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We have employed a pulsed laser photolygislsed laser induced fluorescence technique to study the kinetics
and mechanism of the reaction of OH with isoprene. Three isotopomeric variants of the reaction have be
studied. A rate coefficient of (8.4% 0.59) x 107! cm?® molecule* s™* (=20) was obtained at room temperature
and showed no kinetic isotope effect within the precision of the measurements. The rate coefficient w
independent of pressure over the range of-600 Torr and showed no dependence on the nature of the
buffer gas in nitrogen, air, and helium. A limited study of the temperature dependence indicated that t
reaction displays a slight negative activation eneigy= —690 J/mol). The gas-phase ultraviolet absorption
spectrum of both regular and deuterated isoprene was obtained at room temperature and showed a st
absorption feature in the far ultraviolet. The absolute absorption cross sectio?l&tnm, the absorption
peak, is~7 x 10717 cr?. The detailed oxidation mechanism was examined by experiments in which NO wa:
added to the gas mixture in order to recycle product, HOOH. At least 20 OH temporal profiles were
obtained for each of the 3 isotopomeric variants. The profiles were modeled using the current isoprene mod
of the master chemical mechanism (MCM) that has been developed at Leeds University. The MCM mechani
gave good fits to the experimental profiles for all three reactions. A sensitivity analysis was developed
examine the extent to which recycling experiments can constrain individual rate coefficients in the MCN
reaction mechanism. We obtain a lower limit 0&410-1?> cm?® molecule? s™* for the rate coefficient for the
addition of Q to the hydroxyalkyl radical formed by OH addition to isoprene. Our results suggest tha
uncertainties in the database on NO radical termination steps are a major limitation in the ability of recyclir
experiments to constrain the MCM mechanism.

Introduction A number of oxidation mechanisms have appeared that contain
the detailed oxidation steps together with appropriate rate
coefficients, most of which are inferred from structural additivity
relationships or ab initio calculatio$18-20 There are few
measurements of any of the intermediate oxidation steps.

Although there have been several relative rate studies of the
rate coefficient for R1, until recently direct studies were limited.
*n this work, our goal was to measure the rate coefficient directly
under a variety of conditions, including those typical of the
troposphere. We reported a preliminary account of a direct
determination of the rate coefficients for R1 and its isotopic
variants, reactions R2 and R3, together with studies of the
recycling of product H@DO; in the presence of N&.

Isoprene is the primary component of the atmospheric burden
of nonmethane hydrocarbons. On the basis of current emission
estimates, isoprene constitutes approximately 44% of the total
NMHC emissions inventory.The primary production sources
of isoprene are natural, with deciduous trees being large
emitters? However, the discovery that phytoplankton produce
isoprene suggests that isoprene may be a ubiquitous feature o
atmospheric chemistry in the tropospheric boundary |&yer.
Interest in the atmospheric chemistry of isoprene is related to
its importance in the background chemistry of the unpolluted
atmospher® and also to the significant role that natural isoprene
emissions can play in urban pollution episodes that lead to ozone
formation®~10 The initial step in the atmospheric degradation OD + C;H;— ODC;Hq )
may involve reaction with OH, ¢ or NOs; however, reaction

with OH, reaction R1, is the primary channel under most OH + CsDg —~ OHGH, @)
circumstances$:t Since that publication, several experimental and theoretical
studies focusing on both the absolute rate of the reaction and
OH + CgHg —~ OHGHg (1) the detailed mechanism of the degradation process have

appeared®22-35\We have revisited the absorption cross sections
As a result of this, a large number of chamber investigations of hg-isoprene andds-isoprene at high spectral resolution
have focused on the chemistry of the OH-initiated degradation between 205 and 230 nm, constraining the largest uncertainty

of isoprene, inferring the mechanism from product stu#ie¥. in our kinetic measurements, and present them here together
with the full details of our kinetics studies, including a
* Corresponding author. E-mail: ahynes@rsmas.miami.edu. comparison with recently reported studies.
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In addition, we detail the experiments and model employed
to monitor the subsequent progress of isoprene degradation, 74 — hg-Isoprene
allowing us to constrain proposed reaction mechanisms and~" 3 v\ dg-Isoprene
determine rate coefficients for some intermediate steps. We do A
this by monitoring the recycling of product H®ack to reactant
OH in the presence of NO:

HO, + NO— OH + NO, 4)

Although our ability to constrain the rate coefficients of
individual mechanistic steps is limited, we find that our
observations agree well with the predictions of the isoprene
module of the master chemical mechanism developed at the 3 T
University of Leedg*18:36 TrrTTTd ! ! ' '

205 210 215 220 225 230
Experimental Section Wavelength [nm]
Figure 1. UV spectra ofhg- and ds-isoprene.

Cross Section [10 -'7 cm?

Absorption Cross Sectionsln experiments reported previ-

.OUSW’ th_e absorptlor! cross sections at 228.9 nm were rneasure(ijnformation was obtained by varying the delay between the
in a series of experiments in which a known pressurédgof

isoprene odg-isoprene was introduced into an absorption cell photolysis and probe lasers using a digital delay generator. The
- . . )
and the attenuation of the 228.9-nm line from a Cd discharge signal was collected for an appropriate number of delay times

lamp was monitored using a photomultiplier/band-pass filter in order to map out a complete OH temporal profile. Al
P was . sIng a p P P experiments were carried out under slow flow conditions to
combinatior?® To confirm these experimental results, we

measured absorption cross sections between 205 and 230 nrr?vmd the buildup of reaction products. All flows were monitored

at higher spectral resolutiohg-Isoprene odg-isoprene mixtures using calibrated mass flowmeters. Partial pressuresaird
. - , i .
typically 1% in 1000 Torr total pressure, were made up NO were calculated from flows. Dilute mixtures oflds and

manometrically in large Pyrex storage bulbs using a different CsDg were made up manometrically in large glass storage bulbs.
'y ge ry Y 9 .__Concentrations of §Hg and GDg were calculated from flows
set of capacitance manometers from those used in the prior

; - and measured in situ by photometry using the 228.9-nm line of
experiments. A deuterlu_m lamp (Hamamatsu L979-01) serve_:d a Cd lamp* The attenuaﬁi(r))n of the 2.’)2/8.9-n?n line was monitored
gznthvﬂggti:;gg:a Egzlggtgasspssgtrtgg?;gﬁ gggﬁﬁ\%gfgéﬂg%oth before and after the absorption cells using a photomultiplier
was detected by a 1024-element photodiode array (EG&G and a narrow band-pass dichroic filter. Concentrations calculated

