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ABSTRACT

A series of indoor environmental chamber experiments were conducted to fill gaps in the data base
needed for evaluation of gas-phase photochemical mechanisms for assessing the effects of emissions of
volatile organic compounds (VOCs) on ambient air quality. Two large dual-mode indoor Teflon bag
chambers, one irradiated by blacklights and the other by xenon arc light, were employed. Alternative
methods for measuring light intensity in these chambers were evaluated. It was found that quartz tube
NO, actinometry provides satisfactory data for the blacklight chamber, but thainchutane irradiations
provide a better method for the xenon arc chamber. The effects of varying humidity on results and
reproducibility of chamber experiments were examined. It was found that differences between dry runs
and runs at ~50% RH were minor and should not significantly affect mechanism evaluation results, but
that runs with humidities approaching 100% RH may have problems. Incremental reactivity experiments,
where a test compound is added to NOx-air irradiations of reactive organic gas (ROG) surrogates
representing ambient pollution, were conducted for representative compounds using the xenon arc
chamber. These were needed to supplement the much larger data base of incremental reactivity
experiments in blacklight chambers. The results were consistent with model predictions and the large data
base of incremental reactivity experiments in blacklight chambers, if the aromatics mechanisms was
modified to account for differences in light source. An extensive series of single aromatic - NO
experiments were carried out using both light sources to provide data needed to develop, adjust, and
evaluate mechanisms for benzene, toluene, ethylbenzene, o-, m-, and p-xylenes, and all three
trimethylbenzene isomers. The current version of the detailed SAPRC mechanism (SAPRC-93) did not
correctly account for isomeric differences and tended to underpredict reactivities in the xenon arc chamber.
Much better fits could be obtained if yields of two lumped fragmentation products, representing different
photodecomposition action spectra, are optimized separately for each isomer. However, such adjustments
still did not provide satisfactory fits for benzene, and could not simulate the data for the other aromatics
in all respects. The data base obtained in this study will be an important resource for evaluating updated
mechanisms which are under development.



ACKNOWLEDGEMENTS

The authors wish to acknowledge and thank Mr. Bart Croes of the CARB, Mr. Tim Belian of the
CRC, and Mr. Brent Bailey of NREL for their support of this project and their patience with the delays
in completing this report. Dr. Joseph Norbeck, Director of the University of California, Riverside's
College of Engineering Center for Environmental Research and Technology (CE-CERT) provided funding
needed to move the environmental chamber facility to CE-CERT, and additional support needed to carry
out this project. Valuable assistance in constructing the chamber facility and conducting the experiments
for this program was provided by Mr. Dennis Fitz and Mr. Kurt Bumiller. Mr. Fitz also assisted in
administration of this program. Assistance in conducting the experiments was provided by Ms. Kathalena
M. Smihula, Mr. David Cocker and Ms. Amy Lishan Ng. Mr. Patrick Sekerka and Mr. Jeff Friend
provided assistance in constructing the chamber facility at CE-CERT.

The opinions and conclusions in this document are entirely those of the authors. Mention of trade
names and commercial products does not constitute endorsement or recommendation for use.



EXECUTIVE SUMMARY

Introduction and Background

The formation of ground-level ozone is caused by the gas-phase interactions of emitted volatile
organic compounds (VOCSs) and oxides of nitrogen (N®the presence of sunlight. Although traditional
VOC control strategies to reduce ozone have focused on reducing the total mass of VOC emissions,
strategies which take into account these differences in "reactivities" of VOCs might provide a means for
additional ozone reduction which could supplement mass-based controls. Examples include conversion
of motor vehicles to alternative fuels and solvent substitutions. Implementing reactivity-based strategies
requires a reliable means to quantify the effects of emissions of different types of VOCs on ozone
formation. Such estimates require use of computer airshed models, since the effects of the VOCs on
ozone formation depend both on the nature of the environment where the VOC is emitted and on the
VOC'’s atmospheric reactions. Since the predictions of such models can be no more reliable than the
chemical mechanisms upon which they are based, it is critical that the chemical mechanisms used for the
VOCs be able to accurately predict the effects of VOCs on ozone formation under various conditions.

The chemical mechanisms used in airshed models are based on our knowledge and theories
concerning the elementary gas-phase reactions which are believed to be involved in ground-level ozone
formation. However, the processes by which VOCs and M@ract to form ozone are complex, and our
knowledge of them is incomplete. Therefore, no model calculation of reactivity can be considered to be
reliable unless it has been shown that it can accurately predict ozone impacts under a variety of conditions.
The only practical way to do this is to carry out environmental chamber experiments and then determine
if the mechanism can accurately predict the ozone impacts that were observed. Although ozone impacts
in chambers will not be quantitatively the same as they are in the atmosphere, in appropriately designed
experiments they will be affected by the aspects of the chemical mechanisms that affect reactivities in the
atmospheres.

While the chamber database used in evaluating atmospheric chemical mechanisms has been quite
extensive, there has been a number of major gaps and data needs, particularly with regard to evaluating
mechanisms for VOC reactivity assessment for a wide variety of individual VOCs. To address this need,
the Statewide Air Pollution Research Center (SAPRC) at the University of California at Riverside (UCR),
subsequently in conjunction with the College of Engineering, Center for Environmental Research and
Technology (CE-CERT), has conducted a multi-year environmental chamber program to provide data
needed to improve the reliability of chemical mechanisms for use in predicting effects of VOC emission



changes on ozone formation. Two phases of this program have been completed and reported previously.
In the first phase, we measured the effects of the addition of 36 representative VOCs to irradiations of a
simplified mixture representing pollutants in the atmosphere under conditions where ozone is most
sensitive to VOCs, using an indoor chamber with a blacklight light source. It was found that effects of
the VOCs on ozone formation in these systems differed significantly, even after differences in their
atmospheric reaction rates were taken into account. All these experiments were carried out using the same
highly simplified reactive organic gas (ROG) surrogate to represent reactive VOC pollutants from other
sources and using relatively low ROG/N@vels representing maximum incremental reactivity (MIR)
conditions. In the second phase of this program, the effects of varying ROG surrogate atel&l©

were examined, and it was found that both had significant effects on reactivity. In addition, a limited
number of experiments was carried out in a chamber using a new xenon arc light source, which provided
a spectrum more representative of sunlight than blacklights. The results of these first two phases were
used to evaluate the SAPRC-90 chemical mechanism which was used to calculate the MIR reactivity scale
which was used in the California Air Resources Board’'s Clean Fuel/Low Emissions Vehicle regulations,
and to evaluate an updated version of that mechanism, designated SAPRC-93, which was developed in
part using data from the Phase | study. The updated mechanism simulated reasonably well most of the
data obtained, and could account for the observed effects of variations of ROG surrogate, ami\NIL
reactivity. However, it did not satisfactorily account for reactivity differences among some aromatic
isomers, and there were indications that it could not adequately simulate the effects of varying the light
source on reactivities of aromatic compounds.

Although these two phases of the program have been successful in providing data needed for
mechanism evaluation, important gaps have remained. The large data base of reactivity experiments from
the previous phases of the programs were obtained using a blacklight light source, and verification was
needed that consistent results would be obtained using a more realistic xenon arc light source. There was
a need for single aromatic - N@xperiments to develop, adjust, and evaluate aromatic mechanisms which
can account for isomeric differences and correctly predict effects of changing light source. There were
also data gaps related to our ability to characterize chamber conditions for mechanisms evaluation
purposes, as well as the need for additional mechanism evaluation data. There was a concern about
uncertainties in light intensity measurements in our indoor chambers, since they relied on a single method
which might not be satisfactory for the xenon arc chamber. There was also a concern about the effects
of humidity on results of chamber experiments carried out for mechanism evaluations, and whether the
model was appropriately accounting for these effects. The third phase of this program, which is discussed
in this report, was designed to address these needs.



Objectives

The overall objective of this phase of the program was to conduct environmental chamber
experiments needed to fill critical data gaps in the data base needed for evaluating mechanisms for VOC
reactivity assessment. The program had four major elements, whose specific objectives were as follows:

. Obtain data needed to validate the light intensity measurement methods used in indoor
chamber runs for mechanism evaluations, and determine the most appropriate method for the
indoor chambers used in our laboratories for mechanism evaluation.

. Obtain data concerning effects of humidity on results of environmental chamber
experiments used for mechanism evaluation, assess how humidity affects experimental
reproducibility, and determine if current mechanisms and chamber effects models appropriately
represent effects of changing humidity.

. Conduct incremental reactivity experiments using the xenon arc light source for
representatives of the major class of VOCs, which can be compared with the large data base of
incremental reactivity results obtained in blacklight chambers, and which can be used to assess
whether current models adequately represent the effects of changing light source on reactivity.

. Conduct aromatic - NQexperiments, with varying light sources and aromatic andg NO
levels, which are needed to develop, adjust, and evaluate mechanisms for a variety of aromatic
isomers.

The results and conclusions of each of these elements of this program are summarized below.

Experiments Carried Out

The environmental chamber experiments which were carried out for this program are summarized
on Table ES-1. Experiments were conducted in both the CE-CERT Dividable Teflon Chamber (DTC)
with the blacklight light source, and the CE-CERT xenon arc Teflon Chamber (CTC) with the xenon arc
light source. Both the DTC and (after a few initial experiments) the CTC consist of dual FEP Teflon
reaction bags, with volumes of ~5000 liters and ~3500 liters, respectively. This design allows for
irradiation of two mixtures at the same time, making them well suited for incremental reactivity
experiments or systematically varying reactant concentrations. As indicated on Table ES-1, irradiations
of various aromatic isomers (at differing aromatic and,N&Yels), actinometry experiments, and various
other control and characterization runs were carried out in both chambers. In addition, a number of
replicate propene - NQand toluene - NQwere carried out at various humidities in the DTC as part of
the humidity effects study, and incremental reactivity experiments for representative compounds, using
two types of ROG surrogates, were carried out in the CTC. The results of characterization runs were used
to derive or evaluate the chamber characterization model used in simulating the mechanism evaluation
runs. The mechanism evaluation runs were simulated using both the SAPRC-93 mechanism
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Table ES-1. Summary of environmental chamber experiments carried out for
this program.

Number of Runs
Blacklight Xenon Arc

Actinometry Runs [a]

NO2 Actinometry - Quartz Tube 22 13
NO2 Actinometry - Steady State 7 5
CI2 - n-Butane Actinometry 3 3

Humidity Effects Study [b]
Propene - NOx

Dry [c] 20
~50% RH 14
~100% RH 3
Toluene - NOx
Dry 7
~50% RH 4
~100% RH 1
Incremental Reactivity [a]
Carbon Monoxide 2
n-Octane 2
Propene 2
Toluene 2
m-Xylene 2
Formaldehyde 2
Acetaldehyde 2
Aromatic Isomer - NOXx [b]
Benzene 4
Toluene 10 8
Ethylbenzene 4 4
o-xylene 6 6
m-xylene 11 7
p-xylene 6 6
1,2,3-trimethylbenzene 6 3
1,2,4-trimethylbenzene 5 4
1,3,5-trimethylbenzene 7 5
Other Single Compound - NOx [b]
Formaldehyde 2 6
Acetaldehyde 1 4
Ethene 1
Propene 12
Other Characterization and control [a] 14 25

[a] Dual sided experiments counted as one run.
[b] Each single sided experiment counted as a separate experiment.
[c] Also includes control and mechansim evaluation runs.
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and a mechanism with modified representations for aromatics developed based on these experiments. The
conclusions and recommendations which result from these new data are summarized below.

Summary Of Conclusions
Evaluation of Light Intensity Measurements for Indoor Chambére/o alternative methods for

measuring light intensity, one based on the photostationary relationship between NCGyrdd, and

the other based on measuring the rate of photolysis gfw&re evaluated and compared with the quartz
tube NO actinometry method which has been the primary indoor chamber light intensity monitoring
method in our previous studies. The steady-state method was found to be prone to irreproducibility and
was judged not to be satisfactory as a routine method for monitoring light intensity. However, if
obviously anomalously low data are rejected, then results from these experiments are quite consistent with
the quartz tube method in the blacklight chamber, and with tha&inometry method in both chambers.

The CJ, actinometry method, where the rate of, @hotolysis is determined by measuring the rate of
consumption of n-butane resulting from its reaction with Cl atoms, appears to be the more reliable
approach, giving reproducible results which were also consistent with the other methods. The agreement
between the Glactinometry results and the NQctinometry using the quartz tube method in the
blacklight chamber tends to validate both approaches, since they are based on quite different principles.

The quartz tube NQactinometry method is concluded not to be satisfactory for obtaining absolute
light intensities in the xenon arc chamber because of the inhomogeneous nature of the light source, but
it provides probably the best indication of the absolute and relative trends in light intensity in the
blacklight chamber. The Clctinometry method appears to be the best approach for determining the
absolute light intensity in the xenon arc chamber, with absolute spectral intensity data taken from each
experiment providing the most precise measurement of changes in relative intensity with time.

Humidity Effects The existing chamber data base for mechanism evaluation has been obtained

using differing humidities, but until this program systematic studies of effects of humidity on results of
environmental chamber experiments, mechanism evaluation, and experimental reproducibility have been
limited, and restricted primarily to examining the effects of humidity on wall reactions. In this study,
good reproducibility was obtained for all runs carried out with similar initial reactant concentrations and
humidities, indicating that humidity is not a significant factor affecting reproducibility of chamber
experiments for mechanism evaluation. However, increasing the humidity to near 100% causes reductions
in peak Q concentrations in both the propene - Nénd toluene - NQsystems which could not be
accounted for by MO, hydrolysis or other known homogeneous or heterogeneous processes in the model.
This is believed to be due to a heterogeneous effect which becomes important as the system approaches
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saturation. In addition, there was an inconsistency between the magnitude of the chamber radical source
that was necessary to model the results of the ~100% RH n-butane amdlthat which was consistent

with the results of the propene or toluene - Néxperiments at that humidity. Because of this, it is
concluded that experiments with humidities near 100% should not be used for mechanism evaluation until
we have a much better understanding of the surface processes which may be operating as the system
approaches saturation. It was also observed that the formaldehyde yields in both the toluene and the
propene systems declined as the humidity was increased, though the possibility of this being due to sample
line losses has not been ruled out.

Other than the formaldehyde yields, the differences between results of experiments with dry air
and those at ~50% RH are minor, and almost within the normal run-to-run variability of chamber
experiments. The small difference should not significantly affect results of most mechanism evaluations.
Therefore, we conclude that there are no significant humidity effects which complicate use of chamber
data obtained from dry to ~50% RH conditions. This indicates that humidity should not be a significant
complication in modeling chamber experiments with actual auto exhaust (where humidity is also a
component) provided that the humidity in such experiments are not allowed to approach saturation.

Fortunately, most of the existing chamber data base for mechanism evaluation consist of
experiments carried out under dry to ~50% RH conditions. Earlier SAPRC chamber experiments were
carried out at ~50% RH air, while most of the more recent runs were carried out using dry air to minimize
surface effects. Although the University of North Carolina (UNC) uses ambient air, steps are taken now
to dry the air to minimize condensation on the walls in the morning, and the humidity would tend to
decrease during the run due to heating. However, earlier UNC runs should be examined for possible high
humidity conditions when being used for mechanism evaluation. It is uncertain at which humidity level
between ~50% and ~100% RH the problems indicated by our data may become significant. It may be
that these problems may be near-saturation effects which become important primarily as the humidity
approaches ~100%, though there are insufficient data to evaluate this.

Xenon Arc Reactivity Experiments Much of the work in the first two phases consisted of

incremental reactivity experiments carried out using blacklight light sources, and this phase of the program
provided the first data concerning incremental reactivities using the more realistic xenon arc light source.
The results of these experiments for this program indicated that there are no unexplained light source
effects on incremental reactivities of these compounds. The model which gave good simulations of the
incremental reactivities of the non-aromatic compounds in the blacklight chamber experiments gave
equally good (and in some cases slightly better) simulations of the incremental reactivities observed in



these xenon arc chamber experiments. In the case of the aromatics, good simulations of the results of the
Xenon arc reactivity experiments were obtained once the mechanisms were reoptimized to be consistent
with the single aromatic - NCexperiments carried out in this chamber. Thus, the same mechanism, with
appropriate photolysis rates for the light source, gives similar and generally satisfactory predictions of
incremental reactivities for experiments using both light sources. Therefore, the differences between
blacklights and solar lighting can be accounted for in model simulations of incremental reactivity,
supporting the applicability of the large blacklight chamber reactivity data base for mechanism evaluation
for ambient air reactivity predictions.

Aromatic _Isomer Mechanism Evaluation DataDespite progress in recent years in our

understanding of aromatic chemistry, it is still necessary to use parameterized mechanisms, optimized to
fit chamber data, to represent their atmospheric reactions. This study provided the data needed to
significantly improve the parameterization and performance of aromatics mechanisms. These data
confirmed that the existing SAPRC mechanism (SAPRC-93) does not correctly predict reactivity
differences among aromatic isomers, and tends to underpredict aromatic reactivities when irradiated with
the xenon arc light source. Therefore, a reparameterization of the aromatic mechanism is clearly
necessary.

The performance of the aromatic mechanism in simulating these data was improved dramatically
by a relatively simple reparameterization, involving no changes in the existing mechanism other than
product yield parameters. The change involved allowing the yield of the methyl glyoxal ("MGLY") model
species to be optimized, along with that for the uncharacterized product species "AFG2". This resulted
in the model being able to adequately represent the reactivity with the xenon arc light source, while still
satisfactorily simulating the blacklight chamber experiments. Since previously-thearbonyl model
species used in the mechanism (of which MGLY is the most reactive) were based on measured glyoxal
or methylglyoxal yields, this indicates that there are apparently other uncharacterized photoreactive
aromatic fragmentation products with action spectra more closely representing that for methylglyoxal than
that of acrolein (which is used for AFG2).

It was also found that, as expected, separate optimizations of MGLY and AFG2 vyields for each
aromatic isomer resulted in significantly improved model performance for these compounds. Previously
ethylbenzene was assumed to react like toluene, all dialkylbenzens to react like m-xylene, and all trialkyl-
benzenes to react like the 1,3,5 isomer. Ethylbenzene appears to have much lower yields of photoreactive
ring fragmentation products than does toluene, and likewise p-xylene and 1,2,4-trimethylbenzene also have
lower vyields of these products than do their other isomers. On the other hand, the overall reactive



fragmentation product yields for o- and m-xylene are quite similar, as are 1,2,3- and 1,3,5-trimethylbenz-
ene. This suggests that there may be a "para" substituent effect which somehow causes reduced total
yields of photoreactive fragmentation products, since this is the one feature that distinguishes p-xylene and
1,2,4-trimethylbenzene from their other isomers. Although this may be merely a coincidence, until we
have a better understanding of the details of the aromatic ring fragmentation process and the reactivity
characteristics of the products formed, this provides the best basis for estimating mechanistic parameters
for the higher aromatic isomer for which evaluation data are not available for mechanism optimization.

The effects of these changes to the aromatic mechanisms on atmospheric reactivity assessments
have not been definitively assessed, since we are still in the process of updating the overall mechanism.
However, preliminary calculations indicate that the relative MIRs for some aromatics increase by ~50%,
others increase by about the same amount, and others are not significantly changed. Relative MIRs for
most of the non-aromatic VOCs decrease by ~6-10%, presumably because of the net increase for the
aromatics present in urban atmospheres. Relative reactivities for most alternatively fueled vehicle exhaust
mixtures being evaluated by the CARB do not appear to be significantly affected.

While the new parameterized mechanism performs significantly better in simulating the new, more
comprehensive aromatic mechanism evaluation data base, it is not satisfactory in every respect, and is
clearly an oversimplification to what is actually happening. For example, no mechanism could
satisfactorily simulate both the blacklight and xenon arc chamber data for benzene. Although benzene is
not a particularly important compound to predicting ozone formation, poor model performance for the
simplest aromatic suggests fundamental problems with the aromatic mechanism. The reoptimized
mechanism also systematically overpredicts the initial rate pffd@mation at the beginning of the
blacklight experiments for toluene while underpredicting the ozone formation rate in the middle periods
of both chambers, has similar discrepancies for many of the other isomers, and tends to underpredict the
maximum ozone Yyields for most xylenes and trialkyloenzenes. Various other adjustments and
optimizations, such as assuming that some aromatic products react yitha@ been tried without
significantly improving overall model performance.

Presumably, a better understanding of the details of the aromatic photooxidation process, and the
reactivities characteristics of the major reactive products formed, will result in improved aromatic
mechanisms. This will require an identificati@md quantificationof the major aromatic ring opening
products which account for their reactivity, and, equally important, information on their rates and
mechanisms. Such studies are being carried out at a number of laboratories, though it will probably be
a number of years before sufficient information is available to have a significant impact on predictive
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reactivity modeling. Until such information is available, we will have no choice but to use parameterized
mechanisms. We are in the process of a complete update of the SAPRC mechanisms, which will include
a re-assessment of how aromatics mechanisms are parameterized. The data obtained in this work will play
a crucial role in the development, evaluation, and optimization of any new aromatics mechanisms which
may result from this ongoing mechanism development effort.
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INTRODUCTION

Background

The formation of ground-level ozone is caused by the gas-phase interactions of emitted volatile
organic compounds (VOCSs) and oxides of nitrogen (N®the presence of sunlight. Although traditional
VOC control strategies to reduce ozone have focused on reducing the total mass of VOC emissions, not
all VOCs are equal in the amount of ozone formation they cause. Control strategies which take into
account these differences in "reactivities" of VOCs might provide a means for additional ozone reduction
which could supplement mass-based controls. Examples include conversion of motor vehicles to
alternative fuels and solvent substitutions. However, implementing reactivity-based strategies requires a
reliable means to quantify the effects of emissions of different types of VOCs on ozone formation, which
depends on the nature of the environment where the VOC is emitted, as well as on the VOCs’ atmospheric
reactions. Such estimates require use of computer airshed models, which in turn require a model for
airshed conditions and a mechanism for the VOCs’ atmospheric chemical reactions, and a mechanism for
the relevant reactions of the other atmospheric species which are present. Therefore, the predictions of
such models can be no more reliable than the chemical mechanisms upon which they are based.

Atmospheric chemical mechanisms for use in airshed models are developed based on our
knowledge and theories concerning the elementary gas-phase reactions which are believed to be involved
in ground-level ozone formation. This in turn is based on basic laboratory kinetic and mechanistic studies,
as well as our fundamental knowledge of chemistry in general. However, the processes by which VOCs
and NQ interact to form ozone are highly complex (e.g., NRC, 1991; Atkinson, 1990) and a humber of
aspects of the mechanisms have to be estimated, parameterized, or simplified for the purpose of developing
usable mechanisms for airshed model calculations (e.g., Gery et al. 1988; Carter, 1990; Stockwell et al.
1990). Because of this, no model calculation of reactivity can be considered to be reliable unless it has
been shown that it can accurately predict ozone impacts under a variety of conditions. The only practical
way to do this is to carry out environmental chamber experiments, and then model the experiments to
determine if the mechanism can accurately predict the ozone impacts that were observed. Although ozone
impacts in chambers will not be quantitatively the same as they are in the atmosphere (Carter and
Atkinson, 1989; Carter et al. 1995a), in appropriately designed experiments they will be affected by the
aspects of the chemical mechanisms that affect reactivities in the atmospheres. If the mechanism cannot
correctly predict the ozone impacts observed in the chamber, it is because it is representing one (or more)
of these effects incorrectly, and thus would not be expected to correctly predict ozone formation in the
atmosphere. If the mechanism correctly predicts the ozone impacts in a variety of experiments designed



to encompass conditions sensitive to all these effects, then one would have greater confidence in its ability
to predict ozone reactivity in the atmosphere.

There are basically four types of chamber experiments which are used to evaluate chemical
mechanisms for airshed models. Single VOC - NQ@ir experiments provide the most straightforward

test of a VOC’s mechanism because interpretation of the results are not complicated by mechanisms of
other VOCs. For that reason, previous mechanism development and evaluation (e.g., Gery et al. 1988;
Carter, 1990; Stockwell et al. 1990; Carter and Lurmann, 1990, 1991) have focused primarily on modeling
such experiments, and they have served as the basis of the development of the parameterized aromatics
mechanisms currently in use. However, such experiments do not provide a realistic representation of
atmospheric conditions, where many different types of VOCs are reacting together. In addition, such
experiments are of limited utility for VOCs, such as alkanes, which do not have significant radical sources

in their mechanisms, because the results are highly sensitive to uncertain chamber effects (Carter and
Lurmann, 1990, 1991; Carter et al. 1982).

Mixture - NO, - air experiments have the advantages that, with appropriately chosen mixtures, they

can provide a more realistic simulation of the chemical environment present in polluted atmospheres, and
are also much less sensitive to chamber effects than single compound runs which do not have radical
initiators. They are essential for evaluating the performance of mechanisms as a whole, and this has been
their role in previous mechanism evaluations (Carter and Lurmann, 1990, 1991; Gery et al. 1988).
However, they are obviously not particularly useful for evaluating mechanisms of single VOCs because

it is difficult to identify the source of cases of poor model performance, and because compensation of
errors can sometimes make erroneous mechanisms appear to give good model performance. Because the
relative importance of the compensating factors may be different in the atmosphere than in the chamber
experiment, such a mechanism would likely give erroneous predictions in simulations of the atmosphere.

Incremental reactivity experimentsvhich consist of determining the effects of adding a test

compound to a standard (base case) reactive organic gas (ROG) - Bi© mixture, combines the
advantages of both single VOC and mixture - N&periments. Like mixture - NOexperiments, with

an appropriate choice of the base case ROG "surrogate" mixture (Carter et al. 1995a), they can present
a realistic representation of the chemical environment in the atmosphere. In addition, they are relatively
insensitive to chamber effects, and to the extent that chamber effects influence the results, they would
affect both the added VOC and base case experiments to a similar extent, and thus, to a first order
approximation, tend to be cancelled out when looking at the difference. Like single compound
experiments, they isolate the effect of the single compound, and provide direct data on its impact on ozone



[and other measures, such as overall radical levels (Carter et al. 1993a, 1995a)] in a chemically realistic
environment. They provide the best available means for evaluating the mechanisms for low-reactivity
compounds such as alkanes (and many of the VOC exemption candidates) without the complications of
chamber effects which plague use of low reactivity VOC - N@periments for mechanism evaluation.
Varying the NQ levels or the composition of the base case ROG surrogate in the experiments provide
a means for evaluating the mechanism under varying chemical conditions, which is necessary to assure
satisfactory performance in varying atmospheric simulations.

