavior of the H@ and OH signals can be modeled by a reaction, is related to the production of K reaction 1:
mechanism which contains reactions 2,6} and additional
reactions of OH with methanol and HO

Icorrecter(t) = aj:Rproductior(X)dX - aL/(‘)IRremova(X)[Hoz]de

OH + CH;OH— H,0 + CH,0OH (or CH,0) (23) (27)
OH+ HO,—H,0+ O, (24) The effective time-resolved production and removal rates are
composites of elementary rate processes. Under the conditions
(25) of our experiment&RemovaliS dominated by the reaction of HO
with C;Hs0,, as discussed above. The approximate correction
Figure 7 also shows an attempted measurement of OH produc-for this reaction, made using the assumption that the steady-
tion from reaction 1 at 623 K. Measurements at temperatures state of reaction 1a lies far to the right, is accomplished using
from 573 to 700 K and pressures of 25 and 50 Torr failed to the recursive solution of eqs 21 and 22, to extract an effective
produce observable OH within the noise limits of the experi- HO, profile which reflects only the production from reaction
ment. 1
Assuming reactions+46 convert 100% of the initial Cl atoms
to OH, the signal which would be observed for various OH
yields in reaction 1 can be predicted. The mechanism is identical
to that for the reference system, except that reaction 23 is
replaced by reaction 26,

CH,0 + 0, — CH,0 + HO,

Ieff(t) ~ 0*J;Rproductior(x)dx (28)

The present experiments require relatively large concentrations
of O,, because the signal size is determined by the initial Cl
concentration (and hence the,@oncentration), and [§ is
maintained at 36100 [Ch]. As a result, the initial rise of H®

and the NO concentration is zero. Upper limits to the OH yield from the reaction of ethyl with @is rapid and unresolved.
are determined by considering the signal-to-noise ratio of the However, the slower time constamt,in the production of HQ
reference OH signal and the relative sensitivity to OH in the can be measured, and time constants are listed in Tables 1 and
reference system and in the J@,Hg/O, system. The main 3. Figure 8 shows the slow time constant, extracted from the
determinant of the relative sensitivity is the production rate of effective signals after correction for self-reaction and the,HO
OH relative to the removal by OH ethane or OHt+ methanol + CzHsO; reaction (reaction 11), as a function of temperature.
reactions. A slower production of OH, as may occur after The time constant displays a rapid increase from approximately
isomerization of thermalized ethylperoxy radicals, would pro- 30 s at 573 K to several hundred per second at 698 K. The
duce smaller peak OH concentrations than immediate productionlowest temperature time constants are slightly affected by the
from a direct reaction. Two separate upper limits for OH correction for reaction 11, but at higher temperatures this
production are therefore listed in Table 2, one for prompt OH correction is less important and the time constants are inde-
production, and a higher limit for delayed production on a time pendent of the details of the H@moval mechanism. At 623
scale matching the slow rise in H@ignals. Walker and co- K, a change of 50% in the assumed rate coefficient for reaction
workers have measured stable products from the addition of 11 changes the extracted time constant by approximately 5%.

OH + C,Hg — H,0 + C,H; (26)
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== Wagner et al. modef

I i ] 400 |~ = - = Wagner et al. model ——
2000 = Modified Wagner et al. model — — Modified Wagner et al. =T
F ® Presentwork A ® Present work e T
L /- .-
- - ! T 300 | -7 .
w1500 s = .
= N : ] g a
o L 4 [o} .
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20 ’ | =
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Temperature (K) Pressure (Torr)
Figure 8. Time constant for delayed production of HEas a function Figure 10. Pressure dependence of the time constafur delayed

of temperature. The detdashed line shows the predictions of the production of HQ. The dot-dashed line shows the predictions of the
parameterization of the £s + O, reaction published by Wagner et  parameterization of the s + O, reaction published by Wagner et
al. (ref 11). The solid line is the predictions of the same model after an al. (ref 11). The solid line is the predictions of the same model after an
ad hoc correction to account for recent equilibrium constant measure- ad hoc correction to account for recent equilibrium constant measure-

