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ABSTRACT

Two condensed mechanisms for the atmospheric reactions of isoprene, which differ in the number
of species used to represent isoprene’s reactive products, have been developed for use in ambient air
guality modeling. They are based on a detailed isoprene mechanism that has recently been developed and
extensively evaluated against environmental chamber data. The new condensed mechanisms give very
close predictions to those of the detailed mechanism for ozone, OH radicals, nitric a€d, H
formaldehyde, total PANs, and for incremental effects of isoprene on for ozone formation in one day
simulations. The effects of the condensations become somewhat greater in multi-day simulations,
particularly in cases where N@eactions are important at nighttime, but the ozone predictions are still
very close. On the other hand, the SAPRC-90, RADM-2, and Carbon Bond IV isoprene mechanisms give
quite different predictions of these quantities. It is recommended that the new mechanisms replace those

currently used in airshed simulations where isoprene emissions are important.
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INTRODUCTION

Isoprene is emitted from certain types of vegetation, and is believed to play an important role in
both urban and rural ozone formation (Trainer et al, 1987; Chameides et al, 1988; Sillman et al, 1990).
For this reason, its reactions are represented in most of the currently used urban or regional air quality
models. For example, the Carbon Bond IV (CB4) (Gery et al, 1988), RADM-2 (Stockwell et al (1990),
or SAPRC-90 (Carter, 1990; Lurmann et al, 1991) chemical mechanisms, which are widely used in airshed
models, all include separate reactions for isoprene. However, to avoid adding new species to the model
to represent speculative reactions of isoprene’s products, these isoprene mechanisms are all highly
condensed. In addition, in recent years there has been substantial improvements in our understanding of
the atmospheric chemistry of isoprene (Paulson and Seinfeld, 1992, Carter and Atkinson, 1996, and
references therein), and this new information is not reflected in these mechanisms.

Recently, Carter and Atkinson (1996) developed a detailed mechanism for isoprene which
incorporates the recent progress in our understanding of isoprene’s atmospheric reactions. This was



evaluated using results of N@ir irradiations of isoprene and its two major products, methacrolein and
methyl vinyl ketone (MVK), in five different environmental chambers at two different laboratories. In
most cases the mechanism simulated the experimental data to within the uncertainty of the data and the
chamber and run characterization model, although it tended to underpredict PAN yields in the isoprene
runs, despite giving good simulations of this product in the methacrolein and MVK runs. This discrepancy
for PAN might be due to uncertainties in the mechanism developed to represent the reactions of the C
unsaturated carbonyl products, though the possibility that it is due to interferences in the experimental
measurements of PAN have not been ruled out.

In any case, this new mechanism gives substantially better simulations of the data than the
mechanism of Paulson and Seinfeld (1992), the most up-to-date and comprehensive isoprene mechanism
prior that work. In addition, as shown in Figure 1, the new mechanism also gives substantially better
predictions of ozone formation and NO oxidation in representative environmental chamber experiments
than do the condensed mechanisms currently used in airshed models. [Ozone formation and NO oxidation
is measured by the quantity df®O), the change in [Q-[NO], since the start of the experiment. See
Carter and Atkinson (1996), for a discussion of the chamber modeling approach, and results of simulations
of other experiments and measurements.] While the-tNO) data from some of the runs are reasonably
well predicted by some of the condensed mechanisms, the new mechanism consistently gives the best
predictions for the largest number of experiments. Therefore, this can be considered to represent an
advance in our ability to model the atmospheric reactions of isoprene.

In view of this, the Carter and Atkinson (1996) isoprene mechanism ideally should be used in
airshed model applications where the reactions of this compound might be important. However, it is much
more detailed than most would consider to be necessary or appropriate for current airshed model
applications. In particular, it requires adding to the general mechanism a total of 19 new species, listed
in Table 1, to represent isoprene’s various primary and secondary products. This is far greater than the
number of species currently used for any of the other VOCs present in the atmosphere, and this level of
detail is not necessary in most current applications cases where the primary interest is in simulating the
major air quality features such as ozone, overall radical levels, total nitrate or oxidant formation, etc.

In this paper we present two condensed versions of the Carter and Atkinson (1996) isoprene
mechanism that might be more suitable to current model applications. Since isoprene’s products are
sufficiently different in reactivity characteristics from other product species already in the mechanisms,
a minimum level of chemical realism requires the addition of at least one new species to the model to



represent these compounds. However, a mechanism where all isoprene’s products are lumped together
would not be useful for applications where isoprene product data are available for comparison with model
predictions. For example, atmospheric measurements of methacrolein and MVK, the major isoprene
oxidation products whose yields have been quantified (Carter and Atkinson 1996, and references therein)
have been reported in certain ambient air studies (Pierotti, et al., 1990; Martin et al., 1991; Montzka et
al., 1993, 1995; Yokouchi, 1994). Therefore, we also developed a second version of the mechanism where
methacrolein and MVK are represented explicitly.

DESCRIPTION OF MECHANISMS

The starting point for this work is a version of the detailed SAPRC mechanism (Carter, 1990,
1995; Carter et al, 1993). This is "detailed" in the sense that it explicitly represents a large number of
different types of emitted compounds, but it uses a condensed representation for most of their reactive
products. The reactions of inorganics, CO, formaldehyde, acetaldehyde, peroxyacetyl nitrate (PAN),
propanal, peroxypropionyl nitrate (PPN), glyoxal and its PAN analog, methylglyoxal, and several other
product compounds are represented explicitly. A "chemical operator” approach is used to represent peroxy
radical reactions. Generalized reactions with variable rate constants and product yields are used to
represent the primary emitted alkane, alkene, aromatic, and other VOCs (with rate constants and product
yields appropriate for the individual compounds being represented in each simulation). Most of the higher
molecular weight oxygenated product species are represented using the "surrogate species" approach,
where simpler molecules such as propanal or 2-butanone (MEK) are used to represent the reactions of
higher molecular weight analogues that are assumed to react similarly. The major characteristics of this
mechanism are described by Carter (1990), and the updates in the current version are given by Carter et
al (1993) and Carter (1995).

The SAPRC-90 mechanism represented isoprene by a single model species with its OH radical,
O,, NO, radical and OP) atom reactions represented explicitly, but with the products formed being
represented as if they were the same as those formed from internal monoalkenes_suchZapdrdese
(Carter, 1990). Carter and Atkinson (1996) replaced this with a mechanism that explicitly represents most
of isoprene’s reactive products, using a total of 19 new model species, listed in Table 1, for this purpose.
This mechanism incorporated significant new laboratory data, was evaluated against a variety of
environmental chamber experiments, and was found to perform quite well in simulating not only ozone
formed and NO oxidized in isoprene - N®xperiments (shown on Figure 1), but also the formation of



methacrolein and methyl vinyl ketone (MVK) from isoprene, and gia@®@d PAN from methacrolein and
MVK. A complete listing of that mechanism is given by Carter and Atkinson (1996).