Regardless of what type of experiment is employed, the results will be influenced by chamber
effects such as the nature of the light source, heterogeneous reactions on the chamber walls, reactant
offgasing, possibly background reactants in the matrix air or impurities introduced with other reactants,
and other such artifacts. Appropriate representation of these effects must be included in the model
calculations when evaluating the mechanisms, or compensating errors will be introduced (Jeffries et al.
1992). Because of this, various characterization experimam@sused to derive or evaluate chamber

effects models for such evaluations. The most important characterization experiments involve actinometry

runs to measure the light intensity, and runs to measure the magnitude of the chamber radical source, but
other types of characterization experiments can also be important in some circumstances (Carter et al.
1982; Carter and Lurmann, 1990, 1991; Carter et al. 1995b,c).

The primary gas-phase atmospheric chemical mechanisms currently being used in the United States
in models for control strategy assessment applications are the Carbon Bond IV (CB4) (Gery et al. 1988),
the RADM-2 (Stockwell et al. 1990), and the SAPRC-90 (Carter, 1990) mechanisms. Of these, only the
SAPRC-90 mechanism is applicable for reactivity assessment of individual VOCs, currently being capable
of separately representing reactions of approximately 250 classes of compounds (Carter, 1990; unpublished
results from this laboratory). The others represent most types of VOCs using a limited number of lumped
or surrogate model species, for efficient representation of ambient mixtures. However, despite their
differences in level of detail and in some cases treatment of uncertain processes, they were developed and
evaluated using primarily the same environmental chamber data (Carter and Lurmann, 1990, 1991; Gery
et al. 1988). These consisted primarily of indoor, with a limited number of outdoor, chamber experiments
carried out at the Statewide Air Pollution Research Center (SAPRC) at the University of California at
Riverside (UCR) (Carter et al. 1995b), and of a large number of outdoor chamber runs from the University
of North Carolina (UNC) (Jeffries et al. 1982, 1985a-c, 1990). The SAPRC and RADM-2 mechanisms
were developed and evaluated primarily using the indoor chamber runs, with the outdoor runs being used
primarily for confirmation (Carter, 1990; Carter and Lurmann, 1991; Stockwell et al. 1990), while the CB4
was developed and evaluated using primarily the UNC chamber data, with a relatively limited number of



SAPRC runs being modeled for confirmation (Gery et al. 1988). Nevertheless, the three mechanisms
perform quite similarly in simulating this chamber data base, at least for runs with the individual VOCs
they are all designed to represent, and for runs with mixtures designed to simulate ambient conditions
(Carter and Lurmann, 1990, 1991, unpublished results from this laboratory).

Although the chamber data base used in evaluating these three mechanisms was quite extensive,
including single VOC - NQruns with a number of individual compounds representing important classes
of emitted VOCs and a variety of mixture - N@uns, there has been a number of major gaps and data
needs, particularly with regard to evaluating mechanisms for VOC reactivity assessment for a wide variety
of individual VOCs. In particular, there were many types of important VOCs for which well-characterized
chamber data were either unavailable, limited to only one type of chamber, or (in the case or alkgne - NO
runs) unsuitable for mechanism evaluation. There were no incremental reactivity experiments designed
to evaluate mechanisms under conditions applicable to the development of the Maximum Incremental
Reactivity (MIR) scale (Carter, 1994), which the California Air Resources Board (CARB) has adopted for
use in setting reactivity-based vehicle emissions standards (CARB, 1993). In addition, the available data
were insufficient to assess the effects of chamber, light source, and humidity on mechanism evaluation
results.

Summary and Progress for this Program

Therefore, SAPRC, subsequently in conjunction with the College of Engineering, Center for
Environmental Research and Technology (CE-CERT), has conducted a multi-year environmental chamber
program to provide data needed to improve the reliability of chemical mechanisms for use in predicting
effects of VOC emissions changes on ozone formation. This program has been carried out in three phases,
under joint funding from the California Air Resources Board (CARB), the Coordinating Research Council
(CRC), the South Coast Air Quality Management District (SCAQMD) (Phases 1 and 2) and the National
Renewable Energy Laboratory (NREL) (Phases 2 and 3). The results of the two phases have been
reported previously (Carter et al. 1993a, 1995a,c), and the results of the third and final phase are
documented in this report. To place these results in perspective, the results of the first two will be briefly
summarized.

Progress in Previous Phases of this Study

In the first phase of this program, we measured the incremental reactivities of 36 representative
VOCs under maximum incremental reactivity conditions using a simplified "mini-surrogate” mixture to
represent reactive organic gases (ROGSs) in the atmosphere (the base ROG surrogate), and using an indoor
chamber with a blacklight light source. The results were described in a report entitled "Environmental



Chamber Studies of Maximum Incremental Reactivities of Volatile Organic Compounds" (Carter et al.
1993a), and in two journal articles (Carter et al. 1995d; Carter, 1995a). It was found that incremental
reactivities of VOCs varied widely, even after differences in their atmospheric reaction rates were taken
into account. An updated version of the SAPRC-90 mechanism, referred to as the "SAPRC-93"
mechanism in the subsequent discussion, was developed during this time period, in part to take into
account the results of this study (Carter et al. 1993b; Carter, 1995a). That mechanism was found to be
able to simulate the experimental reactivity data to within the experimental uncertainty for approximately
half the VOCs studied, and qualitatively predicted the observed reactivity trends. However, the results
indicated the need for refinements to the mechanisms for a number of compounds, including branched
alkanes, alkenes, aromatics, acetone, and possibly even formaldehyde. The possibility that some of the
discrepancies were due to uncertainties in the model for the base case experiment could not be ruled out.
In addition, the data for some of the compounds provided an imprecise test of the mechanism because of
run-to-run variability of conditions.

The second phase of the program consisted of two major components. In the first, documented
by a report titled "Environmental Chamber Studies of Atmospheric Reactivities of Volatile Organic
Compounds: Effects of ROG Surrogate and,N(Tarter et al. 1995a), a series of chamber experiments
were carried out to assess the effects of variations of & the base ROG surrogate on the incremental
reactivities of representative VOCs. As with the previous phase, an indoor chamber using blacklights was
employed, though a dual chamber designed for more efficient and precise incremental reactivity
experiments was employed. The base ROG surrogate consisted either of a 8-component mixture whose
use as the ROG surrogate was predicted in model simulations to give the same incremental reactivities
as an ambient mixture, or by an "ethylene surrogate" consisting of ethylene alone. The data obtained,
combined with the Phase 1 results, show that VOCs have a greater range of incremental reactivities in
experiments using the Phase 1 mini-surrogate or the ethylene surrogate than when the more realistic
8-component surrogate is used. Reducing,Na@d a large effect on VOC reactivities, with ozone
reactivities of propendrans-2-butene, acetaldehyde, and the aromatics becoming negative in the lpw NO
experiments, and those for the other VOCs decreasing significantly. These observed dependencies of
reactivity on ROG surrogate and N@ere consistent with the predictions of the SAPRC-93 mechanism.
The mechanism was found to perform well in simulating reactivities in the experiments with the more
complex surrogate, but had some problems in the simulations of the reactivities of the simpler surrogates.
Thus, while there are still problems with the current mechanisms, they may not necessarily have a large
effect in simulations of ambient reactivity. It was concluded that while use of simpler surrogates will not
give reactivities which correlate well with those in the atmosphere, because they are more sensitive to
VOC differences they provide better tests for the models which must be used for atmospheric predictions.



A second component of the Phase 2 study was an investigation whether current mechanisms give
consistent predictions in simulations of experiments using different chambers and light sources. The
results of this component is described in a report entitled "Environmental Chamber Studies of Volatile
Organic Compounds, Effects of Varying Chamber and Light Source" (Carter et al. 1995c¢). The blacklights
used in the Phase 1 and 2 reactivity studies have different spectral characteristics than natural sunlight,
and data were needed to test whether the model can take these differences into account. A new indoor
Xenon Teflon Chamber (XTC) using a xenon arc light source, which gives a better representation of the
solar spectrum than blacklights, was constructed and was then used to conduct representative single
compound and surrogate - N@ns, and comparable runs were carried out in the blacklight chambers
used for the reactivity studies and in the SAPRC outdoor chamber. The results these experiments, and
of comparable earlier SAPRC experiments which were used in the development and evaluation of the
SAPRC-90, RADM-2, and CB4 mechanisms, were then simulated using the SAPRC-93 mechanism. Some
variability and chamber differences were observed, but there did not appear to be a consistent light source
effect in the simulations of the aldehyde, ethene, and propene experiments. The simulations of the XTC
and SAPRC outdoor runs were generally consistent with each other, suggesting that the model can
appropriately account for differences between the XTC light source and sunlight. However, a potentially
significant discrepancy was seen in the simulations of aromatic and surrogate runs, where the model,
which gave reasonably good ozone predictions in the blacklight chamber runs, underpredicted ozone
formation in the xenon arc and outdoor runs. The model did not give consistent predictions in simulations
of earlier SAPRC Evacuable Chamber (EC) runs, which also used a xenon arc light source but had a
different surface type than the chambers used in this study. The SAPRC EC was found to have much
larger surface effects than the Teflon chambers now in use (Carter et al. 1982), which may be affecting
evaluation results. It was concluded that additional xenon arc chamber experiments with aromatics are
needed to evaluate whether current SAPRC aromatic mechanisms, which are optimized to fit blacklight
chamber or EC experiments, can appropriately simulate aromatic reactivity under ambient conditions.

Elements of this Phase of the Program

The third phase of this program consisted of several elements, all aimed at providing data needed
to fill several important gaps in the environmental chamber data base relevant to VOC reactivity
assessment. These consisted of (1) obtaining data concerning effects of humidity on mechanism evaluation
results and experimental reproducibility; (2) verifying the light intensity measurement methods used in
indoor chamber runs for mechanism evaluations; (3) conducting incremental reactivity experiments using
the xenon arc light source; and (4) conducting aromatic isomer ; NB®s needed for mechanism
evaluation. The background and needs for each of these elements are summarized briefly below.



Humidity Effects The existing chamber data base for mechanism evaluation has been carried out

in chambers using different light sources, surfaces, and levels of humidification of the matrix air. The
Phase 2 study provided needed data concerning effects of changing the light source, and indicated apparent
differences, at least for aromatics, in evaluation results using the SAPRC EC and XTC, which both use
a xenon arc light source. In addition to the different surface employed, the EC and XTC runs differ in
that the former used air humidified to ~50% RH, while the latter used dried air. Humidification is also

a difference between the UNC outdoor chamber runs, which uses ambient air (with partial drying in some
cases), and the SAPRC outdoor chamber, using very dry purified air. Dry air is preferred in most or our
current experiments because it tends to minimize surface effects (Carter et al. 1982; Pitts et al. 1983).
Since humidity may influence surface effects, it may also affect run-to-run reproducibility, but this also
has not been studied. To determine whether humidity may be a significant factor in affecting mechanism
evaluation results and run-to-run reproducibility, and to provide a bridge between data from different
chambers, a number of replicate propene -, NM@d toluene - NQruns were carried out at various levels

of humidity, ranging from dry to nearly 100% RH.

Light Intensity Measurements Accurate light source measurement is obviously critical to

mechanism evaluation, since light provides the energy which drives the transformations being studied.
Most of the light intensity characterization for the indoor runs for Phases 1 and 2 were based on
applications of the quartz tube N@ctinometry method of Zafonte et al. (1977), modified to take into
account updated rate constants (Carter et al. 1993a; 1995b). A limited number of determinations using
the steady state NO ozone method were carried out in the XTC as part of Phase 2, but the results were
inconclusive because of insufficient data (Carter et al. 1995b,c). To obtain additional information to verify
the light source measurements, additional actinometry experiments using the steady-state method were
carried out in both the DTC and xenon arc chamber, and the applicability of a new method, based on ClI
photolysis in the presence of n-butane, was investigated.

Xenon Arc Reactivity Experiments Much of the work in the first two phases consisted of

incremental reactivity experiments carried out using blacklight light sources. However, the second phase
results indicated that there are differences in mechanism evaluation results using the new XTC chamber,
particularly for aromatics or mixtures containing aromatics. To evaluate the applicability of the Phase 1
and Phase 2 incremental reactivity results to lighting conditions more representative of sunlight, reactivity
experiments were carried out for representative compounds using both the simple ROG surrogate used in
Phase 1, and the more realistic ROG surrogate used in Phase 2.



Aromatic _Isomer Mechanism Evaluation DataDespite progress in recent years in our
understanding of aromatic chemistry (e.g., Atkinson, 1994, and references therein), it is still necessary to
use parameterized mechanisms, optimized to fit chamber data, to represent the atmospheric reactivities of
these compounds. The SAPRC-90 and the SAPRC-93 mechanisms assumed that all xylene isomers and
other dialkyl benzenes could be represented by mechanisms which were optimized to fit m-xylene chamber
data, that all trialkyl benzenes could be represented by a mechanism optimized for 1,3,5-trimethylbenzene,

and that all monoalkylbenzenes could be represented by one optimized for toluene. The RADM and CB4
mechanisms had similar approximations, except that they also lumped all the higher aromatics with
xylenes. Both Phase 1 and Phase 2 results indicated problems with these parameterized aromatic
mechanisms, and the need for an improved data base of chamber data for evaluating them. The Phase 1
results showed that there were significant reactivity differences among aromatic isomers which were not
well represented by the SAPRC-93 and earlier mechanisms. In addition, the XTC runs indicated that the
SAPRC-90 and SAPRC-93 mechanisms could not correctly account for effects of changing light source.
This indicated a clear need to develop optimized aromatic mechanisms for each of the aromatic isomers,
which can simulate aromatic runs using both types of light sources. To obtain the data needed for this
purpose, single aromatic - N@xperiments were carried out for the various alkylbenzene isomers in both
blacklight and xenon arc chambers, at various, N&els and aromatic/NOratios.



METHODS

Environmental Chambers

The two chamber systems employed in this study were the CE-CERT “Dividable Teflon Chamber”
(DTC) with the blacklight light source and the CE-CERT Dividable Xenon-arc Teflon Chamber (CTC).
The DTC and (after run CTC093) the CTC were designed to allow simultaneous irradiations of the base
case and the test experiments under the same reaction conditions. Each chamber is actually two adjacent
FEP Teflon reaction bags which can be simultaneously irradiated using the same light source and the same
temperature control system. These are referred to as the two “sides” of the chamber (Side A and Side B)
in the subsequent discussion. The sides are interconnected with two ports, each with a box fan, which
rapidly exchanges their contents to insure that reactants which are desired to have equal concentrations
in each side are equalized. In addition, a fan is located in each of the reaction bags to rapidly mix the
reactants within each chamber. The ports connecting the two reactors can then be closed to allow separate
injections on each side, and separate monitoring of each. This design is optimized for carrying out
incremental reactivity experiments such as those for this program.

Blacklight Chamber

The CE-CERT DTC was modeled after the SAPRC DTC which was employed in the Phase 2
work, and which is described in detail elsewhere (Carter et al. 1995a,b). It consists of two ~5000-liter
2-mil heat-sealed FEP Teflon reaction bags located adjacent to each other and fitted inside an 8'x8'x8’
framework, and which uses two diametrically opposed banks of 32 Sylvania 40-W BL blacklights as the
light source. Because this has the largest volume of all the indoor chambers currently used at CE-CERT,
it is well suited for studies of relatively low volatile compounds such as therzalkanes. The lighting
system in the DTC was found to provide so much intensity that only half the lights were used for the
blacklights. The unused blacklights were covered with aluminum foil, and were used to bring the chamber
up to the temperature it will encounter during the irradiation before the uncovered lights are turned on.
The air conditioner for the chamber room was turned on before and during the experiments. Four air
blowers which are located in the bottom of the chamber were used to help cool the chamber and to mix
the contents of the chamber.

During the course of this program, the reaction bags used were those which were used previously
in the SAPRC DTC for the Phase 2 work. In addition, the run numbering was consecutive, so the first
run for this program, DTC-124, was the first run after this chamber was set up at CE-CERT.



Xenon Arc Chamber

The CE-CERT CTC is modeled after the SAPRC XTC used in the Phase 2 work, and the same
NREL-funded xenon arc lighting system was used. The SAPRC XTC and the light source it employed
are described in detail elsewhere (Carter et al. 1995¢). When first constructed, the CTC consisted of a
single ~6,000-liter reaction bag located in one end of a ~9'’x14’ room, with four 6.3 kW xenon arc lights
mounted on the wall opposite the reactors. All surfaces are covered with reflectively polished aluminum
paneling to maximize the light intensity and homogeneity. Each of the four lamps had borosilicate inner
and outer filters which were the same as those in the XTC for the Phase 2 work, and which were not
replaced during the course of the program. The radiative power per lamp using these filters was stated
as 114,350 microwatts per square centimeter at 48 cm from the light. The lamps were operated at a
constant power setting of 4.0 kW for all experiments discussed here, which is ~60% of maximum. The
air conditioner for the chamber room was turned on before and during the experiment. The four lamps
were turned on to warm up the lamps and to preheat the chamber at least 30 minutes prior to irradiation.
A shutter was used to shield the chamber from the lights when they were warming up. It was raised to
begin the irradiation. Four blowers located on the ceiling were turned on to force cooling air down into
the chamber room to cool the chamber during the irradiation.

After run CTCO083, the single bag was removed and was replaced by two adjacent ~3,500-liter
reaction bags, with ports and blowers designed to mix the contents of the reactors, similar to the dual
chamber design of the DTC. The system of blowers which mixed the contents of the chambers was
redesigned somewhat to minimize leakage, which was more evident in the smaller volume of this chamber
than in the larger DTC. The dual CTC was operated at slightly positive pressure so leaks were manifested
by a slow reduction of the reactors’ volume rather than dilution. The chamber was used in this mode for
the incremental reactivity experiments carried out for this program.

Experimental Procedures

Mechanism Evaluation, Reactivity and Other Organic - NQ, Experiments

Similar experimental procedures were employed for experimental runs carried out in both chamber
systems, and were generally modeled after the procedure employed for SAPRC indoor chamber
experiments which are described in detail elsewhere (Carter et al. 1995b). The reaction bags (or bag) were
flushed with dry purified air for 14 hours (6pm-8am) on the nights before experiments. An AADCO air
purification system was employed. The continuous monitors were connected prior to reactant injection
and the data system began logging data from the continuous monitoring systems. The reactants were
injected as described below (see also Carter et al. 1993a,, 1995d). For incremental reactivity experiments,
the common reactants were injected in both sides simultaneously using a three-way (one inlet and two
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outlets connected to side A and B respectively) bulb of 2 liters in the injection line and were well mixed
before the chamber was divided. For the DTC and later CTC runs the contents of each side were blown
into the other using two box fans located between them. Mixing fans were used to mix the reactants in
the chamber during the injection period, but these were turned off prior to the irradiation. The sides were
then separated by closing the ports which connected them, after turning all the fans off to allow their
pressures to equalize. After that, reactants for specific sides in divided chamber runs (the test compound
in the case of reactivity experiments) were injected and mixed. The irradiation began by turning on the
lights and proceeded for 6 hours. In the case of the CTC, the sliding panel was lowered between the
lights and the reaction bags, and the lights were turned on and allowed to stabilize for 30 minutes prior
to the irradiation being started by raising the panel. After the run, the chamber was emptied by allowing
the bag to collapse, and then flushed with purified air. The contents of the reactors were vented into a
fume hood.

For humidified runs, a 5-liter bulb containing distilled water was placed in a temperature-
controlled heater to humidify the dry air output from the AADCO air purification system. In general, the
heater temperature was set to 40° C and the flow through the water bulb was set to 150 SCFH. The
system was designed so that the air out of the bulb would be at ~100% RH. The humidified air was then
mixed with dry air at the appropriate proportion to achieve the desired humidity of the air entering the
chamber. For the most humidified runs, the appropriately humidified air was used to flush the chamber
overnight prior to the experiment. For a few earlier runs, the chamber was flushed with dry air overnight,
and then partially deflated and filled with humidified air immediately prior to the experiment.

The procedures for injecting the various types of reactants were as follows. The NO gnd NO
were prepared for injection using a high vacuum rack. Known pressure of NO, measured with MKS
Baratron capacitance manometers, were expanded into Pyrex bulbs with known volumes, which were then
filled with nitrogen (for NO) or oxygen (for NG). The contents of the bulbs were then flushed into the
chamber with ADDCO air. The other gas reactants were prepared for injection either using a high vacuum
rack or using gas-tight syringes. The gas reactants in a gas-tight syringe were usually diluted to 100-ml
with nitrogen in the syringe. The volatile liquid reactants were injected, using a micro syringe, into a 1-
liter Pyrex bulb equipped with stopcocks on each end and a port for the injection of the liquid. The port
was then closed and one end of the bulb was attached to the injection port of the chamber and the other
to a dry air source. The stopcocks were then opened, and the contents of the bulb were flushed into the
chamber with a dry air for approximately 5 minutes, while being heated with a heat gun. Formaldehyde
was prepared in a vacuum rack system by heating paraformaldehyde in an evacuated bulb until the
pressure corresponded to the desired amount of formaldehyde. The bulb was then closed and detached
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from the vacuum system and its contents were flushed into the chamber with dry air through the injection
port.

Quartz Tube Actinometry Experiments

The light intensity in the DTC and CTC chambers was normally monitored by periodic NO
actinometry experiments utilizing the quartz tube method of Zafonte et al. (1977), with the data analysis
method modified as discussed by Carter et al. (1995c). In DTC actinometry experiments, the tube was
oriented horizontally and usually located in the middle of chamber (~4 ft high) and between two bags.
(The height of the tube was varied in a few early runs to determine if this had an effect on the results.)
The NO, flow was set to 1 liter/min. The lights were turned on after stable NO and N@al
concentrations were obtained. The irradiation time was about 20 minute, which allowed us to get stable
NO and NQ data after the lights were turned on. The concentrations of NO andaé€ recorded prior
to, during, and after the irradiation.

The procedure employed with the CTC was similar to that for the DTC, except that the tube was
located immediately in front of the reaction bag(s), on the side of the lights. The same location was
employed for the dual reactor configuration as for the initial single bag mode. The lights were turned on
to stabilize for 30 minutes before opening the shutter and exposing the chamber and actinometry tube to
the light.

NO, - O, Steady State Actinometry Experiments

A limited number of steady state actinometry experiments, where thepkGtolysis rate was
determined by simultaneously measuring NO, ,N&nhd Q when irradiated in air, were carried out for
comparison with our standard actinometry method, discussed below. In these experiments, a Monitor Labs
model 8410 ozone analyzer, which works on the principle of chemiluminescence from the reaction
between ozone and ethylene, was used to monitor ozone instead of a Dasibi model 1003AH ozone
analyzer, which was used in the chamber experiments. This ozone analyzer was employed because it
provides faster response and better sensitivity for lower ozone concentrations which must be monitored
in these experiments. The analyzer was usually located close to the chamber to minimize any reaction
occurring in the sampling line. Oxides of nitrogen were monitored using Thermo Electron Co. Model 14B
analyzer, as employed in the chamber experiments. After background of the chamber was checked using
ozone and NQanalyzers, a few torr of NQin 1-liter bulb, which was prepared using vacuum rack
system, was introduced into the chamber. Box fans and mixing fans were turned on to mix the contents
of the chamber and ozone and N®@Were monitored before and during the irradiation. The data were
recorded until stable concentrations of, MO, and NQ were observed.
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Cl, - n-Butane Actinometry Experiments

A limited number of CJ actinometry experiments were also carried out to provide an alternative
measurement of light intensity. Since we could not monitoy @itectly, its photolysis rate was
determined indirectly from the consumption of n-butane due to its rapid reaction with Cl atoms formed
when C}, photolyses. The procedures for these experiments were similar to that for the organiocui§O
discussed above, except that shorter irradiation times were employed. Approximately 100-150 gpb of CI
and ~1 ppm of n-butane were injected into the chamber prior to the irradiation. Tivea€lprepared
using vacuum methods and the amount injected determined by measuring its pressure with a precision
capacitance monometer in a known volume-Butane was monitored prior to and at ~20-30 minute
intervals during the irradiation, which proceeded until there was no further change in n-butane
concentrations (usually ~2 hours).

Analytical Methods

Ozone and nitrogen oxides (NOwere continuously monitored using commercially available
continuous analyzers with Teflon sampling lines inserted directly into the chambers. The sampling lines
from each side of the chamber were connected to solenoids which switched from side to side every 10
minutes, so the instruments alternately collected data from each side. Ozone was monitored using a Dasibi
1003AH UV photometric ozone analyzer and NO and total oxides of nitrogen (including,HN®
organic nitrates ) were monitored using a Teco Model 14B chemiluminescent NOfg@itor. The
output of these instruments, along with that from the temperature and formaldehyde instruments, were
attached to a computer data acquisition system, which recorded the data at 10 minute intervals for ozone,
NO and temperature (and at 15 minutes for formaldehyde), using 30 second averaging times. This yielded
a sampling interval of 20 minutes to take data from each side.

The Teco instrument and Dasibi CO analyzer were calibrated with a certified NO and CO source
and CSI gas-phase dilution system. It was done prior to the chamber experiment for each run. ,The NO
converter efficiency check was carried out on regular intervals. The Dasibi ozone analyzer was calibrated
against a transfer standard ozone analyzer approximately every three months. In addition, for each
experiment the Dasibi was checked with a CSI ozone generator (set to 400 ppb) to insure that the
instrument worked properly. The details were discussed elsewhere (Carter et al. 1995d).

Organic reactants other than formaldehyde were measured by gas chromatography with FID or
ECD detectors as described elsewhere (Carter et al. 1993a). GC samples were taken for analysis at
intervals from 20 minutes to 30 minutes either using 100 ml gas-tight glass syringes or by collecting the
100 ml sample from the chamber onto a Tenax-GC solid adsorbent cartridge. These samples were taken
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from ports directly connected to the chamber after injection and before irradiation and at regular intervals
after irradiation. Two sampling methods were employed for injecting the sample onto the GC column,
depending on the volatility or "stickiness" of the compound. For analysis of the more volatile species
(which includes all the components of the base case surrogates employed in this study), the contents of
the syringe were flushed through a 2 ml or 3 ml stainless steel or 1/8" Teflon tube loop and subsequently
injected onto the column by turning a gas sample valve. The calibrations for the GC analyses for most
compounds were carried out by sampling from chambers or vessels of known volume into which known
amounts of the reactants were injected, as described previously (Carter et al. 1995d).

