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Kinetics of the Reaction between Acetylperoxy and Ethylperoxy Radicals
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Time-resolved ultraviolet (UV) spectroscopy is used to investigate the reaction betweS{@HA, and

C.Hs0, at 130 Torr total pressure and over the 22@0-K temperature range. Deconvolution of the UV
spectra yields concentration versus time profiles for the acetylperoxy radical and fosHb®,C- CH30;
composite. The analysis of these data over short times, during whig& (CHO, radicals are present, yields

a temperature-dependent rate constari, 6 (573) x 107131070+ 200/T cn 571 for the title reaction. The
subsequent long-time decay of the ethylperoxy radicals that remain, after the reaction w@kOJ& is

complete, is faster than when acetaldehyde and, therefore, acetylperoxy radicals are not present. The secondary
chemistry that potentially contributes to this decay is discussed.

I. Introduction measurements. The acetylperoxy radical reacts rapidly with itself
L . . . . and produces methylperoxy radicals as a secondary species,

The acet.ylperoxy_ radical is an important |ntermgdlate in the thereby complicating kinetic analyses. In the present work, the
atmospheric formation and loss of peroxyacetyl nitrate (PAN). ethylperoxy radical is chosen as the reaction partner because

The radical is generated during the photochemically initiated g seif-reaction is both slow and well characterized. Also, time-

oxidation of a variety of carbonyl precursors that originate from eqq|ved ultraviolet (UV) spectroscopy is used record time and
both anthropogenic and biogenic emissions. PAN represents a5y elength-resolved absorption profiles of the reaction mixture
central component of smog. It serves as a temporary reservoiry, peis distinguish the decays of the acetylperoxy and ethyl-
for NOy, allowing this pollutant to be transported over Iong  heroxy concentrations as the reaction proceeds. Despite these
distances, for example, from urban to rural areas. efforts, secondary chemistry is found to have an important
Recently, Stockwell et dl.examined the effect that acetylp-  influence, and the long-time decay of the ethylperoxy radicals
eroxy—peroxy radical reactions might have on PAN and ozone that remain after the acetylperoxy radicals have been depleted
concentrations. The impetus for this modeling study was to cannot be adequately described within the existing kinetic model.
investigate possible explanations of field observations that Fortunately, these secondary complications arise on a time scale
nighttime PAN concentrations fall more rapidly than those of that is long compared with the lifetime of GB(O)O;, radicals;
ozone?3 The authors concluded that acetylperexeroxy therefore, by focusing on the short-time kinetic profiles, the
radical reactions are important at night. This conclusion was CH;C(0)O, + C;HsO; rate constant can measured with an
echoed by Villenave et & By measuring a variety of Ci acceptably small error arising from uncertainties in the secondary
C(0)C; + RO; room-temperature rate constants, they ascribed chemistry.
a generic value of & 10711 cm?® s7! to the rate constant for
this class of reactions, and found that its contribution to the
atmospheric chemistry of acetylperoxy radicals and PAN could Il. Experimental Section
not be neglected.

Despite these findings, there are few detailed kinetic studies  The flash photolysistime-resolved UV spectroscopy tech-
of reactions representative of the acetylperopgroxy class.  nique used for the present experiments was the same as applied
Temperature-dependent rate constants have been measured fgq our previous studies of acetylperoxy kinetics; thus, only a
the CHC(O)C;, self-reaction and for its cross reaction with  pyief description of the apparatus is given here, and the reader
CH;50, by Moortgat et af. and by Maricq and Szenfeand for is directed to refs 6, 8, and 11 for a more complete description.

the CHC(0)O, + HO, reaction by Moortgat et dl.and The reactor consisted of a 53-cm long, 3.5-cm diameter, Pyrex
Crawford et af Room-temperature measurements exist for cylinder. Light from an eximer laser was collimated from its

CHsC(0)Q; reactions with GHsO,,° with CHsC(O)CHZOZ’lZ normal rectangular beam profile to-al.5-cm square geometry,
and withc-CeH110,, S€6C10H210,, Se6C12H2:0,, andt-CaHgOs. using cylindrical optics, and directed coaxially through the cell.