M1421), and was processed by an optical multichannel anal Zerusing both approaches were in good agreement. Concentrations
: P Y P analyzel o tained from photometry were used in all calculations because
(OMA, EG&G M1463). The wavelength scale was calibrated . . .
. S - we believe that they improve both the accuracy and precision
using the atomic lines from Zn and Cd lamps (BHK Inc). With L .
) . - . of the rate coefficients obtained.
a 3000 lines/mm spectrometer grating, we obtained a resolution The pure gases and chemicals used in this study had the
of ~0.05 nm, taken from the fwhm of isolated atomic lines. > P gases e 0 Y 0
Kinetics. Our use of the PLP-PLIF technique for the study following stated minimum purities: N99.999%), He (99:996 %),
: . S ! : 07 (99.99%), and synthetic air (99.99%) were obtained from
of hydroxyl radical kinetics has been described previogsly, P ir HO. (70% btained f EMC T
and a brief review of the experimental configuration in this work raxair. HO (70%) was obtaine rom corporation it
N ) . was further concentrated and purified by bubbling buffer gas
is given below. Experiments were performed in a Pyrex cell. - -
. . .. through the sample for several days before use in experiments.
The central 25-cm-long section of the cell was jacketed to permit heel = 99% d nitri id (70% '
the flow of heating or cooling fluid from a thermostated bath. . & >oPtene ( 6) and nitric acid (70% azeotrope in water)
. : X were obtained from Aldrich Chemicaldg-isoprene (>98%),
A copper-constantan thermocouple with a stainless steel jacket

) SR 0
was inserted into the reaction zone through a vacuum seal from Cambridge Isotope Labs, adehitric acid (39% D), from

allowing the measurement of the gas temperature under theAICIrICh Chemicals.

precise pressure and flow conditions of the experiment. The R . .

) .~ Results and Discussion
photolysis and probe lasers counterpropagated through side
windows across the direction of gas flow. Fluorescence was Absorption Spectrum and Absolute Absorption Cross
detected through a third sidearm, perpendicular to the photolysisSections.Figure 1 shows the absorption spectra @Hgand
and probe beams. OH was produced by the pulsed laserCsDs. Table S1, listing the absorption cross sections as a
photolysis of HO, or HNO; using the 266-nm fourth harmonic  function of wavelength, is included in the Supporting Informa-
of a Nd:YAG laser (Quanta Ray GCR-4). OD was produced tion. Our high-resolution data show that the spectrum of
by the photolysis of DN@ Pulsed laser induced fluorescence deuterated isoprene is blue-shifted by approximately 1.25 nm.
using a Nd:YAG-pumped, frequency-doubled dye laser (Quanta For GHg, the absolute value of the absorption cross section at
Ray DCR-3/PDL-3) was used for OH and OD detection. 228.1 nm is 8.29x 10718 cn?, within 1% of our previously
Excitation was via the €1 line of the A—X (1-0) transition at reported value. For §Ds, we obtain 4.65x 10718 cnp,

282 nm for OH and 287 nm for OD. Fluorescence in theD0 approximately 4% lower than our previous value. It is worth
and 1—1 bands was detected by a photomultiplier after passingnoting that no buildup of a polymerization product was observed
through collection optics and filters to discriminate against for the diluted samples, in sharp contrast with the measurements
Rayleigh scattering and Raman scattering fropnalNd/or Q. with pure isoprene reported before. This might be due to the
The photomultiplier output was appropriately terminated and lower partial isoprene pressures used or to the suppression of
fed to a 500-MHz digital oscilloscope to obtain integrated wall reactions at the higher total pressures used in the diluted
voltage averaged for (typically) 100 laser shots. Kinetic experiments. That both determinations yield almost identical
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TABLE 1: Determinations of ki, ko, and ks

k[107 crr? dk[10-1t e k(T) [10"1 cnr? dk(T) [10°2t e
p[Torr] bath gas TIK] molecule®s™] molecule*s™] molecule s molecule®s™]
OH + hg-Isoprene
200 8.27 0.161
615 He 8.55 0.144
72 8.68 0.189
200 8.58 0.171
60 air 7.76 0.154
600 8.37 0.206
200 297 8.78 0.178 8.47 0.64
50 8.24 0.204
600 8.94 0.133
600 8.76 0.130
8.17 0.165
\P) 8.35 0.165
8.71 0.141
200 276 9.13 0.180 9.13 0.180
262 9.15 0.181 9.15 0.181
251 9.87 0.254 9.87 0.254
320 7.39 0.140 7.39 0.140
342 6.73 0.139 6.73 0.139
OD + hg-Isoprene
8.45 0.177
200 [\ 297 8.42 0.163 8.43 0.18
OH + ds-Isoprene
200 No 297 8.27 0.166 8.27 0.17

results suggests that the error associated with polymerizationchemistry. This implies that the lifetime of the Glisoprene
is negligible. Therefore, we think that the total error for the adduct is much longer than the time scale of our experiments
UV cross section, and hence for the isoprene concentrationand that the adduct does not react witht® produce OH as a
determination in the kinetic experiments, amounts mainly to reaction product. In all, 17 determinations of rate coefficients
the precision of the manometric determination of the isoprene for R1 were performed over the pressure range of &0 Torr
concentration, which is around 5%. at 6 temperatures between 251 and 242 K. In addition, three
The only previous literature data is a slightly lower resolution determinations of the rate coefficients for R2 and R3 were
spectrum of @Hg reported by Jones and Taylor almost 50 years performed at 298 K. The kinetic data set is summarized in Table
ago®® The Jones and Taylor spectrum is plotted on a logarithmic 1.
absorptivity scale with four other dienes, and although it is  The rate coefficients listed in Table 1 are clearly consistent
similar to ours, accurate values are difficult to interpolate. One ith the conventional view of the OH-initiated oxidation
absorbance value in our range of interest, however, is shownmechanism as proceeding via the addition of OH to one of the
in a table with literature comparisons. They measured a molar double bonds to form a stable adduct. The rate coefficients for
absorptivity of 19 800 L mol* cm™*, corresponding to a cross  R1, R2, and R3 are equal within the precision of our measure-
section of 7.6x 107" cn?, at 215.5 nm. At this wavelength,  ments, and this, together with the mechanistic studies detailed
we obtain a value of 7.3 107'" cn¥, a difference of merely  pelow, suggests that the reaction proceeds exclusively by
4%. This is well within the experimental uncertainty of our addition with no significant abstraction component. The rate
measurements and gives us further confidence in the accuracy:oefficients are independent of both pressure and the nature of
of our isoprene concentration measurements during the kineticthe puffer gas, indicating that the addition reaction has reached
experiments. o ] its high-pressure limit at 60 Torr over the range of temperatures
Kinetic Studies. All standard kinetic experiments were ysed in this work. Because the measured rate coefficients are
performed under pseudo-first-order conditions. The concentra-jndependent of both pressure and buffer gas, the measurements

tion of isoprene was varied betweenx110'* and 2 x 10 at each temperature have been averaged, and these averaged
cm3 and was in large excess over that of OH, which was ygues are also reported in Table 1.
typically around 1x 10'2 cm-% Under these conditions, the Recent experiments in our laboratory have shown that