Although this mechanism is detailed in many respects, it does use a condensed and approximate
method to represent the peroxy + peroxy and peroxy + H@ical reactions that can become important
at nighttime or in the absence of N®ee Carter (1990)]. Using a more detailed representation of these
processes would significantly increase its size and complexity and, because of the uncertainties in the
processes involved and the lack of chamber data suitable for evaluating this aspect of the mechanism, may
not necessarily improve its predictive capability. But this approximation means that the mechanism does
not incorporate available information concerning the reactions of peroxy radicals formed in the isoprene
system, and that its predictions under low Né@nditions where these reactions may be important may
not be reliable. However this mechanism, and condensed mechanisms derived from it, can serve as the
starting point for development of mechanisms that use a more detailed representation of these processes.

In this work, two condensed versions of the mechanism have been developed, differing in the
number of model species used to represent isoprene’s unique reactive products. The model species used,
and the compounds they represent, are listed in Table 1. Table 2 lists their reactions and documents in
footnotes the derivations of parameters and rate constants that differ from those in the detailed mechanism.
Their major features are summarized below.

Four Product Mechanism

This is the less condensed of the two mechanisms and is intended for applications where explicit
representation of isoprene’s major identified products, methacrolein and MVK, are desired. The model
species ISOPROD represents the other products that are not already in the general mechanism, as indicated
on Table 1, and its product yield parameters and rate constants are derived as discussed below. MEK
(methyl ethyl ketone) is used to represent hydroxyacetone and CCHO (acetaldehyde) is used to represent
glycolaldehyde, consistent with the lumping approach used in the general mechanism (Carter, 1990). The
various unsaturated PAN analogues formed from isoprene’s products or the isoprgneactn are
represented by MA-PAN, the PAN analogue formed from methacrolein, because this is the unsaturated
PAN analogue formed in the highest yield. The species HOMA-PAN, NA-PAN, HO-PAN, and
HET-UNKN are not formed in this mechanism because their precursors are not the mechanism.

The model species ISOPROD represents highly reactive compounds that are formed in fairly high
yields, so model predictions would be expected to be sensitive to its reactions. The most important



compounds it represents are hydroxymethacrolein (HOMACR) and the twen§aturated aldehydes
IP-MHY and IP-HMY. The product yield parameters and the rate constant for the OH reaction were
derived by weighted averages of those for these species, as indicated in Footnote 3 and 4 to Table 2. The
O, reaction rate constant was derived by optimization to minimize the discrepancy between the condensed
and detailed model simulations in the one-day isoprened€§) calculations, as indicated in Footnote 5

to Table 2 (see also "Test Calculations”, below). The,Ke@dlical reaction rate constant was the same as

that for the G unsaturated aldehydes in the detailed mechanism, since these make up ~75% of the lumped
ISOPROD and react much more rapidly with the Nfadical than does hydroxymethacrolein. The
photolysis absorption cross-sections and quantum yields for ISOPROD are the same as used for all the
unsaturated aldehydes in the detailed mechanism, which was based on those for methacrolein.

One Product Mechanism

This is the most condensed isoprene mechanism that we feel would be chemically realistic. It uses
only a single species, ISOPROD, to represent the reactions of isoprene’s unique products. Methacrolein
and MVK are thus lumped with the other species represented by ISOPROD, and ISOPROD’s mechanistic
parameters are modified to reflect this fact. In addition, the model species MA-PAN, used in the four-
product mechanism to represent the unsaturated PAN analogues formed by methacrolein and the other
unsaturated aldehydes, is replaced by PPN, the model species used in the general mechanism to represent
most of the higher PAN analogues.

The mechanistic parameters for ISOPROD are derived analogously to those for this species in the
four product mechanism, except that the contributions of METHACRO and MVK are also taken into
account (see Footnote 6 to Table 2). The OH radical ajigaté constants are derived by simultaneously
optimizing them to minimize differences between the condensed and detailed mechanisms in the one-day
isoprene-NQtest calculations, as indicated in Footnote 9 to Table 2. The ISOPROD absorption cross-
sections and quantum yields are the same as those in the four product mechanism. Results of multi-day
simulations, discussed below, indicated that ,Hdd HO, predictions under nighttime conditions in
scenarios where NQreactions were important were significantly different from the detailed mechanism
unless a relatively low rate constant was used for the ISOPROD + rd@ction. Therefore, this
mechanism uses a low ISOPROD + N@te constant (see footnote 10).

Base Mechanism
The mechanism for species in the general mechanism not listed in Table 2 is the updated version
of the SAPRC-90 mechanism summarized by Carter (1995), and listed by Carter et al (1993). It is very



similar to the SAPRC-90 mechanism of Carter (1990) except that photolysis absorption cross-sections for
formaldehyde and rate constants involving PAN have been updated, changes have been madg to the O
+ alkene mechanisms based on new laboratory data, and updates have been made for reactions of several
VOCs (Carter, 1995).

Other Mechanisms

Calculations using the SAPRC-90 (Carter, 1990), RADM-2 (Stockwell et al., 1990; Carter and
Lurmann, 1990), and Carbon Bond 4 (Gery et al, 1998) are presented in this work for comparison
purposes. The SAPRC-98oprene mechanism represents isoprene reacting with its appropriate rate
constants, but has it forming the same products as internal olefins (Carter, 1990). For more straightfor-
ward comparisons of the condensation approach, the mechanisms for the species other than isoprene were
updated to be the same as the base mechanism employed in this work. The RisDptehie mechanism
uses a very similar condensation approach as SAPRC-90; its main difference is that it excludéR}the O(
+ isoprene reaction, which is generally negligible in the atmosphere but can be important in chamber
experiments. This mechanism is given by Carter and Lurmann (1990) and Stockwell et al, (1990). The
Carbon Bond |Visoprene mechanism also has isoprene reacting with its appropriate rate constants, but

it uses a peculiar mix of product species already in the model, including ethylene, to represent some of
the unique reactivity characteristics of isoprene’s expected products, derived from modeling University
of North Carolina (UNC) outdoor chamber experiments (Gery et al, 1988). The version used here is that
incorporated in version 6.21 of the Urban Airshed Model (UAM), as provided to us by the staff of the
California Air Resources Board (Woodhouse, private communication, 1994). The photolysis rates for the
chamber simulations were derived using absorption cross-section and quantum yield data used in the
development of the Carbon Bond IV mechanism (Gery, private communication, 1990), adjusted to
duplicate the ambient photolysis rates hardwired into the UAM.