Formaldehyde was monitored using a diffusion scrubber system based on the design of Dasgupta
and co-workers, as described elsewhere (Carter et al., 1993a, 1995b). This system alternately collected
data in sample, zero, and calibrate mode, for a 20 minute cycle time. The readings at the end of the time
period for each mode, averaged for 30 seconds, were recorded on the computer data acquisition system,
which subsequently processed the data to apply the calibration and zero corrections. This yielded
formaldehyde data every 40 minutes for each side for divided chamber runs. A separate sampling line
from the chamber was used for the formaldehyde analysis.

The analytical methods and calibration procedures employed in this work are similar to those
employed previously in SAPRC chamber experiments, which are described in detail elsewhere (Carter et
al. 1995b.)

Characterization Methods

Three temperature thermocouples for each chamber were used to monitor the chamber temperature,
two of which were located in the sampling line of continuous analyzers to monitor the temperature in each
side. The third thermocouple was located in the chamber enclosure for the DTC, or above the ceiling in
the forced air inlet system in the case of the CTC. Only one temperature thermocouple was used in the
sampling line for the CTC when it was in its initial single reactor mode. The temperature in these
experiments were typically 21-25°C for DTC and 25-30°C for CTC. The temperature thermocouples in
the sampling lines were shielded using insulating material covered with aluminum foil.

The light intensity in the DTC and CTC chambers was monitored primarily by periodically
conducting actinometry experiments as discussed above. This was done primarily using the quartz tube
method, but occasionally the other types of methods were also employed. For the CTC, information
concerning both the spectrum and relative changes in the light intensity was also obtained from spectra
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taken using a LiCor LI1600 spectraradiometer located on a post in front of the reaction bag(s). The
spectral data for the CTC are discussed later in this report.

The dilution of in these chambers due to sampling is expected to be small because the flexible
reaction bags can collapse as sample is withdrawn for analysis. However, some dilution occurs with the
age of reaction bags because of small leaks. This was particularly true for the DTC, which employed
older reaction bags during the course of this program, and whose mixing system was subsequently found
to be a source of leaks. Information concerning dilution in an experiment was obtained from relative rates
of decay of added VOCs which react with OH radicals with differing rate constants (Carter et al. 1993b;
1995d). Most experiments had more reactive compounds, such as m-xylene or n-octane, present either
as a reactant or added in trace amounts to monitor OH radical levels, and small amounts (~0.1 ppm) of
n-butane were added to experiments if needed to provide a less reactive compound for the purpose of
monitoring dilution. In addition, specific dilution check experiments such as CO-NO were carried out.
Based on the results of these tests, the average dilution in sides A and B in the DTC reactors were found
to be 1.1+0.5 and 3.4+0.9 %-hoyrespectively. The leakage was somewhat less in the CTC in the single
reactor mode (runs CTC011-CTCO082), with an average dilution rate of 0.4+0.6 %:-hdime dilution
was even less for the CTC in the dual chamber mode (runs CTC083 and those following) because of the
improved design of the mixing system, and the positive pressure operation of the chamber when it was
in the divided mode. In this case, there was no significant difference in the dilution rate between the two
CTC reactors, and the average dilution rate was 0.1+0.3 %-fthese were used as defaults when
modeling runs where dilution information could not be derived.

During the humidified runs, the relative humidity was measured by a certified NIST traceable
Digital Hygrometer/Thermometers whose relative humidity (RH) range is 10-95%. The response time is
30 seconds to 3 minutes. The measurement was accomplished by inserting the sensor into the chamber
(side A of DTC or side B of CTC) through the hole which is used to empty the contents of the chamber
after the experiment. It was taken out after stable reading was obtained. The RH was measured several
times before and during the experiment, and generally the readings did not change with time.

Data Analysis Methods

Quartz Tube Actinometry Experiments

The quartz tube actinometry experiments involved measuring changes in NO apd NO
concentrations after flowing through an irradiated quartz tube of known volume and known rate. As
discussed by Zafonte et al. (1977), the Ngbotolysis rates, k can then be calculated by
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[No]light _ [No]dark F 1

Kk, = _ . X X ()
[Noz]hght + 15 ([No]llght_[No]dark) \V (0]

where [NOJ** and [NQ]** are the NO and NQconcentrations prior to entering the tube or when the
lights are off, [NOI™ and [NQ]"" are their concentrations as measured after exiting from the irradiated
tube, F is the flow rate, V is the volume of the tube exposed to the lightdaisdan effective quantum

yield factor. Based on model simulations of typical quartz tube actinometry experiments in a blacklight
chamber, Carter et al. (1995b) derivédd= 1.66 + 0.02, which was used in processing all the quartz tube
actinometry data for this program.

Steady State Actinometry Experiments

As indicated above, the "photostationary state" actinometry method involved photolysis of low
concentrations of NO and NGn otherwise pure air in the chamber, and simultaneously measuring NO,
NO,, and Q. Because of the photostationary state established by the rapid reactions

NO, + hv — NO + O¢P) 1)
OfP)+ O, +M - O, + M
NO + O, — NO, + O, )

the NO, photolysis rate, k is given by

k; [O4] [NO]

k, = NOJ (1)

where k, the rate constant for the reaction between NO andi©27.5 ppnt min' at 300° K, the
approximate temperature of our experiments. The NO,,M@d Q were measured approximately each

20 minutes on alternate sides of the chamber, and teak calculated using Equation (Il) for each time

period where the measurements were made. The tabulated results of these experiments give the average
k, values for each side of the chamber.

Cl, Actinometry Experiments

The Cl, actinometry experiments involved measuring rates of decay of n-butane when photolyzed
in the presence of Gl Cl, undergoes relative rapid photolysis under the conditions of our experiments,
with a half life of ~10 minutes in the DTC and ~17 minutes in the CTC. The photolysis,aji@ts rise
to two Cl atoms, each of which reacts rapidly with n-butane.
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Cl,+hv -~ 2Cl (3)
Cl + n-butane» products

Under the conditions of this experiment, model calculations indicate that the above are the only reactions
significantly affecting concentrations of £br n-butane. (In particular, consumption of n-butane by
reaction with OH radicals is calculated to be negligible. Although the reactions of ClI with n-butane will
form peroxy radicals which would generate OH in the presence qf M@he absence of NQhey either
undergo termination, or react to form HQvhich is consumed primarily by self-reaction forming®J.)
Therefore, from integrating the kinetic differential equations involved, the concentration of n-butane at
time=t, [n-G],, is given by

[n-C,), = [n-CJ, - 2 [CL], (1 - €X3Y) (D)

where [n-C4}, and [Cl], are the initial n-butane and Gtoncentrations and,;ks the C} photolysis rate.

Equation (Il) cannot be solved analytically since,J¢ls not known precisely, but [n-C4][Cl,],, and k

can be derived from Equation (ll) and the measured [p-data by nonlinear least-squares optimization.
Because there was no apparent differences in the n-butane decay rates measured on the two sides of the
DTC or dual chamber CTC runs, the data from both sides of the chamber were used together in the
optimizations, to improved the precision of the results.

NO, photolysis rates, kcan be derived from the measured ghotolysis rates given the relevant
absorption cross sections, quantum yields, and spectral distributions. If it is assumed jthat CI
photodecomposes with unit quantum yield (Atkinson et al. 1996), then

=k, J SD, o(Cly), dA (V)
[ SD, 6(NO,), ®(NO,), d\

where SD\ is the measured relative spectral distribution of the light sow@eQ,), and®(NO,), are the
absorption cross sections and quantum yields for, BOwvavelengthh. Based on the NQabsorption

cross sections and quantum used in the current SAPRC mechanism (Carter, 1990; Carter et al. 1993b),
the o(Cl,), are the absorption cross sections fos @ken from the latest IUPAC evaluation (Atkinson et

al. 1996), the spectral distribution recommended by Carter et al. (1995b) for modeling blacklight chamber
runs, and the average of the measured spectral distributions for the CTC runs, we obtain,

k, = 2.89 k (for the DTC) (V)
and
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k, = 5.15 k (for the CTC) (VI

These were used to convert the, @ttinometry results to NOphotolysis rates in the DTC or CTC, to
allow direct comparison with the Nactinometry results.

Reactivity Data

As indicated above, a number of experiments for this program were incremental reactivity
experiments. These consist of simultaneous irradiation of a "base case" reactive organic gas (ROG)
surrogate - NQmixture in one of the dual reaction chambers, together with an irradiation, in the other
reactor, of the same mixture with a test compound added. The results were analyzed to yield two
measures of VOC reactivity: the effect of the added VOC on the amount of NO reacted plus the amount
of ozone formed, and integrated OH radical levels. These are discussed in more detail below.

The first measure of reactivity is the effect of the VOC on the change in the quantiyNO],
or ([O4-[INO])-([O4lo-[NO],), which is abbreviated as d¢O) in the subsequent discussion. As
discussed elsewhere (e.g., Johnson, 1983; Carter and Atkinson, 1987; Carter and Lurmann, 1990, 1991,
Carter et al. 1993b, 1995a), this gives a direct measure of the amount of conversion of NQ by NO
peroxy radicals formed in the photooxidation reactions, which is the process that is directly responsible
for ozone formation in the atmosphere. (Johnson calls it "smog produced" or "SP".) The incremental
reactivity of the VOC relative to this quantity, which is calculated for each hour of the experiment, is
given by

d(O,-NO)s! - d(O,-NO)>ase

IR[d(O,-NO)]V°C = voC] (VIN)

where d(Q-NO)**'is the d(Q-NO) measured at time t from the experiment where the test VOC was
added, d(@NO)***¢is the corresponding value from the corresponding base case run, and [\sQ@}

amount of test VOC added. An estimated uncertainty for IR[eNQ)] is derived based on assuming a
~3% uncertainty or imprecision in the measured gi) values. This is consistent with the results of
the side equivalency test, where equivalent base case mixtures are irradiated on each side of the chamber.

Note that reactivity relative to d@ENO) is essentially the same as reactivity relative toi©®
experiments where Qevels are high, because under such conditions [Ri&} [NO]*'= 0, so a change
d(O,-NO) caused by the test compound is due to the changeg sidde. However, d(@NO) reactivity
has the advantage that it provides a useful measure of the effect of the VOC on processes responsible for
O, formation even in experiments wherg @rmation is suppressed by relatively high NO levels.
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The second measure of reactivity is the effect of the VOC on integrated hydroxyl (OH) radical
concentrations in the experiment, which is abbreviated as "IntOH" in the subsequent discussion. This is
an important factor affecting reactivity because radical levels affect how rapidly all VOCs present,
including the base ROG components, react to form ozone. If a compound is present in the experiment
which reacts primarily with OH radicals, then the IntOH at time t can be estimated from

[tracer

In (

[tracer]

t
IntOH, = OH], dt = , VIII
.= JooHI o (Vi

where [tracer] and [tracer]are the initial and time=t concentrations of the tracer compound,"KOis

its OH rate constant, and D is the dilution rate in the experiments. The latter was found to be small and
was assumed to be negligible in our analysis. The concentration of tracer at each hourly interval was
determined by linear interpolation of the experimentally measured values. M-xylene was used as the OH
tracer in these experiments because it is a surrogate component present in all experiments, its OH rate
constant is known (the value used was 2.36X10* molec' s* [Atkinson, 1989]), and it reacts relatively
rapidly.

The effect of the VOC on OH radicals can thus be measured by its IntOH incremental reactivity,
which is defined as

INtOH®s - IntOH?=s
IR[INtOH], = VOC] (1X)
0

where IntOHP*'and IntOH**are the IntOH values measured at time t in the added VOC and the base case
experiment, respectively. The results are reported in units 9friif. The uncertainties in IntOH and

IR[INtOH] are estimated based on assuming a ~2% imprecision in the measurements of the m-xylene
concentrations. This is consistent with the observed precision of results of replicate analyses of this
compound.

Modeling Methods

Atmospheric Photooxidation Mechanism

The chemical mechanism used in the model simulations in this report is given in Appendix A.
It is based on that documented by Carter (1990), and can explicitly represent a large number of different
types of organic compounds, but uses a condensed representation for many of the reactive organic
products. The reactions of inorganics, CO, formaldehyde, acetaldehyde, peroxyacetyl nitrate,
propanaldehyde, peroxypropionyl nitrate, glyoxal and its PAN analog, methylglyoxal, and several other
product compounds are represented explicitly. The reactions of unknown photoreactive products formed
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from aromatic hydrocarbons are represented by model species "AFG1" and "AFG2", whose yields and
photolysis parameters are adjusted based on fits of model simulations to environmental chamber
experiments. Most of the higher molecular weight oxygenated product species are represented using the
"surrogate species" approach, where simpler molecules such as propanaldehyde or 2-butanone are used
to represent the reactions of higher molecular weight analogues that are assumed to react similarly. A
chemical operator approach is used to represent peroxy radical reactions, as discussed in detail by Carter
(1990). 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); the tables in the Appendix
list only those VOCs (or groups of VOCs) used in the simulations in this work.

Prior to this work the Carter (1990) mechanism was updated as described in previous reports for
this program (Carter et al. 1993a,b; 1995a,c), and by Carter (1995a). This is referred to as the
"SAPRC-93" mechanism in the subsequent discussion. In addition, based on the results of the aromatic
isomer experiments carried out for this program, several modifications were made to the way the unknown
aromatic fragmentation products were represented. This is referred to as the "revised mechanism" in the
subsequent discussion, and is discussed in the results section in conjunction with the discussion of the
modeling of those experiments.

We are in the process of developing an updated version of the SAPRC mechanism under funding
from a separate CARB program, which incorporates recent kinetic and mechanistic data which became
available after the base mechanism used in this report was developed. Although preliminary calculations
have been carried out using this mechanism, including simulations of some of the experiments discussed
in this report, its development and evaluation will be the subject of a subsequent report.

Environmental Chamber Simulations

The use of environmental chamber experiments for mechanism evaluation requires including in
the model appropriate representations of chamber-dependent effects such as wall reactions and
characteristics of the light source. The methods used in this study are based on those discussed in detail
by Carter and Lurmann (1990, 1991), updated as discussed by Carter et al. (1995b,c). Table 1 gives a
summary of the methods used, and the values of the parameters used when modeling the specific
experiments for this study. The photolysis rates were derived from results of actinometry experiments and
direct measurements of the spectra of the light sources, as discussed in greater detail later in this report.
The thermal rate constants were calculated using the temperatures measured during the experiments, with
the small variations of temperature with time during the experiment being taken into account. The
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computer programs and modeling methods employed are discussed in more detail elsewhere (Carter et al.
1995b). The derivation of chamber effects parameters specific to this study are discussed where
appropriate in the "Characterization Results" section, below.
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Table 1.

Values of chamber-dependent parameters used in the model simulations of the
environmental chamber experiments for this study.

Parm.

Value(s)

Discussion

k(O3W)

k(N251)
k(N25S)

k(NO2W)
yHONO

k(XSHC)

RS/K1

1.1x10* min? (Dry DTC)
1.5x10* min (~50% RH DTC)
1.5x10* min* (~100% RH DTC)
8.5x10* min (CTC)

2.8 x10° min,

1.5x10 - k, ppni* min*

1.6x10* min*
0.2

<250 mirn*

0.17 ppb (dry DTC)
0.2 ppb &~50% RH DTC)
0.07 ppb (CTC)

k(O3W) is rate constant for unimolecular wall loss of. O/alue

used for dry DTC runs is based on results of DTC221 (see Table
8). Value used for humidified DTC runs is the defaulj @ark
decay rate for Teflon bag chambers based on results of a number
of such experiments by Carter et al. (1995b). The value used for
the CTC runs is based on the results of runs CTC053 and
CTC106, which are reasonably consistent with each other.

k(N25I) is unimolecular decay of JO. to the walls. K(N25S) is

the rate constant for bimolecular reaction withCH forming two
HNO,. The value used for the DTC is based on th®Ndecay

rate measurements in a similar chamber reported by Tuazon et al.
(1983). Although we previously estimated their rate constants
were lower in the larger Teflon bag chambers (Carter and
Lurmann, 1990, 1991), we now consider it more reasonable to use
the same rate constants for all such chambers (Carter et al.,
1995b).

k(NO2W) is the rate constant for a unimolecular decay of, D

the walls, forming HONO with a yield of yHONO. The values
used for both chambers are based on dark Nézay and HONO
formation measured in a similar chamber by Pitts et al. (1984).
This is assumed to be the same in all Teflon bag chambers (Carter
et al. 1995b).

k(XSHC) is the rate constant for a unimolecular conversion of HO
to HO,, which is equivalent to the reaction of OH with CO. It is
used to represent the effect of background VOC reactants, and is
estimated by modeling pure air irradiations carried out in this
reactor. Not an important parameter affecting model predictions
except for pure air or NQair runs.

The continuous chamber radical source as a light-dependent flux
of OH radicals, whose rate (in units of concentration per time) is
given by the NQ photolysis rate (§ multiplied by the parameter
RS/K1. The parameter RS/K1 is derived from model simulations
of n-butane - NQand CO - NQ experiments as discussed in the
text and by Carter et al. (1995c). The RS/K1 values used for the
dry and ~50% RH DTC runs and for the CTC are based on
averages which fit the n-butane - NE&xperiments summarized on
Table 6. For the ~100% RH DTC runs, model simulations of the
propene - NQ and toluene - NQexperiments were much better
fit using the value using the ~50% RH n-butane runs rather than
the high value (0.08 ppb) obtained from the single ~100%
n-butane - NQrun DTC177. See text.
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Table 1 (continued)

Parm. Value(s)

Discussion

E-NO2/K1 Same as RS/K1 (DTC)
0.04 ppb (CTC)

HONO-F 0.0

The rate of NQ offgasing from the chamber walls (in concentra-
tion per unit time) is obtained by multiplying the parameter
E-NO2/K1 by the NQ photolysis rate. Model simulations of
acetaldehyde - air runs, summarized on Table 7, are used to derive
this parameter. For the DTC chamber, the results of these runs
are consistent with assuming E-NO2/KIRS/K1. For the CTC,

the value used is based on the results of CTC019.

HONO-F is the fraction of initially present NQvhich is assumed

to be converted to HONO prior to the start of the run. When the
light-induced radical source is represented by a continuous OH
flux, best fits to most n-butane - N@xperiments are obtained if
this is assumed to be negligible. (Note that this is not the case if
the continuous radical source is represented by, Nffyasing.

This alternative representation will be investigated when the
updated version of the mechanism is evaluated, and is beyond the
scope of the present report.)

23



RESULTS AND DISCUSSION

Chronological listings of all the environmental chamber experiments carried out during this phase
of the program are given in Table 2 for the experiments in the blacklight chamber (DTC), and in Table
3 for the CTC runs using the xenon arc light source. As shown on the tables, a number of different types
of experiments were carried out to address the various objectives of this program. Actinometry
experiments were conducted to measure the light intensity by various methods. Other characterization and
control runs were carried out to determine chamber-dependent parameters, or to verify that the standard
assumptions used to model chamber effects (Carter et al. 1995b) are appropriate for these runs. A set of
replicate propene - NCand toluene - NQexperiments were carried out in the DTC at various humidities
to determine if there are humidity effects which are not appropriately accounted for in the chamber model.
Several formaldehyde - NQacetaldehyde - NQand ethene - NOexperiments were carried out in both
chambers for comparison with previous runs in the existing chamber data base and to serve as controls.
A series of NQ-air irradiations of various aromatic compounds, namely benzene, toluene, ethylbenzene,
o-, m-, and p-xylene, and 1,2,3-, 1,2,4- and 1,3,5-trimethylbenzene, were carried out in both chambers to
provide data needed to develop updated mechanisms for these compounds. Finally, a series of incremental
reactivity experiments were carried out in the xenon arc chamber to evaluate whether incremental
reactivity results obtained using this light source are consistent with the large data base of incremental
reactivity results using blacklight chambers. The results of experiments, and the implication of these
results to the development and evaluation of the atmospheric photooxidation mechanisms, are discussed
in the following section.

Results of Characterization and Control Experiments

Tables 2 and 3 also show the various types of control and characterization runs which were carried
out in conjunction with the experiments for this program. These consist of actinometry experiments whose
results are discussed in more detail in a separate section, ozone dark decay experiments to measure the
loss rate of Qto the walls, n-butane - NCand CO - NQ experiments to measure the chamber radical
source, pure air and acetaldehyde - air irradiations to measure thev&dlffgasing rates, and replicate
propene - NQand surrogate - NOcontrol experiments. In addition, several aldehyde - [d@d ethene
- NO, experiments were carried out for comparison with similar experiments in other chambers. The
relevant results of these experiments are given in the "comments" column of the tables, or are given in
separate tables as discussed below. Except as noted below, the results were as expected based on results
of other experiments in similar chambers (Carter et al. 1995b).
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Table 2. Chronological listing of the blacklight chamber experiments carried out during
this phase of the program.

Run Date RunTitle Description Comments
New chamber enclosure installed at CE-CERT Atmospheric Processes L aboratory.

Old SAPRC DTC bag installed

DTC124 2/24/94 NO, Actinometry Measure NO, photolysis rate using NO, photolysis rate not significantly

(also DTC125) the quartz tube method. affected by position or which bank
M easurements made with 100% and  used. Average NO, photolysisrate
50% lights using different banksof ~ with all lights was 0.59 min*, and
lights, and in different positions. with 50% lights was 0.30 min™. See
Table 4.

DTC126  3/9/94 O, Decay M easure ozone dark decay rate. Apparent O, decay rate increases
Ozone injected into the chamber and  with time. Initial rate slower than
monitored in the dark. predicted by standard chamber

model, final rate faster. Possible
bag leakage. See Table 8.

DTC127  3/9/94 PureAir Irradiation. Characterization run to evaluate 40 ppb O; formed in six hour. This

offgasing effects. is not inconsistent with predictions
of default chamber model for this
reaction bag, though the run could
not be modeled because of lack of
CO data.

DTC128 3/10/94 Propene - NOx Control run to establish reproducible Resultsin normal range and in good
conditions, and dry propene run for ~ agreement with model predictions.
humidity effects study.

DTC129 3/11/94 Propene - NOx Replicate of previous run. Results in normal range and in good

agreement with model predictions.
Runs were carried out for another program. This included a number of runs at ~50% RH

DTC145 5/3/94 n-Butane - NOx Characterization run to determine NO oxidation rate indicated an
magnitude of chamber radical RS/K1 value of 0.25 ppb, which is
source. (Thisis measured by the approximately 4 times higher than
parameter RS/K 1, which is the OH typical for Teflon reactors at this
radical input rate used in model temperature, and ~25% higher than
simulationsto fit the data, divided default for this chamber with these
by the NO, photolysis rate.) reaction bags. See Table 6.

DTC146  5/4/94 Propene - NOx Control run to establish reproducible Resultsin normal range. See Table
conditions, and dry propenerun for ~ 10.
humidity effects study.

DTC147 5/6/94 NO2 Actinometry Measure NO, photolysis rate using NO, photolysis rate not significantly

(also DTC148) the quartz tube method. affected by position or which bank
M easurements made with 100% and  used. Average NO, photolysisrate
50% lights using different banksof ~ with all lights was 0.51 min*, and
lights, and in different positions. with 50% lights was 0.26 min™. See
Table 4.

DTC149 5/10/94 Formaldehyde- NOx Control run for comparison with See Table 9. Model underpredicted
previous formaldehyde runsand for O, formation rate but consistent with
evaluating light characterization formaldehyde decay rate.
model.

DTC150 5/11/94 Acetaldehyde- NOx  Control run for comparison with See Table 9. O; formation rate

previous formaldehyde runs and for
evaluating light characterization
model.
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Table 2 (continued)

Run Date Run Title Description Comments
DTC151 5/12/94 Toluene - NOx Run for toluene mechanism See Table 11.
evaluation and control run for
humidity effects study.
Benzaldehyde and cresol data
collected.
DTC153 Propene - NOx (A), Replicate control runs for humidity See Tables 10 and 11.
Toluene-NOXx (B) effect study
DTC154 5/18/94 Tracer - NOx Characterization run to determine NO oxidation rate indicated an
magnitude of chamber radical RS/K1 value of 0.2 ppb, which isthe
source. default for this chamber with these
reaction bags.
DTC155 5/19/94 Propene- NOx (B), Low NOx propene and NOx run See Tables 10 and 11.
Toluene-NOx (A)
DTC156 5/20/94 Pure Air Irradiation Probable contamination with Run not modelable
uncertain amount of NO
DTC157 NO, Actinometry Measure NO, photolysis rate using NO, photolysis rate not significantly
the quartz tube method. affected by position or which bank
M easurements made with 100% and  used. NO2 photolysis rate with all
50% lights using different banks of lights was 0.45 min™, and average
lights, and in different positions. with 50% lights was 0.24 min™. See
Table 4.
DTC158 5/24/94 Propene- NOx (A), Replicate dry run for humidity See Tables 10 and 11. Datafor
Toluene-NOXx (B) effects study. propene run not used for model
evaluation because measured initial
propene disagreed with amount
injected.
DTC159 5/25/94 Propene- NOx (A), Replicate propene run and ethene See Tables 10 and 11. Datafor
Ethene - NOx (B) run for comparison with previous propene run not used for model
ethene experiments. evaluation because initial propene
disagreed with amount injected.
DTC160 5/26/94 Propene- NOx Replicate 50% RH run for humidity =~ See Table 10. Data not used for
(RH=50%) effects study. model evaluation because measured
initial propene disagreed with
amount injected.
DTC161 5/27/94 Propene - NOx Replicate 50% RH run for humidity =~ See Text. Data not used for model
(RH=50%) effects study. evaluation because measured initial
propene disagreed with amount
injected.
DTC162 6/1/94 Propene- NOx Replicate 50% RH run for humidity ~ See Table 10.
(RH=50%) effects study.
DTC163 6/2/94 Propene- NOx (A), Replicate 50% RH run for humidity =~ See Table 10. No toluene data, so
Toluene-NOXx (B) effects study. Side B run is not modelable.
(RH=50%)
DTC164 6/3/94 Propene- NOx (B), Replicate 50% RH run for humidity =~ See Tables 10 and 11.
Toluene-NOx (A) effects study.
(RH=50%)
DTC166 6/7/94 Propene- NOx (A), Replicate 50% RH run for humidity =~ See Tables 10 and 11.