observed OH decays should follow simple first-order kinetics: instabilities in the absorption measurements are the main source
of the statistical error of the rate coefficients. A weighted fit to
[OH] . ; i
In[-=—-| = (k,[isopreneH k)t =kt the data using only the precision error of the LIF. decays not
[OH], only underestimates the total error but also can bias the result
of the fit. Therefore, we have undertaken a reanalysis of all of
wherek; is the bimolecular rate coefficient for R1 akd is our kinetic data, including conservative estimates for the
the first-order rate coefficient for the loss of OH by diffusion precision error of the concentration, derived from current
from the detector field of view and background reaction. measurements on the same apparatus. We have also checked
Examples of temporal profiles of OH for R1 have been shown for consistency between weighted and unweighted fitting
previously. All data for both OH and OD was of high quality procedures, discarding data where the difference was greater
with the pseudo-first-order decay rates, determined over at leastthan 5% as a result of significant variation in lamp intensity
3 and typically 4 to 5Y times, showing & uncertainties of during the course of an experiment. This gives a new average
2%. No deviation from pseudo-first-order behavior was ob- of the measurements for the rate coefficient at 297 K of &47
served, indicating the absence of complications from secondary10-1! cm?® molecule! s~ with a 2oregression error of 0.59

30f15 Ex. 2022
IPR2023-00695



1540 J. Phys. Chem. A, Vol. 108, No. 9, 2004 Campuzano-Jost et al.

TABLE 2: Summary of Published Kinetic Studies on the OH + Isoprene Reaction

k[10-1tcm? Dk[10- 1 cm? [isoprene] [18t [OHY/ detection
author moleculels™] moleculels™] pressure/gas  molecule cr] [isoprene] method
Atkinson et al2 9.98 0.45 760 Torr air relative rate GC propene
Atkinson and Aschmar¥i 10.2 0.4 760 Torr air relative rate GC propene
Ohta® 9.9 0.27 760 Torr air relative rate GC 1,3-butadiene
Edney et aP? 10.1 0.2 760 Torr air relative rate GC propene
Gill and Hiteg* 10.1 1.9 760 Torr He relative rate MS 2-methyl-propene
Cox et al®® 7.8 ~0.8 760 Torr air relative rate GC ethene
Kleindienst et af'® 9.26 15 50—200 Torr Ar  10—60 unknown FP-RF
Siese et af? 9.7 unknown unknown unknown FP-RF
Donahue et al. 8.13 0.1 unknown unknown unknown TFT/LIBOH)
(private commun.)
Choung and Steveffs 11.0 0.5 2—6 Torr He 4-16 3-15 DF/LIF
Choung and Steveffs 10.8 0.5 100—150 Torr Ar  2—20 3-15 TFT/LIF
McGivern et al? 9.9 0.5 20 Torr Ar 1006-10 000 5000—50 000 PLP/LIF
Zhang et ak® 10.1 0.8 70—120 TorrN  3-50 40—100 TFT/CIMS
this work 8.47 0.64 60—600 Torr 10 000—15000 100—1500 PLP/LIF

101L As a testimony to the robustness of the data set, the newturbulent-flow reactor, they obtained essentially the same result.
value is within 1% of the one reported before. The new statistical Zhang, North, and co-workers studied R1 using both turbulent-
error is about 5 times the one calculated from LIF precision flow reactor and laser photolysis/LIF techniques. They obtained
alone and should be regarded as a fairly conservative estimatea value of 10.1x 10711 cm® molecule’® s at six pressures
This value for the rate coefficient is 15% below the rate between 70 and 120 Torr in a;Muffer using the turbulent-

coefficient of 1x 1071° cm?® molecule’! s~ currently recom- flow reactor. They reported laser photolysis/LIF experiments
mended by the IUPAC pariéland lies at the low end of over the range of 0:520 Torr in Ar that gave a high-pressure
reported rate coefficients that lie between %10 tand 11.1  limit of 9.9 x 1 07! cm® molecule™® s™%. Their low-pressure

x 10711 cmd molecule! s and are summarized in Table 2. studies disagree with the low-pressure study of Chuong and
The two sources of potential systematic error in this type of Stevens in that they found a pressure dependence below 10 Torr.
study occur in the determination of the pseudo-first-order rate The limited range of pseudo-first-order rates measurable in flow
of OH and the determination of the concentration of the excess tubes resulted in the use of relatively low isoprene/OH ratios
reactant, isoprene. The ratio [isoprene]/[OH] used in this work in those studies. The laser photolysis/LIF studied used higher
is significantly larger than in any other direct study. This, ratios similar to those used in this work. In contrast to our work,
together with the low initial concentrations of OH used, should McGivern et al. used the 193-nm photolysis of HN&s the
minimize the possibility of secondary chemistry contributing OH precursor. As they note, isoprene absorbs at this wavelength,
to the observed OH decay rate. As we note above, we believeand the photolysis of HNgproduces both OH and’D. They
that in situ monitoring of reactant concentrations by photometry inferred isoprene concentrations by passing Ar over isoprene
both increases precision and minimizes the possibility of liquid, assumed saturation, and calculated concentrations from
systematic error resulting from incorrect concentration measure-the isoprene vapor pressure.
ment. In this work, we measured concentrations before and after As shown in Table 2, there have been several measurements
the reaction cell and obtained the same value, indicating thatof ki at atmospheric pressure in air using relative rate ap-
there was no loss of isoprene to the reactor walls. In some casesproaches, mostly relative to the reaction of OH with propene.
a multichannel analyzer was used to obtain the spectrum of theThese results are in good agreement with the higher value of 1
reactant mixture, and there was no suggestion of any “dark” x 1071% cm® molecule* s™* for ki.#2 Our lower value fork
chemistry. This suggests that problems related to the polymer-also implies that either the currently recommended value for
ization of isoprene in the flowing gas mixture are negligible. OH + propene is 15% too high or some unidentified secondary
We believe that the agreement we obtain for the rates of R1 chemistry is affecting the isoprene studies.
and R2 implies that our estimate of our overall accuracy (an  Figure 2 shows an Arrhenius plot of our data together with
uncertainty of less than 10%) is realistic. all other direct studies and temperature-dependent measurements
An accurate and precise value of the rate coefficient for R1 that have been reported in the literature to date. As can be seen,
is particularly important because in certain circumstances the slopes of the temperature dependencies determined by
isoprene can act as a significant sink for OH. Hence, uncertain- Kleindienst et al., Gill and Hites, and us are all very similar,
ties in this rate coefficient will impact not only isoprene perhaps an indication that systematic errors in concentration
chemistry but also the partitioning between major OH sinks. Measurements and not kinetic detection artifacts are responsible
Compared to the other direct determinations in the literature, fOr the discrepancy in the absolute values for the rate coefficient
only Kleindienst et al.’s 1983 data falls within our estimated ©f R1. The slope of the Arrhenius plot reported here is slightly

error limits“° The unpublished data of Donahue et al., reported Smaller than the values from Kleindienst et al. and Gill and
in our last paper, is in excellent agreement, although these resultd1it€S and is mainly due to the measurements in the range below
are from a limited number of experiments. The measurements298 K not covered by the other two groups; however, all three
from Choung and Stevens and the Texas A&M groups of North values agree well within our conservative error estimates:

and Zhang reported in the last 3 years all lie-25% higher _

than the measurements reported in this wgr:27,29.31,82,3541 k;(250—340 K)= (8.63+ 0.42) x