Except for the results of Bridier et aP,all of the room- A 10-ns,~300-mJ, pulse of 351-nm light initiated the radical

temperature rate constants equak 1.0-** cm® s™* within an chemistry by dissociating a fraction of the,@holecules in a

experimental error of about 0.3. slowly flowing CHCHO/GHg/Cl/O4/N, gas mixture (total flow
The paucity of kinetic data for these peroxy radieeddical = 2.5 Standard liters per minute (SLPM) concentrations are

reactions is at least partly due to the difficulty in making such given in Table 2) to generate 40) x 10 chlorine atoms/
cm?® within the irradiated volume. By choosing 2 Torr of
* Author for correspondence. organic precursor ang 20 Torr G, the Cl atoms are nearly
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guantitatively converted within a few microseconds to the 0.08 7T T
starting peroxy radicals via the following reactions: -

Cl + CH,CHO— CH,CO + HClI )
CH,CO+ O, + M — CH,C(0)0, + M @) 0.06 1
Cl + C,Hg — C,H¢ + HCI 3)
CHs+ O, + M — C,HO, + M @)

CH,C(0)0,

The total initial radical concentration was confirmed in com- 0.04

panion measurements of the ethylperoxy radicals formed in the
absence of acetaldehy#feBecause the ethylperoxy radicals
decayed only on the millisecond time scale, their concentration
was easily extrapolated to zero time and equated withy[Cl]
Following their initial formation, the CkC(0)O, and GHs0O,
concentrations were monitored as a function of the time by UV
spectroscopy. The probe UV light was provided by a deuterium
lamp. It was collimated, apertured to 0.9 cm, and overlayed .
collinearly with the central portion of the photolysis beam. 000 Lt i ATAY YNNI SV, N, %2
Restricting the probe beam diameter limits it to a region with 200 220 240 260 280 300
approximgtely uniform C;I atom concentration and provides a wavelength (nm)
buffer region where radicals are formed, but are not probed, o ] o
thereby reducing the loss of radicals by diffusion from the field Figure 1. UV reference spectra of the principal species contributing

. . . to the time-resolved absorbance spectra for theG@8)0;, + C,HsO,
of view. The actual, nonchemical, loss of radicals from the probe reaction mixture. Reference spectra are obtained as followssCCH

volume occurs because of both diffusion and the flow of the (0o, (ref 6), GHs0y, (ref 11), CHO, (ref 11), and “products” (present
reaction mixture out of the cell. Experimental measurement of work).

this composite loss rate was achieved by replacing the ethane
and acetaldehyde precursors with toluene, under otherwiseC(O)O, and GHsO,, secondary CgD; radicals produced by
similar conditions. The photolysis of £then produced benzyl-  the acetylperoxy self-reaction, and “products”, which are a
peroxy radicals and, subsequently, the stable product benzaldecollection of weakly absorbing stable species, such #&$sC
hyde. The strong UV absorption by benzaldehyde exhibited an OOH, that are produced as a result of the photooxidation of
essentially exponential decay, with a half-life-0€800 ms. Thus, acetaldehyde and ethane. In principle, H®also formed as a
the losses by diffusion and by pumping of the reaction mixture secondary species, but in these experiments its concentration
through the cell remair<10% for times<125 ms. remains too low £5% of the radical concentration) to merit
The probe light was dispersed at a resolution-@fnm with consideration. Thus, the reaction mixture absorbances are
a 0.32-m monochromator (SA HR 320) and detected with a deconvoluted according to the expression
gated diode array detector, with an intensifier optimized for the
UV range (Princeton Instruments IPDA-700SB with ST1000 Abs(t) = X [x]i0(x)! (5)
controller). Although the intensifier has a gain ®fL(®, the
probe light could “leak” through the intensifier and accumulate wherel represents the path length (53 cm)is the absorption
charge on the diodes during the time between photolysis pulsescross section,X; is the concentration at delay tinteand the
an effect that increases aslecreases. To avoid this interference, indexi = 1—4 accounts for the contributions of acetylperoxy,
a mechanical shutter was placed in front of the monochromator ethylperoxy, methylperoxy, and “products” to the overall
that opens only when the photolysis is triggered. At each delay absorbance. The relevant reference spectra are illustrated in
time after photolysis, ranging from 1% to 25 ms, three spectra  Figure 1; the reference spectrum for “products” is the residual
were taken at 20-ms intervals, each with a gate time ef2M UV absorption recorded at 20 ms, after reaction of the peroxy
us. The first spectrum “cleans” the diode array by reading the radicals is complete. It is not the point here to quantify the
array and resetting it. (This further reduces the effect of the amount of “products”. Rather, this absorbance is included in
leakage light and removes dark current that might have the fitting procedure to improve the accuracy in determining
accumulated on the diodes. The result is a gate-on/gate-off ratiothe acetylperoxy and ethylperoxy concentrations; that is, if
of >1000 for most of the UV range and100 forA < 215 “products” were not included in the fit, the presence of these
nm.) The second spectrum precedes the laser photolysis pulsepecies in the reaction mixture would lead to an overestimate
to providelo for Beer's Law. The third spectrum follows the  of acetylperoxy radicals.
photolysis pulse by the selected delay time to meakutbe The experiments were conducted over the 2200 K
transmitted intensity at time The UV spectra collected in this ~ temperature range. In most cases, the temperature was controlled
way were typically averaged over 56050 photolysis pulses.  (to within 5 K) by a recirculating chiller (Neslab ULT-80dd)
The laser repetition rate was 2 Hz, implying flashes during that flows methanol or ethylene glycol through a jacket
the~1.5 s required for the gases to flow through the cell. Checks surrounding the reactor. The data at 333, 395, and 435 K were
showed that spectra obtained at lower repetition rates do nottaken using a new, high-temperature quartz cell (of similar
differ significantly from those obtained at 2 Hz. dimensions) that is electrically heated. The gases were pre-
In general, the net absorbance consists of a number of broadcooled/preheated prior to entering the cell, resulting in a
superimposed spectra originating from the various UV absorbing temperature profile that was uniform over 90% of the reactor
species generated in the reaction mixture. In the presentlength; at the entrance it fell off by 20 K (at 220 and 360 K,
experiments, these species include the principal reactants, CH less as 295 K is approached) over the first 5 cm. Acetaldehyde