ments. See text for details. ments. See text for details.
700 = W P— = for the reaction can be constructed using only the species in
== Wagner et al. model . .
— Modified Wagner et al. reactions 1a and 1b:
600 — @ Presentwork — K,
T 500 o mimemimememem - CHs; + O,— CH, + HO,
g L kdM) M
B 400 e - CH;+O,~—— CZI-I5O2 —C,H,+HO, (29)
8 e
2 3007 . removal
3 200 Y wherek, represents elimination from8s0, andk, represents
@ - ° PY o °® a direct production of H@and ethylene from the reactants. The
100 - ® . - direct reaction does not necessarily represent an abstraction
reaction, but any immediate production of H@nd GH,,
e e T = including rapid dissociation of an incipient, 50, complex
2 3 4 5678 2 3 4 5678 .. - . ..
10" 5 10"7 before collisional stabilization. A similar scheme has been used
[0,] {molecule cm™) by Wagner et al!
Figure 9. Time constant as a function of @concentration at 658 K. In general, the kinetics of Scheme 29 give a biexponential

The dot-dashed line shows the predictions of the parameterization of production of HQ products, where the time constants and
the GHs + O, reaction published by Wagner et al. (ref 11). The solid amplitudes depend on all the rate coefficients of the system.
line is the predictions of the same model after an ad hoc correction to The parameterization of reaction 1 using phenomenological rate
account for recent equilibrium constant measurements. See text for .t i e for the mechanism 29 allows a qualitative under-
details. . ; . q

standing of the reaction mechanism. The measured, HO
noroduction can be described by the rapid establishment of a

concentration (Table 3) and total pressure. Figure 9 shows theﬁga%tﬁt:tt?nig gf)igtt::t rlg‘ief(?tlilr?wteh(l Eé/maosgvrva{:oductlon of
time constants measured for various partial pressures aft O 2 9 OHED,.

655 K and ol sty of 55 107 Thotme consant U516 92 S0 Dehanen o acn =5 b 0
shows no dependence on the oxygen concentration at the 9 ’ g P y

. . . . guantities can be described. The fast time constant, reflecting
relatively high [Q] used in these experiments. The effect of the establishment of the steady state between addition and

total pressure on the slow time constant is also observed to be” ™. R - o
small in the 25-85 Torr pressure range of the present experi- redissociation, is goyerned _by t_he transition state for addition,
ments, as shown in Figure 10 for 643 K. TS1. The prompt yield, which is the fraction of H@t the N

establishment of the steady-state, reflects the competition
between collisional stabilization and elimination via the second
transition state TS2. The slow time constant depends on the

The description of reaction 1 must reflect the complex escape of radicals from the,ds + O, < C,HsO, quasi-

dependences of the time behavior and the Ki€lds on pressure  equilibrium through TS2, both by the “direct” reaction with rate
and temperature. The main features of the reaction can be madeoefficientk, and by thermal elimination. Recently, Miller et
plain by first applying a simplified analytical model to the al. performed detailed master equation calculations that give a
reaction, where the measured quantities can be related to expliciphysically rigorous description of the competition between
convolutions of elementary kinetic steps. This is the strategy stabilization and eliminatiok’ Their results demonstrate the
employed by Wagner et al. in their parameterization of thidsC dominance of the second transition state in determining the rate
+ O, reaction!! Reaction 1 is known to proceed through the coefficient above 700 K, where the stabilization channel ceases
intermediate @HsO,, and a simplified formal kinetic scheme to play a role.

Time constants have been measured as a function of oxyge

Discussion
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Ka predict time constants in excellent agreement with the present
> measurement¥.Both the high-temperature rate coefficient and
the slow time constant are sensitive to the energy of the
elimination transition state TS2. The agreement between the
= CH2CH; + HO; present experiments and the master equation calculations
T, NS therefore demonstrates consistence between the time constant
IR . .
ey measuremgnts and the I|tqrature vqlues for the high-temperature
e rate coefficient. By extension, the time constant measurements
S also provide further evidence for the direct elimination mech-
K anism used in the master equation calculations.
‘°:§f§’§§:§:§§§§§:§§:" Analysis of the HQ yields is somewhat more problematic.
R The parameterization does not include any irreversible removal
CH3CH,05 of ethyl radicals except by reaction to form H@nd ethylene.
Figure 11. Simplified schematic representation of the reaction 'he Yyield ast — o is therefore always unity. Comparison to
mechanism for ¢Hs + O,. Several other potential wells and transition ~ experimental results requires estimation of the competing
states exist in the £s0. system, but do not affect the present reactions of the stabilized,8s0; radical, designated “removal’
experiments. in eq 29. This can be accomplished, as in the original Wagner
et al. work, by introducing a “cutoff” time, corresponding to
some experimental limiting time scale, at which the yield will
be evaluated. Unless this time is unambiguously defined by the
1i§(periments, this approach essentially introduces an arbitrary
fitting parameter, which determines the temperature at which
the rapid rise in yield is predicted. In the evaluation of his smog
chamber measurements obHG yields in reaction 1, Kaiser
employed a more detailed modeling of the chemistry, using a
12-reaction kinetic mechanism. Application of a similar mech-
anism enables a relatively direct comparison between the
experimental measurements and the parameterization used to
model the GHs + O, reaction. The model presently employed,
given in Table 4, assumes no production gHEOOH radical
as a precursor to £, + HO,, which is consistent with recent