The reasons for this discrepancy are unclear. Chuong and —11, N
Stevens studied R1 at low pressure in He and report a rate 10 exp|(348++ 136) T 298
coefficient of 11.0x 107 cm?® molecule! st at 2, 4, and 6

Torr, although the addition of Owas required to suppress OH Regeneration Experiments.General ApproachThe OH
heterogeneous chemistry. In a subsequent study in argon in acycling experiments were performed at a total pressure of 200
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T [K] ments. For NO, the agreement between the concentrations
360350 340 330 320 310 300 290 280 270 260 250 240 calculated from the kinetics in the absence of isoprene and the
ones calculated from flows was excellent. Isoprene concentra-
tions calculated from optical absorption in the absence of NO
— were consistent with the kinetic rates observed using the rate
o coefficient determined in this work. Concentrations varied by
g less than 5% over the course of an experiment. For each set of
E fixed NO/isoprene concentrations, all LIF profiles were first
B normalized in order to account both for probe power fluctuations
g? and OH quenching at higher,@nixing ratios; corrections were
o I s vork v Choung & Stevens typically less than 15%. The photolysis laser power was stable
i - Gill & Hites + Donahue etal to within 5%. The LIF signal profiles were then converted to
] - g:;:‘;e;“ etal 2 ZL“E;Z’;T' al OH concentrations based on the average photolysis laser power
T T L e e L B and HNGQ concentration. For each reaction, a single chemical
28 3 32 34 36 38 4 mechanism was then used to reproduce the data for all four
1000/ T K™ experimental sets of conditions. No least-squares fitting was
Figure 2. Arrhenius-style plot of the temperature dependency:of  performed; rate coefficients were varied until the best visual
found in this work and in the literature. overlap between simulation and data was achieved.

Torr in N, buffer gas at room temperature. Relatively high Methane Experiments.To test the ability of our system to

isoprene and NO concentrations were used, compared with thosénonitor realisti_c OH regeneration rates at the_ chpsen conditions,
typically seen in chamber experiments. Two main considerations & St Of experiments were performed substituting methane for
led to the choice of these experimental conditions. It was isoprene. The o?<|dat|on of methane, although Stl!l no_t completely
necessary to operate in a configuration that allowed a sufficiently Understood, relies on a much larger body of kinetic evidence,
high signal-to-noise ratio to produce well-defined kinetic decays SO it seemed feasible to mod_el such curves within the constrains
when the OH concentration had dropped to between 10 and®f the IUPAC recommendation.
1% of its initial value but at pressure high enough to ensure  Because both the initial step, OH methane, and the
that most pressure-dependent reaction rates were close to theiformation of methylperoxy are very slow, high concentrations
values under atmospheric conditions. It was also desirable toof methane and oxygen had to be used to achieve a significant
make the main oxidation pathway sufficiently rapid that cross HO; buildup on similar time scales to those observed in the
reactions and slow rearrangements of the intermediates did notisoprene experiments, although regeneration was stbl @mes
need to be factored into the chemical modeling. In addition to slower than for isoprene. Despite the fact that the initial step is
this, higher concentrations resulted in smaller errors in the an abstraction, not an addition, the mechanism for OH regenera-
determination of isoprene and NO mixing ratios, greatly tion is similar to the one already described for isoprene and is
reducing uncertainties in the highly nonlinear simulation runs. summarized in Table S2. Using the recommended values, the
Identical experiments were performed for RR3. Four simulated temporal profiles were slightly higher than those
different isoprene/NO ratios were used, and oxygen concentra-determined experimentally. By reducing the available methoxy
tions were varied over an order of magnitude in order to obtain concentration by 30%, either by decreasing the rate coefficient
a series of nonexponential decays for each reaction. OH for methoxy formation, increasing the rate coefficient for NO
concentrations reached equilibrium at levels 6f10% of the depletion, or any combination of the two, a good match of the
initial concentration on time scales between 60 and 360 data could be achieved as shown in Figure S1. Depending on
Twenty reactions profiles were obtained for R1, and twenty- the combination of rates chosen, they fall within or just barely
four profiles were obtained for R2 and R3. Table 3 sums up outside of the recommended confidence limits stated by the
the experimental conditions for all of the OH cycling experi- 1IUPAC recommendation.

TABLE 3: Experimental Conditions of the OH Regeneration Measurements

[NO] flow [NOJ kin. [NO] used [isoprene] opt. [isoprene] kin. [isoprene] used
[10* molecules cm®]  [10“molecules cm®]  [10* molecules cm’] [10**molecules cm®  [10' molecules cm?]  [10%** molecules cm?]

OH + hg-Isoprene

57 n.a. 57 9.4-10.0 10.0 9.8

11.5 n.a. 11.5 9.7-9.8 10.0 9.8

57 n.a. 57 2.65—-2.82 3.0 2.8

11.5 n.a. 11.5 2.65—2.82 3.0 2.8
OD + hg-Isoprene

47 46 47 8.8 8.6 8.8

7.7 7.8 7.7 8.8 8.6 8.8

47 46 47 24 2.6 24

7.0-7.7 n.a. 7.7 2.6 2.6 2.6
OH + ds-Isoprene

43 46 43 9.4 9.5 9.4

7.2-8.0 10 7.6 9.4 9.5 9.4

43-47 45 43 2.5 2.7 25

7.2-8.0 n.a. 7.6 2.3 2.7 25

OH + CH,4
8.6—9.3 n.a. 8.8 15 000 10 800 12 000
3.8-4.2 3.9 4.0 7700 7900 7800
50f 15 Ex. 2022
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2¥'0D Ce
oD oD H
| 0, +0, N +0, 7 +0, N ks=(4 - 200) x10-12 cm3 -1
0-0- oD oD
~"0-0 & H\) )\)
oD oD 00 0-0-
IsopAO, 16.4% IsopBO, 49.1% IsopCO, 8.6% IsopDO, 25.9%
89.2% ' +NO 92.8% ‘ +NO 89.2% J+ NO 85.5% L+ NO k= (8-12)x1072 cm? s
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. Fragmentation
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J* 0, l* 0, J+ 0, J+ O, Kgap = 9.4 x 1012 cm3
o
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o 0 (0]
HC4CCHO MVK HC4ACHO MACR

Figure 3. Schematic of the isoprene oxidation mechanism according to the RACM.