cross section (107 cm?)

"products"




TABLE 1: CH 3C(0)0O; + C,Hs0, Reaction Mechanism

Acetylperoxy and Ethylperoxy Radicals Reaction Kinetics
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reaction

rate constaht

6a. CHC(0)O, + CoHs0, — CHaC(0)O+ CHsO + O,

principal

6b. CHC(0)0; + CoHs0, — CH;COOH+ CH;CHO + O,

7. CHC(0)0s + CHiC(0)0, — 2 CHyC(0)O+ O,
8a. GHsO, + C;Hs0, — 2 CHsO + O
8b. GHs0, + C,HsO, — C;HsOH + CH3;CHO + O,

ke =5 x 1072970 cmP s72°

ken/ks = 0 — 0.2

k; =3.0x 10712€5%T cé 571 (ref 6)
ks = 9.8 x 10~ exp(—100/T) cm?*s™*
ksn/ks = 0.35

secondary
9. CHC(0)O— CH; + CO; ko> 1x 10Ps?t
10.CH+ O, + M — CH;O, + M kio=4.5x 10731 (T/300) 3 cmf s7*
CH3C(O)02 + CH302 - CH3C(O)O+ CH3O + 02 k=0cms? (ref 6)
CH;C(0)Q; + CHz0, — CH;COOH+ CH;O + O, k=8.5x 107 13e? cm? 571 (ref 6)
C,Hs50;, + CH30, — CoHsO + CH30 + O, k=1x108cmis? (ref 9)
C;Hs0, + CH30, — other products k=1x 10 cmPs*(ref 9)

tertiary

CH30; + CH30, — 2 CH;O + Oy k=(1—-b) x 9.1x 107e"6T cmPs?
CH30, + CH30, — CH;OH + CH,O + O, k=bx9.1x 10 “eMMcmst

b= (1+ 25 x e 1165T)1
CoHs0 + O, — CH;CHO + HO, k=1.0x 10 3e 8 cmis?
CH30 + O, — CH,O + HO, k=3.9x 1074 %00T cm st

RO, + RO— RH-;0 + ROOH

RO+ RO— RH-;0 + ROH

C:Hs0, + HO, — CoHsO0H + O,
CH302 + HOZ_’ CH3OOH + 02
CH3C(0)O, + HO, — products

HOz + HOZ_’ HOOH + 02

HO, + CH;CHO — CH3;C(OH)HO,
CH3O + CH3CHO_> CH3CO + CH3OH
C:Hs0 + CH;CHO — CH3;CO + C;HsOH

k=15x 10%2cmPs?

k=3x 10" cmis?

k=16.9x 10713 e702M @ 571
k=4.1x 10 1B3em™M cmist

k= 3.9 x 10713 el1350M cm? s (ref 8)
k=2.8x 10713e59M cmP 51

k=15 x 107 cm® st (ref 8)

k=7 x 10 cm’s i(ref 14)

k= (5— 50) x 10" 5cni st

aRate constants taken from refs 12 and 13 unless otherwise rdighsured in the present study.