Toluene-NOXx (B)
(RH=50%)

effects study.
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Table 2 (continued)

Run Date RunTitle Description Comments
DTC167 6/8/94 Propene- NOx (B), Replicate 50% RH run for humidity =~ See Tables 10 and 11.
Toluene-NOx (A) effects study.
(RH=50%)
DTC168 6/9/94 Propene- NOx (A), Replicate dry run for humidity See Tables 10 and 11.
Toluene-NOXx (B) effects study. Determineif results
of dry run followed by a series of
humidified runs are any different
than standard dry run.
DTC169 6/10/94 Propene- NOx (A), Replicate dry run for humidity See Tables 10 and 11.
Toluene-NOx (B) effects study.
DTC170 6/14/94 Propene- NOx (B), Replicate dry run for humidity See Tables 10 and 11.
Toluene-NOx (A) effects study.

DTC171 6/15/94 n-Butane - NOx Characterization run to determine NO oxidation rate indicated an
magnitude of chamber radical RS/K1 value of 0.2 ppb, which isthe
source. default for this chamber with these

reaction bags. See Table 6.
DTC172 6/16/94 Propene- NOx (A), 50% RH run for humidity effects See Tables 10 and 11.
Toluene-NOx (B) study. Chamber flushed with dry air
(RH=50%) overnight, then with humidified air.

DTC173 6/17/94 Propene- NOx (B), 50% RH run for humidity effects See Table 10. No toluene data.
Toluene-NOx (A) study. Chamber flushed with dry air  Side B not modelable.
(RH=50%) overnight, then with humidified air.

DTC174 6/18/94 NO, Actinometry NO, actinometry by quartz tube Average NO, photolysis rate was
method. Replicate measurementsin  0.23 min™. See Table 4.
same position.

DTC174 6/18/94 NO2 Actinometry NO2 actinometry by photostationary ~ See Table 4. NO2 photolysis rate

(Photostationary state method. was 0.245 min-1.
state)
DTC175 6/21/94 Propene - NOx Replicate ~100% RH run for Good side equivalency. See Table
(RH=100%) humidity effects study. 10.
DTC176 6/22/94 Propene- NOx (A), Replicate ~100% RH run for See Tables 10 and 11.
Toluene-NOXx (B) humidity effects study.
(RH=~100%)
DTC177 6/23/94 n-Butane - NOx Characterization run to determine NO oxidation rate indicated a RS/K 1
(RH=100%) magnitude of chamber radical value of 0.8 ppb., which is 4 times
source at ~100% RH. higher than the value obtained from
the 50% RH and dry runs, and which
is also inconsistent with the results
of modeling the propene runs. See
Table 6.
DTC178 6/24/94 Propene - NOx (Dry Run for humidity effects study. See Table 10.
following Wet flush)  Chamber flushed with ~100% air
overnight, then filled with dry air.
DTC179 6/28/94 Propene- NOx (B), Replicate dry run for humidity See Tables 10 and 11.

Toluene-NOx (A)

effects study.
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Table 2 (continued)

Run Date RunTitle Description Comments

DTC182 7/19/94 Propene - NOx Replicate 50% RH run for humidity =~ Measured initial reactants somewhat
(RH=50%) effects study. outside the range of the other

replicate runs. See Table 10.
DTC183 7/20/94 n-Butane - NOx Characterization run to determine NO oxidation rate indicated an
(RH=50%) magnitude of chamber radical RS/K1 value of 0.25 ppb, which is
source at 50% RH. within the range observed for the
dry runs with this reaction bag. See
Table 6.
DTC185 7/22/94 Acetaldehyde - air Characterization run to determine Ozone formation rate is consistent
(RH=50%) the magnitude of NOx offgasing at with a NOx offgasing rate which is
50% RH. equal to default radical input rate for
dry and 50% RH runsin this
chamber and set of reaction bags.
See Table 7.
DTC186 7/26/94 n-Butane- NOx Characterization run to determine NO oxidation rate indicated an
(RH=20%) magnitude of chamber radical RS/K1 value of 0.2 ppb, which is
source at ~50% RH. within the range observed for the
dry runs with this reaction bag. See
Table 6.
DTC187 7/27/94 Propene +NOx Replicate dry run for humidity Measured initial reactants somewhat
effects study. outside the range of the other
replicate runs. See Table 10.
DTC188 7/28/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.
DTC189 7/29/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.

DTC190 8/2/94 Propene(A) & Replicate dry run for humidity Measured initial reactants somewhat

Toluene (B) - NOx effects study. outside the range of the other
replicate runs. See Tables 10 and
11.

DTC191  8/3/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.

DTC192 8/4/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.

DTC193 8/5/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.

DTC194 8/10/94 135-TMB - NOx Aromatic mechanism evaluation See Table 13.

run.

DTC195 8/11/94 135-TMB - NOx Aromatic mechanism evaluation See Table 13.

run.

DTC196 8/12/94 135-TMB - NOx Aromatic mechanism evaluation See Table 13.

run.

DTC197 8/15/94 NO, Actinometry NO, actinometry by photostationary ~ NO, photolysis rate was 0.186 min ™,
(Photostationary state method. which islow compared to other
state) determinations around this time.

See Table 4.

DTC198 8/16/94 p-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.
DTC199 8/17/94 p-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.
DTC200 8/18/94 p-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.
DTC201 8/19/94 124-TMB - NOx Aromatic mechanism evaluation Seetext. (Possibleleak in Side B.

run.
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Table 2 (continued)

Run Date RunTitle Description Comments

DTC202 8/23/94 NO, Actinometry NO, actinometry by quartz tube Average NO, photolysis rate was
method. 0.23 min™. See Table 4.

DTC202 8/23/94 NO, Actinometry NO, actinometry by photostationary ~ Average NO, photolysis rate was

(Photostationary state method. 0.24 min™. See Table 4.
state)

DTC203 8/23/94 124-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

DTC204 8/24/94 124-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

DTC205 8/26/94 Propene - NOx Replicate propene run to determine Results in normal range and
standard run conditions. consistent with model predictions.

DTC206 8/30/94 135-TMB - NOx (A), Aromatic mechanism evaluation See Table 13.

m-Xylene- NOx (B)  run.

DTC207 8/31/94 o-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.

DTC208 9/1/94 o-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.

DTC209 9/2/94 o-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.

DTC210 9/6/94 NO2 Actinometry NO2 actinometry by quartz tube Average NO2 photolysis rate was
method. 0.21 min-1. See Table 4.

DTC210 9/6/94 NO, Actinometry NO, actinometry by photostationary ~ Average NO, photolysis rate was

(Photostationary state method. 0.22 min™. See Table 4.
state)

DTC211  9/7/94 123-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

DTC212  9/8/94 123-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

DTC213  9/9/94 123-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

DTC214 9/13/94 Biacetyl Actinometry  Light intensity measurement by Not used for light characterization
biacetyl decay rate. because of uncertainty in quantum

yields. Included in chamber data
base for future use.

DTC215 9/14/94 n-Butane - NOx Characterization run to determine NO oxidation rate indicated an
magnitude of chamber radical RS/K1 value of 0.1 ppb, which is
source. about half the default rate used for

this chamber with these reaction
bags. See Table6.

DTC216 9/15/94 Acetaldehyde - air Characterization run to determine Ozone formation rate is consistent
the magnitude of NOx offgasing. with a NOx offgasing rate which is

equal to default radical input rate fin
this chamber and set of reaction
bags. See Table 7.

DTC218 9/20/94 Formaldehyde- NOx  Control run for comparison with See Table 9. Model slightly

previous formaldehyde runs and for
evaluating light characterization
model.
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Table 2 (continued)

Run Date RunTitle Description Comments

DTC219 9/21/94 Tracer - NOx Characterization run to determine NO oxidation rate is consistent with
magnitude of chamber radical the default RS/K1 value for these
source. reaction bags, which is 0.2 ppb.

DTC220 9/22/94 Pure Air Irradiation Characterization run to evaluate 40 ppb O3 formed in six hour. This
offgasing effects. is not inconsistent with predictions

of default chamber model for this
reaction bag, though the run could
not be modeled because of lack of
CO data.

DTC221 9/23/94 Dark O; Decay Ozone injected in the chamber and See Table 8. Dilution rates as
decay monitored in the dark. CO measured by CO decay in Sides A
also present to monitor dilution. and B were 1.5 and 3%/hour,

respectively, which are near the
averages observed for these reactors.
Os decay, after correcting for
dilution, was 0.6%/hour.

DTC222 9/29/94 NO, Actinometry NO, actinometry by quartz tube Average NO, photolysis rate was
method. 0.24 min™. SeeTable 4.

DTC223 9/29/94 Ethylbenzene- NOx  Aromatic mechanism evaluation See Table 13.
run.

DTC224 9/30/94 Ethylbenzene- NOx  Aromatic mechanism evaluation See Table 13.

run.
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Light Characterization Results

Blacklight Chamber Actinometry Results

Table 4 gives the results of all the actinometry measurements carried out in the CE-CERT
DTC chamber up to the time it was constructed until well after the time period for most of the
experiments covered in this report, and Figure 1 shows a plot of these data against DTC run number. The
time period is extended beyond that applicable to most experiments for this program to provide better
long-term trend information, and also to show the results of th@@inometry experiments, which were
carried out after the other experiments for this program were completed.

The banks of blacklights around the DTC chamber are switched such that alternative lights can
be turned on or off independently, allowing the chamber to be operated at either 50% or 100% light
intensity. All of the experimental runs for this program were at 50% light intensity using the same set
of lights, and thus this was the case for most of the actinometry experiments as well. However, as
indicated on Table 4, several of the earlier quartz tube experiments were conducted with all the lights on,
or with the light banks which were normally off turned on, and visa-versa. In addition, as also noted on
the table, a few experiments were also carried out with the quartz tube in a different position than that
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Table3. Chronological listing of the xenon arc chamber experiments carried out during
this phase of the program.

Run Date Run Title Description Comments
New single reaction bag installed

CTCO11 10/4/94 Pure Air Irradiation No added reactants. Runto evaluate Approximately 11 pob O, formed at
background effectsin newly end of 6 hours, which is
installed reaction bag. approximately half that fit by

standard chamber model. Best fit
with NOx offgasing rate reduced by
factor of 2, and no background VOC
reactivity.

CTCO012 10/5/94 Propene- NOx Standard control run to test for See Table 9. Results reasonably
consistency with previous consistent with model predictions.
experiments. Also, conditioning of
new reaction bag.

CTCO013 10/13/94 n-Butane - NOx Characterization run to evaluate See Table 6. Radical source
chamber model for chamber radical ~ approximately half the average for
source. this reactor.

CTCO014 10/7/94 Acetaldehyde- NOx  Control run for comparison with See Table 9. Ozone formation and
similar runsin other chambers. NO oxidation somewhat slower than

model predicted.

CTCO015 10/13/94 Acetaldehyde- NOx  Control run for comparison with See Table 9. Ozone formation and
similar runsin other chambers. NO oxidation somewhat slower than

model predicted.

CTCO016 10/14/94 Formaldehyde- NOx  Control run for comparison with See Table 9. Results consistent with
similar runs in other chambers. model predictions.

CTCO017 10/17/94 NO, Actinometry Measure light intensity using steady ~ See Table 5.
state method.

CTCO018 10/18/94 Propene - NOx Standard control run to evaluate See Table 9. Results consistent with
consistency and reproducibility of model predictions.
chamber conditions.

CTCO019 10/19/94 Acetaldehyde + Air Control run to test chamber model 20 ppb O3 and 2 ppb PAN formed at
for NOx offgasing. end of run. Reasonably consistent

with prediction of chamber model
based on assuming NO, offgasing
rate is the same as the radical source
rate which fit CTC-020. See Table
7.

CTCO020 10/20/94 n-Butane- NOx Characterization run to evaluate See Table 6. Radical source slightly
chamber model for chamber radical more than half the average for this
source. reactor.

CTCO021 10/21/94 CO - NOx Intended to be control run to test Run not suitable for modeling
chamber model for radical source, because CO was not purified.
but turned out not to be suitablefor ~ (Previous experience has shown that
modeling because the CO was not an impurity in CO causes
purified anomalously high reactivity.

CTCO022 10/24/94 NO2 Actinometry Measure light intensity using steady ~ See Table 5.

state method.
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Table 3 (continued)

Run Date RunTitle Description Comments

CTC023 10/25/94 Propene - NOx Standard control run to evaluate See Table 9. Resultswerein
consistency and reproducibility of reasonably good agreement with
chamber conditions. model predictions.

CTCO024 10/26/94 Formaldehyde - NOx  Run for comparison with results of See Table 9. O yield slightly higher

formaldehyde runs in other than model predicted.
chambers.

CTCO025 10/27/94 Ethene - NOx Run for comparison with results of See Table 9. O;yield was lower

formaldehyde runs in other than model prediction.
chambers.
CTCO026 10/28/94 Toluene - NOx Run for comparison with results of See Table 13.
similar runsin other chambers, and
for toluene mechanism evaluation.

CTCO027 11/2/94 NO2 Actinometry Measure light intensity using steady ~ See Table 5.
state method.

CTCO028 11/3/94 n-Butane- NOx Temperature control problems. No LiCor datafor this run through
CTC048. Radical source near
average for thisreactor. See Table
6.

CTC029 11/8/94 m-Xylene- NOx Run for comparison with results of See Table 13.

similar runsin other chambers, and
for m-xylene mechanism evaluation.

CTC030 11/9/94 135-TMB - NOx Aromatic mechanism evaluation See Table 13.

run.

CTC031 11/10/94 CO - NOx Control run to test chamber model See Table 6. Radical source near

for radical source. average for this reactor.

CTCO032 11/11/94 Acetaldehyde- NOx  Run for comparison with results of Results reasonably consistent with

similar runsin other chambers, and model predictions.
evaluation of light source model.

CTCO033 11/15/94 Toluene - NOx Aromatic mechanism evaluation One light out for part of run. Data

run. not suitable for mechanism
evaluation.

CTC034 11/16/94 Toluene - NOx Aromatic mechanism evaluation See Table 13.

run.

CTCO035 11/17/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.

CTCO036 11/18/94 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.

run.

CTCO037 11/21/94 NO2 Actinometry Measure light intensity using both See Table 5.

quartz tube and steady state method.

CTCO038 11/22/94 o-Xylene - NOx Aromatic mechanism evaluation See Table 13.

run.

CTCO039 11/23/94 o-Xylene - NOx Aromatic mechanism evaluation See Table 13.

run.

CTCO040 11/31/94 NO2 Actinometry Measure light intensity using both See Table 5.

quartz tube and steady state method.

CTCO041 12/1/94 p-Xylene - NOx Aromatic mechanism evaluation See Table 13.

run.
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Table 3 (continued)

Run Date Run Title Description Comments
CTC042 12/2/94 n-Butane - NOx Control run to test chamber model See Table6. Radical source
for radical source. slightly higher than average for this
reactor.
CTCO043 12/5/94 p-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.
CTCO044 12/6/94 p-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.
CTC045 12/7/94 n-Butane - NOx Control run to test chamber model See Table 6. Radical source near
for radical source. average for this reactor.
CTCO046 12/8/94 o-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.
CTCO047 12/12/94 p-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.
CTC048 12/13/94 Toluene - NOx Aromatic mechanism evaluation See Table 13. LiCor returned from
run. calibration.
CTCO049 12/14/94 Propene - NOx Standard control run to evaluate Results consistent with model
consistency and reproducibility of predictions.
chamber conditions.
CTC050 12/15/94 135-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.
CTCO051 12/18/94 NO, Actinometry Measure light intensity using both See Table 5.
quartz tube and steady state method.
CTCO052 12/19/94 Pure Air Irradiation Control run to evaluate chamber 70 ppb O; formed at end of run,
model for background effects. much greater than model
predictions. May have been NO
contamination problems. NO data
appear to be anomalous. Concluded
that run not suitable for model
evaluation.
CTCO053 12/20/94 Ozone Dark Decay Characterization run to evaluate the  Os dark decay rate was 8.5x10 min®
ozone wall lossrate. ' which is approximately 60% the
value used in the standard chamber
model for Teflon bag reactors. See
Table 8.
CTC054 12/21/94 123-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.
CTC056  1/5/95 124-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.
CTCO057 1/6/95 Ethylbenzene- NOx  Aromatic mechanism evaluation See Table 13.
run.
CTC058 1/10/95 n-Butane - NOx Control run to test chamber model See Table6. Radical source
for radical source. slightly higher than average for this
reactor.
CTCO059 1/11/95 Propene - NOx Standard control run to evaluate See Table 9. Results consistent with
consistency and reproducibility of model predictions.
chamber conditions.
CTC061 1/13/95 CO - NOx Control run to test chamber model See Table 6. Radical source near
for radical source. average for this reactor.
CTC062 1/17/95 NO, Actinometry Measure light intensity using both See Table 5.

quartz tube and steady state method.
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Table 3 (continued)

Run Date RunTitle Description Comments

CTCO063 1/18/95 Toluene - NOx Aromatic mechanism evaluation NO, data appear to be anomalous.
run. Run not modelable.

CTC065 1/25/95 Toluene - NOx Aromatic mechanism evaluation See Table 13.
run.

CTCO066 1/25/95 m-Xylene- NOx Aromatic mechanism evaluation See Table 13. One light out for part
run. of run.

Lamp A replaced. Filters not changed. No significant change in spectrum observed.

CTCO068 1/27/95 o-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.

CTC069 1/31/95 p-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.

CTCO70  2/1/95 p-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.

CTC071  2/2/95 135-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

CTCO72  2/3/95 Acetaldehyde- NOx  Control run for comparison with See Table 9. Ozone formation and
similar runs in other chambers. NO oxidation rates slightly lower

than model predicted.

CTC073  2/7/95 135-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

CTC074  2/8/95 n-Butane- NOx Control run to test chamber model See Table 6. Radical source near
for radical source. average for this reactor.

CTCO075  2/9/95 123-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

CTC076 2/10/95 123-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.

CTCO77 2/14/95 Formaldehyde- NOx  Control run for comparison with See Table 9. Ozone formation and
similar runsin other chambers. NO oxidation rates slightly higher

than model predicted.

CTCO078 2/16/95 Propene - NOx Standard control run to evaluate Results consistent with model
consistency and reproducibility of predictions. Maximum O slightly
chamber conditions. higher than predicted by model.

CTC079 2/17/95 Toluene - NOx Aromatic mechanism evaluation See Table 13.
run.

CTC080 2/21/95 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.

CTCO081 2/22/95 o-Xylene - NOx Aromatic mechanism evaluation See Table 13.
run.

CTC082 2/23/95 NO, Actinometry Measure light intensity using both See Table 5.
quartz tube and steady state method

Dual Reaction Bags Installed
CTC083  3/2/95 Propene - NOx Standard control run to evaluate Results are consistent with model

consistency and reproducibility of
chamber conditions. Also condition
chamber and serve as aside
equivalency test.

predictions and results of previous
propene runs in this chamber. Good
side equivalency.



Table 3 (continued)

Run Date Run Title Description Comments
CTC084  3/3/95 n-Butane- NOx Control run to test chamber model Radical source consistent with other
for radical source. determinations in these reactors.
See Table 6.
CTCO085  3/5/95 Dilution and Leak Monitored dark decay of CO and Some evidence of leakage. Valves
Tests other species. tightened
CTC086  3/7/95 Propene- NOx Standard control run to evaluate Maximum O3 somewhat higher than
consistency and reproducibility of predicted by model.
chamber conditions.
CTC087  3/9/95 Aborted Control run for comparison with HCHO analysis problems
formaldehyde run similar runs in other chambers.
CTC088 3/10/95 NO, Actinometry Measure light intensity using steady ~ See Table 5.
state method.
CTCO089 3/14/95 Toluene - NOx Aromatic mechanism evaluation See Table 13.
run.
CTC090 3/16/95 CO - NOx Control run to test chamber model Radical source consistent with other
for radical source. determinations in these reactors.
See Table 6.
CTC091 3/16/95 o-Xylene- NOx (A),  Aromatic mechanism evaluation See Table 13.
124-TMB - NOx (B)  run.
CTC092 3/17/95 Ethylbenzene- NOx  Aromatic mechanism evaluation See Table 13.
run.
CTC093 3/21/95 124-TMB - NOx Aromatic mechanism evaluation See Table 13.
run.
CTC094 3/22/95 m-Xylene- NOx Aromatic mechanism evaluation See Table 13.
run.
CTC095 3/23/95 Formaldehyde- NOx  Run for comparison with results of Good agreement with model
formaldehyde runs in other predictions.
chambers.
CTCO096 3/24/95 Pure Air Irradiation Characterization run to test chamber 30 ppb O; formed at end of run, in
model for background effects. good agreement with predictions of
chamber model using NO, offgasing
rate consistent with lower range of
radical source.
CTCO097  3/27/95 NO2 Actinometry Measure light intensity using quartz~ See Table 5.
tube method.
CTC098 3/28/95 135-TMB - NOx (A), Aromatic mechanism evaluation See Table 13.
Ethylbenzene- NOx  run.
(B8
CTCO099 3/29/95 n-Butane- NOx Control run to test chamber model Radical source consistent with other
for radical source. determinations in these reactors.
See Table 6.
CTC100 3/30/95 Mini-Surrogate - Run to determine appropriate Almost no ozone formed.

NOx

conditions for mini-surrogate base
case run for reactivity experiments.
Side Equivalency test.
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Table 3 (continued)

Run Date RunTitle Description Comments
CTC101 3/31/95 Mini-Surrogate - Repeat of mini-surrogate run with Approximately 0.2 ppm O; formed
NOx lower NOx and higher ROG at the end of 6 hours, which is still
surrogate to get O; levelssimilarto  lower than in most Phase 1 mini-
mini-surrogate experimentsin Phase  surrogate base case runs. Good side
1 of the program. equivalency.
CTC102  4/5/95 Propene +NOx Standard control run to evaluate See Table 9. Results are consistent
consistency and reproducibility of with model predictions.
chamber conditions.
CTC103  4/6/95 Mini-Surrogate - Repeat of mini-surrogate run with Approximately 0.3 ppm O; formed
NOx lower NO, to get higher O, levels, at the end of 6 hours, which is
while still being in maximum within the range of most Phase 1
reactivity conditions. mini-surrogate base case runs. Good
side equivalency.
CTC105 4/12/95 Mini-Surrogate + CO  Measure the incremental reactivity See Table 12.
(B) of representative compounds.
CTC106 4/14/95 Ozone Dark Decay Characterization run to determine Results consistent with other ozone
ozonewall lossrate. CO also dark decay experimentsin Teflon
present to measure dilution. bag chambers. See Table 8.
CTC107 4/18/95 Mini-Surrogate + M easure the incremental reactivity See Table 12.
Acetaldehyde (A) of representative compounds.
CTC108 4/19/95 Mini-Surrogate + M easure the incremental reactivity See Table 12.
Toluene (B) of representative compounds.
CTC109 4/21/95 Mini-Surrogate + m-  Measure the incremental reactivity See Table 12.
Xylene (A) of representative compounds.
CTC110 4/25/95 Mini-Surrogate + n- M easure the incremental reactivity See Table 12.
Octane (B) of representative compounds.
CTC113 4/28/95 Mini-Surrogate - M easure the incremental reactivity See Table 12.
NOx of representative compounds.
CTC114  5/3/95 n-Butane +NOx Control run to test chamber model Radical source consistent with other
for radical source. determinations in these reactors.
See Table 6.
CTC115 5/4/95 Propene- NOx Standard control run to evaluate Results are consistent with model
consistency and reproducibility of predictions.
chamber conditions.
CTC117 5/10/95 Full Surrogate - NOx Measure the incremental reactivity See Table 12.
of representative compounds.
CTC118 5/11/95 Full Surrogate - NOx  Measure the incremental reactivity See Table 12.
of representative compounds.
CTC120 5/16/95 n-Butane- NOx Control run to test chamber model Radical source consistent with other
for radical source. determinations in these reactors.
See Table 6.
CTC123 5/23/95 Full Surrogate+ CO  Measure the incremental reactivity See Table 12.

(A)

of representative compounds.
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Table 3 (continued)

Run Date Run Title Description Comments
CTC127  6/1/95 Full Surrogate M easure the incremental reactivity See Table 12. Lamp problemsin
+Toluene (B) of representative compounds. later period of run.
CTC128  6/2/95 Full Surrogate + m- M easure the incremental reactivity See Table 12.
Xylene (A) of representative compounds.
CTC129 6/5/95 NO, Actinometry Measure light intensity using quartz~ See Table 5.
tube and steady state methods.
CTC130 6/6/95 Full Surrogate + M easure the incremental reactivity See Table 12. Lamp problemsin
Propene (B) of representative compounds. later period of run.
CTC131  6/7/95 Full Surrogate + n- M easure the incremental reactivity See Table 12. Lamp problemsin
Octane (A) of representative compounds. later period of run.
CTC132  6/8/95 Propene- NOx Standard control run to evaluate Results are consistent with model
consistency and reproducibility of predictions.
chamber conditions.
CTC133 6/9/95 Formaldehyde- NOx Control run for comparison with See Table 9. Ozone formation and
similar runs in other chambers. NO oxidation slightly faster than
model predictions.
CTC135 6/14/95 n-Butane- NOx Control run to test chamber model Radical source consistent with other
for radical source. determinations in these reactors.
See Table 6.
CTC136 6/18/95 Chlorine actinometry. Measure light intensity using See Table 5.
Chlorine + n-butane method.
CTC137 6/19/95 NO, Actinometry Measure light intensity using quartz~ See Table 5.
tube and steady state methods.
CTC138 6/20/95 Full Surrogate + M easure the incremental reactivity See Table 12. Lamp problemsin
Formaldehyde (B) of representative compounds. later period of run.
CTC139 6/21/95 Chlorine actinometry. Measure light intensity using See Table 5.
Chlorine + n-butane method.
CTC140 6/22/95 Full Surrogate + Measure the incremental reactivity See Table 12. Lamp problemsin
Formaldehyde (A) of representative compounds. later period of run.
CTC142 6/27/95 Mini-Surrogate + M easure the incremental reactivity See Table 12. Lamp problemsin
Propene (B) of representative compounds. later period of run.
CTC143 6/28/95 Pure-Air Irradiation Characterization run to test chamber 30 ppb O; formed at end of run, in
model for background effects. good agreement with predictions of
chamber model using NO, offgasing
rate consistent with lower range of
radical source.
CTC144 6/29/95 NO, Actinometry Measure light intensity using quartz ~ See Table 5.

tube method.
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Table 3 (continued)

Run Date Run Title Description

Comments

Chamber inactive for a period.