Model Description: Isoprene Oxidation. The mechanism  value, we used & 10712 cm?® molecule’? s,
used is shown schematically in Figure 3 and is written for R2
explicitly tracking the initially added OD. It is based on the 1,4-OHGHg+ O, —
current isoprene module of the master chemical mechanism 0.758-OHGH00 + 0.256-OHGHZ00 (5)
(MCM) that has been developed at Leeds University by Jenkin
and co-workerd*18:36This model assumes that the OH reaction The four hydroperoxides can react with NO to form eitfier

proceeds exclusively via addition to the terminal carbons of the g,q d-hydroxyalkeneoxides, R6a, or hydroxynitrates, R6b:
double bonds. Products of the addition to the secondary and

tertiary carbons are disregarded to keep the overall number of B,0-OHCHZ00 + NO — 3,0-OHCHZO + NO, (6a)
isomers low. This is in line with most current estimates of the

relative importance of these channels that are thought to account OHC;H00 + NO — OHC,HZ;ONOG, (6b)
for less than 10% of the total reacti&te?4344After the addition
of O, to the terminal hydroxyalkene radicals, tyehydroxy- The nitrate formation is considered to be minor, with yields

peroxy radicals (IsopBg) IsopDQ in Figure 1) are formed as  around 10% for all isomers, and amounts to a net loss process
the main products, along with twé-hydroxyperoxy radicals in our experiments. The main path, the formation of hydroxy-
(IsopAQ,, IsopCQ) in smaller yields. This product distribution  alkeneoxides, is a fast process that has been studied several times
is predicted in principle by ab initio calculatiof%3-43but the in smog chambers; however, inferred rates are strongly depend-
actual yields for thes-hydroxyperoxydes in the Leeds model ent on assumptions made in the next step, fragmentation of the
are based on the measured final ratios of the assumed productg-hydroxyalkeneoxides (IsopBO, IsopDO) or rearrangement of
of the 5-hydroxyperoxydes, methacrolein (MACR) and meth- thed-hydroxyalkeneoxides (IsopAO, IsopCO). Using the current
ylvinyl ketone (MVK). MCM model3® current smog chamber data can be interpreted
Because the MCM model is designed to simulate atmosphericwith a rate of formation of the hydroxy-alkeneoxide of-8
conditions and hence a partial pressure of oxygen of 150 Torr, 102 cm® molecule® s71. This value was used initially in the
the oxygen-dependent steps are implicit in the model. To be current model and then subjected to a sensitivity analysis.
sensitive to these steps, much lower oxygen mixing ratios were  In the MCM model, fragmentation of the&-hydroxyalkene-
used in this work. Oxygen-dependent separate steps R5, R8apxides (IsopBO, IsopDO) produces the main isoprene oxidation
and R8b were included in the mechanism. To minimize the products, MACR and MVK, together with formaldehyde. In
number of free parameters, the yields of the hydroxyperoxides this work, the fragmentation step giving MACR, MVK, and
from the MCM model were kept, and an isomer-independent methylenehydroxide (C¥DH), R7a, and the reaction of GH
oxygen addition step was added The rate coeffickenivas OH with oxygen to form formaldehyde and HORS8a, are
treated as a free parameter in our simulations. As a startingseparate steps. The unimolecular rates for the fragmentation step
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were made fast enough to ensure that they were not rate-

J. Phys. Chem. A, Vol. 108, No. 9, 2008543

No data is available for the reaction of thed-dihydroxy-

determining under our conditions, which puts them in the range alkenes radicals with NO. They were assumed to react at the

of 1 x 10° s™L. This is in agreement with both the MCM values
for typical atmospheric conditions and the structural additivity
estimates from Atkinsdfi ((1—16) x 10° s7%) but higher than
values obtained from other modéf£éRecent ab initio calcula-
tions, however, come up with very high valge® (1 x 1012
and 1x 10 s™1). Given the size of the radicals involved, it is
highly unlikely that these unimolecular rates at 760 Torr differ

same rate as GiOH:

a,0-(OH),CsH; + NO — products (9b)
Another likely NO termination process is the depletion of
hydroxyl-alkeneoxydes by NO. To explore this option, an
isomer-independent depletion step of the alkeneoxides was

significantly from the 200 Torr rates appropriate here. R8a has implemented in the model:

been studied by Nesbitt et al. and Pagsberg éfat?and on

the basis of these studies, the IUPAC Panel has proposed a value

of 9.6 x 10712 cm® molecule® s71 that was used herég:
p-OHC,H,O0 — C,H,O + CH,OH
CH,0OH + O, — HCHO + HO,

(72)
(8a)

By a 1,5-H-shift rearrangement, thihydroxyalkeneoxides
(IsopAO, IsopCO) form J-di-hydroxyalkenes (IsopAO*,
IsopCO*), followed by an H-abstraction step by oxygen that is
again implicit in the MCM and produceg-hydroxyalkenals.

B,0-OHCGHO + NO — products (10)
Although it is known that most alkan- and alkenoxydes react
quickly with NO* no data was found for $oxides. Lotz and
Zellnef® measured a value of 3.9 10711 cm® molecule’l s1

for 2-butoxy, quite close to the proposed valuekprTherefore,
assuming the true value to be similar to Lotz and Zellner's, the
same starting value fdqo as forkg was used (2.5 1071 cm?
molecule s71), and both values were initially varied together.
Once a stable fit was achieved, both rates were varied
independently. A good fit of the data was achieved at rates of

Again, two steps were included. As noted above, the rearrange-(4—5) x 1071 cm?® molecule’® s71 for ki, very close to the
ment step was made fast enough to ensure that it was not rateone determined for butoxy.

determining. We could not find any rate data for R8b, the
abstraction/H@ formation step. It is unlikely that, given the

Simulation Approach and Results.In this work, we report
the observation of temporal profiles of a single radical species.

current uncertainties in the simulation parameters, it would be Given the complexity of the oxidation process and the entwined
possible to discern any isomeric effects, and as an initial nature of the oxygen and NO reactions, it is difficult to find

estimate, the abstraction rate was set to be as fast as R8a:
0-OHC;HZO — a,0-(OH),CH, (7b)
a,0-(OH),CsH; + O, — y-OHC,H,CHO + HO, (8b)

The HG, (or DO, in the case of R2) formed in R8a and R8b

conditions in which one species becomes rate determining.
Therefore, we focused on our ability to reproduce our experi-
mental data under all conditions with the MCM reaction subset
described above, using solely the added reactions R5 and R9
+ R10 as adjustable parameters. Afterward, we undertook an
extended sensitivity analysis to determine the extent to which
the rate coefficients in the MCM can be constrained by our

can then be quickly converted under our experimental conditions ghservations.

back to OH (OD) via R4:

HO, + NO — OH + NO, @)

Simulations were performed independently for all three
isotopic variants. We were able to achieve a good match of all
experimental data sets for R1, R2, and R3 using similar values
for ks (>7 x 10712 cm?® molecule® s71) andky andkyo (~4 x