(99%) was obtained from Fisher, chlorine (4.8% in nitrogen)
was from Matheson, and ethane (99.5%), oxygen (ultrazero  0.257
grade), and nitrogen (99.999%) were from Michigan Airgas.
Tylan flow controllers maintained flows of all the gases except
chlorine, which was regulated with a needle valve. 0.20

CH,C(0)0, + C,H;0,

T=223K |

Ill. Results

The reactant peroxy radicals are formed essentially instantly 8 .15
(~1 us) compared with the 166800us time scale of their
subsequent chemistry. Therefore, the primary reactions respon-
sible for the observed evolution in UV absorbance with time
include

CH,C(O)G, + C,H.0, —~ CH,C(O)O+ C,H,O+ O, (6a)

CH,C(0)O, + C,H0, —
CH,COOH+ CH,CHO + O, (6b)

CH.C(0)Q, + CH,C(0)0, — 2 CH,C(0)O+ O, @
C,H.0, + C,H:0, — 2 C,H0 + O, (8a)
C,H.0, + C,H:0, — C,H,OH + CH,CHO+ 0,  (8b)

wavelength (nm)

Figure 2. UV absorbance of the reaction mixture as a function of
wavelength and time after photolysis.

The full reaction model is presented in Table 1 (unless otherwise only on a much slower time scale. This result is consistent with

noted, peroxy radical rate constants were taken from ref 12, UV absorption by ethylperoxy radicals that remains after

whereas the remainder were from ref 13). completion of reactions 6 and 7, and is only slowly removed
The primary reactions qualitatively explain the changes by reaction 8.

observed in the time-resolved spectra displayed in Figure 2, This simple picture must be amended for the secondary

which represents the raw data from which the rate constantradicals produced via reactions 6a, 7, and 8a. Most important

determinations are made. The bimodal pattern observedtnear are the CHC(O)O radicals formed in reactions 6a and 7 because

= 0 corresponds to a nearly equal mixture of acetylperoxy they are unstable with respect to dissociation and rapidly convert

radicals, which have absorption peaks at 207 and 242 nm, andto methylperoxy radicals via

ethylperoxy radicals, which exhibit an absorption maximum at

239 nm (see Figure 1). The short wavelength feature decays CH,C(O)O— CH, + CO, 9)
within ~200 us, indicating the loss of acetylperoxy radicals;
however, after an initial rapid decay, the 240-nm feature decays CH;+0,+ M —CH;0,+ M (10)
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=2x10°
0

example in Figure 3, varying the branching fractiggiks within
the range 0.60.2 provides an acceptable fit within the @rrors
in the GHs0, + CH3O, composite concentration measurements;
thus, this interval effectively provides the,2r 95%, confidence
interval for ken'ks. As noted in Table 2, this range applies to
the majority of experimental measurements, although the
confidence interval increases to 6.0.3 and 0.6-0.4 at the ends
of the temperature range covered by the present experiments.
Note also that the choice of branching ratio affects primarily
the GHsO, + CH3O, composite concentration. It has only a
minor effect on the CLC(O)O, concentration because the
acetylperoxy radicals decay primarily due to their self-reaction
and reaction with @HsO,, and less as a result of the cross
reaction with secondary G, radicals.

On settingksn/ks = 0, the decay in CkC(O)O; and the initial
rise in GHsO, + CHzO, concentrations are satisfactorily
explained by reactions-610 (and the CHC(O)O, + CH30,
reaction). However, the observed long-term decay iHZ0,
+ CH30; concentration is faster than expected from the simple
model, as indicated by the detlash curve at the top of Figure
3, even after accounting for the cross reaction between ethyl-
peroxy and methylperoxy radicals. A variety of mechanisms
can be hypothesized to explain the more rapid than expected
decay, as discussed later, and each mechanism improves the
agreement between the model predictions and experimental
long-time decayf the GHs0, + CH30, composite concentra-
tion. However, knowing the precise nature of the mechanism
responsible for this slow decay (out to 25 ms) is not necessary
to extract a meaningful rate constant for the acetylperoxy
reaction with ethylperoxy.