TEST CALCULATIONS

The most sensitive type of scenario to assess mechanism differences for reactive compounds are
those where the compound and N&e the only reactive constituents present, so most of the test cases
employed in this study are of this type. However, since isoprene is usually emitted in the presence of
other pollutants, the effects of the mechanism condensations on incremental reactivity calculations, which
measure the effects of adding isoprene to an already polluted scenario, are also examined. The specific
types of test simulations employed are summarized below.



Static Isoprene - NQ Simulations

The major set of test cases were isoprene-N@lculations under simulated atmospheric
conditions, with both static and continuous emissions scenarios. In the static scenarios, varying amounts
of isoprene and NQwere present at the beginning of the simulation, and allowed to react without
subsequent emissions or dilution. Although this is not a particularly "natural” situation because other
reactive pollutants are almost always present in ambient atmospheres, we found that introducing other
pollutants decreases the sensitivity of the calculation to differences in the isoprene mechanisms. It also
complicates comparisons with other mechanisms that have differences in their representations of other
organic pollutants besides isoprene.

Nine sets of initial NQ and isoprene levels were used in the static simulations, though results of
only a representative subset are shown here. These were as follows (given as ppppiN@oprene):
(0.03, 0.01); (0.03, 0.03); (0.03, 0.1); (0.1, 0.03); (0.1, 0.1); (0.1, 0.3); (0.3, 0.1); (0.3, 0.3); and (0.3, 1).
The NQ, consisted of 75% NO and 25% NOThe temperature was constant at 300 K. Two types of
static simulations were conducted. For the derivations of the ISOPROD rate constants and mechanistic
parameters, the simulations were at constant light intensity for 12 hours duration, with photolysis rates
being those calculated using the actinic fluxes given by Peterson (1976) for direct overhead sun,
corresponding to an N(photolysis rate of 0.54 mih For mechanism comparison purposes, the second
set of simulations were for two days (36 hours), and employed diurnally-varying photolysis rates
calculated using the zenith-angle dependent actinic fluxes used in the calculations of Carter (1994a), with
the time dependence of the zenith angle being appropriate for Atlanta, GA, at the time of the solar
equinox. These simulations started at 8AM EDT and ended at 6PM EDT on the following day.

Continuous Emissions Isoprene - NCBimulations

The continuous emissions test cases employed the same conditions as the two-day, diurnally-
varying light intensity static cases except that the,d@d isoprene were not present initially, but were
introduced at constant rates throughout the duration of the simulations. The emission rates were such that
if no chemical reactions occurred the concentrations at the end of 12 hours would be the same as the

initial concentrations in the static simulations.

Environmental Chamber Simulations

The environmental chamber experiments used in the evaluation of the detailed mechanism was
also used to assess mechanism differences, though in this case the objective is not for the condensed
mechanisms to fit the chamber data as closely as possible, but to test whether they give the same



predictions as the detailed mechanism. (To adjust condensed mechanisms to fit chamber data better than
the detailed mechanism amounts to in effect ignoring the fundamental mechanistic information in the
detailed mechanism and instead deriving a parameterization of the chamber data.) The run conditions
(chamber effects model parameters, light intensity and spectra, etc.) used when assessing the alternative
mechanisms were the same as in the evaluation of the detailed mechanism (Carter and Atkinson, 1996;
Carter et al, 1995).

Incremental Reactivity Simulations

To assess effects of mechanism differences on simulations of ozone under conditions more
representative of polluted urban atmospheres, incremental reactivities, defined as the charaprise®
by adding small amounts of a compound to the emissions, were calculated for isoprene for various
simulated atmospheric pollution scenarios. The scenarios included the 39 "base case" and 3 "averaged
conditions" scenarios used by Carter (1994a) in the development of various VOC reactivity scales. The
base case scenarios consisted of single-day EKMA box model scenarios (EPA, 1984) derived by the EPA
to represent 39 different urban ozone exceedence areas around the United States (Baugues, 1990). The
averaged conditions scenarios were derived by averaging the inputs to the base case scenarios except for
the total amounts of NQemissions (Carter, 1994a). Since N® the most important factor affecting
incremental reactivity (Carter and Atkinson, 1989; Carter, 1991, 1994a), three different were derived to
represent different NOconditions: a "maximum reactivity" scenario with N@puts adjusted such that
the final G, level is most sensitive to changes in VOC emissions; a "maximum ozone" scenario with NO
inputs adjusted to yield the highest maximumddncentration; and an "equal benefit" scenario with, NO
inputs adjusted such that relative changes in VOC andédssions had equal effect on ozone formation.
As discussed by Carter (1994a), these represent the range ofdw@itions where VOC reactivity is of
relevance when assessing €ntrol strategies.

RESULTS

Comparisons of Predictions of the Detailed ¥eviously Published Condensed Mechanisms

Figure 1 shows the differences between the detailed mechanism of Carter and Atkinson (1996)
and the condensed isoprene mechanisms of SAPRC-90, RADM-2, and Carbon Bond IV in simulating
ozone formed and NO oxidized in representative isoprene,-éd@ronmental chamber experiments. The
new detailed mechanism gives reasonably good simulations of the results of these experiments, which were
carried out using different light sources and conditions. On the other hand, the SAPRC-90 isoprene



mechanism tends to overpredict the initial rate of NO oxidation andfd@mation, while usually
underpredicting the final ozone yield. The RADM mechanism also tends to underpredict final ozone
yields, but, because it neglects the radical initiation caused by tfi®) @action, which is non-negligible

in most of the chamber experiments, it predicts slower initial NO oxidation gnfdr@ation rates than

does SAPRC-90. Since RADM-2 uses essentially the same condensation approach as SAPRC-90 but
ignores a non-negligible reaction, its superior performance in simulating initial rates of NO oxidation and
O, formation is due to compensating errors. The Carbon Bond mechanism, which uses a different
approach to represent isoprene’s products, performs somewhat differently. While it tends to overpredict
final O, yield and initial NO oxidation and Oformation rates in some runs, in general it performs
somewhat better in simulating the chamber data than SAPRC-90 and RADM-2. This can be attributed
to the fact that, unlike the other condensed mechanisms, it is parameterized to improve fits to chamber
data. However, it does not perform as well as the detailed mechanism in simulating the UNC outdoor
chamber runs, despite the fact that such data were used in its development (Gery et al, 1988).