Runs for other programs carried out in conjunction with the following.

CTC145 11/30/95 NO, Actinometry Measure light intensity using quartz
tube method.

CTC166  3/8/96 NO, Actinometry Measure light intensity using quartz
tube method.

CTC177  3/8/96 NO,and Chlorine Measure light intensity using quartz
Actinometry tube method.

See Table 5.

See Table 5.

See Table 5.
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normally employed. As expected, the Nghotolysis rates in the experiments with 100% lights were, to
within experimental variability, twice those with the normal 50% light intensity, and there was no
significant effect as to which set of lights were used. The data also indicate that the measyred NO
photolysis rates were not highly sensitive to variations in the height of the actinometry tube when located
between the two reactors.

Figure 1 shows that the light intensity as measured by the quartz tube method declined relatively
rapidly during the first ~40 or so experiments after the chamber was constructed and the new lights were
installed, and then declined slowly after that. The rapid decline following installation of new lights is
similar to that observed for other blacklight chambers (Carter et al. 1995b), although the gradual,
apparently linear, decline in intensity after the initial "burn in" period was not observed previously. The
guartz tube actinometry data were fit by the empirical function

k, (Min®) = 0.242 [1 + 0.298 &0497 (RuNo-12§)17 _ 0.00074 (RunNo-120)] (X)

where RunNO is the DTC run number. Equation (X) was used to compute the "fit to tube data" line on
Figure 1, and to derive the N@hotolysis rates for modeling the DTC experiments for this work.

Table 4 and Figure 1 show that the results of approximately half of the steady-state actinometry
experiments were in good agreement with the quartz tube results. However, other steady-state experiments
gave k values which were ~25-30% lower than indicated by the quartz tube data. We suspect that the
data from runs 229 and 234 probably should be rejected because inappropriately long sample lines may
have been used, but unfortunately the log books are unclear on the procedure for those particular runs.
The low results for run 197 are more difficult to explain. This variability suggests that
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Figure 1. Plots of results of actinometry experiments in the DTC chamber
against run number.
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Figure 1. Plots of results of actinometry experiments in the blacklight chamber against run number.

this actinometry method may have inherent variability problems, or that inappropriate procedures may have
been employed. Because of this, these steady-state actinometry results should probably be considered to
be lower limits to the true light intensity. Therefore, the most that can be concluded from these
experiments is that they are not inconsistent with the results of the quartz tube method, but they do not
provide conclusive validation for the accuracy of the quartz tube method for this chamber.

On the other hand, Table 4 and Figure 1 show that the results of jtexiGiometry experiments
are much less variable, and are in reasonably good agreement with the results of the quartz tube method.
They tend to be slightly higher (by ~7% on the average) than predicted using Equation (X), though clearly
they are consistent to within the experimental variability. If the difference is real, it could be due to
qguantum yields for Clphotolysis being slightly less than unity, resulting in an overestimation of the
NO, photolysis rate when derived from the ,Gihotolysis rate using Equation (IV). However, the
consistency of these two very different actinometry methods tend to support the validity of both the quartz
tube and the Clactinometry methods.

Xenon Arc Chamber Spectral Data

The spectral distributions in the CTC chamber were measured approximately four times
during each chamber run using a LiCor 1600 portable spectral radiometer which was located on a post
immediately in front of the reaction bag(s). The LiCor was located in the same position relative to the
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lights for all experiments, so its data could also be used to monitor changes in relative intensity as well
as changes in spectral distribution (see Carter et al. 1995c). This is shown on Figure 2, which gives plots
of intensities (in units proportional to photons per unit area) against CTC run number for selected
wavelengths. The discontinuities around runs 28-48 and after run 144 are due to results of factory
recalibrations of the instruments which were carried out around those times. Except for these
discontinuities, it can be seen that there is a very slight decline in intensity with time, with the relative
rate of decline decreasing with increasing wavelength. Relatively slow changes in spectral characteristics
are expected because the lights and filters were well conditioned prior to this program, and the lights and
filters were not changed except as noted below.

The discontinuities in the spectral trends resulting from recalibrations of the spectraradiometer
indicated that it was somewhat out of calibration in the runs prior to the calibration, and that corrections
to the data were appropriate. Corrected spectral intensity trends were derived for each wavelength based
on assuming that the spectra for the runs immediately following the calibrations were correct, that the
decline with intensity with time is linear at any given wavelength, and that the rate of decline in intensity
(i.e., the slope divided by the intercept) also varies linearly with wavelength. The latter assumption was
supported by the wavelength dependence of the trend slope/intercept ratios derived separately for each
wavelength, but was made to smooth out the variability in the data at the lower wavelengths. The
resulting trend lines, derived by nonlinear least-squares optimization, are also shown on Figure 2.

These corrected trend lines were used to derive the spectral distributions which were used when
modeling the CTC experiments for this program. However, rather than calculating a separate spectrum
for each experiment which is only slightly different from the previous and subsequent one, the experiments
were grouped into sets of ~30 consecutive runs, and an averaged spectrum was used for modeling each
experiment in a group.

The corrected trends in spectral intensities can also be used, in conjunction with the NO
absorption cross sections and quantum yields used in the model (see Appendix A), to calculate the relative
trends in the NQphotolysis rates (kvalues) for these experiments. The resulting calculatetielkd,
scaled by a factor to make them consistent with the results of the actinometry experiments as discussed
in the following section, are shown on Figure 3. Based on this trend, thgoN@olysis rate is calculated
to decline by only ~8% during the period of the CTC runs listed on Table 2.

The occasional low points on the plots are due to runs where individual lamps malfunctioned; data
from such runs are not used for mechanism evaluation. The first of those is run CTC-066, where a lamp

41



Intensity Relative to Maximum

Intensity Relative to Maximum

Relative Spectral Distribution

0.5 T
0.4 +
0.3+
0.2 +
0.1+
0.0 | | : : :
300 400 500 600 700 800
Wavelength (nm)
Trend in Relative Intensities
500 nm
302 nm
% 0.23 eSS
0.0031 ‘MX\/’X’\%’ o T T T3 gg\g 5;;" ’ ﬁz"ﬁy\g’%x%}};?g}%—
Ny R R KRB RANH IS SR -
¥ BRSPS I»@%&m@%_
£X3 RTRHRK EX x « »
X % X
A X
X X
‘ ‘ ‘ 0.00 | : :
0.0000 | ‘ ‘ o 50 100 150
0 50 100 150
720 nm
0.056 1 PP
0.21 o S e s S o SR
X X X X
0.000 | : : 0.00 : | |
0 50 100 150 0 50 100 150

CTC Run Number

‘ x Experimental

— Corrected Trend ‘

Figure 2. Representative spectrum of the xenon arc light source for the CTC
chamber and trends in relative intensities with time at selected
wavelengths.

42



0.30 T

Nea
025+ x X X y
o X X
P o X X X
‘ o
£ 0208 = T m X o
£ o ¢ --E--""'—.-----
[} o -
= m] [ J
12 A
o 015+ 0
g . A
k= X  Quartz Tube
(o]
<
n:V 0.10 + <o Steady State
g A  Steady State (A)
O  Steady State (B)
0.05 +
[ J Cl2 + n-C4
= = = Corrected LiCor Trend
0.00 f f f f } } } }
10 30 50 70 920 110 130 150 170

CTC Run Number

Figure 3. Plots of results of actinometry experiments in the xenon arc
chamber against run number, and calculated k1 trend based on
corrected trends in spectral intensities measured using the LiCor
spectraradiometer.

43



Figure 3. Plots of results of actinometry experiments in the xenon arc chamber against run number,
and calculated ktrend based on corrected trends in spectral intensities measured using
the LiCor spectraradiometer.

failed completely and had to be replaced. However, the inner and outer filters with the failed lamp were
preserved and were used with the new lamp. The spectrum taken of the new lamp (with the old filters)
had no significant difference between the spectra of the old lights, nor, as indicated on Figure 2, was there
any discontinuity in the spectral intensity caused by this lamp replacement. This indicates that it is
primarily the aging of the filters, not the lamps, which is the primary factor causing the gradual change
in spectral intensity with time. The old filters were deliberately kept to avoid the more rapid changes in
spectral intensity which were observed when the lamps were new (Carter et al. 1995b).

Xenon Arc Chamber Actinometry Results

Table 5 gives the results of all the actinometry measurements carried out in the CTC, and
Figure 3 shows a plot of these data against CTC run number. As with the DTC, the time period is
extended beyond that applicable to this program to provide better long-term trend information, and to
show the results of the Chctinometry experiments.

The actinometry results indicate that any change in light intensity with time during the period of
these experiments is less than the precision of these data, but is not inconsistent with the gradual decline
calculated using the trend in spectral intensities derived as discussed above. The quartz tube actinometry
results are higher, by ~30% on the average, than the results using the steady-statelustd@ysis
method. This is as expected because the quartz tube is located in front of reaction bags and slightly
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Table 5. Summary of results of actinometry experiments in the CTC Xenon
arc chamber.

Run Date NQ Photolysis Rate (mif)
Tube Steady State Cl
A B Single
CTC-010 9/19/94 0.209 0.204
CTC-017 10/17/94 0.244 0.249
CTC-022 10/24/94 0.224
CTC-027 10/31/94 0.211
CTC-037 11/21/94 0.264 0.192
CTC-040 11/28/94 0.268 0.268
CTC-051 12/16/94 0.230 0.197
CTC-062 1/17/95 0.256 0.237
CTC-082 2/23/95 0.231 0.177
CTC-088 3/10/95 0.188 0.192
CTC-097 3/27/95 0.234
CTC-129 6/5/95 0.205 0.163 0.173
CTC-136 6/15/95 0.203
CTC-137 6/19/95 0.224 0.143 0.154
CTC-139 6/21/95 0.196
CTC-144 6/29/95 0.237
CTC-145 11/30/95 0.260
CTC-157 1/10/96 0.254
CTC-166 3/8/96 0.256
CTC-177 11/27/96 0.240 0.174
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Table 5. Summary of results of the actinometry experiments carried out in the CE-CERT xenon
arc chamber.

closer to the lights. Because of this, the results of the photostationary statg anti@bmetry methods
are considered to be more appropriate for deriving absolute photolysis rates for modeling.

As with the DTC, the data using the steady-state actinometry method show more scatter than those
using the CJ actinometry method, but in this case the results of the two methods agree to within the
variability of the data. Because the,@ctinometry results have greater precision, are consistent with the
guartz tube results for the DTC, and are not inconsistent with the steady-state results for this chamber, they
are considered to be the most reliable indicator of the actual absolute light intensity in this chamber. On
the other hand, they are not suitable for determining the trend in light intensity with time, sipce CI
actinometry data are available only for the ending period of this program. The LiCor trend data, corrected
to take into accounts results of instrument calibrations as discussed above, provide the most precise
indication of how overall light intensity varies with time throughout the entire period. Therefore, for
modeling purposes, the corrected LiCqrtiend data, multiplied by a calibration factor to minimize the
least squares difference between them and the phOtolysis rates derived from the results of the three
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Cl, actinometry experiments, are used to derive the plidtolysis rates for modeling the CTC runs. This
corrected and calibrated, krend is shown as the dotted line on Figure 3. Note that the results of the
steady-state actinometry experiments are not inconsistent with this trend line.

Results of Chamber Radical Source Determination

Other than light intensity, the most important chamber-dependent parameter for modeling chamber
runs is the chamber radical source (Carter et al. 1982; Carter and Lurmann, 1990, 1991; Carter et al.
1995c). As discussed by Carter et al. (1995c), we now believe that the most reliable method for
determining this is modeling n-butane - N@r CO - NQ, irradiations. Table 6 summarizes all the n-
butane - NQ and CO - NQ runs carried out in the chambers employed for this study, along with the
radical input rates which gave best agreements between experimental and model simulated NO oxidation
rates. (The radical input rates are given as RSvkich is the ratio of the OH input to the N@hotolysis
rate, as indicated on Table 1, above.) For comparison purposes, Table 6 also shows radical input rates
derived in model simulations of the n-butane - N&hd CO - NQ runs carried out in other Teflon bag
indoor chambers, including those employed in the previous phases of this study. These chambers were
of similar construction and the experiments carried out under similar conditions, so the radical input rates
in them should be comparable. As indicated on Table 1, the average values (shown on the right-hand
column of Table 6) were used as the basis for deriving the radical source rates to use when conducting
model simulations for the various experimental runs for this report.

Table 6 shows that the radical input rates for the dry runs in the CE-CERT DTC chamber during
this reporting period were approximately a factor of three higher than observed in the SAPRC DTC during
phase 2, and also in the CE-CERT DTC after the reactors were changed. We have no obvious explanation
for this higher radical source, since the reaction bags employed were the same as those employed in the
SAPRC DTC,; in effect, the chamber was moved from SAPRC to CE-CERT and installed in a new
enclosure of similar design. One possibility is that between the time the reactors were installed at CE-
CERT and the time of the experiments for this program were carried out, a humber of experiments
employing siloxanes were carried out at variable humidity to determine their aerosol forming potential
(Carter et al. 1994). Experiments employimgpinene were also carried out. (Aerosol formation occurred
in the a-pinene but not the siloxane runs.) It is unlikely that contamination by these compounds could
be the problem, since siloxanes and pinenes have been studied in our chambers previously with no
noticeable effects on the chamber radical source. [In addition, siloxanes are radical inhibitors (Carter et
al. 1992), so, if anything, contamination by them should suppress radicals.] Another possibility is that
conducting runs under humidified conditions may have affected the characteristics of the walls in
subsequent runs. However, the radical source rates in the SAPRC ITC runs, which were
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Table 6.

Summary of results of n-butane - NOx and CO - NOx experiments
for chamber radical source determinations.

Run Initial RH k1 T RS/k1 (ppb)
NO, n-C, CO (min?) (deg K) A B Avg.
SAPRC ITC (Runs for past programs)
ITC507 0.09 3.7 ~50% 0.37 301 0.074 0.080 +_ 0.005
ITC533 0.10 3.0 ~50% 0.36 303 0.079
ITC939 053 4.9 ~50% 0.35 301 0.081
ITC948 0.26 4.7 ~50% 0.35 301 0.086
SAPRC ETC (Phase 1 runs)
ETC214 049 39 dry 0.35 299 0.017 0.024 +_ 0.009
ETC318 052 4.2 dry 0.35 298 0.030
SAPRC DTC (Phase 2 runs)
DTC058 0.24 35 dry 0.39 301 0.063 0.051 0.057 +_ 0.008
CE-CERT DTC (Phase 3 runs)
DTC145 0.65 4.3 dry 0.26 298 0.22 0.14 0.17 +_ 0.05
DTC171 059 4.1 dry 0.24 298 0.20 0.20
DTC215 054 4.4 dry 0.23 299 0.11 0.13
i ied | idity
DTC183 0.57 4.2 ~50% 0.23 298 0.25 0.32 0.25 +_ 0.05
DTC186 0.57 4.3 ~20% 0.23 298 0.20 0.25
DTC177 052 4.4 ~100% 0.24 299 0.79 0.91 0.85 +_ 0.09
CE-CERT DTC (New reactors - Runs for other programs)
DTC228 0.28 15 dry 0.22 297 0.051 0.046 0.060 +_ 0.015
DTC236 0.26 3.5 dry 0.22 296 0.079 0.064
SAPRC XTC (Phase 2 runs)
XTC085 0.55 3.8 dry 0.26 302 0.080 0.079 +_ 0.001
XTC098 0.57 4.0 dry 0.25 303 0.078
i - ) ) - Singl
CTC013 0.45 3.0 dry 0.20 303 0.035 0.071 +_ 0.029
CTC020 0.26 3.6 dry 0.20 304 0.040
CTC028 0.27 3.7 dry 0.20 304 0.051
CTCO031 0.26 85 dry 0.20 300 0.090
CTC042 0.26 3.7 dry 0.20 301 0.113
CTC045 0.46 3.6 dry 0.20 301 0.092
CTC058 0.26 35 dry 0.20 299 0.103
CTCO061 0.23 85 dry 0.20 300 0.049
CTC074 025 3.6 dry 0.20 297 0.062
CE-CERT XTC (CTC) (Phase 3 runs) - Dual reactors
CTC084 0.25 3.9 dry 0.20 299 0.052 0.049 0.067 +_ 0.018
CTC090 0.26 89 dry 0.19 294 0.070 0.086
CTC099 0.27 3.4 dry 0.19 295 0.070 0.108
CTC114 0.24 3.6 dry 0.19 296 0.065 0.068
CTC120 0.26 35 dry 0.19 294 0.040 0.054
CTC135 0.26 3.4 dry 0.19 294 0.068 0.074
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all carried out under humidified conditions, are lower than radical source rates the CE-CERT DTC with
this reactor, and are not significantly higher than those carried out under dry conditions in the other
reactors.

The DTC runs carried out at ~50% RH had slightly higher radical source rates than the dry runs,
though the difference is not significantly outside the run-to-run variability. On the other hand, the radical
source in the ~100% RH run was factor of ~5 higher than measured in the dry runs. However, the results
of model simulations of the ~100% RH propene runs, discussed below, were not consistent with this high
radical source, suggesting that the ~100% RH n-butane run may be anomalous.

The radical source rates in the CTC chamber were very close to the ranges of values observed in
the other chambers, except for the CE-CERT DTC runs with the reactor used in this program. There was
no significant difference between the radical source in the single larger reactor or the dual smaller reactor
systems. For that reason a single average RS/K1 value was used when modeling all the CTC runs for this
report.

Other Characterization Results

Other characterization runs which were periodically carried out consisted of acetaldehyde - air
irradiations to measure N@ffgasing rates and {dark decay runs to measure the wall loss rates. The
acetaldehyde - air experiments are summarized on Table 7, which also shows thefd3ing rate
(normalized to the NQphotolysis rate — see Table 1) which fit the ozone formation rates in these
experiments. The NQoffgasing rates in the DTC appear to be the same in dry and 50% RH runs, and
average 0.18+0.02 ppb %.kThe CTC acetaldehyde - air run indicates a lower, Mfigasing rate of 0.04
ppb x k. These NQoffgasing rates are very close to the radical input rates in these chambers, suggesting
that these both may be the manifestation of the same process. Jeffries (private communication) suggested
that this may be due to HONO offgasing, which, because of the rapid photolysis of HONO, amounts to
a radical source as well as a N®ource. Preliminary calculations indicate that using this to represent
these effects is also consistent with the characterization runs, though non-negligible amounts of initial
HONO also have to be assumed to successfully simulate the n-butangexN€iments. This alternative
method for representing these effects will be evaluated further in conjunction with the evaluations of the
fully updated SAPRC mechanism, which is beyond the scope of this report.

The results of the ozone decay experiments carried out for this program are summarized on Table

8. To allow for correction for dilution due to leakage (which was significant in the DTC but minor in the
CTC), ~50 ppm CO was also added in most of these experiments, and its decay rate was also
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Table 7. Summary of acetaldehyde - air characterization runs to measure NO,
offgasing rates.

Run RH k |, T Acetald. Final O, E-NO./k,
(min?) (K) (Ppm) (min) (ppb) (ppb)

DTC185A 50% RH 0.233 299 0.48 390 54 0.17
DTC185B 0.49 380 57 0.20
DTC216A dry 0.226 299 0.65 370 44 0.15
DTC216B 0.68 380 50 0.19
CTCO019 dry 0.203 304 0.51 360 21 0.042

Table 8. Summary of ozone dark decay runs.

Run RH T o, Avg. Decay rate (% hr*) Notes
(K) (ppm) O, CO O, (corr)

DTC126A  dry 295 0.35 0.5% - - [a]

DTC126B 0.35 0.7% - -

DTC221A dry 295 0.87 1.7% 1.1% 0.7% [b]

DTC221B dry 295 0.90 3.7% 3.1% 0.6%

CTCO053 dry 292 0.82 0.5% 0.1% 0.4% [c]

CTC106A dry 288 0.63 0.7% 0.1% 0.6%

CTC106B 0.62 0.6% 0.1% 0.5%

[a] Decay rate increases with time, due to apparent leakage. Ozone decay rate
computed for first 130 minutes only. No dilution data available, so this is an
[b] upper limit to true O3 decay rate.
[c] Data for t=1.5-6 hours, after decay rates stabilized.
Data for t=2-6 hours, after CO concentrations stabilized.
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Table 7. Summary of acetaldehyde - air characterization runs to measyreffg@sing rates.

Table 8. Summary of ozone dark decay runs

monitored. The results indicated, @ecay rates of ~6% hotiin both chambers, which is well within the
range observed previously for large Teflon bag reactors. Note that although the DTC during this period
had higher than usual radical and Nidput rates, the Qdecay rates for these reactors was within the
normal range. The effects of humidity on, @ecay rates were not determined, but it should be noted that
these decay rates are comparable to the averagie€y of ~0.9% hourdetermined at 50% RH in the
SAPRC ITC (Carter and Lurmann, 1990; Carter et al. 1995b).

Pure air irradiations were also carried out periodically as controls for evaluating background
effects. However, these runs are less useful for precise characterization of chamber-dependent parameters
because they are sensitive both to background VOC and CO levels as well as ¢df@#3ing, meaning
that no single parameter can be unambiguously determined by modeling them. The chronological run
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listings on Tables 2 and 3 summarize their results. Generally, model simulations assumimgd@ates
determined from the acetaldehyde - air runs were reasonably consistent with the results of these runs, and
indicated no significant levels of background reactivity other than that attributable to the CO which was
known to be present.

Results of Control Experiments

As indicated on Tables 2 and 3, a number of replicate propene, -eX@eriments were carried
out to verify consistency of chamber conditions, and several aldehyde aiCethene - NQOexperiments
were carried out in both the DTC and CTC for comparison with mechanism evaluation data in other
chambers. An unusually large number of replicate propene runs were carried out in the DTC as part of
the humidity effects and reproducibility study, and these are discussed in the following section. Table 9
summarizes the conditions and selected results of these experiments, excluding those which were carried
out at variable humidity (which are discussed in the following section), or were judged to be unsuitable
for modeling because of data or characterization problems, as noted in Tables 2 or 3. A number of these
runs consisted of simultaneous irradiations of the same mixture in both sides of the chamber, and in all
cases good side equivalency of the results were obtained. In those cases, only the run in Side A is
included in the listing on Table 9.

Model simulations of these experiments using the SAPRC-93 mechanism indicated that the results
were consistent with previous evaluation results using this mechanism (e.g., Carter et al. 1995c), and these
results will not be discussed further here. These runs have been added to the data base for mechanism
evaluation, and will be used in the upcoming evaluation of the updated version of the SAPRC mechanism,
which will be described in a subsequent report.

Results of Humidity Effects and Reproducibility Study

A number of replicate propene - N@nd toluene - NQexperiments were carried out in the DTC
to determine how varying the humidity affected the experimental results and reproducibility, and how it
affected results of mechanism evaluations. One of the incentives for this study was to investigate the
source of variability in the ability of the model to simulate replicate propene ; &periments which
are routinely carried out as controls in conjunction with our environmental chamber studies. While many
experiments are well fit by the model, occasionally runs are carried out where the model performs poorly
for no apparent reason. Therefore, this study involved an evaluation of reproducibility as well as humidity
effects. Replicate toluene - N@s well as propene - NQuns were carried out to determine if different
results are obtained for different chemical systems. As indicated on Table 2, typically these
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Table 9. Summary of conditions and selected results of the single compound -
NO, control and mechanism evaluation experiments.

Run T k . NO, VOC Max O, A ([O,]-[NO]) (ppm)
(K) (min™) (ppm) (ppm) (ppm) 1hr 2 hr 3 hr 5hr
Eormaldehyde - NO,_[a]
DTC149A 298 0.25 0.32 0.42 0.10 0.14 0.22 0.28 0.34
DTC218A 299 0.23 0.28 0.40 0.09 0.10 0.17 0.22 0.28
CTCO016 303 0.20 0.24 0.82 0.34 0.15 0.26 0.34 0.46
CTC024 302 0.20 0.17 0.35 0.13 0.07 0.13 0.17 0.24
CTCO77 299 0.20 0.16 0.29 0.11 0.07 0.12 0.16 0.22
CTCO095A 294 0.19 0.26 0.42 0.05 0.06 0.12 0.16 0.22
CTC116A 296 0.19 0.24 0.36 0.04 0.06 0.12 0.16 0.21
CTC133A 296 0.19 0.26 0.38 0.06 0.07 0.13 0.17 0.23
Acetaldehyde - NO,
DTC150A 298 0.25 0.14 1.67 0.25 0.09 0.15 0.20 0.29
CTC014 303 0.20 0.23 0.92 0.11 0.07 0.13 0.18 0.26
CTC015 303 0.20 0.24 0.90 0.09 0.06 0.12 0.17 0.24
CTC032 301 0.20 0.28 1.10 0.12 0.10 0.16 0.21 0.29
CTCO072 298 0.20 0.26 1.03 0.09 0.09 0.15 0.20 0.27
Ethene - NO,
CTC025 302 0.20 0.51 2.27 0.59 0.06 0.15 0.28 0.65
Propene - NO,

DTC129A 299 0.29 0.47 0.96 0.74 0.21 0.51 0.87 1.08
DTC146A 298 0.26 0.51 1.05 0.67 0.13 0.36 0.67 1.07
DTC153A 297 0.25 0.51 1.07 0.71 0.15 0.41 0.79 111
DTC155B 298 0.25 0.10 0.38 0.30 0.06 0.18 0.32 0.39
DTC168A 299 0.24 0.52 1.15 0.71 0.18 0.49 0.91 1.12
DTC170B 299 0.24 0.51 1.08 0.67 0.20 0.53 0.94 1.10
DTC179B 299 0.24 0.50 1.18 0.66 0.19 0.50 0.91 1.07
DTC187A 299 0.23 0.57 1.09 0.73 0.13 0.35 0.67 1.15
DTC190A 299 0.23 0.57 1.16 0.74 0.17 0.47 0.90 1.18
DTC205A 299 0.23 0.57 1.06 0.71 0.16 0.41 0.77 1.15
CTCo012 302 0.20 0.42 0.77 0.57 0.06 0.18 0.34 0.78
CTC018 303 0.20 0.47 0.97 0.72 0.09 0.25 0.54 1.00
CTC023 301 0.20 0.50 1.10 0.74 0.11 0.32 0.72 1.08
CTC049 301 0.20 0.50 1.15 0.64 0.14 0.38 0.82 1.00
CTCO059 300 0.20 0.49 1.07 0.67 0.08 0.26 0.54 1.00
CTCO078 298 0.20 0.47 1.13 0.71 0.11 0.30 0.61 1.04
CTCO083A 298 0.20 0.51 1.22 0.69 0.10 0.26 0.50 1.01
CTCO086A 295 0.20 0.44 1.18 0.70 0.09 0.28 0.59 1.02
CTC086B 295 0.20 0.44 1.20 0.69 0.11 0.30 0.63 1.03
CTC102A 295 0.19 0.49 1.10 0.60 0.10 0.25 0.48 0.93
CTC115A 295 0.19 0.47 1.12 0.62 0.09 0.23 0.44 0.93
CTC132A 293 0.19 0.49 1.13 0.65 0.10 0.26 0.50 0.96

[2] Only Side A runis listed if the run had the same mixture irriadiated on both sides and
showed good side equivalency.
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involved carrying out simultaneous toluene - N&nd propene - NQexperiments in the two DTC
reactors.