13 3.1
ket02+me02 cm's |

C,H;0, + CH,0, K

sto2+act

14

concentration (10 cm™)

=2x107"% em3®s 1

7x10"% cm

ke102+me02

k
OR

ke102+me02 -

k 0

eto2+act ~

8x107"% cm®s

eto2+act

T=360K

-

200 300 400 500
time (us)

Figure 3. Concentration versus time profiles for @{0)0; and RQ
= CyHsO; + CH30;, as determined from the deconvolution of time-
resolved UV absorbance data, such as illustrated in Figure 2. Symbols

100

denote the experimental data. The lines illustrate fits to the reaction
model assuming the acetylperoxy ethylperoxy reaction to proceed
via the radical (6a) versus molecular (6b) channekggli; = 0, 0.2,

Before proceeding with the rate constant determinations for
the title reaction, we take a closer look at the long-time decay
data. Figure 4 expands the time scale of thel4D, + CH30,

and 1) and assuming the existence versus absence of secondargecay 50-fold, well past the time that the acetylperoxy concen-
ethylperoxy removal. tration has decayed to zero. Three sets of data are compared,
CH:0, poses two problems with respect to the present study: with the initial acetylperoxy concentrations set at 0, 0.2014, _
it reacts with acetylperoxy and ethylperoxy radicals, but and 2.2x 10" cm3. With no acetaldehyde added to the reaction
moreover, its UV absorption spectrum is nearly identical to that 92S mixture, the decay 0850, (no CHO; is present) follows
of ethylperoxy (see Figure 1). Thus, in reality, our spectral the predictions of the model in Table 1; that is, it occurs
deconvolution (eq 5) provides the summegHgD, + CHsO, principally via its self-reaction and removal by secondary,HO
concentration, not that of BlsO, itself. Because the kinetics ~formed from the ethoxy reaction with OHowever, even in
of the CHC(0)O, + CHsO, reaction is relatively well  the presence of a small amount of acetylperoxy radicefb
established (although the product branching ratio remains in VErsus 95% ethylperoxy, the8s0, + CH:O, composite decay
questiofi®) and the ethylperoxy concentration typically exceeds OCCUrs at a noticeably faster rate (Figure 4, filled inverted
that of methylperoxy by a factor of 1-®, the interference  tri@angles compared with open circles). Because the increase in
between these two peroxy radicals introduces only a modestdecay rate is more than can be accounted for by the addition of
uncertainty into the determination &. 0.2 x 10 cm2 of CHiC(0)0,, and because it continues long
The effects of the secondary methylperoxy radicals are after the CHC(O)O; has disappeared, the increased removal
immediately apparent in Figure 3. This plot illustrates theCH ~ raté must arise from secondary chemistry initiated by the
(0)0; and the GHsO, + CH;O, composite concentration versus ~ addition of acetaldehyde, and thus acetylperoxy radicals, to the
time profiles that are extracted from deconvoluting time-resolved réaction mixture. As more acetaldehyde is added, the long-time
UV absorbance spectra, such as those in Figure 2. AlthoughC2HsO2 + CH3O; loss rate increases.
one expects from the primary peroxy chemistry (reaction8)6 We have identified two potential mechanisms for the en-
that both the acetylperoxy and composite alkylperoxy concen- hanced alkylperoxy decay, neither of which is entirely satisfac-
trations decrease with time, the experimental measurementstory: they are, a reaction betweenHgO, and CHCHO, and
show the GHsO, + CH30, concentration to increase at first, a more rapid than previously reporfedaction between {150,
due to the secondary methylperoxy formation, and then slowly and CHO.. Either mechanism can provide excellent fits to the
decrease. This initial increase cannot be accounted for simplydata, both at short times (as illustrated by the solid line fits to
by the methylperoxy radicals formed as a result of the the data in Figure 3) and at long times (two examples are given
acetylperoxy self-reaction, as illustrated by the curve marked by the curves markekbiozmeo2= 13 x 102 cm?® st in Figure
keke = 1 in Figure 3. Instead, for all of the experimental 4). The first mechanism can be tested by varying the amount
measurements listed in Table 2, thgHgO, + CH3O, concen- of acetaldehyde in the initial reaction gas mixture (the ethane
tration data can only be fit by settingyks = O; that is, having level must also be adjusted to keep the initial radical relative
the reaction proceed entirely via the radical channel. For the concentrations constant). However, a 20-fold increase ig-CH
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TABLE 2: CH 3C(0)0O; + C,Hs0, Rate Constants