Figure 2 shows concentration-time plots of selected species calculated using the detailed
mechanism and the various published condensed mechanisms in three representative 2-day static or
continuous emissions simulations. The results of the other 15 simulations we carried out are reasonably
well represented by the range of results for these three and are thus not shown. Note that total PAN
analogues is shown rather than PAN because most of the condensed mechanisms do not represent PAN
explicitly, and also because the detailed mechanism does not perform well in predicting PAN
measurements in the chambers (Carter and Atkinson, 1996). The figure shows that the mechanisms do
not give very close simulations in many cases. For example, relative to the detailed mechanism, the
Carbon Bond mechanism predicts a significantly different dependencg, @I® radicals, HNQ, and
PANs on NQ conditions, and tends to predict significantly higheGH levels. It also predicts much
greater OH radical levels under moderate and high dinditions in the continuous emissions scenarios.

The RADM-2 mechanism tends to predict less @nder higher NQ conditions, predicts a different
dependence of HNQon NQ, and generally predicts lower,B, levels. The SAPRC-90 mechanism

tracks the detailed mechanism somewhat better than the others, perhaps because it uses the same base
mechanism. However, it predicts higheg @elds under low NQ conditions and tends to overpredict

HNO, when NQ is low, particularly between days 1 and 2 in some continuous emissions scenarios.

These simulations of isoprene - N@ixtures are designed to be particularly sensitive to the

isoprene mechanism, and the effects of the mechanisms differences in actual urban and regional modeling
applications may be different. However, these results indicate that it cannot be assumed that the effects
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of these mechanism differences are small. Although the differencespre@ictions are not large (except
for the highest NQ conditions), the differences in HN@redictions may be of significance in regional
modeling applications where predictions of acid deposition are of importance.

An indication of the effects of the mechanism differences on ozone predictions in urban scenarios
can be obtained from the results of the incremental reactivity calculations. Table 3 shows the incremental
reactivities calculated for the three averaged conditions scenarios. The table gives the incremental
reactivities of isoprene relative to the incremental reactivities of the base ROG mixture (the mixture of
reactive organic gases used to represent the total of all VOCs emitted into the scenarios). This is referred
to as the "relative reactivity" of isoprene (Carter, 1994a), and normalizes out, at least to some extent,
effects of mechanism differences related to other VOCs and effects of scenario conditions that affect
absolute incremental reactivities. For comparison purposes, the incremental reactivities of the base ROG
mixture is also shown.

Table 3 shows that the three mechanisms are within +25% of each other in their predictions of
the incremental reactivities of the base ROG mixture. In addition, despite their differences in the isoprene
- NO, simulations, the detailed, SAPRC-90 and RADM-2 mechanisms give similar relative reactivities of
isoprene, with the isoprene relative reactivities for SAPRC-90 being ~25% higher and those for RADM-2
being ~25% lower, than those for the detailed mechanism. On the other hand, the Carbon Bond IV
isoprene relative reactivities are almost twice those for the detailed mechanism, regardlesteadNO
This may be related to the greater sensitivity of the Carbon Bond mechanism to radical inputs in general,
as indicated by the fact that it also predicts ~40% higher relative reactivities for formaldehyde (Carter,
1994b), despite the fact that its mechanism is based on similar mechanistic assumptions and environmental
chamber data (Gery et al, 1988). Thus one cannot always use results of compoundinations
alone as a guide to how mechanisms may differ in their predictions of relative reactivity.

Comparisons of Predictions of the Detailed #se New Condensed Mechanisms

Figures 3 and 4 show the effects of the mechanism condensations on the predictions of selected
species in representative two-day isoprene 5 Bi@ulations. For easier comparison, the scenarios shown
on Figures 2 and 3 are the same, while Figure 4 shows some additional scenarios that are of interest.
Results of other the other simulations are generally similar and are not shown. These figures show that
the condensed and detailed mechanisms give reasonably close predictions, with a few exceptions as noted
below. The day 1 results are almost indistinguishable for all species shown except formaldehyde, which
the 1-product mechanism tends to underpredict slightly compared to the other mechanisms. The
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mechanism differences become greater for the second simulated day, as expected since these would be
more affected by differences in the representations of the products. However, the dgyéliotions

are still very close except for the high NQow isoprene/npcontinuous emissions scenario shown on the

left side of Figure 4. The condensed mechanisms generally perform well in matching the detailed
mechanism’s predictions of J@,, after appropriate adjustments are made to thg NOSOPROD rate
constant, as discussed below. The worst discrepancy fOy id the second day of the same high NO

low isoprene/NQ continuous emissions scenario that gives the worst day 2 ozone discrepancy, as shown
on Figure 4. Both condensed mechanisms give quite good agreement to the detailed mechanisms in
simulations of OH radical levels, with the notable exception of the second day in the continuous emissions
scenarios with similar levels of isoprene and N@ght side of Figure 3), where both condensed
mechanisms predict almost half the maximum OH radical levels as the detailed one. However, in general
the differences between these mechanisms are extremely minor, especially when considering the much
larger differences between the previously published mechanisms, as discussed above.

The underprediction, by almost a factor of 2, of OH radicals on the continuous emissions scenario
shown on Figure 3 is of concern given the importance of OH radicals in the photooxidation system, and
the fact that all three condensed mechanisms perform equally poorly in this case. This discrepancy is
attributed to the N@+ isoprene reaction being particularly important at nighttime in this scenario, which
accounts for almost half of the total isoprene reacting. (This situation occurs when bpanN@oprene
are emitted at nighttime when,@ present at sufficient levels to react with N form NG,, but not at
such high levels that isoprene is consumed primarily by reaction wjth The detailed mechanism has
model species RCHO-NO3 formed in 80% vyield in the isoprene + MNction (Carter and Atkinson,
1996); this is represented in the condensed mechanisms by the general higher aldehyde and alkyl nitrate
species (see Table 1). If RCHO-N@nd its PAN analogue NA-PAN are added back to the mechanism,
then the model gives much closer predictions of the day-2 OH radical levels in this simulation. This is
shown on the right side of Figure 3, where the continuous emissions plots includes a calculation with
RCHO-NO3 and NA-PAN added back to the 1 product mechanism (shown as "ISOPROD +
RCHO-NO3"). Note that adding RCHO-NO3 but still lumping NA-PAN with MA-PAN does not solve
this problem, indicating that the reactions of the NSbbstituted PAN analogue is apparently the
significant factor. Adding RCHO-NO3 has no significant effect on results of any of the one-day
simulations or any of the two-day static simulations.

These results suggest that it might be appropriate to retain RCHO-NO3 and NA-PAN in the
condensed mechanisms, since this would give predictions more closer to that of the detailed mechanism
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in simulations where both NGand isoprene are emitted into the atmosphere in the presence of moderate
amounts of Qat nighttime. However, this was not done because this is probably a fairly unusual situation

in real atmospheres, and also because thg N@oprene mechanism is highly uncertain (Carter and
Atkinson, 1996) and thus the detailed mechanism may not necessarily have greater predictive capability
than the condensed versions. The day 2 OH levels are reasonably well simulated in most of the static and
continuous emissions scenarios in the condensed mechanisms without adding this species. However, it
would be of interest to assess the sensitivity of regional and urban model simulations to the level of
condensation employed for this reaction.