The conditions and results of the replicate propene - H@d toluene - NQexperiments are
summarized on Tables 10 and 11, respectively. These tables give the conditions, measured initial reactant
concentrations, maximumjOand hourly change in ([P[NO]) for each experiment. Averages are also
shown for all runs of the same type, and Figure 4 shows plots of the averageN@)Cdata for the
various types of experiments.

Tables 10 and 11 indicate that the amounts of ozone formation and NO oxidation in given type
or run were reproducible to within 5 ppb or better, or ~5% by the end of the run. There appeared to be
no significant effect of variations on how long the chamber was flushed with humidified or dry air prior
the run, nor were there significant differences in dry runs following a series of humidified runs. Some
irreproducibility was observed in the ability of the model to simulate some of the individual propene runs,
and this was the main reason a large number of replicates were carried out for this study. However, this
apparent irreproducibility was concluded to be an artifact due to measurement error, and not a real
chamber effect. In particular, the runs where the model performed poorly were DTC158-161, where the
initial measured propene was ~30-40% less than the other replicate runs, despite the fact that there was
no known differences in the amounts of propene gas injected, and that the ozone formation and NO
oxidation rates were also essentially the same. Once these runs are rejected from model evaluation set,
no significant inconsistencies between model simulations and experimental results are observed.

The data on Tables 10 and 11 and Figure 4 indicate that humidity has very little effect on NO
oxidation and Qformation rates in the O - 50% RH range. However, as the humidity is increased to near
100%, there is a significant reduction in the maximugyi@Ilds in both the propene - N@nd the toluene
- NO, systems. On the other hand, the initial NO oxidation andd@mation rates are not significantly
affected. The latter observation suggests that the chamber radical source is not playing a large role in
these humidity effects, at least for this particular set of reaction bags.

Results of model simulations of the averaged conditions of the propene and toluene experiments
are also shown on Figure 4. These simulations use the same initial reactant concentrations, but the
appropriate [HO] levels and chamber effects parameters for the different humidities. The main chamber
effect parameter which was varied was the radical input rates (RS/K1), which were derived based on
modeling the n-butane runs as discussed above (see Table 6). (The updated aromatics mechanism,
described later in this report, was used in the toluene ; 8l@ulations.) The model simulations are
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Table 10. Conditions and selected results of the replicate propene - NO,
experiments carried out in the humidity effects and reproducibility

study.
Run Note T K, Propene NO, D ([O,] - [NO]) (ppm) Maximum (ppm)
(K)  (min?) (ppm) (ppm) t=1 t=2 t=3 t=5 t=6 O, Formald.Acetald.
Dry Runs

DTC128A 299  0.29 0.89 0.48 0.19 045 0.79 1.08 110 0.73 0.46 0.35
DTC128B 299  0.29 0.87 0.49 0.20 047 0.80 1.08 1.10 0.73 0.48 0.34
DTC129A 299 0.29 0.96 0.47 0.21 051 0.87 1.08 0.74 0.46 0.49
DTC129B 299 0.29 0.94 0.47 0.21 051 0.86 1.07 0.73 0.48 0.45
DTC146A 298 0.26 1.05 0.51 0.13 0.36 0.67 1.07 1.10 0.67 0.47 0.47
DTC146B 298 0.26 1.04 0.52 0.14 038 0.69 1.05 1.08 0.64 0.47 0.43
DTC153A 297 0.25 1.07 0.51 0.15 041 0.79 111 110 0.71 0.47 0.57
DTC158B 298 0.25 (0.73)[a] 0.51 0.16 048 090 1.11 1.09 0.72 0.53 0.44
DTC159A 298 0.25 (0.69)[a] 0.51 0.19 050 092 1.12 1.09 0.72 0.54 0.45
DTC169A 299 0.24 1.15 0.55 0.16 044 0.87 115 114 0.73 0.50 0.60
DTC170B 299 0.24 1.08 0.51 0.20 053 094 110 1.07 0.67 0.48 0.58
DTC178B 299 0.24 1.01 0.53 0.14 040 0.75 0.63 0.48 0.48
DTC179B 299 0.24 1.18 0.50 0.19 050 091 1.07 1.06 0.66 0.48 0.50
DTC187B 299 0.23 1.04 0.59 0.14 038 071 115 117 0.70 0.50 0.36
DTC190A 299 0.23 1.16 0.57 0.17 047 090 1.18 1.15 0.74 0.58 0.45
DTC205A 299 0.23 1.06 0.57 0.16 041 0.77 1.15 0.71 0.53 0.52
DTC205B 299 0.23 1.11 0.60 0.18 045 081 1.15 1.16 0.68 0.52 0.54

DTC168A [b] 299 0.24 1.15 0.52 0.18 049 091 112 110 0.71 0.49 0.56
DTC178A [c] 299 0.24 1.03 0.52 0.15 0.40 0.75 0.67 0.49 0.54
DTC187A [b] 299 0.23 1.09 0.57 0.13 035 067 1.15 1.19 0.73 0.53 0.40

Average 298.6 0.25 1.04 0.52 0.17 045 081 111 111 0.70 0.49 0.47
St.Dev 0.5 0.02 0.09 0.04 0.03 0.05 0.08 0.04 0.04 0.03 0.03 0.08

Rel.St.Dev 9% 9% 8% 15%  12% 10% 4% 3% 5% 7% 17%
~50% RH Runs
DTC160A 298 025 (064)[a] 049 021 048 08L 102 101 063 035 040
DTC160B 298 025 (064)[a] 050 019 044 080 105 103 065 035 039
DTC161A 298 024 (063)[a] 050 017 040 072 102 102 062 035 036
DTC161B 298 024 (063)[a] 050 018 043 077 103 104 063 034 035
DTC162A 299 024 105 051 014 035 065 107 111 069 040 054
DTC162B 299 024 104 052 014 036 067 105 110 067 036 051
DTC163A 299 024 109 048 017 043 080 103 101 065 039 049
DTC164B 299 024 110 052 019 049 090 110 109 070 043 050
DTC166A 299 024 115 050 017 044 082 104 102 064 039 050
DTC167B 299 024 113 050 023 057 091 102 098 063 038 048
DTC182A 298 023 115 06l 018 045 078 114 116 069 043 044
DTC182B 298 023 112 062 020 048 079 110 112 063 040  0.37
DTC172A [d] 298 024 113 048 024 056 090 1.0l 098 061 038 055
DTC173B [d] 298 024 120 051 028 063 093 099 059 037 052

Average 298.5 0.24 1.10 0.53 0.18 044 0.78 1.06 1.06 0.65 0.40 0.48
St.Dev 0.6 0.00 0.04 0.05 0.03 0.06 0.08 0.04 0.05 0.03 0.02 0.05

Rel.St.Dev 2% 4% 10% 14% 13%  10% 4% 5% 4% 6% 11%
DTC175A 299 0.24 1.07 0.50 0.22 046 072 091 0.88 0.50 0.33 0.50
DTC175B 299 0.24 1.05 0.51 0.24 050 0.76 094 0.92 0.52 0.31 0.46
DTC176A 299 0.24 1.14 0.46 0.25 054 080 0.80 0.76 0.47 0.33 0.52

Average 298.8 0.24 1.08 0.49 0.23 050 0.76 0.88 0.85 0.50 0.32 0.50
St.Dev 0.3 0.00 0.05 0.02 0.02 0.04 0.04 0.07 0.09 0.02 0.01 0.03
Rel.St.Dev 0% 5% 5% 7% 7% 5% 8% 10% 4% 3% 6%

[a] Measured initial reactant was inconsistent with the amount injected. Run not modelable. Data
not used to compute average.

[b] Follows series of humidified runs.

[c] Flushed with ~100% RH air overnight, then filled with dry air.

[d] Dry flush overnight, then chamber flushed with humidified air immediately prior to run.
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Table 11. Conditions and selected results of the replicate toluene - NOx
experiments carried out in the humidity effects and reproducibility

study.
Run Note T k, Toluene NO, D ([0,] - [NQ]) (ppm) Maximum (ppm)
(K) (min?) (ppm) (ppm) t=1 t=2 t=3 t=5 t=6 O, Formald.
Dry Runs

DTC153B 297 0.250 2.64 0.51 0.11 047 079 083 0.79 0.47 0.058

DTC158A 298 0.246 2.49 0.50 0.07 041 071 083 0.79 0.48 0.064

DTC169B 299 0.240 2.82 0.56 0.17 054 083 0.78 0.42 0.059

DTC170A 299 0.239 252 0.49 0.09 042 074 086 0.81 0.47 0.064

DTC179A 299 0.235 2.26 0.51 0.07 038 070 087 0.82 0.48 0.068

DTC190B 299 0.232 2.36 0.58 0.11 044 076 089 0.85 0.48 0.066
DTC168B [a] 299 0.240 2.42 0.53 0.13 048 0.79 0.80 0.76 0.43 0.063
Average 298.6 0.24 250 0.53 0.11 045 076 0.84 0.80 0.46 0.063
St.Dev 0.6 0.01 0.19 0.03 0.03 0.05 0.05 0.04 0.03 0.02 0.003
Rel.St.Dev 3% % 6% 32% 12% 6% 5% 4% 5% 0.054

...5()0@ RH B ns

DTC164A 299 0.242 257 0.50 010 041 071 079 0.75 0.44  0.055

DTC166B 299 0.241 261 0.52 013 045 072 077 074 0.41 0.046

DTC167A 299 0.241 245 0.50 0.12 044 072 078 0.74 0.43 0.043
DTC172B [b] 298 0.238 2.48 0.49 022 053 074 074 071 0.37 0.050
Average 298.8 0.24 253 0.50 0.15 046 072 077 0.73 0.41 0.048
St.Dev 0.5 0.00 0.08 0.01 0.05 0.05 0.01 0.02 0.02 0.03 0.005
Rel.St.Dev 1% 3% 2% 36% 11% 2% 3% 3% % 0.110

~100% RH Run
DTC176B 299 0.237 225 0.48 019 044 061 069 0.65 0.32 0.038

[a] Follows series of humidified runs.
[b] Dry flush overnight, then chamber flushed with humidified air immediately prior ©

run.
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Table 11. Conditions and selected results of the replicate toluene, ekfi@riments carried out in
the humidity effects and reproducibility study.

consistent with the results of the dry and 50% RH runs that they predicted very little effect of humidity
in this range, and gave good simulations to the results of the propene runs. The simulations of the dry
and ~50% RH toluene runs were not quite as good as the simulations of the propene runs, but the
discrepancies in the middle part of the runs are more likely due to deficiencies in the toluene mechanism
than to poorly characterized chamber or humidity effects.

The model does not perform nearly as well in simulating the ~100% RH experiments as it does
for the dry or moderate RH runs. The simulations using the high radical source rate indicated by the one
~100% RH n-butane run (DTC177) significantly overpredict the initial NO oxidation aptb@nation
rates in the experiments with both propene and toluene. This suggests that the high radical source
indicated in DTC177 may be an anomaly which is not applicable to the ~100% RH propene and toluene
runs. Much better predictions of initial NO oxidation and fOrmation rates in the ~100% RH propene
and toluene runs are obtained if the same radical source is used as when modeling the ~50% RH runs,
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Figure 4. Experimental and calculated concentration - time plots of average A([O.]-
[NQ]) data in the replicate propene - NO, and toluene - NO, experiments
carried out in the humidity effects and reproducibility study.
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as indicated by the curves on Figure 4 indicated "Low RS". However, those simulations do not correctly
predict the reduction in peak,Jields observed at ~100% RH in both the propene and toluene runs,
relative to the corresponding runs at lower humidities. Therefore, whatever is causing this peak O
suppression at high RH is not being correctly represented in the chamber model.

The most obvious humidity-dependent process which can cause suppressed,pgekiOat
higher humidities is the reaction

N205 + HZO - 2 HNQ (4)

This reaction has the effect of reducing peakyields in the experiments where the peaki® NO,-

limited (such as both the propene and toluene runs used in this study) because it acts as an effective NO
sink. In the mechanism used in this work, Reaction (4) is assumed to have both a gas-phase and a
heterogeneous component, with the gas-phaselk0 x 10* cn?® molec' s* (Tuazon et al. 1983; Carter,

1990), and the humidity-dependent component of the heterogeneous process is assumed to be negligible
in Teflon bag reactors (see Table 1, above). If this reaction were enhanced by humidity to a greater extent
than assumed in this model, it might account for the observed suppression of peakh@ highest
humidities.

However, model calculations wherg ik varied indicate that this reaction cannot account for the
observed Qsuppression. If kis adjusted to fit the peak {n the ~100% RH runs (i.e., increased to ~8.0
x 10?Y, the model tends to underpredict the peak(i@., overpredict the humidity suppression of) @
the ~50% RH runs. Thus if this were the cause of the effect, the reaction must have a higher than first
order dependence in,B. Perhaps more significantly, it was found that, in contrast to the propeng - NO
runs, the peak Qin the toluene - NQexperiments are quite insensitive to reasonable variations. in k
In particular, using the increasedq Wwhich fits the Q yields in the ~100% RH propene runs has almost
no effect on predicted Oformation in the ~100% RH toluene - NQGexperiments. Therefore, the
suppression in the peak;@ield in the ~100% RH toluene runs cannot be caused by this process.

Table 10 also shows the maximum formaldehyde and acetaldehyde concentrations observed in the
propene experiments, and the maximum formaldehyde in the toluene runs is shown on Table 11. It can
be seen that while humidity has no apparent effect on the acetaldehyde vyields in the propene runs,
increasing the humidity measurably increases the formaldehyde in both the propene and toluene systems.
This is also shown on Figure 5, which shows all the experimental formaldehyde plots in the propene and
toluene runs, together with the formaldehyde profiles calculated with the averaged conditions dry and

55



06 L Propene - NO
(o]
/
0.5 y
o O o
o
~ 0.4- o o
£ [ | &0 u
g g o o
3 m B
£ 0.3
g © . i
£ n
S [ |
0.2
o Dry
H ~50%RH
~100% RH
0.1 A °
Calc Dry
— — — Calc ~100%RH (Low RS)
0.0 - ‘ ‘ 1 1 1 1
0 60 120 180 240 300 360
0.07 + °
Toluene - NO o
9 o
+ o
0.06 o o o
o o
o | |
[e X}
0.05 + 0 m N
£ o ®° -
Q.
& 004 | u B
[0} ° u ] A
E\ OO0 O A _ ,
3 m N _ -
< 0.03 -+ - n =
E
o
L
0.02 +
(o] Dry
H ~50%RH
0.01 + A ~100% RH
Calc Dry
— — — Calc ~100%RH (Low RS)
0.00 o | | | ; ;
0 60 120 180 240 300 360

Time (minutes)
Figure 5. Experimental and calculated concentration - time plots of the formaldehyde

data in the replicate propene - NO, and toluene - NO, experiments carried
out in the humidity effects and reproducibility study.
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100% RH model. (The 100% RH model used the lower radical source which gave the better fits to the
O, formation and NO oxidation data.) Figure 4 shows that the apparent reduction in formaldehyde yields
due to humidity is not predicted by the model for either system.

Additional information is required before it can be determined if the apparent reduction in
formaldehyde formation with increasing humidity reflects a gas-phase process or some chamber or
analytical process. If it is a gas-phase process, it would probably have to be due to some water-induced
loss process for formaldehyde rather than humidity affecting its formation rate from the precursor
molecules, since a similar suppression is observed in both the formaldehyde and toluene systems. One
possibility in this regard would be water involvement in the reactions of formaldehyde withwi@ch
is believed to primarily involve the following equilibrium process,

HCHO + HO, - [HOOCH,0-] — HOCH,00-
HOCH,00- . HO, + HCHO

resulting in no net reaction under atmospheric conditions (see Atkinson et al. 1996, and references therein).
However, it is possible that HOCBO:- may react with water via

‘O..O.._H
HOCH,00- + HO — HOC..H..OH—. HC(O)OH + HO. + kD (5)
which would result in a net loss of formaldehyde around the latter periods of the runs. A valye of k
10" cm?® molec* s* would account for the observed effects of humidity on the formaldehyde yields in

these experiments.

A more likely explanation for the apparent effect of humidity on formaldehyde vyields is loss of
formaldehyde on the sampling lines. Modeling ~50% RH formaldehyde ; M@s carried out in the
SAPRC EC or ITC provides no indication that formaldehyde wall losses are significant (Carter and
Lurmann, 1990, 1991; Carter et al. 1995c). However, the formaldehyde sampling procedures used in the
earlier studies did not involve sampling lines as long as those employed for formaldehyde monitoring in
these DTC experiments. A negative humidity interference in the formaldehyde analysis is considered to
be unlikely because the sampling method involves dissolving formaldehyde into a water solution through
a semi-permeable membrane (Carter et al. 1995a,b). We will be investigating the possibility of these
artifacts further in conjunction with our ongoing environmental chamber studies of reactivities of methanol
and other alternative fueled vehicle exhausts (Carter, 1995b).
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Xenon Arc Chamber Incremental Reactivity Experiments

To assess the effects of light source on incremental reactivity data and mechanism evaluation
results, one component of this program consisted of carrying out incremental reactivity experiments for
selected representative compounds in the xenon arc chamber. The compounds studied included carbon
monoxide, n-octane, propene, toluene, m-xylene, and formaldehyde. The CO, n-octane, propene, toluene,
and m-xylene experiments were conducted using both the mini-surrogate employed in the Phase 1 study
(Carter et al. 1993a, 1995d) and the full surrogate employed in Phase 2 (Carter et al. 1995a), while the
formaldehyde experiments employed only the full surrogate, and the one acetaldehyde experiment
employed the mini-surrogate. All experiments used relatively low ROG/N@aximum reactivity"
conditions, since previous studies showed that results of reactivity experiments under those conditions are
the most sensitive to mechanism differences.

The conditions and selected results of these experiments are summarized on Table 12,
concentration-time plots for the d{®O) and m-xylene data in the base case experiments are shown on
Figures 6 and 7, respectively, and plots of reactivity results for the various compounds studied are shown
on Figures 8-14. Results of model simulations of these data are also shown on these figures.

Table 12 and Figures 6 and 7 show that good reproducibility was obtained for the base case
experiments, except for the base case for the mini-surrogate propene run CTC142, where lower than the
usual amounts of m-xylene and n-hexane were used due to a reactant injection error. Figure 8 shows that
the addition of CO had a positive effect on d{RO) and a very small negative effect on integrated OH
radical levels, as measured by the consumption rates of m-xylene. The positive effect- Q)3 due
to the single NO to N@conversion in its reactions, and the small effect on radicals is expected because
it has no significant radical sources or sinks in its mechanism. Figure 9 shows that the effect of n-octane
depended significantly on which ROG surrogate was used, being small and mostly positive for the full
surrogate, but had a large negative effect on OH radical levels regardless of which surrogate was used.
This is consistent with previous results, and is explained by the fact that n-octane has very negative
indirect reactivities due to its strong radical inhibiting processes caused by organic nitrate formation, which
are balanced by strong positive direct reactivity effects due to the multiple NO j@di@ersions which
occur in its oxidation, with the relative importances of these two effects being affected by the nature of
the ROG surrogate employed (Carter et al. 1995a). Figures 10-13 show that propene, toluene, m-xylene,
and formaldehyde have a positive effect on gf@) and OH radicals with both surrogates, which is
attributed to the fact that all of these compounds have radical sources in their mechanisms. The effect
on radicals was quite small in the propene mini-surrogate run, because, th@rOGpene run is a major
radical source in that system, and very littlg fOrmation occurred in that run
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Mini-Surrogate Runs
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Figure 6. Plots of experimental and calculated A([O,]-[NO]) data in the base case
surrogate - NO, runs carried out in the xenon arc chamber.

60



Mini-Surrogate Runs
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Figure 7. Plots of experimental and calculated m-xylene data in the base case surrogate
- NO, runs carried out in the xenon arc chamber.
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CTC105B: Mini-Surrogate + 89 ppm CO
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Figure 8. Plots of experimental and calculated incremental
reactivity for carbon monoxide from xenon arc
experiments carried out for this program.
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Figure 9. Plots of experimental and calculated incremental
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carried out for this program.
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CTC142B: Mini-Surrogate + 0.14 ppm Propene
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Figure 10. Plots of experimental and calculated incremental
reactivity for propene from xenon arc experiments
carried out for this program.
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CTC108B: Mini-Surrogate + 0.48 ppm Toluene
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Figure 12. Plots of experimental and calculated incremental

reactivity for m-xylene from
carried out for this program.
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CTC138B: Mini-Surrogate + 0.27 ppm Formaldehyde
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Figure 13. Plots of experimental and calculated incremental
reactivity for formaldehyde from xenon arc
experiments carried out for this program.
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CTC107A: Mini-Surrogate + 0.56 ppm Acetaldehyde
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Plots of experimental and calculated incremental
reactivity for acetaldehyde from xenon arc
experiments carried out for this program.
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because of the low base ROG surrogate injections. Figure 14 shows that acetaldehyde has a positive effect
on d(O-NO) during the initial stages of the mini-surrogate experiment, but its effect becomes negative
later, and it has an inhibiting effect on radicals which also becomes relatively more important at later
stages of the run. This is attributed to radical inhibition due to the formation of PAN, which becomes
important only after most of the initially present NO has been consumed. All these results are
qualitatively similar to the results of similar experiments carried out previously in the blacklight chambers,
and can be explained in the same way (Carter et al. 1993a; 1995a).

The major reason these experiments were carried out is for mechanism evaluation. Figures 6-14
show results of model simulations carried out using the same SAPRC-93 mechanism which was evaluated
in our previous reports for this program (Carter et al. 1993a,b; 1995a,c,d; Carter, 1995a), and also results
of calculations with the SAPRC-93 mechanism with reoptimized aromatics mechanisms derived as
discussed in the following section. Figures 6 and 7 show that the SAPRC-93 mechanism has a slight
tendency to underpredict NO oxidation and, @rmation in the base case experiments, and also
consistently underpredicts m-xylene consumption rates, indicating that it is underpredicting OH radical
levels in simulations of experiments in this chamber. This is consistent with results of model simulations
of the limited number of xenon arc chamber runs carried out in Phase 2 of this program (Carter et al.
1995c¢), which indicated that the SAPRC-93 mechanism consistently underpredicted transformation rates
in aromatic and mixture runs using this light source. The revised aromatic mechanism, which was
adjusted to improve model performance in this regard (see below) performs much better in simulating the
m-xylene consumption rates, though it still tends to underpredict them in the later stages of the runs. It
also gives better simulations of df@®O) in the full surrogate runs, though it has a slight tendency to
overpredict d(@NO) in the mini-surrogate runs — to about the same extent that SAPRC-93 underpredicts
it. This is consistent with the other results of the evaluation of the revised mechanism, which are
discussed in more detail later in this report.

Figures 8-14 show the results of the model simulations of the incremental reactivities of the
various compounds studied. Figures 8-10 and 13 show that the SAPRC-93 and modified aromatic
mechanisms perform reasonably well in simulating the reactivity results for CO, n-octane, propene and
formaldehyde. The small differences between the reactivity predictions of the SAPRC-93 and the revised
aromatic mechanisms for these compounds can be attributed to the differences in their ability to simulate
the base case runs, with the mechanism performing better in simulating the base case generally also
performing better in simulating the incremental reactivity. In the case of acetaldehyde (Figure 14), the
SAPRC-93 tends to overpredict the reactivity (or underpredict inhibition), while the revised aromatic
mechanism has the opposite bias. This also can be attributed to differences in the mechanisms in
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simulating the base case experiment, since an overprediction fufr@ation rate in the base case will

cause an overprediction of inhibition (underprediction of reactivity) due to the formation of PAN. If
adjusted for the differences in the simulation of the base case, both mechanisms can be considered to be
reasonably consistent with the acetaldehyde reactivity data. Thus, for these non-aromatic compounds, the
results of these xenon arc chamber experiments are entirely consistent with the predictions of the current
versions of the SAPRC mechanisms, and indicate no significant light source effect which is not being
appropriately represented in the model.