[C2HsO5)0 [CHC(0)Oo KchyCost+CoHs0, Kst/Ks

tempK PieTorr O, Torr  ChTorr CHsCHO Torr GHg Torr 10%cm3 10%cm3 10 cmPsta  rangé
223 129 28.6 0.26 2.58 3.28 5.1 5.3 4Q.7 0-0.3
235 126 27.4 0.21 0.83 2.08 2.6 1.5 418 .6 0-0.3
236 130 28.1 0.22 0.85 2.12 5.9 2.6 49.5 0-0.3
253 125 27.4 0.18 1.28 3.05 4.2 2.2 33.7 0-0.2
255 129 28.0 0.23 0.85 2.10 54 2.5 40.9 0-0.2
273 127 27.0 0.26 2.10 2.98 4.8 3.3 27.0 0-0.2
274 130 28.3 0.23 0.86 212 4.9 2.0 348.1 0-0.2
295 126 27.0 0.30 1.36 3.22 5.1 2.2 29.8 0-0.2
295 126 27.5 0.21 0.34 0.84 4.3 1.8 28.2 0-0.3
295 133 28.7 0.21 7.13 17.0 4.6 1.7 8.8 0-0.3
295 127 27.7 0.22 1.77 2.50 3.8 2.6 *9D.7 0-04
325 135 28.5 0.32 2.70 3.64 4.9 3.6 D4 0-0.2
333 139 28.8 0.30 1.69 3.57 53 2.0 £10.4 0-0.2
359 137 28.8 0.36 1.52 3.66 6.1 2.4 £10.5 0-0.2
360 138 28.5 0.32 2.77 3.44 53 3.9 &8.15 0-0.2
395 138 30.1 0.33 1.72 3.69 5.8 1.9 &®.3 0-0.4
435 144 31.1 0.37 1.76 3.68 6.9 2.0 &D.3 0-0.3
435 144 128 0.37 1.75 3.65 6.8 2.3 &xP.4 0-0.3

aError bars aret2¢ and include fitting and systematic uncertaintiec confidence interval.

6 ——— 77— T 7T Being a radicatradical reaction, this mechanism is independent

r T=295K 1 of the radical precursor concentrations (e.g., acetaldehyde),

o [CHC(0)0,], =0 ] vv_hich_is in agreem_ent with experimental results. This r_necha—

I v [CH.C(0)O,], = 0.2x10™ em® nism is relatively independent of temperature, as might be
5t O [CH,C(0)0,], = 2.2x10™ cm™ - expected, with the model-fitted values varying betweex 8

10718 and 20 x 10712 cm® s over the 223-435 K range.

] Unfortunately, the larger cross reaction rate constant required
in the present experiments is inconsistent with peroxy radical
decay measurements made in the absence of acetaldehyde and,
thus, this mechanism also is not entirely satisfactory.

Another potential complication concerns the fates of the
alkoxy radicals that arise from the peroxy chemistry. These can
be lost by self-reaction or removed by reaction with peroxy
radicals. They can react with ;,0to form HO, or with
acetaldehyde to regenerate £HO)O;:

\ K = 2x10™"% emSs™

eto2+meo2

=13x107"® em®"

eto2+meo2

RO+ CH,CHO— ROH + CH,CO (11)

concentration (10" cm™)
w

~— 1 The methoxy reaction with acetaldehyde has been reported to
- occur with a rate consta¥itof 7.4 x 10714 cm?® s 1; however,
v no data are available for the ethoxy case. If the latter reaction
is assumed to proceed at the same rate as the methoxy reaction,
then it could affect the determination &f (i.e., a factor of 2

- ] change in the rate constant would akeby ~20%). However,
'_%3 ) two observations indicate that GE(O)O, regeneration would

0

oooao

CH,C(0)0,

USRS S TN YA N N T NN VA WA SN WU DO SUY S SR S N T M S

5 10 15 20 25 not pose a problem. The first observation is that the best fit
. values forks do not depend, in a statistically significant way,
time (ms) on the acetaldehyde concentration as it is varied by a factor of

Figure 4. Long-time decay of the ethylperoxy radical for various initial 20 (see Table 2). Second, if regeneration is introduced into the

CH3C(0O)Q; concentrations. Note the near instantaneous loss @€H  model, the fit forks becomes dependent on the length of time