The kinetics of R4 have been the subject of many studies and10-1'and 5x 1071 cm?® molecule’l s7%, respectively). Detailed
the rate coefficient is well characterized, so it was taken as avalues for each reaction for this set of simulations can be found

fixed parameter in our system.
It should be noted that the MCM also follows the further
oxidation of MACR, MVK, and the-hydroxyalkenals. At the

in Table 4 (“standard model”).
The results of the simulations together with the experimental
data are shown in Figures 4, 5, and 6 for reactions R1, R2, and

concentrations of isoprene used here, we assume that ther3, respectively. The first noticeable feature of the experimental
oxidation of these products is negligible on the time scale of data is that the sensitivity of the OH/OD regeneration decreases
these experiments. In addition, the MCM includes cross with increasing oxygen partial pressure. This becomes especially
reactions of the hydroalkeneperoxides, a full JAGD, module, pronounced above 1 Torr of oxygen and for the low isoprene/
and the reactions of OH with nitrates, peroxides, and oxides. high NO cases (Figures 4b, 5b, and 6b) reaches the point where
All of these reactions were included in the current simulations; it stops being rate-determining. (Figures 4a and 6a are the
however, they are not needed to explain the experimental results exceptions to this behavior.) This is nicely reproduced by the

Additional reactions of some intermediates with NO are simulations and is a stable feature of them over a wide range
required to explain the observed temporal profiles obtained at of possible rate coefficients. This in turn constrains greatly our
the highest NO concentrations used in this work. There is a ability to match the data because simulating a higher rate of
single measurement of the rate coefficient for the reaction of OH/OD regeneration for high Qnvariably will also signifi-
CHOH with NO, obtained from a fit to a complex mecha- cantly alter the spread and spacing between OH profiles at lower
nism;H:48 O, mixing ratios. Therefore, the matching process tried to
balance both spacing and maximum @generation values.

In the chosen set of simulations, we see that, in general, for
the three data sets where OH steady states are reached within
the recorded time frame a very good match is achieved,
regardless of isotopomer and varying isoprene/NO ratios.
However, the maximum Oprofiles are in some cases slightly
too low, mostly because simulations predict a faster approach

Ex. 2022
IPR2023-00695

CH,OH + NO — HCHO + HNO (9a)
Pagsberg et al. report a rate coefficient of 2510711 cm?
molecule! s1; however, slightly higher values are necessary
to obtain a good fit to our complete data set ((3%65) x 10711
cm® molecule’® s71).
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TABLE 4: Simulation Results

Campuzano-Jost et al.

ks [10712 cmi® ks [107*2 cm? ko [1071 cm? kio [1071 cmi®
molecule* s molecule*s™] molecule*s™] molecule* s
reaction OH+ CsHs
reference model 8.0 7.0-200 4.0 5.0
best possible fit 10 4.0-200 3.5 4.0
Reitz et al.’s parameters 25 3.0 3
reaction OH + CsDg
reference model 8.0 6.5-200 4.0 4.5
best possible fit 10 3.5-200 4.0 4.5
Reitz et al's parametets 25 3.0 3
reaction OD + CsHg
reference model 8.0 7.0-200 35 4.5
best possible fit 10 4.0-200 4.0 5.5
Reitz et al.’s parametérs 25 3.0 3

a As shown in Figure 9, it was not possible to achieve a good match of our experimental data and simulations using these rate coefficients.
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Figure 4. OH + hg-CsHs (reference modeks lit.): (a) ks =8 x 10712 (b) ks = 7 x 1072 (c) ko = 4.0 x 1071, and (d)kyo = 5.0 x 107t cm?
molecule* s1.

to oxygen-independent conditions than observed experimentally.will refer to these model results, with Atkinson’s value f@r
This is quite apparent for parts a and b of Figure 5, which also and just one NO termination step, as the standard model.
contain the data with the highest relative error. It will be shown  Sensitivity Analysis. Figure 7 shows simulations of the
below that hydroxyalkyl formation can resolve this discrepancy; temporal profiles of a number of reactive intermediates for each
however, it should be noted that these discrepancies are withinset of isoprene/NO ratios for R1 at the highestoOncentration
the range of the NO concentration errors reported in Table 3. using the standard model. As expected, the achievement of an
This suggests that the Leeds MCM is able to reproduce the OH steady state is mirrored by the buildup of an +&feady
temporal profiles of a key intermediate, KHQvith reasonable state in the same time frame. In cases a and d, this happens so
accuracy for a wide range of experimental conditions. The ability rapidly that our simulations are mainly sensitive to the end
to match the temporal profiles for the three isotopomeric variants steady state and hence to the ratio of the overall speed ef HO
of R1 with a single mechanism gives us added confidence in formation versus the reaction with isoprene. In case b, the OH
the robustness of these results. In a subsequent discussion, wprofiles are more sensitive to the speed of the initiabHQIdup
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Figure 5. OD + hg-CsHg data and simulation results (reference motiglit.): (a) ke =8 x 10712 (b) ks =7 x 107*? (c) ke = 4.0 x 10°*, and
(d) kio = 4.5 x 107** cm® molecule* s,

so that small variations iks, k;, andkg can have a large impact. Hydroxyalkeneoxy Formation (R6). The value of 8x 10712
In case c, however, no steady state is reached because of N@m? molecule s™1 for ks proposed by Atkinson and used in
termination reactions. The OH simulations for this case are our standard model has been widely accepted as a good estimate
sensitive to variations iy andk;o, the reactions that directly ~ for most dienes. The original version of the MGh\proposed
reduce HQ and hence recycled OH available to the system. a lower value of 3.9« 10712 cm® molecule’! s based on an
Hydroxyalkeneperoxy Formation (R5). In the standard assumed size dependency that has been discarded3%ince.
model,ks stops being rate-determining for our system for values However, in a recent paper on cycling experiments similar to
above 8x 10712 cm® moleculet s~ for all isotopic variants,  this work by Reitz et al?} it has been suggested thatcould
and a good fit of the data can still be achieved down ta 7  be asfastas 2.5 10> cm® molecule* s™*. Because the value
10-12(R1), the exact lower limit being dependent on the choices Of ks has a strong impact on our determinatiorkgfa detailed
for ke and ko (which are kept at the lowest possible values). Sensitivity analysis was performed.
Values below 7x 10712 cm?® molecule s7* can be reconciled As can be seen in the plot of the reaction intermediates in
with the data only if subsequent steps are accelerated. AsFigure 7, simulations a, b, and d are mechanistically similar
discussed below, the fragmentation/rearrangement step (R7) isand differ only in the time gap between the alkeneperoxide and
not rate-determining and cannot be accelerated further. The rateHO, production, case a being the fastest and b being the one
coefficients for R8 and R4 are fairly well established, so both with the slowest conversion rate. Given that the rate coefficient
were accelerated by only 20% for test purposes. Whereas thefor HO, production from CHOH is a fixed parameter, this
variation ofkg does not change the simulation results, speeding conversion rate is solely dependent on the alkenoxy-formation/
up the rate of OH regeneration (R4) does have a significant degradation. Therefore, data set b should be the most sensitive
impact on the simulation output, which can be offset by slowing to reactions R6 and R7.
downks to about 5x 1072 cm® molecule’* s7%. As stated before, Figures 4b, 5b, and 6b show that, although
The other reaction that has a strong impact on the simulation still within the error limits of the measurements, the simulation
results is the formation of alkenoxides (R6). Speeding up this results are systematically too low. It is possible to achieve a
reaction has a direct effect on the lower limitkgf and possible closer match by either increasikgor k;. However, as discussed
values ofks will be discussed in detail in the next section. Using in detail below, at the rates used in the MCM, unimolecular
a rate coefficient of~12 x 102 cm?® molecule’’ s71, the fastest step R7 is non-rate-determining under the conditions of our