The two condensed mechanisms give almost identical simulations in most cases, indicating that
the more condensed version would probably be satisfactory for most applications except when explicit
predictions of methacrolein, MVK, or total unsaturated PAN analogues are required. Other than those
compounds, the main difference between the two are predictions of formaldehyde and (in a few cases at
nighttime or on day 2) total PAN analogues. The differences in the formaldehyde predictions appear to
be due primarily to lumping the unsaturated PAN analogues (MA-PAN) with PPN in the one product
mechanism, since adding MA-PAN back to the one product mechanism gives much closer formaldehyde
predictions to those of the 4-product mechanism. This is shown on the left and middle plots for the static
simulations on Figure 3, where simulations using 1-product mechanism with MA-PAN added back
("ISOPROD + MA-PAN") are also included.

When the 1-product mechanism was first derived, it was assumed to be appropriate to use a
ISOPROD + NQrate constant which is somewhere between that for methacrolein and tims&urated
carbonyls in the detailed mechanism, since these are the main species ISOPROD represents that react with
NO, radicals. However, if this was assumed, certain low isoprengftidic simulations gave predictions
of nighttime HO, formation rates that were far greater than those predicted by the more detailed
mechanisms. This is shown, for example, the left hand plots on Figure 4, which include a calculation
assuming the ISOPROD + NQ@ate constant is the same as that for methacrolein. This problem does not
occur in the higher isoprene/N@imulations or in any of the continuous emissions scenarios, as shown
on the other plots on Figure 4 The high nighttimgCH production in this low isoprene/NGstatic
calculation is due to the NOF ISOPROD reaction, which has increased importance in the one product
mechanism because of the higher ISOPROD yields combined with lower rate constant for competing
reactions. Using a much lower NG ISOPROD rate constant in the one product mechanism, as
indicated in Footnote 10 to Table 1, solved this problem without having any adverse effects on the other
test simulations.
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Figure 1 shows that the one product mechanism gives predictions of NO oxidized, &owin@d
in the environmental chamber experiments that are almost identical to those of the detailed mechanism.
Simulations of d(@NO) using the 4-product mechanism are similar. The small differences;in O
predictions of these mechanisms are well within experimental or chamber characterization uncertainty.

Table 3 shows that the condensed mechanisms give almost exactly the same incremental reactivity
of isoprene in the maximum reactivity averaged conditions scenario as does the detailed mechanism, but
give ~5% higher relative reactivities in the lower N€zenarios. Similar levels of agreement are obtained
for the base case scenarios, as shown in Figure 5, which plots the discrepancies in incremental reactivities
between condensed and detailed mechanisms in all the scenarios, as a function of relatexeNO[As
discussed by Carter (1994a), the ratio of total N@issions to those that give maximum yaelds in the
scenario provides a useful measure of relative, Nels for reactivity assessment.] For comparison
purposes, Figure 5 also shows the discrepancies for the reactivity predictions of the SAPRC-90
mechanism, which gives the best correspondence to reactivities in the detailed mechanism of all the
previously published condensed mechanisms. These data show that the isoprene reactivities predicted by
the condensed mechanisms developed in this work agree closely with those of the detailed mechanisms
for relatively high NQ conditions, but tend to be ~7% higher when N® low. However, these
differences are well within the uncertainties and variabilities of incremental reactivity simulations.

DISCUSSION AND CONCLUSIONS

The new detailed isoprene - N@echanism of Carter and Atkinson (1996), which reflects results
of recent laboratory studies and gives good predictions of results of environmental chamber experiments,
often gives significantly different predictions of isoprene - Nginulations in the atmosphere than do the
mechanisms currently used in most ambient air quality models. For example, the Carbon Bond IV
mechanism, which actually simulates isoprene environmental chamber data somewhat better than the other
previously published condensed mechanisms (though not as well as the new mechanisms), predicts the
incremental ozone reactivities of isoprene in urban-like scenarios to be almost twice those predicted by
the new detailed mechanism. How significant these differences would be in actual urban and regional air
guality modelling applications was not investigated, but clearly the possibility that the differences are
important cannot be discounted. Given this, and the fact that the new detailed mechanism represents our
current state of knowledge of isoprene chemistry, one must conclude that the predictions of effects of
isoprene emissions on air quality by the previous mechanisms must be considered to be suspect.
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One approach for dealing with this is simply to incorporate the new detailed mechanism directly
in airshed models. However, this work shows that much more condensed mechanisms can give almost
identical predictions of major species in one-day isoprene ; $iulations, and fairly close predictions
for two-day simulations, not only for ozone but also for other important species such as OH radicals, nitric
acid, total PANs, HO,, and formaldehyde. Some discrepancies are observed in predictions of OH radicals
and other species on the second day of simulations whergaR@isoprene are emitted together in the
presence of moderate levels of ozone, which can be addressed by adding back to the condensed
mechanism the model species used to represenf-déftaining unsaturated aldehydes and their
corresponding PAN analogues, but the importance of this in actual real-world model applications is
unclear. Thus it is not necessary to use the full Carter and Atkinson (1996) mechanism to achieve
predictive capabilities that reflect the advances in recent years in our knowledge of the atmospheric
chemistry of isoprene. The available computer capability required for carrying all 19 of the species used
by Carter and Atkinson (1996) to represent isoprene’s products are probably better used for other purposes,
particularly for simulations where isoprene is not the only reactive organic compound emitted.

The choice of which condensed mechanism to use depends on the model application. Obviously,
the four product mechanism would be most appropriate if methacrolein and/or MVK predictions are
desired. However, if this is not important, there do not appear to be large disadvantages in using the one
product mechanism, since the simulations of almost all other major species of interest are almost exactly
the same. The differences for formaldehyde and total PAN analogues are minor considering measurement
uncertainties for these compounds, as well as the effects of condensations of mechanisms of most of the
other VOCs that are present.

Finally, it should be recognized that although the Carter and Atkinson (1996) mechanism may
represent the current state of the art, it is not without approximations and uncertainties. The detailed
mechanism, and the condensed versions based on it, incorporate an approximate representation of peroxy
+ peroxy reactions that may reduce their accuracy under extremely loywcN@ditions. Although
progress has been made in our understanding of isoprene’s atmospheric reactions, important uncertainties
remain which may affect model predictions (Carter and Atkinson, 1996). For example, the detailed
mechanism for the NO+ isoprene reactions, which we have shown can have non-negligible effects under
some conditions, is largely speculative. This is the major reason why we have not addedse¢prene
product species to the condensed mechanisms to have them more closely represent the detailed mechanism
in this regard. However, at the present time this detailed mechanism, and the condensed mechanisms
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derived from it, represent our best estimate of how to represent isoprene’s gas-phase reactions in the
atmosphere.
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Table 1.