(0)0; on this time scale. Solid lines show model predictions, comparing after photolysis over which the fit is performed, witky

two values Ofketozimeoz fOr the data represented by the open squares; ¢,nyerging to the value found in the absence of regeneration

dashed lines are for the inverted triangles. The open circles represent

the ethylperoxy decay in the absence of acetaldehyde and, therefore,as the time interval is decreased. Both observations suggest that,

CHs0,. within the data scatter, complications from the alkoxy chemistry
do not affect the measurementkgf perhaps the ethoxy reaction
CHO from 0.34 to 7.1 Torr has a minimal effect on thgHg0 with acetaldehyde is slower than the methoxy counterpart or

+ CHs0, decay rate (see Table 2), an observation that is ethoxy radicals are removed by other mechanisms.
inconsistent with the hypothesis that this reaction is responsible  Continued exploration of the long-time,ds0, + CHz0,

for the long-time GHsO, + CH30O; loss rate. decay found in the photo-initiated oxidation of acetaldehyde/
The second mechanism, increasing thgd60D, + CH30; ethane gas mixtures takes us outside the scope of the present
cross reaction rate constant from its reported Vabfi@ x 1013 paper. The acetylperoxy decay and the initial rise and early

cm®s1to 13 x 107 cm?® s71, also leads to good agreement portion of the GHsO, + CH30; decay { < 500 us) are fit to
with the observed long-time£s0, + CH;0, composite decay.  the reaction model of Table 1 withs, Kcono,+cHso2 OF
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KeoHs0,+-chscHo, [CH3C(O)Oy)o, and [GHsO2)o treated as adjust- CH30(0)02 + CZHSOZ

able parameters, with the latter two subject to the constraint 1e-10 —————— ——
that they sum to the ethylperoxy concentration calibration [ +5 13 _(1070+200)/T R
measurement. The results fky, along with the experimental i ke =(5 -2)X1O e i

conditions, are listed in Table 2. They are independent, within
the experimental error, of whether increasing the ethylperoxy
methylperoxy cross reaction rate constant or a reaction between ~ -
ethylperoxy and acetaldehyde is used to accommodate the ¢
CoHsO, + CH30, decay. e
The error analysis performed f&g includes both the “signal =
noise” originating from the UV absorbances and systematic <
contributions from uncertainties in the optical cross sections used 1e-11 l _
to deconvolute the absorbances and the rate constants employed X
in the reaction model used to fit the concentration data. The i
principal sources of systematic error ase,c()o, OC,HsO s
KeoHs0,+CH0, (OF KepHso,+cHscHo), Kz, andKenac(ojor+chio,: The
ethylperoxy self-reaction is too slow for the uncertainty in its
rate constant to exert an influence on the determinatiok.of
The impact of the first three on the confidence limits kgcan
be ascertained in two ways. I ® present work

The first method is via a sensitivity analysis. Thus, modifying O Ref.9
the CHC(O)O, concentrations by 10% to account for uncer-
tainty in the acetylperoxy UV cross section alters the best fit Te-12 2'5' - ‘3'0 ' '3'5 4.0 45
value of ks by ~8%. A 5% uncertainty in the better-known ) ' ) ' '
ethylperoxy cross section leads to a similar 8% effedtght 12 1000/T (K '1)

The effect ofke,Heo,+cHy0, (OF Keatisoz+chacro) depends on the Figure 5. Temperature dependence of the LLKD)O; + C,HsO; rate

time interval over which the concentration is fit. The shorter constant. Solid line is the best regression. Dashed lines represent 95%
the time interval, the smaller is the effect of either of these rate confidence limits for the regression.

constants, which are used as surrogates to model the long-time

CoHs50, + CH30, decay_ However, shortening the time interval this rate constant is well fit by the Arrhenius EXpI'ESSiOH
increases the contribution of signal noise to the errdgirAs

a compromise, for the-8500us intervals typically used in the ke= (573 x 10 *3 10702000 o3 g1 (12)
present fits, a 4-fold reduction ikcH.0,+cHi0, €SSentially

reducing it to the previously reported value, has about a 15% It exhibits a negative temperature dependence, as found for the
effect on the determination &§. Uncertainties of the order 10%  acetylperoxy self-reaction and its cross reactions withp@H

in the acetylperoxy self-reaction and its cross reaction with and HQ.88 The error bars in the A-factor and activation energy
methylperoxy lead to errors of-5L0% and~4%, respectively, ared20, as determined statistically from the linear least-squares
in ks (the latter increases to9% at the higher temperatures fit of In(ks) to 1/T. The dashed lines in Figure 5 display the
because of uncertainty in the branching ratio of the cross 95% confidence limits for the regression. Because measurement
reaction). When these values are statistically combined with a noise represents the largest source of error, and because the
15% uncertainty due to “noise”, assuming the contributing regression effectively “averages out” the random noise, these
uncertainties to be independent, the result is thed®% error regression limits are tighter than the errors for the individual
bars reported at 95% confidence in Table 2. rate constant determinations.