rate coefficient consistent with our data, the lower limikefs experiments so that faster H&®rmation can be accomplished
around 2x 10712 cm?® molecule’® s71, solely by increasing the rate of hydroxy-alkeneoxyde formation
90of 15 Ex. 2022
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Figure 6. OH + dg-CsHg data and simulation results (reference mo#glit.): (a) ks =8 x 107%2 (b) ks =7 x 1072, (c) kg = 3.5 x 10714 and
(d) kip = 4.5 x 107** cm® molecule* s

(ks). By increasingks by 20%, we can indeed achieve an almost peroxide-formation ratds; have to be used, around 1510~ 1!

perfect match of simulation and experimental points as shown cm® molecule’? s, and smaller values foky and kio are

in Figure 8. This is also true for the systems GDCsHg and feasible,~2 x 10711 cm® molecule’? s71 (cf. below), although

OH + CsDg (cf. Table 4, “best fit"). Ifks is increased by more  the data match is significantly worse than in standard model,

than 50% over the MCM value, then it is not possible to simulate as in all simulations where we tried to introduce larger channel

our experimental profiles. asymmetries. Given the overall complexity of the mechanism,
Hydroxyalkeneoxy Fragmentation/Rearrangement (R7). this is no proof of a symmetric mechanism. However, it is very

In the MCM as well as in our reference modk},was made  unlikely that no HQ formation comes from this still very poorly

fast enough to be non-rate-determining under normal conditions, ynderstood part of the isoprene oxidation scheme, suggesting

with values of 1x 10° s™* for the fragmentation and & 10° that the implied maximum uncertainty of 10 in the minimum

s 1 for the rearrangement. To explore the lower limitkafwe value forks ((1.5—15) x 10-12 cm? molecule’® s is on the

reduced both channels by the same amount. Using the reference,gervative side.

model, we found that the lower limit in our system lies about S .

50% lower than the initial values, and if the best-fit scenario NO Termlnatlo_n Steps. At_ _the higher NO levels, the

described above is used, a reduction by 70% is feasible. reference model '_S very sensmve_for the valueygpano! kao.

Therefore, the “lowest limit’ values fok, that are consistent 1 he data sets at high NO and low isoprene concentrations (case

with our data are (1:55) x 10° s % for kraand 1x 106 s 2 for c) constrain the lower limit{6 x _1(T“ cm® molecule s71)

almost independently of the choices far ks, or ks, whereas

k7b. . _
HO, Production (R8). As already mentioned before, small O the high end values up to 1 107%% cm® molecule™ s™*
changes in the value d have little impact on the first steps ~ €an be reconciled with the data (cases a and d) by lowéging
or ke. Values of 4x 107 and 5x 107 cm® molecule’l s~

of the oxidation mechanism. However, whereags (HO, }
formation from CHOH) is a well-characterized reaction coef- used in the reference model were chosen because they gave the

ficient, the value forkg, analogous H@formation from the best match at the closest values to the literature values from

a,0-dihydroxyalkene, is fairly speculative. Because the yield Pagsberg et al. (2.5 10! cm® molecule* s™) as well as
of the dihydroxyalkenes is fairly low in the MCM, the impact Lotz and Zellner (3.9x 10! cm® molecule s™2). It should
of our assumption on the value &, is minor. To quantify be noted, however, that without the data sets of case c, a match

that impact, we selts; = 0 (i.e., no OH regeneration from the of the other data is possible with values for bdthand kio
products of the-hydroxyperoxides). To match the data, higher around 2x 10~ cm?® molecule! s™2, very close to the literature
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Figure 7. OH + hg-CsHg data and simulation results (reference moéglijt.): peroxi, alkoxy, and H@ production.

considering our NO concentration uncertainty and the uncertain- mental error, we obtain identical rate coefficients for three of
ties in the work of Pagsberg et al. the isotopomeric variants of R1, suggesting that OH abstraction
Besides the NO termination steps included in our model, a plays no significant role. The ability of LIF detection to monitor
reduction of the final H@yield in the presence of high NO  both OH and OD simultaneously allows us to observe the extent
concentrations can also be accomplished by increasing theof any reaction proceeding via abstraction or rearrangement.
branching ratio for the formation of hydroxyalkenenitrates)( As a direct test, the OD signal in the OH cycling of reaction 3
The MCM mechanism uses an average nitrate yield-d0% and the OH signal in the OD cycling of reaction 2 were
from the reaction of hydroxy-peroxides with NO. To explore monitored. In the first case, no OD signal was detected; in the
the sensitivity of our simulations to this branching ratio, an latter, OH at about 5% of the OD signal was measured. This
isomer-independent linear increase of the alkenenitrate yield waswas consistent with the level of isotopic impurities of the OD
implemented in the model. By increasing the MCM yields by precursor (DN@), so significant OH regeneration from the
a factor of 2, giving 14 to 22% total alkenenitrate yields cycling process itself can be ruled out in our experiments.
depending on the channd, andk;o could be reduced te-2.5 These experiments suggest that neither abstraction nor
x 10711 cm?® molecule® s1 while still describing the experi-  rearrangement is significant under our experimental conditions.
mental data adequately. However, such a large nitrate yield is As noted above, all isomeric variants of the reaction mechanism
not consistent with prior data. Because we are not able to were simulated with the same mechanism, further suggesting
differentiate between the various NO loss processes, thethat none of the steps that are rate-determining in cycling OH
uncertainties irkeg and ki preclude us from constraining the have an isotopic dependence, that is, peroxide formakgn (
nitrate yield further. oxide formation (), and NO termination stepgdandkig).
Finally, it should be stressed again that these high values for However, it is conceivable that the rearrangement reactions
ko, k1o, and/orks, are mainly required to fit one set of data (high  (kzp), involving an H shift, show an isotopic effect that cannot
NO, low isoprene) that is the one farthest from any previous be seen under our experimental conditions but could play a role

smog chamber or field study. in chamber studies with lower NO mixing ratios.