Summary of active species added to the general mechanism to represent reactions of

isoprene’s products in the detailed and condensed isoprene mechanisms.

Description Isoprene Product Model Spedies
Detailed 4 Product 1 Product
Primary Products
Methacrolein METHACRO METHACRO ISOPROY
Methyl vinyl ketone MVK MVK (as above)
Hydroxymethacrolein HOMACR ISOPROD? (as above)
2-Methyl-4-hydroxy-2-butenal IP-MHY (as above) (as above)
3-Methyl-4-hydroxy-2-butenal IP-HMY (as above) (as above)
3-Methylfuran MEFURAN (as above) (as above)
epoxy methyl butenes ISO-OX (as above) (as above)
Propene (formed in Oreaction) PROPENE (as above) (as above)
NO,-substituted aldehydes (formed in RO RCHO-NO3 RCHO+RNO%*®  RCHO+RNO3
reaction)
Secondary Products
Hydroxyacetone HOACET MEK® MEK
Glycolaldehyde HOCCHO CCHJ" CCHO
H,C=C(CH,)-CO-OONQ MA-PAN MA-PAN PPN®
H,C=CH-CO-OONQ AC-PAN (as above) (as above)
HOCH,CH=C(CH,)-CO-OONQ MHY-PAN (as above) (as above)
HOCH,C(CH,)=CH-CO-OONQ HMY-PAN (as above) (as above)
H,C=C(CH,0H)-CO-OONQ HOMA-PAN n/f e n/f
PAN analogue from RCHO-NO3 NA-PAN n/f n/f
HOCH,-CO-OONG, HO-PAN n/f n/f
Unknown reactive 3-methyl furan product(s) HET-UNKN n/f n/f

M Species added to the mechanism to represent reactions of isoprene’s products. Species which are already in the
general mechanism, or species for which the steady state approximation can be applied, are not included, except
to show when they are substituted for added product species in the detailed mechanism.

Product yield parameters derived from weighed averages of those of METHACRO, MVK, HOMACR, IP-MHY,

and IP-HMY. Rate constants were optimized to fit results of detailed model calculations.

Product yield parameters derived from weighed averages of those of HOMACR, IP-MHY, and IP-HMY. Rate
constants were optimized to fit results of detailed model calculations.

RCHO (propionaldehyde) is the lumped higher aldehyde species used in the general mechanism.

RNO3 (alkyl nitrates) is the lumped organic nitrate species used in the general mechanism.

MEK (methyl ethyl ketone) is the lumped higher ketone and general non-aldehyde oxygenate species used in the
general mechanism.

CCHO (acetaldehyde) is used to represent acetaldehyde and glycolaldehyde in the general mechanism.

PPN (peroxy propionyl nitrate) is used to represent lumped higher PAN analogues in the general mechanism.
This species is not formed in this version of the mechanism because its precursor is represented by another
species.

2

[3

[4
[5
[6

[7
[8
[9
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Table 2. Listing of the condensed mechanisms for the N&ir reactions of isopreng!

Kinetic Parameters [0}
Notes Reactions
k(300) A Ea B d
Four_Product Mechanism
9.88E-11 2.54E-11 -0.81 0.00 ISOP + HO. = 0.088 RO2-N. + 0.912 RO2-R. + 0.629 HCHO +

0.23 METHACRO + 0.32 MVK + 0.362 ISOPROD + 0.079 R202. +
1.079 RO2. + -0.079 -C

1.34E-17 7.86E-15 3.80 0.00 ISOP + O3 = 0.4 HCHO + 0.39 METHACRO + 0.16 MVK +
0.55 (HCHO2) + 0.2 (C:CC(C)02) + 0.2 (C:C(C)CHO2) +
0.05 [SOPROD
(fast) (C:CC(C)02) = HO. + R202. + HCHO + MA-RCO3. + RO2. + RCO3. +
-1 -C
(fast) (C:C(C)CHO2) = 0.75 RCHO + 0.25 ISOPROD + 0.5 -C
3.60E-11 (No T Dependence) ISO P + O =0.75 ISOPROD + 0.25 {MA-RCO3. + RCO3. + 2 HCHO +
RO2-R. + RO2. + -1 -C}
6.81E-13 3.03E-12 0.89 0.00 ISOP + NO3 = 0.8 {RCHO + RNO3 + RO2-R} + 0.2 {ISOPROD +
R202. + NO2} + RO2. + -2.4 -C
1.50E-19  (No T Dependence) ISOP + NO2 = 0.8 {RCHO + RNO3 + RO2-R} + 0.2 {ISOPROD +
R202. + NO} + RO2. + -2.4 -C
3.35E-11 1.86E-11 -0.35 0.00 METHACRO + HO. = 0.5 {MA-RCO3. + RCO3} + 0.42 {MEK + CO} +
0.08 {HCHO + MGLY} + 05 {RO2-R. + RO2} + -0.42 -C
1.19E-18 1.36E-15 4.20 0.00 METHACRO + 03 = 0.9 {(HCHO2) + MGLY} + 0.1 {HCHO +
(C2(02)CHO)}
(fast) (C2(02)CHO) = HO. + R202. + HCHO + HCOCO-02. + RO2. + RCO3.
(See Carter and Atkinson, 1996) 1 METHACRO + HV = HO2. + 0.66 HO2. + 0.33 MA-RCO3. +
0.67 {CO + HCHO + CCO-O2} + 0.34 {HO. + R202. + RO2} +
RCO3.
4.76E-15 1.50E-12 3.43 0.00 METHACRO + NO3 = 0.5 {MA-RCO3. + RCO3. + HNO3} + 0.5 {CO +
HO2. + RNO3 + R202. + RO2} + -1 -C
1.87E-11 4.14E-12 -0.90 0.00 MVK + HO. = 0.7 {CCHO + R202. + CCO-02. + RCO3} +
0.3 {HCHO + MGLY + RO2-R} + RO2.
4.74E-18 7.51E-16 3.02 000 2 MVK + 03 = 0.95 {(HCHO2) + MGLY} + 0.05 {HCHO + (C2(O2)CHO)}
(See Carter and Atkinson, 1996) 1 MVK + HV = 0.7 {ISOPROD + CO} + 0.3 {HCHO + RO2-R. +