0Oy + CH3CHy

The parameterization of reaction 1 provided by Wagner et
allis readily applied to modeling the present results. Kaiser

of ethylene yields as a function of temperatétrélowever, the
equilibrium constants which formed part of the basis of this
model have recently been substantially revisedhe time
constant for the delayed production of K@ sensitive to the
dissociation pathways of the ethylperoxy radical. Figure 8 shows
the measured effective time constants for the slow production
of HO; as a function of temperature in the present experiments.
The predictions of the original Wagner et al. parameterization
are shown as the dedashed line. (Note that the activation
energies ofky and k., for C,HsO, — C;H4 + HO, should be
Fnocfollttla\lle;;rggitc?se%a:‘g/f r:f)rgnpatgi?j Igis-,rs%t::l; t?or?fc:fir?ﬂgj calculatioils of a direct pathway for HGCelimination from
. . . CoHs0,.14-17
radical at these temperatures than is experimentally observed. . ) .
However, this overestimation is not completely unexpected, Because the removal of:850, is dominated by radical
given that the equilibrium constants predicted by the Wagner _rad|cal reactions, the preqh_ctlons of the qh_e_mlcal l_<|net|c mo_del
et al. model have since been shown to be in error by up to a'” Table 4 depen_d sensitively on the |_n|t|al radlcal_densny,
factor of 5. An ad hoc modification to the Wagner et al. [C2Hslo=[Cl]o. This dependence is manifested experimentally
parameterization can be constructed by simply correcting the IN the dependence of the yield on initial Cl concentration, as
rate coefficient for the reverse reaction to match the reevaluatedS"own in Figure 5. The initial radical density is measured in
equilibrium constants. As the simplest approximation, we have the present experiments via the second-orde_r _d_ecay of the
simply fit the correction factoreqnedKeq.o from the reana- reference signal. Using literature values koy the |n|t|al_ H(_)z
lyzed equilibrium dat¥ to an Arrhenius form and used this densny can be calcul_ated for t_he_reference system, which is equal
expression to modify the rate coefficieltya (K_sain ref 11). to the_lnltlal ethyl radical c_iensny in the ethyd O, measurement.
This fit yields K 1anedK 1a0q = 1.16 x 1073 3480T: the 'I_'he time-resolved H@signal can _then be calculated_, using
experimental equilibrium constants and the predictions of the Ilterature values'for the rate coeffluents and the expenmen'_[ally
modified parameterization are shown in Figure 12. Application determined radical density. Figure 13 shows a comparison
of this ad hoc correction to the calculation of the slow time Petween calculated signals (with the pif-reaction removed)
constant yields predictions which are in much better agreementand the experimental signals corrected only for H&@If-
with the experimentally observed quantities, as shown by the féaction. The calculated time trace is completely specified by
solid line in Figure 8. The negligible dependence of the time the model and the initial r§d|cal deq3|ty from the reference
constant on @concentration is duplicated by the analytic model, "€action measurement, leaving no adjustable parameters. Once
as shown in Figure 9. The modified parameterization also @gain the overestimation of,8sO, dissociation in the original
predicts a very shallow pressure dependence, in agreement witfnodel of Wagner et al. is evident in the comparison to the
the observations shown in Figure 10. experimental data. The ad hoc correction for the reevaluated
Master equaﬂon Ca'cu'a“ons have been Carried out recentlyequilibrium constants yle|dS pl’ediCtionS that are in mUCh better
by Miller, Klippenstein, and Robertson, on the basis of quantum agreement with the experiments.
chemical calculations of the transition state for H&mination The correspondence between the experimentab]MOtime
from the ethylperoxy radicdfl These calculations employ a profiles and the predictions of the ad hoc model which is shown
transition state TS2 which is4.3 kcal mot* from the energy in Figure 13 is typical of the agreement for measurements in
of the GHs + O, reactants, an energy which was adjusted to the transition region between 600 and 650 K, where the total
fit the high-temperature rate coefficient measurements of HO, yields are intermediate between the low prompt yields
Gutman and co-workers. The second transition state completelyobserved at lower temperatures and-#1#0% yields observed
determines the high-temperature rate coefficient as stabilizationat higher temperatures. Slight systematic differences persist as
becomes negligible. Calculations using this transition state evident in the figure; the prompt yields are slightly underpre-
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TABLE 4: Kinetic Model for Cl ,/C,H¢/O, System