The situation with the aromatics is somewhat different. Consistent with the Phase 2 results and
the results of the single compound aromatic - N&@periments discussed in the following section, the
incremental reactivities of both toluene and m-xylene in the xenon arc chamber were found to be
consistently higher than predicted by the SAPRC-93 mechanism. This was the case for kad®)@nd
INtOH reactivities, and for both ROG surrogates. The discrepancies were greater for the mini-surrogate
runs compared with the full surrogate, which is consistent with the greater sensitivity of the full surrogate
runs to mechanism differences which was observed in the Phase 2 study (Carter et al. 1995a). The
discrepancy was also somewhat greater for toluene than for m-xylene. As expected, the modified aromatic
mechanism, which was reoptimized to improve its performance in simulating single aromati¢ - NO
experiments in this chamber as discussed in the following section, performs somewhat better in simulating
these experiments. However, it still tends to underpredict the reactivities of toluene (though to a lesser
extent than SAPRC-93), and somewhat underpredicts the reactivities of m-xylene in the final stages of the
experiments. Note that the data from these incremental reactivity experiments were not used in the
optimization of the modified aromatic mechanisms shown in these calculations.

Aromatic Experiments and Mechanism Adjustments

Summary of Experiments and Initial Model Simulations

The largest single component of this phase of the program consisted ,of &lOirradiations of
various aromatic compounds carried out in both the blacklight and xenon arc chamber to provide data
needed for developing and evaluating their mechanisms. This included various aromatic isomers for which
data suitable for systematic mechanism evaluation were highly limited, and a more complete data base
using the xenon arc light source. The compounds studied included toluene, ethylbenzene, o-, m-, and p-
xylene, and 1,2,3-, 1,2,4- and 1,3,5-trimethylbenzene. For all these compounds experiments were carried
out at least two different NOlevels, and two different aromatic / N@atios, in both the blacklight and
xenon arc chambers. In addition, a limited number of benzene,-ild&liations were carried out in the
xenon arc chamber, for comparison with previous runs carried out using a blacklight light source.
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The conditions and selected results of the aromatic ; &periments carried out for mechanism
evaluation for this program are summarized on Table 13, Appendix B gives concentration-time plots for
the d(O-NO) (Figures B-1 - B-9), the reactant aromatic (Figures B-10 - B-17), and the formaldehyde
(Figures B-18 - B-25) data for all these experiments, and plots of the (), reactant aromatic, and
formaldehyde data for selected runs are shown on Figures 15-17, respectively. In addition, benzaldehyde
and o-cresol was monitored in three of the toluene - M&periments, and concentration - time data for
these species are given in Figure 18. For comparison purposes, Appendix B also contains plots of
d(O,-NO) data from aromatic - NQOexperiments carried out in previous programs, including runs used
for the development of previous versions of the SAPRC mechanism.

Figures 15-18 and the plots in Appendix B also show results of model simulations of these
experiments using the version of the SAPRC mechanism (SAPRC-93) which was employed in the model
simulations for the reports for the previous phases of this program (Carter et al. 1993a, 1995c; Carter,
1995a). Consistent with the results of those previous studies, while the SAPRC-93 mechanism performs
reasonably well in simulating experiments using compounds and in chambers for which it was evaluated,
its performance is not as satisfactory in simulating experiments carried out in the xenon arc chamber, nor
in simulating results of experiments for aromatic isomers other than those for which the mechanism was
developed. In particular, the mechanism consistently underpredicts NO oxidation, é&mein@tion rates
in the CTC chamber for all compounds except for ethylbenzene, p-xylene and 1,2,4-trimethylbenzene.
On the other hand, the SAPRC-93 mechanism overpredigt®iation and NO oxidation rates for
ethylbenzene in the blacklight chamber, and for p-xylene, and 1,2,4-trimethylbenzene in both chambers.

As indicated previously, uncertain portions of the aromatic mechanisms, particularly those
representing the reactive aromatic ring fragmentation products, must be represented in a parameterized
manner, and derived based on adjustments to the mechanisms to fit results of aromatichaNDer
experiments. The SAPRC-93 aromatic mechanisms were derived by adjusting them to fit results of
toluene, m-xylene, or 1,3,5-trimethylbenzene - N®@periments carried out in blacklight chambers or in
the SAPRC EC. Although the SAPRC EC employs a xenon arc light source with a spectrum similar to
the CTC, it has a more reactive surface with a higher radical source than the Teflon bag reactors used for
the CTC. This higher radical source would tend to reduce the sensitivity of the results to uncertainties
in the aromatic mechanisms. Thus, while the SAPRC-93 mechanism tends to underpredict the rates of
O, formation and NO oxidation in Teflon bag chambers using xenon arc or sunlight light sources (i.e.,
the SAPRC XTC and OTC and the CE-CERT CTC), Figures B-10 through B-12 show that the
discrepancies were much less for the SAPRC EC, and were not judged to indicate a significant bias at the
time the SAPRC-90 and SAPRC-93 mechanisms were developed. However, the bias towards
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Table 13.

Summary of conditions and selected results of the aromatic - NOx

experiments carried out for mechanism evaluation.

Run T k , NO, VOC Max O, A ([O,]-[INO]) (ppm)
(K) (min®)  (ppm) (ppm) (ppm) 1hr 3hr 5hr
Benzene - NO,
CTC159A 303 0.185 0.28 33.6 0.37 0.05 0.55 0.53
CTC159B 303 0.185 0.27 16.2 0.33 0.03 0.33 0.51
CTC160A 302 0.190 0.52 18.0 0.04 0.01 0.09 0.24
CTC160B 302 0.190 0.52 33.6 0.44 0.02 0.20 0.61
Toluene - NO,
DTC155A 298 0.248 0.10 0.64 0.20 0.08 0.29 0.28
DTC151A 298 0.252 0.32 1.84 0.39 0.06 0.63 0.62
DTC151B 298 0.252 0.33 1.82 0.38 0.06 0.66 0.62
DTC170A 299 0.239 0.49 2.52 0.47 0.09 0.74 0.86
DTC179A 299 0.235 0.51 2.26 0.48 0.07 0.70 0.87
DTC158A 298 0.246 0.50 2.49 0.48 0.07 0.71 0.83
DTC153B 297 0.250 0.51 2.64 0.47 0.11 0.79 0.83
DTC168B 299 0.240 0.53 2.42 0.43 0.13 0.79 0.80
DTC169B 299 0.240 0.56 2.82 0.42 0.17 0.83 0.78
DTC190B 299 0.232 0.58 2.36 0.48 0.11 0.76 0.89
CTCO089B 295 0.194 0.27 0.49 0.08 0.00 0.06 0.21
CTCO079 298 0.195 0.26 0.50 0.12 0.01 0.10 0.27
CTCO089A 295 0.194 0.26 0.51 0.09 0.01 0.06 0.19
CTC048 301 0.199 0.25 0.95 0.31 0.01 0.36 0.50
CTCO033 300 0.201 0.29 1.03 0.32 0.02 0.34 0.54
CTC026 302 0.202 0.27 2.01 0.35 0.09 0.55 0.54
CTC034 305 0.201 0.52 2.21 0.47 0.05 0.71 0.81
CTCO065 300 0.197 0.66 0.97 0.05 0.03 0.13 0.36
Ethylbenzene - NO,
DTC223B 299 0.224 0.27 0.76 0.21 0.02 0.18 0.34
DTC223A 299 0.224 0.26 1.52 0.33 0.05 0.34 0.55
DTC224B 298 0.224 0.55 0.70 0.02 0.03 0.13 0.27
DTC224A 298 0.224 0.53 1.62 0.19 0.05 0.28 0.51
CTC092A 295 0.194 0.27 1.03 0.14 0.02 0.15 0.30
CTC092B 295 0.194 0.27 1.96 0.30 0.04 0.30 0.51
CTCO057 300 0.198 0.27 2.03 0.31 0.03 0.33 0.51
CTC098B 295 0.193 0.49 1.88 0.05 0.02 0.11 0.29
0-Xylene - NO,
DTC209B 299 0.227 0.13 0.14 0.26 0.04 0.23
DTC209A 299 0.227 0.12 0.26 0.28 0.10 0.36
DTC207A 299 0.228 0.28 0.30 0.38 0.05 0.35 0.56
DTC207B 299 0.228 0.30 0.66 0.41 0.16 0.64 0.62
DTC208B 300 0.227 0.56 0.28 0.10 0.03 0.27 0.47
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Table 13 (continued)

Run T k , NO, VOC Max O, A ([O,]-[INO]) (ppm)
(K) (min®)  (ppm) (ppm) (ppm) 1hr 3 hr 5hr
DTC208A 300 0.227 0.52 0.57 0.56 0.07 0.58 0.90
CTCO038 301 0.201 0.25 0.30 0.38 0.02 0.34 0.56
CTCO091A 295 0.194 0.28 0.46 0.35 0.04 0.41 0.58
CTCo081 298 0.195 0.26 0.54 0.36 0.09 0.53 0.56
CTCO068 302 0.197 0.26 0.64 0.38 0.08 0.58 0.57
CTCO039 301 0.201 0.48 0.16 0.00 0.01 0.06 0.16
CTCO046 303 0.200 0.50 0.30 0.04 0.01 0.08 0.30
m-Xylene - NO,

DTC193B 299 0.231 0.13 0.15 0.28 0.11 0.35 0.39
DTC193A 299 0.231 0.13 0.29 0.26 0.20 0.37 0.36
DTC192B 298 0.231 0.15 0.53 0.27 0.33 0.38 0.36
DTC189B 299 0.232 0.26 0.11 0.20 0.04 0.25 0.36
DTC206B 299 0.228 0.28 0.25 0.38 0.11 0.48 0.61
DTC189A 299 0.232 0.25 0.25 0.39 0.11 0.48 0.59
DTC192A 298 0.231 0.30 0.53 0.42 0.30 0.65

DTC188A 299 0.232 0.55 0.13 0.02 0.02 0.14 0.29
DTC188B 299 0.232 0.57 0.23 0.25 0.06 0.42 0.61
DTC191A 298 0.232 0.57 0.53 0.59 0.16 0.81 1.01
DTC191B 298 0.232 0.59 1.10 0.61 0.47 1.03 0.91
CTCO035 301 0.201 0.28 0.16 0.36 0.04 0.33 0.51
CTCO029 300 0.202 0.27 0.32 0.42 0.08 0.57 0.63
CTCO036 302 0.201 0.51 0.16 0.09 0.01 0.18 0.38
CTCO080 298 0.195 0.51 0.53 0.54 0.10 0.79 0.94
CTC094A 294 0.194 0.49 0.56 0.46 0.09 0.62 0.82
CTC094B 294 0.194 0.49 0.57 0.46 0.10 0.64 0.82
CTCO066 300 0.197 0.56 0.32 0.32 0.04 0.43 0.69

p-Xylene - NO,

DTC200B 299 0.229 0.13 0.20 0.19 0.02 0.14 0.25
DTC200A 299 0.229 0.13 0.38 0.27 0.04 0.21 0.37
DTC198A 299 0.230 0.26 0.42 0.17 0.03 0.15 0.32
DTC198B 299 0.230 0.27 0.84 0.38 0.04 0.29 0.57
DTC199B 299 0.230 0.55 0.43 0.02 0.03 0.15 0.32
DTC199A 299 0.230 0.55 0.83 0.15 0.03 0.21 0.48
CTCo043 301 0.200 0.25 0.19 0.01 0.00 0.04 0.10
CTC041 300 0.200 0.26 0.38 0.11 0.01 0.09 0.25
CTCo047 301 0.200 0.28 0.97 0.36 0.03 0.23 0.53
CTCO069 302 0.197 0.24 2.00 0.39 0.01 0.38 0.59
CTC044 301 0.200 0.51 0.39 0.01 0.00 0.03 0.09
CTCO070 301 0.197 0.50 2.02 0.54 0.02 0.29 0.72
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Table 13 (continued)

Run T k , NO, VOC Max O, A ([O,]-[INO]) (ppm)
(K) (min®)  (ppm)  (ppm)  (ppm) 1hr 3 hr 5 hr
1,2.3-Trimethylbenzene - NO,
DTC213B 299 0.226 0.11 0.09 0.25 0.07 0.25 0.33
DTC213A 299 0.226 0.11 0.14 0.28 0.14 0.37 0.38
DTC211A 299 0.227 0.25 0.13 0.36 0.08 0.39 0.53
DTC211B 299 0.227 0.26 0.30 0.42 0.23 0.63 0.61
DTC212B 299 0.227 0.54 0.16 0.16 0.06 0.40 0.54
DTC212A 299 0.227 0.51 0.31 0.55 0.14 0.67 0.89
CTCO076 297 0.196 0.26 0.18 0.34 0.06 0.41 0.55
CTC054 302 0.199 0.23 0.21 0.35 0.09 0.49 0.53
CTCO075 298 0.196 0.52 0.23 0.28 0.03 0.43 0.61
1,2,4-Trimethylbenzene - NO,
DTC204B 298 0.228 0.12 0.09 0.18 0.03 0.15 0.25
DTC204A 298 0.228 0.12 0.17 0.29 0.05 0.23 0.37
DTC201A 299 0.229 0.25 0.17 0.23 0.04 0.23 0.38
DTC203B 298 0.229 0.54 0.17 0.04 0.04 0.19 0.38
DTC203A 298 0.229 0.51 0.34 0.21 0.04 0.30 0.55
CTCO056 300 0.198 0.25 0.23 0.30 0.01 0.21 0.41
CTC091B 295 0.194 0.28 0.46 0.37 0.04 0.34 0.58
CTC093A 294 0.194 0.48 0.48 0.26 0.03 0.30 0.53
CTC093B 294 0.194 0.49 1.13 0.51 0.57 0.85
1,3,5-Trimethylbenzene - NO,
DTC196B 300 0.230 0.14 0.08 0.27 0.14 0.33 0.38
DTC196A 300 0.230 0.13 0.17 0.28 0.21 0.38 0.39
DTC206A 299 0.228 0.27 0.14 0.42 0.17 0.50 0.63
DTC194A 299 0.231 0.26 0.17 0.43 0.18 0.50 0.61
DTC194B 299 0.231 0.28 0.34 0.41 0.33 0.59 0.56
DTC195B 300 0.231 0.56 0.17 0.33 0.11 0.45 0.58
DTC195A 300 0.231 0.55 0.34 0.63 0.26 0.80 0.94
CTCO073 297 0.196 0.26 0.17 0.36 0.09 0.45 0.55
CTCO050 303 0.199 0.27 0.19 0.36 0.15 0.54 0.57
CTCO098A 295 0.193 0.48 0.20 0.33 0.06 0.49 0.66
CTCO030 300 0.202 0.52 0.32 0.61
CTCo071 300 0.197 0.52 0.33 0.59 0.23 0.85 0.99
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Figure 18. Experimental and calculated concentration - time plots for benzaldehyde and o-cresol in
toluene - NQ experiments DTC151, DTC155A, and DTC158A.

underprediction is clear in the case of the chambers with the lower radical sources, indicating unacceptable
performance of the mechanism.

Reparameterization and Optimization of the Aromatic Mechanisms

In the SAPRC-90 and SAPRC-93 mechanisms, the aromatic ring fragmentation products are
represented in their measured yields for toluene, m-xylene, or 1,3,5-trimethylbenzene, and by a lumped
uncharacterized aromatic fragmentation product designated "AFG2", which reacted with a similar
mechanism as methyl glyoxal, but whose yield and photolysis rates were adjusted based on model
simulations of experiments for those three compounds (Carter, 1990). The treatment was similar in the
case of benzene, except that the uncharacterized products were represented by a separate species "AFG1",
whose mechanism, other than photolysis rate, was assumed to be similar to glyoxal. Best fits to the
evaluation data were obtained if the action spectrum of the uncharacterized products are assumed to be
similar to that for acrolein (Carter et al. 1993a; Carter, 1995a). Table 14 summarizes the yields of the
products which were used, as well as the adjusted photolysis rates used for AFG2 or AFG1. As indicated
on the table, because of lack of data available at the time, the ring fragmentation product parameters for
ethylbenzene (and all other monoalkylbenzenes) were assumed to be the same as for toluene, those for
the other xylene isomers (and other disubstituted benzenes) were assumed to be the same as for m-
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Table 14 Summary of optimized parameters in the aromatic photooxidation

Aromatic Adjusted Products [a] Runs used in Optimizations [b]
MGLY AFG1 AFG2
SAPRC-93 Mechanism [c]
Benzene 0 1.75 0 ITC560, ITC561, ITC562
Toluene 0131 O 0.49 EC266, EC270, EC271, EC273, ITC699, DTC042A, D’
Ethylbenzene Same as Toluene
m-Xylene 0.37 0 0.75 EC344, EC345, ITC702, DTCO76, ETC222
0-Xylene Same as m-Xylene
p-Xylene Same as m-Xylene
1,3,5-Trimethylbenzer 0.62 0 0.75 EC901, EC903, ITC703, ITC706, ITC709
1,2,3-Trimethylbenzene Same as 1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene Same as 1,3,5-Trimethylbenzene
imized hanism [d]
Benzene 0 144 0 ITC560, ITC561, ITC562, ITC710, CTC159A,
CTC159B, CTC160A, CTC160B
Toluene 0.96 0 0.26 CTCO079, CTC048, CTC026, CTC034, CTCO065,
DTCO042B, DTC155A, DTC151A, DTC170A,
Ethylbenzene 020 0 0.18 CTCO057, CTC092A, CTC092B, CTC098B, DTC223A,
DTC223B, DTC224A, DTC224B
m-Xylene 1.67 0 045 CTCO035, CTC029, CTC036, CTC080, CTC094A,

CTC094B, DTC193B, DTC193A, DTC192B,
DTC189B, DTC206B, DTC189A, DTC192A,
DTC188A, DTC188B, DTC191A, DTC191B,
DTCO073A, DTC294A, DTC294B, DTC295A,

0-Xylene 0.81 0 0.58 CTC038, CTC039, CTC046, CTC068, CTCO081,
CTCO091A, DTC207A, DTC207B, DTC208A,
DTC208B, DTC209A, DTC209B

p-Xylene 0.17 0 0.15 CTCO041, CTC043, CTCO044, CTCO047, CTCO70,
DTC198A, DTC198B, DTC199A, DTC199B,

1,3,5-Trimethylbenzer 1.18 0 0.61 CTCO030, CTCO050, CTCO071, CTCO73, DTC194A,
DTC194B, DTC195A, DTC195B, DTC196A,

1,2,3-Trimethylbenzer 1.13 0 0.65 CTCO054, CTCO75, CTCO76, DTC211A, DTC211B,
DTC212A, DTC212B, DTC213A, DTC213B

1,2,4-Trimethylbenzer 0.41 0 0.25 CTCO056, CTC091B, CTC093A, CTC093B, DTC201A,
DTC201B, DTC203A, DTC203B, DTC204A,

[a] MGLY is methyl glyoxal, AFG is AFG1 for benzene, AFG2 for the alkylbenzenes.

[b] ITC is the SAPRC Indoor Teflon chamber; EC is the SAPRC Evacuable chamber, and ETC
is the SAPRC Indoor Teflon Chamber #2. Run ETCO076 was carried out in the SAPRC DTC.
The SAPRC chambers are described by Carter et al. (1995b). The other DTC and the CTC
runs were carried out for this program.

[c] MGLY yields were not optimized; values used are based on experimental yields from toluene,
m-xylene, or 1,3,5-trimethylbenzene. Photolysis rate for AFG1 and AFG2 are calculated
using absorption cross sections of acrolein, with overall quantum yields of 0.029 and 0.615,
respectively.

[d] MGLY represents other uncharacterized aromatic products as well as methylglyoxal.
Photolysis rate for AFG1 and AFG2 are calculated using absorption cross sections of
acrolein, with overall quantum yields of 0.077 and 1.0, respectively.
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xylene,and those for the other tri- and poly-substituted benzenes were assumed to be the same as for 1,3,5-
trimethylbenzene.

The data obtained in this work indicated that the assumption that similar parameters can be used
for different isomers is often inappropriate, and also that the parameterization is not appropriate even for
the compounds for which they were adjusted. Re-optimization of the existing parameters based on the
new data did not yield satisfactory results, since parameter values which fit the blacklight chamber results
tended to underpredict;@ormation and NO oxidation rates in the xenon arc chamber, while those which
fit the xenon arc data tended to overpredict them for the blacklight experiments. This means that
representing all the unknown ring fragmentation products by a single model species with the action
spectrum of acrolein is not sufficient to adequately represent how the atmospheric reactivities of the
aromatic compounds respond to changes in lighting conditions.

After examining a number of alternative approaches, it was found that the best results for the
alkylbenzenes were obtained if a second lumped aromatic fragmentation product was added to the
mechanism, with an independently adjusted yield for each compound. This second product was essentially
the same as AFG2, but it was assumed to photolyze with the same action spectrum as methyl glyoxal.
Since the AFG2 mechanism is essentially the same as that of methyl glyoxal except for its action
spectrum, this second product has essentially the same mechanism as methyl glyoxal, and thus the two
can be lumped together. In other words, instead of using the methyl glyoxal yield based on the actual
observed yields for each compound, its yield is optimized, along with that for AFG2, to achieve the best
results in the model simulations in the chamber experiments. Using this approach allowed NO oxidation
and Q formation rates in aromatic - NGexperiments in both the blacklight chamber and the XTC and
CTC xenon arc chambers experiments to be reasonably well simulated with the same mechanism.
Separate optimizations were done for each isomer to account for their differences in reactivity.

Table 14 lists the reoptimized parameters for the revised mechanisms for the aromatic compounds,
and also indicated the runs and the data which were used in the optimizations. It can be seen that there
are substantial differences between the parameters which best fit the ethylbenzene data and those for
toluene, that those for m-xylene are not very representative of those for o- and (especially) p-xylenes, nor
are those for 1,3,5-trimethylbenzene very representative of those for the 1,2,4- isomer. On the other hand,
the 1,2,3-trimethylbenzene parameters are very close to those for the 1,3,5- isomer.

Results of model simulations of the aromatic runs carried out using this reoptimized mechanisms
are included with the concentration-time plots for the aromatic runs in Figures B-1 through B-9 and B-13
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through B-28 in Appendix B, where they can be compared with the data and the simulations using the
SAPRC-93 mechanism. In addition, as indicated above, Figures B-10 through B-12 in Appendix B
include experimental and calculated concentration-time plots fog-N(@) in the earlier aromatic - NO
experiments, including the EC and ITC runs used in the derivation of the SAPRC-93 mechanism. Note
that the curves with the dotted lines refer to the results of the SAPRC-93 calculations, while those using
the solid lines are calculated using the reoptimized model.

The plots in Figure 15 and in Appendix B show that the revised mechanism performs at least as
well or better in simulating the d(@ENO) data than does the SAPRC-93 mechanism. Figures B-10
through B-12 show that the revised mechanism preforms about the same as the SAPRC-93 mechanism
in simulating the earlier ITC and EC runs used to derive the latter mechanism, with the EC data being
relatively insensitive to the parameter reoptimizations. In addition, Figures B-10 and B-11 show that the
reoptimization eliminated the bias in the earlier mechanism towards underpredictigrfaftion and
NO oxidation rates in the SAPRC outdoor chamber (OTC) runs, though the reoptimized mechanism may
have a bias towards overprediction for those experiments. (The OTC data were not used in the
optimization because of the greater uncertainty in characterizing lighting and other conditions for outdoor
runs.)

However, there are a number of runs where the,dNO) data are still not particularly well fit
by the reoptimized mechanism. The most significant discrepancies appear to be for p-xylene (Figure B-5)
and benzene (Figure B-9), where it is clear that the parameterization is not adequately representing all
processes which significantly affect, @rmation and NO oxidation. In the case of p-xylene, it tends to
underpredict @formation around the later periods of low aromatic/N@ns, while it overpredicts the
initial rates of NO oxidation and {formation in the high aromatic/NQuns. The model seems to have
the opposite problem in the case of the benzene runs, having a tendency to underpredict the ozone
formation rates in some (but not all) of the high aromatic/M@ns, and to overpredict NO oxidation and
O, formation in some (but again not all) of the lower aromatic/NGns. In addition, the model has a
small, but generally consistent, tendency to underpredict pgd&v@ls in xylene and trimethylbenzene
- NO, runs where the maximum ozone formation potentials have been achieved. Examining alternative
mechanistic possibilities or parameterizations, including adding @omatic product reactions, has not
significantly improved mechanism performance in this regard.

Figures 16 and B-13 through B-20 show that the updates to the mechanism generally improve the

predictions of the aromatic consumption rates in those runs where it improves th&l@)(redictions,
as one might expect. Since the aromatic consumption is due to reaction with OH radicals, this means that
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the mechanism correctly predicts OH radical levels during most of these experiments. However, even the
reoptimized model often underpredicts the aromatic consumption rates around the end of high

aromatic/NQ experiments with toluene, and o- and m-xylenes, suggesting that the model may not be

appropriately representing radical sources and/or sinks in aromatic systems opgedé@sumed.

Figures 17 and B-21 through B-28 show the experimental and calculated formaldehyde
concentrations for the alkylbenzene - N@xperiments for this program. The model fits the data
reasonably well for the toluene, o-xylene and ethylbenzene runs, though there may be a slight bias towards
underprediction for ethylbenzene. The model also fits most of the data for the m-xylene and 1,3,5-
trimethylbenzene runs, except for the end of high aromatic/@periments in the CTC, where the model
predicts an increase in formaldehyde levels which is not observed experimentally. The model has a bias
towards underpredicting formaldehyde in the p-xylene and 1,2,4-trimethylbenzene runs. Given the highly
approximate representation of the aromatic products, and the fact that formaldehyde is believed to be
formed only from the reactions of these products (i.e., it is not a primary product), the fact that the model
preforms as well as it does probably should be considered to be fortuitous. Note that the formaldehyde
data were not used in the optimizations of the mechanisms.

Figure 18 shows the experimental and calculated concentration-time profiles for benzaldehyde and
o-cresol in the three toluene - N@xperiments where such data were obtained. Note that the yields of
these products assumed in the mechanism are based on laboratory data and were not adjusted to fit
chamber data (Carter, 1990, and references therein). It can be seen that the model fits remarkably well,
with the slight overpredictions in the initial formation rates for both products in DTC151 being consistent
with a similar overprediction in the initial NO oxidation and, @rmation rate for the same experiment
(see Figure B-1).