MA-RCO3. + RCO3} + -1.7 -C

6.19E-11 (No T Dependence) 3,4 ISOPROD + HO. = 0.418 CO + 0.125 CCHO + 0.02 HCHO +
0.124 GLY + 0.062 RCHO + 0.145 MGLY + 0.48 MEK +
0.688 RO2-R. + 0.313 MA-RCO3. + 0.688 RO2. + 0.313 RCO3. +
0.271 -C

4.18E-18  (No T Dependence) 45 ISOPROD + O3 = 0.062 CCHO + 0.007 HCHO + 0.031 GLY +
0.622 MGLY + 0.278 MEK + 0.063 (HCHO2) + 0.278 (HCOCHO2) +
0.559 (HOCCHO2) + 0.069 (C2(O2)CHO) + 0.031 (C2(02)COH) +

-0.208 -C
(fast) (HOCCHO2) = 0.6 HO. + 0.3 {CCO-O2. + RCO3} + 0.3 {RO2-R. +
HCHO + CO + RO2} + 0.8 -C
(fast) (HCOCHO2) = 0.12 {HO2 . + 2 CO + HO} + 0.74 -C +

0.51 {CO2 + HCHO}

(fast) (C2(02)COH) = HO. + MGLY + HO2. + R202. + RO2.
(Same k as for METHACRO) 1,4 ISOPROD + HV = 1.216 CO + 0.434 CCHO + 0.35 HCHO +
0.216 MEK + 1.216 HO2. + 0.784 CCO-O2. + 0.784 RCO3. +
0.134 -C
1.00E-13  (No T Dependence) 3,6 ISOPROD + NO3 = 0.668 CO + 0.332 HCHO + 0.332 RCHO + RNO3 +
HO2. + R202. + RO2. + -1.996 -C
(Same k as for RCO3.) 7 MA-RCO3. + NO = NO2 + CO2 + HCHO + CCO-02. + RCO3.
(Same k as for RCO3.) MA-RCO3. + NO2 = MA-PAN
(Same k as for RCO3.) MA-RCO3. + HO2. = -00 H + 2 {HCHO + CO2}
(Same k as for RCO3.) MA-RCO3. + RO2. = RO2. + 0.5 HO2 . + 2 {HCHO + COZ2}
(Same k as for RCO3.) MA-RCO3. + RCO3. = RCO3. + HO2 . + 2 {HCHO + CO2}
479E-04 1.60E+16 26.80 0.00 MA-PAN = MA-RCO3. + NO2 + RCO3.

One Product Mechanism

9.88E-11 2.54E-11 -0.81 0.00 ISOP + HO. = 0.088 RO2-N. + 0.912 RO2-R. + 0.629 HCHO +
0.912 ISOPROD + 0.079 R202. + 1.079 RO2. + 0.283 -C
1.34E-17 7.86E-15 3.80 0.00 ISOP + O3 = 0.4 HCHO + 0.6 ISOPROD + 0.55 (HCHO2) +
0.2 (C:CC(C)02) + 0.2 (C:C(C)CHO2) + 0.05 -C
(fast) (C:CC(C)02) = HO. + R202. + HCHO + C2CO-02. + RO2. + RCO3.
(fast) (C:C(C)CHO2) = 0.75 RCHO + 0.25 ISOPROD + 0.5 -C
3.60E-11  (No T Dependence) ISO P + O =0.75 {ISOPROD + -C} + 0.25 {C2CO-02. + RCO3. +
2 HCHO + RO2-R. + RO2}
6.81E-13 3.03E-12 0.89 0.00 ISOP + NO3 = 0.8 {RCHO + RNO3 + RO2-R} + 0.2 {ISOPROD +
R202. + NO2} + RO2. + 2.2 -C
1.50E-19  (No T Dependence) ISOP + NO2 = 0.8 {RCHO + RNO3 + RO2-R} + 0.2 {ISOPROD +

R202. + NO} + RO2. + -2.2 -C
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Table 2 (continued)

Kinetic Parameters

[b]

k(300) A

Ea

Notes
d

Reactions

[c]

3.36E-11

7.11E-18

(
(Same k as

1.00E-15

(No T Dependence)

(No T Dependence)

(fast)
(fast)

(fast)
f

ast)
for METHACRO)

(No T Dependence)

8,9

8,9

18

8,10

ISOPROD + HO.

= 0.293 CO + 0.252 CCHO + 0.126 HCHO +

0.041 GLY + 0.021 RCHO + 0.168 MGLY + 0.314 MEK +
0.503 RO2-R. + 0.21 CCO-O2. + 0.288 C2CO-02. +
0.21 R202. + 0.713 RO2. + 0.498 RCO3. + -0.112 -C

ISOPROD + O3 = 0.02 CCHO + 0.04 HCHO + 0.01 GLY +

0.84 MGLY + 0.09 MEK + 0.66 (HCHO2) + 0.09 (HCOCHO2) +
0.18 (HOCCHO2) + 0.06 (C2(02)CHO) + 0.01 (C2(02)COH) +
-0.39 -C
(C2(02)CHO) = HO. + R202. + HCHO + HCOCO-02. + RO2. + RCO3.
(HOCCHO2) = 0.6 HO. + 0.3 {CCO-0O2. + RCO3} + 0.3 {RO2-R. +
HCHO + CO + RO2} + 0.8 -C
(HCOCHO2) = 0.12 {HO2
0.51 {CO2 + HCHO}
(C2(02)COH) = HO. + MGLY + HO2. + R202. + RO2.
ISOPROD + HV = 0.333 CO + 0.067 CCHO + 0.9 HCHO +
0.033 MEK + 0.333 HO2. + 0.7 RO2-R. + 0.267 CCO-02. +
0.7 C2C0O-02. + 0.7 RO2. + 0.967 RCO3. + -0.133 -C

.+ 2 CO + HO} + 074 -C +

ISOPROD + NO3 = 0.643 CO + 0.282 HCHO + 0.85 RNO3 +

0.357 RCHO + 0.925 HO2. + 0.075 C2CO-02. + 0.075 R202. +
0.925 RO2. + 0.075 RCO3. + 0.075 HNO3 + -2.471 -C

[a] This listing is available in computer readable form on the Internet by anonymous FTP at cert.ucr.edu,
directory /pub/carter/mech.

[b] Except as noted, the expression for rate constant i
Units of Ea is kcal mole
If a rate constant is given as "(fast)", then the steady state

in ppm, min units.
photolysis reactions are given below.

s k = A e®RT (T/300)

B

Rate constants and A factor are

The absorption coefficients and quantum yields for the

approximation can be employed on the reacting species, and any arbitrary rate constant can be used.