Simulation Discussion. Dependence on Isotopomerall Formation of Hydroxyalkeneperoxides.For peroxiradical
current mechanisms assume that for all OH additions to alkenesformation, a value of at least 10712 cm?® molecule® s~ for
the hydrogen being abstracted from £HH and they-hydroxy- ks is needed for a good match of the data with the simulations,

alkencarbonyl radicals come from the OH. If main-chain dropping to 4x 1012 cm?® molecule® st if higher values for
hydrogens are observed in H@rmation, this would be an ks are used. These values are within the range that past and
indication of either special rearrangements of the alkenoxy current recommendations have been proposing for this step, (8
intermediates and/or an OH abstraction path. Within experi- 28) x 103 cm?® molecule® s for most alkene8! There have
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Figure 8. OH + hg-CsHg data and simulation results (best possible fit): Kay 10 x 1072 (b) ks = 4 x 107%2, (c) ko = 3.5 x 107, and (d)
kio = 4.0 x 107! cm?® molecule! s%

recently been two attempts by Zhang and co-workers to directly Formation of Hydroxyalkeneoxydes kg). As discussed
measure the formation of the peroxides in a flow tube with above, the alkenoxy radical formation is fairly constrained in
CIMS detection of the products: initially they reporid rate our simulations between & 10712 and 12 x 10712 cnm?®

of 2.8 x 10715 cm® molecule? s71, and late?” a value of 7x molecule’! s71. In 1992, the IUPAC panel proposed810-12
10713 cm® molecule® s71. The latter is closer to the results cm?® molecule! s for the generic R@+ NO step for small
from CTST calculations from the same graiimamely, arange  alkenes’3 however, in the initial protocol paper for the MCH¥,

of (1—10) x 10713 cm?® molecule! s71. All of these rates are  a lower value, 3.8x 10712 was proposed on the basis of
significantly too slow to be consistent with our data, even structural additivity reasoning that has been abandoned since
assuming a much faster rate for the alkenoxy formation (cf. (cf. the latest MCM protocol pap& and Eberhard and
Figure 9 and our sensitivity analysis). Recent results from the Howard?) so that the current MCM again uses<810~12 cm?
same group using a similar OH cycling approach to that molecule!s™1, in excellent agreement with this work. The two
presented her& however, use a much higher ratex310-12 aforementioned cycling studies by Stevens and co-wotkérs
cm® molecule’ s™L. Two other previous determinations via OH  are consistent with our results, reporting rates ok 90712
cycling, however, used 2 1022 cm?® molecule! s71 (Siese et (1999) and 11x 10~12cm?3 molecule! s71(2002) forks, albeit
al®?) and 6.9x 10712 cm® molecule’! st (Stevens et &Y. with a higher nitrate branching ratio. In contrast to this, Reitz
Recently, in a new set of OH cycling experiments, Chuong and et al?® proposes a value fdg of 2.5 x 1071 cm?® molecule®
Steven# proposed a very fast rate, 281011 cm® molecule® s™1, which is 3 times faster, to interpret their OH cycling
s™L. The rate coefficient obtained here is consistent with the experiments. As noted in the mechanism descriptienalues
results from Stevens and co-workers. Table 5 summarizes theare heavily dependent on the choicekgf the fragmentation
experimental conditions and elementary rate coefficients ob- step, for which Reitz et al. uses an exceptionally low value of
tained in OH cycling studies. Without a detailed description of 3 x 10* s™1. We ran simulations withks set at 2.5x 101! cm?

the models used, it is difficult to determine if these differences molecule® s™1 and variedks and k7; however, as shown in
simply reflect a different choice in the elementary rates and Figure 9, it was not possible to achieve a good match of our
mechanism. However, we note and discuss in more detail belowexperimental data under these conditions.

that the effect of NO termination steps in influencing derived  Fragmentation/Rearrangement of the Hydroxyalkeneoxy-
rates must be considered. These reactions are unimportant irdes (k). As already mentioned in the model description, there
the atmosphere and, as a consequence, the experimental databaaee no direct measurements of these unimolecular steps, and
is either poor or nonexistent, and this limits the ability of the values used here, aroundxl 10° s71, are within the
recycling studies to constrain elementary rates. mainstream of estimates. Recently, in the OH cycling studies
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Figure 9. OH + hg-CsHg data and simulation results (Reitz et al.’s parameteksy= 25 x 10722 ks = 3 x 10712 ko= 3 x 10" cm® molecule
st

TABLE 5: Comparison of Experimental and Simulation Parameters in Recent OH/Isoprene Cycling Studies

Stevens et al. Choung and Stevens Reitz et al.

this work 19991 20026 20023
pressure [Torr] 200 [Ny] 2 [He] 100—150 [Ar] 3—4[He]
isoprene [18' molecules cm?] 2000—10 000 3-20 3-18 1000—3000
NO [10*? molecules cm?] 7-600 10-20 7-42 0—3600
0O, [10* molecule cm?] 2—-20 2-8 5-16 30
OH detection PLP/PLIF DF/LIF TFT/LIF PLP/PLIF
k; [10* moleculet s~ cm] 8.47 11 10.8 10
ks [10'2 molecule! s~ cnf] 4-200 6.9 0.3—28 3
Ksa[10*? molecule s~ cm?] 8—-12 9 11 25
kep (avg % Ofksy) 10 15 0
k; [105 57 >25 1.5 1.5 0.3
ko [10't molecule’ s71 cn) 35 not included not included not included
kio [10** molecule s cn] 4.5 not included not included 3

discussed above, lower values tarwere proposed: Stevens limit we found in this study, although they use substantially
and co-workers use a value of 1:510° s1 in both of their lower NO concentrations and their chemical model does not
studies; Reitz et al., as already mentioned, proposed a rateappear to include reactions 9, 10, or 7b. The use of a rate
coefficient for the fragmentation step in 2 Torr of He 0b3  coefficient that is substantially lower than current recommenda-
10 s™*. To explain this very low value fokz, they argue that  tions, without any additional evidence that is indeed in the

the fragmentation step is still in the falloff region at that low ¢ 0f region, appears rather speculative.

pressure. ) )
By design, OH cycling experiments are not really sensitive Formation of Hydroxyalkenenitrates (ksp). Our reference

to this step because it cannot be explored by concentrationmModel uses an average nitrate yield of 10% from the reaction
changes, and the other alternative, varying the total reaction©f hydroxy-peroxides with NO. This agrees well with the
time, is limited by detection issues. The two studies by Stevens measurements from Tuazon and Atkinson and Sprengnether et
and co-workers were conducted at 2 and 150 Torr and usedal!>®*Recently, in Choung and Stevens cycling stidyhigher
similar values folk7,. These values are fairly close to the lower branching ratio of 15% was suggested. However, Chen et al.
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found a yield of 5% by direct detection of the nitrates in a of the OH+ CH, simulation, and the condensed mechanism of

chamber experimefit. isoprene photooxidation together with the results of the methane
Again, our sensitivity toward this step is limited by the large simulations. This material is available free of charge via the

uncertainties in the other NO-induced termination steps. In Internet at http://pubs.acs.org.

Choung and Stevens’ experiments, they were able to find
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