Clifford et al.

reaction

rate coefficient ref

Cl+ C2H5 - C2H5 + HCI
C;Hs + Cl, — C;HsCl + Cl
HOz + HOZ_’ H202 + Oz
C2H5 + Oz e Cszoza

C2H5 + 02 - C2H4 + HOza

C2H502 i C2H5 + 02a

C2H502 - CzHA + Hoza

C2H5O + 02 e H02 + CH3CHO

C2H502 + C2H502 - 2C2H50 + 02

C2H502 + C2H502 - CH3CHO + C2H50H + Oz
CszOz + H02 - CszOzH + 02

CzH50zH - C2H5O + OH

8.5x 107 e 3™ cm® molecule s?
1.26x 10 **e'52™ cn® molecule* s*

1.2 x 10733 [M] 15T + 3.8 x 10713 €0T cm® molecule* s?
p=1— {(1 + ez'3CS+°4°3Z)O'62]} -1

s = log([M]) — 15.53— 3.11x 10T
—1.54x 10°5T?

C;=0.367— 7.09x 10T + 3.23x 107'T?
Ko = 3.67 x 1071470775287

ko =1.96x 1@51'78.24972150”;

Feent= 0.580e 71250 4- 0.420¢ 7183

o= {(1 + e2.3>3+c4032)0.62]} -1

¢z = log([M]) — 15.53— 3.11x 10°*T
—1.54x 10°6T?

C;=0.367— 7.09x 10T + 3.23x 107'T?
Ko = 3.67 x 1071470773287,

ko =1.96 x 1(TST—8.ZAe—21507I';

Feent= 0.580e 71250 4- 0,420 7183
$=1.16x 10 3g¥8or

(ad hoc correction);

¢ = 1(original model);

Ko = 6.17 x 10T 0-83%-17160T,

Ko = 3.29 x 1(P5T—9-85~19600T

Feent= 0.580 712504 0.420¢ 7183

qk: :16’92 X 1014T70.634b7158007|';

ko =2.04x 10’35T—12.8Q37201007F;

Fcent: 2_72€T/220+ e—727ozr

6.0x 10 e 50T cm? molecule s

(1.33 €297M) 8.5 x 10714 e 157 c® moleculet st
(1—1.33 €207M) 8.5 x 10714 e 12T cm® moleculet st
2.7 x10713 gl0%T ¢ moleculet st

4.0x 1015 e—216007|' S—l

11

11

11,39

a Rate coefficient is parameterized using the listed parameters in the expressions

KakoM]

Iog[%] —0.4—0.67 logFcend

k=¢ (Feen)”: cl=1+

Ky + ko[M]

0.75—

with the values for the parameters as given.

4( ’ko[M]]
1.27 logF ] — 0.14log T | 04067 logF cend

— K, (modified Wagner et al. model)
O Experimental (Knyazev and Slagle)

Bl
lecule )

3
T T T T

cm mo

Keq (

0.8
623K, M =9x10" em™

== Wagpner et al. parameterization
= Modified Wagner et al. model
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Figure 12. Comparison of equilibrium constants for reaction la Figure 13. Comparison of time-resolved HGignal with predicted
reported by Knyazev and Slagle (ref 19) with those predicted by the signals based on the analytic model for the/GiHe/O, system (Table
Wagner et al. parameterization after adjustment of the rate constant4). The initial radical density (equal to the initial Cl atom concentration)

kia See text for details.

is fixed by the second-order decay of the associated reference reaction
signal, leaving no adjustable parameters for the model signal. The dot

dicted and the time constant is still on average somewhat dashed line shows the predictions of the parameterization of #He C

+ Oz reaction published by Wagner et al. (ref 11). The solid line is the

overpredicted, even by the corrected model. At higher temper-
atures the model fails to predict yields reaching 100%, probably
because the kinetic significance of the ethylperoxy adduct is
overestimated in the model; in particular the extrapolation of
the GHsO, + HO, reaction rate coefficient may be unreliable.

predictions of the same model after an ad hoc correction to account
for recent equilibrium constant measurements. See text for details.