Alternatively, the species could be replaced in reactions forming it with the set of products formed in the

"fast" reaction.
[c] See Carter (1990) for a description of the species used in the general mechanism, and Table 1 for the

species specific to the isoprene mechanism.

[d] Documentation notes are as follows.

292

305

318

If no documentation notes are given, then the mechanism is the same
as that given by Carter and Atkinson (1996), except with the surrogate species substitutions as indicated
on Table 1, when applicable.
1. The absorption cross-sections used for the photolysis reactions METHACRO, MVK and ISOPROD are the same
as used by Carter and Atkinson (1996), and are as follows (where the wavelength
absorption cross section units are 10

12 cm? molec !, base

331

344

e):

357

The quantum yields used were 0.0036 for METHACRO and ISOPROD and

(Carter and Atkinson, 1996).

3.460 370

units are nm and the

2150 381 0.000

0.0111 for MVK, independent of wavelength

2. The mechanism of Carter and Atkinson (1996) has this reaction forming (C-CO-CHOZ2), which rapidly converts

This is equivalent to the direct formation of the (C2(02)CHO), as is represented here.

3. The OH radical rate constant used was the weighed average of those for HOMACR, IP-MHY, and IP-HMY in the
detailed mechanism, with the weighting factor being the contributions of these to the total ISOPROD

These contributions were ~30%

to (C2(02)CHO).

reaction in the 12-hour constant light intensity static test calculations.
for HOMACR and ~70% for IP-MHY + IP-HMY.

4. The product yields were determined by weighed averages of integrated reaction rates for OH, O
photolysis reactions with HOMACR, IP-MHY, and IP-HMY in the 12-hour constant light intensity static test

The vyield of a given product in an ISOPROD reaction was

calculated by [(HOMACR contribution) x (yield of product in HOMACR or METHACRO reaction)] + [{1-(HOMACR

contribution)} x (yield of product in IP-MHY and IP-HMY reactions)].

day simulation where initial isoprene and NO

simulations using the detailed mechanism.

21

For example, at the end of the one

« were both 0.1 ppm, the integrated reaction rates for the
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Table 2 (continued)

reaction of OH with HOMA, IP-MHY and IP-HMY were 6.8, 12.9 and 6.2 ppb-min, which indicates a ~25%
contribution of HOMA products and a ~75% contribution of IP-MHY and IP-HMY products (which are the same)
are appropriate for the OH + ISOPROD-A reaction. The average HOMACR contributions, and the contributions
used to determine the product yields, are as follows:

OH Reaction 29%%7’?}'96_ Zg%ﬁ NO; Reaction 1;2'\37?)@6_ Of%ﬂ
O, Reaction 7+1% 10% Photolysis 35+5% 35%
5. The O, rate constants were optimized to minimize the sum-of-squares differences in the concentrations, at
15 minute intervals, of O 3, NO, HCHO, total PANs, HNO3, and OH radicals predicted by the condensed and
detailed mechanisms in the 12-hour, constant light intensity, static isoprene - NO , test simulations with
initial reactant concentrations (as ppm NO « ppm isoprene) of (0.03, 0.01), (0.03, 0.1), (0.1, 0.1), (0.3,

0.1). and (0.3, 1).

6. The rate constant used is the same as that for IP-HMY and IP-MHY in the detailed mechanism because
reactions with these components constitute most of the NO ; + ISOPROD reaction.

7. The rate constants used in the general mechanism for other acyl peroxy radicals, given by Carter (1996)
and Carter and Atkinson (1996) are employed.

8. The product yields are determined by weighed averages of integrated reaction rates for OH, O 3
photolysis reactions with  METHACRO, MVK, HOMACR, IP-MHY, and IP-HMY in the 12-hour constant light
intensity static test simulations using the detailed mechanism. The yield of a given product was
calculated from the [(METHACRO + HOMACR contribution) x (yield of product in the METHACRO reaction)] +
[(MVK contribution) x (yield of product in the MVK reaction)] + {1-(METHACRO + HOMACR + MVK contribu-
tions)} x (yield of product in IP-MHY and IP-HMY reactions)]. The average METHACRO + HOMACR and MVK
contributions, and the contributions used to determine the product yields, are as follows:

METHACRO + HOMACR MVK
Average Used Average Used
OH Reaction 4?&7%'9_ 45% 30?5%9_ 30%
O, Reaction 12+3% 10% 61+4% 60%
NQ Reaction 17+3% 15% no rxn. 0%
Photolysis 20+5% 20% 72+4% 70%
9. The OH and O; rate constants were simultaneously optimized to minimize least squares differences between
the condensed and detailed mechanisms in predictions of O 3, NO, HCHO, total PANs, HNO3, and OH radicals
in the same 12-hour constant light intensity static isoprene - NO . test simulations as indicated in
Footnote 5.
10. The multi-day simulations indicated that a relatively low value had to be used for the rate constant for
this reaction or the calculated formation rates of HO , and H,0, under certain nighttime conditions when

NO3 reactions important, are much greater than those calculated by the detailed mechanism. The rate
constant used is arbitrarily set at 1/5 that for methacrolein, which is the highest value which can give
reasonably satisfactory agreement with the detailed mechanism under these conditions. Removing this
reaction from the mechanism is not reasonable because most of the species represented by ISOPROD react
at significant rates.
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Table 3. Summary of results of incremental reactivity calculations for the averaged conditions
scenarios for the three representative,Onditions.

Max React Max Q Equal Benefit

(High NO,) (Low NO,)
Incremental Reactivity of the Base RO
Updated SAPRC 1.13 0.41 0.225
RADM-2 0.90 0.369 0.198
Carbon Bond IV 1.02 0.39 0.198
Relative Reactivity of Isopren@
Carter and Atkinson (1996) 2.48 2.42 2.76
4 Products Condensed (this work) 2.50 2.51 2.92
1 Product Condensed (this work) 2.47 2.51 2.94
SAPRC-90° 2.76 2.75 3.21
RADM-2 2.30 2.17 2.39
Carbon Bond IV 4.62 4.38 4.76

M The base ROG is the mixture of reactive organic gases used to represent emissions from all sources
in the simulations. Incremental reactivities are in units of molggo@med per mole carbon ROG
emitted.

' Ratio of Incremental reactivities (0zone per carbon basis) if isoprene to the incremental reactivity of
the base ROG mixture.

' This uses the same isoprene lumping approach as SAPRC-90, but with the same updated base
mechanism as used with the Carter and Atkinson (1996) mechanism and the condensed mechanisms
developed in this work.
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Figure 3. Concentration-time plots of selected species calculated in representative two-day
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various condensed mechanisms developed in thiswork. The scenarios are the same
as those shown on Figure 2.
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