The influence of uncertainties iBch,c(0)0, OcsHs0,, and ) )

Ke,Hs0+CHs0, (O Ke,Hy0,+CHscHO) CaN be ascertained in another IV. Discussion

way. The uncertainties in the cross sections are equivalent to  The present rate constant determination for the acetylperoxy
admitting that the initial CEC(O)O; and GHsO; concentrations  reaction with ethylperoxy radicals is in reasonable, though not
are not known and treating these as adjustable model parametergery good, agreement with the room-temperature value reported
along with the rate constant chosen to model the long-time py villenave and LesclaukThe room-temperature rate constant
C2HsO; + CH3O, decay. In addition to the best fit parameters, of 2.0 x 1072 cm?s~2, based on the Arrhenius fit to our entire
the fitting software (Scientist, MicroMath Scientific Software) data set, is twice the previously reported value. Villenave and
provides a statistical analysis of the parameters, in particular | esclaus relied on UV absorbance versus time traces recorded
providing both univariate and support plane confidence intervals. at the single wavelength of 235 nm to determine the rate
The latter allows that the roles played in the model by the constant. Because GB(O)O, C,HsO2, and CHO. all absorb
various adjustable parameters may be correlated and, thusat this wavelength, and considering the influence of secondary
provides an ellipsoidal joint confidence region for the four chemistry on the long-time decay of theHzO, and CHO,

6
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parameters just mentioned. This procedure results in83%  radicals just described, it would be difficult to ensure the
error inks, accounting for the effects of varying the other three accuracy of a rate constant determination based on a single
parameters, namelyicr,c(0)o, OcHs0, aNd Ke,Hso,+cHio, (OF wavelength. Thus, the earlier value laf could be considered

KeaHso,+chacHo). Combined with the uncertainties ascribed to  semiquantitative and, in that spirit, consistent with the present

the acetylperoxy self-reaction and methylperoxy cross reaction, work.

the net error inks is again found to lie in the range 2@0%. Temperature-dependent rate constants are now available for
Figure 5 displays the temperature dependence of thd€C€EH  four CH;C(O)O; + RO; reactions, with R= H, CHs, C;Hs,

(0O)O, + C,Hs0; rate constant. Within the experimental errors, and CHCO. These data are compared in Figure 6. All four
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+ RO, reactions to account for 20% of the acetylperoxy loss.
PAN levels were predicted to be 4% lower than those based on
the original RACM.

The present work and our previous studies of acetylperoxy
kinetics add two points to this discussion. First, the room-
temperature rate constant of X010~ cm® s! recommended
to represent the acetylperoxgrganic peroxy class of reactions
might be somewhat low; although based in Figure 6, which
exhibits a range of #2) x 10 cm® s™1 at 295 K (omitting
the HG, reaction), the suggested value is not far off. More
important is the question of temperature dependence. The
RACM assigns an apparent activation energy-@fl1 K to the
CH;3C(0O)O;, + C,Hs0, rate constant. For the acetylperoxy
reactions with C3, C5, and C8 alkylperoxy radicals, the
temperature dependence is made progressively steeper, with
activation energies of-460,—522, and—683 K, respectively.
Yet, the present experiments suggests that theGQB)O, +
C,HsO, reaction rate constant exhibits an apparent activation
energy of—1070 K. Thus, although a global GE(O)O, +
RO; rate constant of 1.« 10711 cm? s~ might serve well at
295 K, it could underestimate the rate constant by a factor of
2—3 at 270 K. The question of an appropriate temperature
dependence for the kinetics of the acetylperegyganic peroxy
class of reactions remains to be answered by additional,
temperature-dependent kinetics measurements.

Figure 6. Comparison of the temperature-dependent rate constants for References and Notes

the reactions of acetylperoxy radicals with a variety of other peroxy
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rate constants are relatively fast for perexperoxy reactions,
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