However, the general agreement obtained from a simple
modification to the Wagner et al. parameterization is good.
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1.0 - ) from formation via thermal dissociation of thels0,. This
® Experimental total yield . 3 . . . L
+ Experimental prompt yield / E kinetic signature demonstrates unambiguously that the rapid rise
O Miller et al. master equations ' 3 in HO; yields with temperature arises from the redissociation
08 --- Wagneretal. model ' E of the ethylperoxy radical. The prompt yields rise slightly with
~ \Wagner et al. "prompt" yield E .
— Modified Wagner et al. model ; temperature from 298 to 700 K and show an inverse pressure
T 08 3 dependence over the entire temperature range. The pressure
[ 3 . . ays
= 3 dependence of the prompt yield derives from the competition
5:5“ E between elimination and collisional stabilization in the initially
04 E formed excited adduct. Neither the rapid rise in totaly@Id
E nor the rise in prompt yield at elevated temperatures appears to
0.2 3 be a result of the emergence of the direct abstraction pathway.
o* The master equation calculations of the high-temperature rate
4*’5 coefficient, the HQyields, and the slow time constant for HO
| | T | | formation by Miller and co-workers display a high degree of
300 400 500 600 700 sensitivity to the energy of the transition state to eliminatioi?.
Temperature (K) Their transition state energy 6f4.3 kcal mot?, chosen to
Figure 14. Predictions of HQyields at a total density of 1.x 10'® match the high temperature rate measurements, produces nearly

cm 2 as a function of temperature from the parameterization of the exact agreement with the present yield and time constant
CzHs + O reaction. The experimental yields are shown as the solid measurements. The level and scope of the conformity of theory
circles. The master equation calculations of Miller and co-workers (ref and experiment provide strong evidence of the accuracy of this

17) are shown as the open squares. The-dashed line shows the S . . d
predictions of the parameterization of theHg + O, reaction published description. While the understanding of thgHg + O, reaction

by Wagner et al. (ref 11). The solid line is the predictions of the same May appear complete in this temperature region, further
model after an ad hoc correction to account for recent equilibrium experimental and theoretical studies aimed at the reverse

constant measurements. See text for details. reaction, GH4 + HO,, and at temperatures above 1000 K may
provide information concerning other areas of the potential

Finally in Figure 14 the experimental HOyields are  energy surface and could help resolve remaining questions about

compared to predictions based on the analytic parameterizationthis complex chemical reaction.

The cutoff time has been chosen to be 17 ms to best match the

predictions of the corrected model with the measured, HO Conclusions

yields. As can be seen in Figure 13, the delayed production of ) . ) ) )

HO; is largely complete in 1520 ms at the temperatures that The reaction of ethyl radicals with.as been |nvest|gated

characterize the rapid increase in k@eld. For comparison, as afunc_tlon of temperature betwe_en 293 and 698 K using I_aser

the predictions of the original Wagner et al. model are also PNOtWlysis/CW frequency modulation spectroscopy. The yield

shown. The agreement of the measured yields with the model ©f HO2 in the reaction shows a rapid increase between 600 and

predictions is quite satisfactory, although, as mentioned above,650 K, which is attrlbuta_lble to the onset of thermal dissociation

there is an element of arbitrariness in the comparison arising ©f the ethylperoxy radical. The experimental results can be

from the choice of cutoff times. The comparisons of model Successfully modeled using the parameterization of Wagner et

predictions to experimental time constants and to the actual date- if @ modification is made to correct the predicted equilibrium

traces are a more reliable indicator of the success of the corrected©nStants. Recent master equation calculations are in excellent

parameterization. agreement with the present expenmen_tal results, consistent with
Also shown in Figure 14 are comparisons with calculated the GHs + O2 = CoHs + HO; reaction proceeding via a

yields reported by Miller et al. and based on master equation concerted elimination with a transition statet.3 kcal mof?

simulationst” The results of their calculations are once again P€low the reactants.

in outstandingly good agreement with the experimental mea- . .
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