Effect of Reparameterization on Simulations of Previous Incremental Reactivity Experiments

The single aromatic - NCexperiments shown in Appendix B are not the only chamber data useful
for evaluating these aromatic mechanisms. The results of incremental reactivity experiments employing
aromatics in the xenon arc chamber have been discussed above, and results of model simulations of these
experiments are shown on Figures 11 and 12, above. In addition, a number of aromatic incremental
reactivity experiments have been carried out in the SAPRC ETC or DTC during the previous two phases
of these programs, and a few of incremental reactivity experiments for toluene carried out in the SAPRC
ITC were reported previously by Carter and Atkinson (1987). The conditions and selected experimental
and calculated results of these previous experiments are summarized on Table 15. Note that all these
previous runs were carried out using blacklight light sources.

82



"JusWIIadXe pue UOIEINI[RI USaM1S] 99UaJSIP SI JaquiNU puodss "swWisiUeydawW salrewode paziwidoal syl pue £6-04dV'S 8yl Buisn suone|nafes [spoiN  [q]
"aUBJAX-W pue ‘auaing

-g-sueJ ‘suadoud ‘sueIng-u = ,OH-b,, ‘8pAYapIeWIO) pUR SUBJAX-W ‘8UBN|0} ‘BUBING-Z-SUBI] ‘BUBY1S ‘BUBII0-U ‘BUBING-U = [N, ‘BUSJAX-W ‘8Usyls ‘suexay-u = JUIN, :seyefolns [e]
TL+ SBE 20T+ 9Ty €7 F VIE T'9+ 2’81 6'9+ 06T TT¥ 12T g€+ €8 v+ 08 S0 ¥ SV S00 6% Y0 1WA vve013
FTZEAGRWH LS ET
29- €S IS+ 99T Ly F STT ve- s T+ T9 TT¥ 67 €0- €T 0T+ LT 90 ¥ 9T v00 vy 8y0 U 6v2013
€2- 6V  08+2ST €S F 2L Leve L0+ LS TTF TS 90-21 90+ 5 90 ¥ 87T v00 SV 60 U 8v€013
STZEAGRWH LT T
LT1- /9T  TOT- €8T 87 F ¥8C 8¢ T9 Le- 29 TT ¥ 66 L0- €€ €1-8¢ 90 F TY Y00 €y or0  IUIW 692013
LT1- ST VOT- 89T LS F 2/e 8¢ 85 LE 6 VT ¥ 96 €0-2€ 80- L2 L0 ¥ o€ v00 €y 80 U 192013
STZEAGRWHTE T
€2-9T €S+ 16 [T F 6€ 80- 60 LT+ v'E LOF LT T0+ 0 0T+ €T €0 F ¥'0 800 0§ S0  IUN 961013
uBAX-d
9T- 85 ST~ ¥S 6 ¥ 8¢ T0- 0 00- 70 TO ¥ €0 T0- €0 T0-20 TO ¥ €0 To  ge LTO 9,9001d
9v- L9~ Sp-S9- ST ¥ 0T 20 L0 T0- 90 T0 ¥ S0 00- €0 z0-20 T0 ¥ €0 0 6€ LTO vs€001a
gs- 2L e 1T ST ¥ 92T Lo-TE To- g€ S0 ¥ L€ €0- LT z0 81 €0 ¥ 0 900 Lt 8o 989001d
152 8- TCT 6T ¥ 62T 90-T€ TO-S€ S0 ¥ 9°€ €0-9T TO0- 8T E0F 6T 800  T¥ L0 vs2001d
ve+ S8 T9+TIT ST F 19 6 8¢ T2 9Y L0 F L9 60-6T L0-02 €0 ¥ 8¢ 800 €% 250 £02013
0z-28 8T+ 02T Y€ F 20T 00+ S€ 60+ SV 80 F g€ 60+ 8T 0T+ 6T v'0 ¥ 60 900  €¥ 8ro T0E013
TS 9L 8T- 60T  9€ ¥ L2T €T- €€ S0~ TV 60 F 97 vo+ LT S0+ 6T vOF VT 900  6€ TS0 192013
0T-+¥8  [g+r 12T 9E ¥ v6 L0- g€ To+ vy 60 F TV L0+ LT 60+ 8T V0¥ 0T S0 €¥ 90 652013
JWBIARW
v+.l9  8T+08  0E ¥ 29 90- L zo-0¢€ LoF e TO0+ 2T TO+TT V0¥ 0T 900  v¥ 8y0  IUN ST€013
6" 19 €+€L  TEF 0L 60- ¢ 90-8¢ IAE 4> TO-TT To-TT voFTT 900  v¥ Y0 IUIN TT€013
JUSAX-0
v+ 9 LT+ 61 8¥¢c z0- v T0+ 80 T0 ¥ 90 T0+ 20 T0+ €0 TO¥F T0 S0 TY €50 IUN €1€013
T+9 e+ LT 6T ¥ § 00+ 0 v+ 80 V0¥ €0 T0+ 20 €0+ €0 T0 ¥ 00 TT0 €% 250  IUN TS7013
6T+ 9 0e+ LT 6T ¥ €T TO-¥'0 €0+ 80 S0 ¥ S0 00+ 20 TO+ €0 0¥ 10 0T0  TY €50 U S5v013
SUSZUIAYTT
9¢- 8- [le 6T 8 ¥ ¢ 9T'0- 2€0-  LTO-€€0-  ¥T0 F STO- €20-TT0-  ¥20-2T'0-  ¥T'0 ¥ ZT'0 LTO  vE 600  OHV TSPOLI
€l- €&~ SI-ve- 9T ¥ 0T 00" v'0- TO- v'0- €0 ¥ €0 20" 10" z0-T0 €0 F T 600 €€ 800  OHV SOl
T- 2T [4R4% T ¥ 0T €00+ 900 YO0+ S00- 200 ¥ 600 200+ €00 200+ 200 200 ¥ 100 S0T  6€  LTO 4 90€001a
9T- €1 Lz € ¥ 6C vT0-290  600- L9°0 800 ¥ 9L0 0T0-TE0  €00-8E0 SO0 F TrO 60  6€ L0 4 vezoold
L1- 2T TT- 61 9 ¥ 0 8€°0- 090  €Z0- 920 TT0 ¥ 860 v0'0-2Z0  TO0+ 920 800 F STO 8T0  §€ S0 U €01013
€T- 2T L 61 L¥ 9 0€0- 650  ST'O- S0 ZT0 ¥ 680 v0'0+ €20 600+ 820 600 F 6T0 T0O  ve 050 WA T0TO13
€e- LT TZ-62 €T ¥ 09 260-9.0 290 90T €0 F LT vZ0-SE0 90 €V T0 ¥ 90 To  ge TS0 WA 790013
99- 91 95-9¢ vz ¥ 28 L0- L0 v'0- 0T SOF VT T0- €0 00- 70 €0 ¥ S0 0T0 L€ 080 U 690013
€ vl S+€ Ty ¥ 8l €0- L0 T0- 60 LOF 0T T0+ €0 TO+ 0 S0 ¥ €0 900  6€ S0 IUIN 90013
|suanoL
v0- 6T  80-¥Z ZTOF GT- 9000+ G000~ SO0'0+ 9000~ €000 ¥ TTO0- 6000+ TTO'0 000+ L000 €000 ¥ T0OO0 6€L 0% 810 4 96€001a
v0-60  60-¥0 €0F €T  YIO0+ ¥90'0 L00'0+ LSOO L000 ¥ 0S00  0€0°0+ ZrO'0 ETO0+ 5200 €000 ¥ ZT0°0 9 €Y 8y0  IUIN €92013
L0-¥T  ST-§0 €0 F 0T  8T00+ 800 €00°0- €900 8000 ¥ 9900  SZO'0+ OVO'0 8OO0+ Y200  YOO'0 F ST00 8Ls vy 6v0  IUIN §92013
suszusg
PasIney  €6-OYdVS [euswiLIadxg pasinay €6-04dVS  [ejuswiliadx3 pasiney  [a] €6-0ddvs  [eauswiiadxg  OOAseL Buns xON  [e] adAL
5=1 '(D0OA wdd/uiw ,01) (HOWI) HI §=1 '(00A wddjwdd) {(foN]-[0]) v} u1 2=1 (00N wddjwdd) {(foN]-[0l) v} d1 (wdd) syueyoeay reiu - Bans uny

"SJuswWiIadxa A11A110€8 [RIUBWIOUI
dIrewoJe snoinald 1o} S1Nsal pare|ndjed pue [eluswiiadxa pue sUoilIpuod Jo Arewwns  °gT sjgqel

83



The data in Table 15 indicate that the modifications to the mechanism did not significantly
improve the model performance in the simulations of these blacklight chamber incremental reactivity
experiments. The revised mechanism has a somewhat greater tendency to underpredict reactivities of
toluene in the mini-surrogate runs than does the SAPRC-93 mechanism, and tends to underpredict the
reactivity of 1,2,4-trimethylbenzene and (to a lesser extent) m-xylene in the mini-surrogate and the higher
NO, full surrogate runs. However, the two mechanisms have no significant differences in the simulations
of the toluene runs using the full surrogate at low Névels. The revised mechanism gives somewhat
higher reactivity predictions for ethylbenzene than the previous version, though predictions of both are not
outside the relatively large uncertainty of the data. The reactivity predictions are not significantly affected
for o-xylene and 1,2,3- and 1,2,5-trimethylbenzengylene is the only compound where the reactivity
predictions are improved by the reoptimization of the mechanism.

An improvement in model performance for toluene, m-xylene, or 1,3,5-trimethylbenzene is not
expected because the previous mechanism was optimized in part to fit blacklight experiments with these
compounds. The slight deterioration in reactivity predictions in the blacklight experiments is a result of
giving the CTC experiments equal weight in the optimizations for the new mechanism, making the result
somewhat less than optimal for blacklight conditions. The fact that the reoptimized mechanism does not
perform as well as SAPRC-93 in the simulations of the 1,2,4-trimethylbenzene runs is somewhat
surprising, in view of the opposite result observed in the simulations of the 1,2,4-trimethylbenzene - NO
experiments. Presumably this situation will improve when more detailed information concerning aromatic
photooxidation products is available for incorporation into the mechanisms.
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CONCLUSIONS

This phase of our program has been useful in filling, at least in part, several important gaps in the
existing environmental chamber data base for chemical mechanism evaluation and VOC reactivity
assessment. The absolute light intensity measurements in indoor chamber experiments were verified using
alternative actinometry methods. Information was obtained concerning the effects of humidity on results
of environmental chamber experiments and the reproducibility of environmental chamber data. The large
data base of incremental reactivity experiments from blacklight-irradiated chambers was extended to
chambers using a light source whose spectrum more closely resembles sunlight. In addition, data from
an extensive series of aromatic isomer - N&hvironmental chamber experiments, carried out using
differing light sources, has provided the ability to systematically evaluate and optimize mechanisms for
individual aromatic isomers which are applicable to varying lighting conditions. The conclusions and
recommendations resulting from these new data are summarized below.

Evaluation of Light Intensity Measurements for Indoor Chamber&ccurate light source

measurement is critical in mechanism evaluation, so one component of this program consisted of
evaluating alternative methods for determining absolute light intensity in our indoor chamber experiments.
Two alternative methods for measuring light intensity were evaluated: one based on the photostationary
relationship between NO, NOand Q, and the other based on measuring the rate of photolysis,of Cl
These were compared with the quartz tube method which has been the primary indoor chamber light
intensity monitoring method in our previous studies. The steady-state method (at least as applied in our
laboratories) proved to be unsatisfactory for routine monitoring of light intensity, since it was prone to
giving variable results and occasionally gave anomalously low readings which could not always be
explained by long sample lines. However, if the apparently anomalously low data are rejected, then its
results are quite consistent with the quartz tube method in the blacklight chamber, and with, the ClI
actinometry method in both chambers. The &ttinometry method appears to be the more useful
alternative actinometry method. It gave more reproducible results which were also consistent with the
other methods. The agreement between thea€linometry results and the N@ctinometry using the

quartz tube method in the blacklight chamber tends to validate both approaches, since they are based on
quite different principles.

The quartz tube method was found to be unsatisfactory for obtaining absolute light intensities in

the xenon arc chamber, and presumably other chambers which use nonhomogeneous light sources. This
is because the light intensity entering the tube is not the same as the spherically integrated intensity in the
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chamber. In the case of our xenon arc chamber, where in most actinometry experiments the tube was
located outside the chamber in front of the lights, the quartz tube method gavehs®lysis rates which

were consistently ~30% higher than indicated by the results of thet@itolysis or the non-anomalous
steady-state experiments. Since the latter two methods measure photolysis rates inside the chamber, they
are not prone to biases introduced by inhomogeneity of the light source. Because of this, and because of
the greater reproducibility and reliability of the ,Gdctinometry method compared to the steady-state
method, we conclude that the Gictinometry is the best approach for measuring absolute light intensity

in the xenon arc chamber. This will therefore become the primary actinometry method for future
programs using this chamber. The quartz tube, if always located in the same place, can provide
information about how relative light intensity varies with time. However, the spectral intensity data from
the LiCor spectraradiometer, which is available for almost all experiments in our xenon arc chamber,
provides much more extensive and precise information in this regard. Consequently, the quartz tube
actinometry data appear to be of limited utility to light characterization in our xenon arc chamber.

On the other hand, the quartz tube method still provides probably the best indication of both
absolute and relative trends in light intensity in our blacklight chambers. Thad@ihometry method
appears to have similar precision, but the data for it are, thus far, quite limited. Both the quartz tube and
Cl, actinometry method will be used in conjunction with future runs in the blacklight chamber. At
present, there are insufficient data where both methods are applied to assess whether there may be biases
involved in the application of the Chctinometry method, as might result if gihotodecomposed with
less than unit quantum yields, or if there are inaccuracies in the absorption cross section data used to relate
Cl, photolysis rates to NOphotolysis rates. Once a larger data base is obtained where both methods are
employed, we can examine whether there might be non-negligible biases involved, and thus whether
corrections may need to be applied when applyingaCtinometry data to estimating N@Photolysis rates
in the xenon arc chamber. However, the data obtained thus far indicate that the bias is unlikely to be
large.

Humidity Effects The existing chamber data base for mechanism evaluation has been carried out

in chambers using differing humidities, but until this program systematic studies of effects of humidity
on results of environmental chamber experiments and experimental reproducibility have been limited. At
the time this program was designed we were unable to explain variabilities that were observed in the
ability of the model to simulate results of replicate propene 5 M@ich were periodically carried out in

our laboratories, so one element of this study had been to determine whether humidity, or previous
exposure of the chamber walls, might affect this. Therefore, a large number of replicate propepe - NO
and (to provide information concerning such effects on a different chemical system) tolueng - NO
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experiments were carried out at varying humidities. However, it was subsequently determined that the
apparent unexplainable irreproducibility was due to the model using incorrect initial propene concentra-
tions due to sporadic analytical problems. If runs where measured initial reactants disagree with amounts
injected are rejected, then good reproducibility is obtained for all runs carried out with similar initial
reactant concentrations and humidities. Therefore, we conclude that humidity is not a significant factor
affecting reproducibility of chamber experiments for mechanism evaluation.

However, there are humidity effects which apparently are not appropriately represented by the
current gas-phase mechanism or the current chamber effects model. In particular, increasing the humidity
to near 100% causes reduction in peakddncentration in both the propene - N&nd toluene - NO
systems, which is not accounted for by the model. It is not due @ Mall hydrolysis because the
model predicts that )Og hydrolysis is unimportant in the toluene system, presumably beca@ddvels
are suppressed by the rapid reaction of,M&licals with the cresols formed in that system. Although this
O, suppression occurs to a small extent in the ~50% RH runs, it is more than twice as great at ~100% RH,
indicating that it is not a simple process which is first order inQH It is almost certainly some sort of
heterogeneous effect which becomes important as the system approaches saturation. An additional
indication of problems with the chamber characterization model for experiments approaching water
saturation comes from the inconsistency between the results of the ~100% RH n-butarend\i@pene
or toluene - NQ experiments, where the former indicated a much larger chamber radical source than was
indicated by modeling the latter. Because of this, it is concluded that experiments with humidities near
100% should not be used for mechanism evaluation until we have a much better understanding of the
surface processes which may be operating as the system approaches saturation.

Fortunately, most of the existing chamber data base for mechanism evaluation consist of
experiments carried out under dry to ~50% RH conditions. Earlier SAPRC chamber experiments were
carried out at ~50% RH air, while most of the more recent runs were carried out using dry air to minimize
surface effects. Although the University of North Carolina (UNC) uses ambient air, steps are taken now
to dry the air to minimize condensation on the walls in the morning (Jeffries et al. 1985a-c), and the
humidity would tend to decrease during the run due to heating. However, earlier UNC runs should be
examined for possible high humidity conditions when being used for mechanism evaluation. It is
uncertain at which humidity level between ~50% and ~100% RH the problems indicated by our data may
become significant. It may be that these problems may be near-saturation effects which become important
primarily as the humidity approaches ~100%. However, experiments evaluating humidity effects in the
~60-90% range would be necessary to evaluate this.
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It was also observed that the apparent formaldehyde yields in both the toluene and the propene
systems declined as the humidity was increased. This is not a saturation effect since, unlike the O
suppression discussed above, the change in going from dry to ~50% RH was about the same as the change
in going from ~50% to near 100% RH. It could possibly be due to a humidity effect in the gas-phase
reaction of HQ with formaldehyde, though losses on the sample lines is a more likely explanation.
However, one would think that sample line losses would increase more than linearly as the system
approaches saturation, which was not observed. We will be obtaining additional data needed to resolve
this issue in ongoing programs.

Other than the formaldehyde yields, the differences between results of experiments with dry air
and those at ~50% RH are minor, and almost within the normal run-to-run variability of chamber
experiments. The small difference should not significantly affect results of most mechanism evaluations.
Therefore, we conclude that there are no significant humidity effects which complicate use of chamber
data obtained from dry to ~50% RH conditions. This indicates that humidity should not be a significant
complication in modeling chamber experiments with actual auto exhaust (where humidity is also a
component) provided that the humidity in such experiments are not allowed to approach saturation.

Xenon Arc Reactivity Experiments Much of the work in the first two phases consisted of

incremental reactivity experiments carried out using blacklight light sources, and this phase of the program
provided the first data concerning incremental reactivities using the more realistic xenon arc light source.
Although the data obtained were not as comprehensive as the blacklight chamber data base, the
compounds studied consisted of representatives of the major classes of compounds present in vehicle
emissions and ambient air. Therefore, if any unexpected light source effect was important in affecting
incremental reactivities of these major classes of compounds, they should be seen in at least some of these
experiments.

The major conclusion arising from these experiments is that there are no unexplained light source
effects on incremental reactivities of these compounds. The model which gave good simulations of the
incremental reactivities of the non-aromatic compounds in the blacklight chamber experiments gave
equally good (and in some cases slightly better) simulations of the incremental reactivities observed in
these xenon arc chamber experiments. In the case of the aromatics, good simulations of the results of the
xenon arc reactivity experiments were obtained once the mechanisms were reoptimized to be consistent
with the single aromatic - NOexperiments carried out in this chamber. Thus, the same mechanism gives
similar (and, after reoptimization of the aromatics mechanisms generally satisfactory) predictions of
incremental reactivities with both light sources. Thus, the differences between blacklights and solar
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lighting can be accounted for in model simulations of incremental reactivity. This supports the
applicability of the large blacklight chamber reactivity data base for mechanism evaluation for ambient
air reactivity predictions.

Aromatic _Isomer Mechanism Evaluation DataDespite progress in recent years in our

understanding of aromatic chemistry, it is still necessary to use parameritized mechanisms, optimized to
fit chamber data, to model the atmospheric reactions of these compounds. Prior to this phase of the
program there were inadequate chamber data to evaluate mechanisms to account for reactivity differences
among aromatic isomers, and to account for the effect of changing light source on aromatic reactivity.
This study provided the data needed to significantly improve the parameterization and performance of
aromatics mechanisms. The data base obtained confirmed that the existing detailed SAPRC mechanism
(SAPRC-93) did not correctly predict reactivity differences among aromatic isomers, and tended to
underpredict aromatic reactivities when irradiated with the xenon arc light source. Therefore, a
reparameterization of the aromatic mechanism was indicated.

The performance of the aromatic mechanism in simulating these data can be improved dramatically
by a relatively simple reparameterization, without adding any new species or reactions to the mechanism.
This involved allowing the yield of the methyl glyoxal ("MGLY") model species to be adjusted along with
that for the uncharacterized product species "AFG2". Allowing the MGLY yields to increase at the
expense of decreasing the AFG2 yield resulted in the model being able to adequately represent the
reactivity with the xenon arc light source, while still satisfactorily simulating the blacklight chamber
experiments. Since previously tledicarbonly model species used in the mechanism (of which MGLY
is the most reactive) were based on measured glyoxal or methylglyoxal yields, this means that there are
apparently other uncharacterized photoreactive aromatic fragmentation products with action spectra more
closely representing that for methylglyoxal than that of acrolein (which is used for AFG2).

It was also found that, as expected, separate optimizations of MGLY and AFG2 vyields for each
aromatic isomer, rather than assuming that ethylbenzene reacts like toluene, that all dialkylbenzens react
like m-xylene, and that all trialkylbenzenes react like the 1,3,5 isomer, resulted in significantly improved
model performance for these compounds. Ethylbenzene appears to have much lower vyields of
photoreactive ring fragmentation products than does toluene, and likewise p-xylene and 1,2,4-
trimethylbenzene also have lower yields of these products than do their other isomers. On the other hand,
the overall reactive fragmentation product yields for o- and m-xylene are quite similar, as are 1,2,3- and
1,3,5-trimethylbenzene. This suggests that there may be a "para" substituent effect which somehow causes
reduced total yields of photoreactive fragmentation products, since this is the one feature that distinguishes
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p-xylene and 1,2,4-trimethylbenzene from their other isomers. Although this may be merely a
coincidence, until we have a better understanding of the details of the aromatic ring fragmentation process
and the reactivity characteristics of the products formed, this provides the best basis for estimating
mechanistic parameters for the higher aromatic isomer for which evaluation data are not available for
mechanism optimization.

A discussion of how these changes to the aromatic mechanisms affect atmospheric reactivity
assessments is beyond the scope of this report, since we are still in the process of updating the overall
mechanism. However, preliminary calculations indicate that the MIRs, relative to the base ROG mixture,
increase by ~50% for toluene and m-xylene, decrease by ~50% for ethylbenzene, p-xylene, and 1,2,4-
trimethylbenzene, and change by less than 10% for o-xylene and 1,2,3- and 1,3,5-trimethylbenzene.
Relative MIRs for most of the non-aromatic VOCs (excluding those whose mechanisms were changed
because of new data) decrease by ~6-10%, presumably because of the net increase for the aromatics in
the base ROG. Reactivity Adjustment Factors of M85, CNG, LPG and E85 exhausts (CARB, 1993;
Croes, private communication, 1991-1992) change by less than 10%.

Although the new parameterized mechanism performs significantly better in simulating the new,
more comprehensive aromatic mechanism evaluation data base, it is not satisfactory in every respect, and
is clearly an oversimplification to what is actually happening. A few experiments were carried out with
benzene, and no mechanism could satisfactorily simulate both the blacklight and xenon arc chamber data
for this compound. Although benzene is not a particularly important compound to predicting ozone
formation, poor model performance for the simplest aromatic suggests fundamental problems with the
aromatic mechanism. The reoptimized mechanism also systematically overpredicts the initial rate of O
formation at the beginning of the blacklight experiments for toluene, while underpredicting the ozone
formation rate in the middle periods of both chambers, has similar discrepancies for many of the other
isomers, and tends to underpredict the maximum ozone vyields for most xylenes and trialkylbenzenes.
Various other adjustments and optimizations, such as assuming that some aromatic products regct with O
have been tried without significantly improving overall model performance.

Clearly, a better understanding of the details of the aromatic photooxidation process, and the
reactivitity characteristics of the major reactive products formed, will result in improved aromatic
mechanisms. This will require an identificatiamd quantificationof the major aromatic ring opening
products which account for their reactivity, and, equally important, information on their rates and
mechanisms. Such studies are being carried out at a number of laboratories, though it will probably be
a number of years before sufficient information is available to have a significant impact on predictive
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reactivity modeling. Until such information is available, we will have no choice but to use parameterized
mechanisms. We are in the process of a complete update of the SAPRC mechanisms, which will include
a re-assessment of how aromatics mechanisms are parameterized. The data obtained in this work will play
a crucial role in the development, evaluation, and optimization of any new aromatics mechanisms which
may result from this ongoing mechanism development effort.
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APPENDIX A
LISTING OF THE CHEMICAL MECHANISM

The chemical mechanism used in the simulations discussed in this report is given in Tables A-1
through A-3. Table A-1 lists the species used in the mechanism, Table A-2 gives the reactions and rate
constants, and Table A-3 gives the parameters used to calculate the rates of the photolysis reactions.
Footnotes to Table A-2 indicate the format used for the reaction listing.

Table A-1. List of species in the chemical mechanism used in the model simulations for this study.

Name Description

Constant Species.

02 Oxygen
M Air
H20 Water

Active Inorganic Species.

03 Ozone

NO Nitric Oxide

NO2 Nitrogen Dioxide

NO3 Nitrate Radical

N205 Nitrogen Pentoxide

HONO Nitrous Acid

HNO3 Nitric Acid

HNO4 Peroxynitric Acid

HO2H Hydrogen Peroxide

Active Radical Species and Operators.
HO2. Hydroperoxide Radicals
RO2. Operator to Calculate Total Organic Peroxy Radicals
RCO3. Operator to Calculate Total Acetyl Peroxy Radicals
Active Reactive Organic Product Species.
(6{0) Carbon Monoxide

HCHO Formaldehyde

CCHO Acetaldehyde

RCHO Lumped C3+ Aldehydes
ACET Acetone

MEK Lumped Ketones

PHEN Phenol



Table A-1, (continued)

Name Description

CRES Cresols

BALD Aromatic aldehydes (e.g., benzaldehyde)

GLY Glyoxal

MGLY Methyl Glyoxal

AFG1 Reactive Aromatic Fragmentation Products from benzene and naphthalene
AFG2 Other Reactive Aromatic Fragmentation Products

AFG3 Aromatic Fragmentation Products used in adjusted m-xylene mechanism
RNO3 Organic Nitrates

NPHE Nitrophenols

PAN Peroxy Acetyl Nitrate

PPN Peroxy Propionyl Nitrate

GPAN PAN Analogue formed from Glyoxal

PBZN PAN Analogues formed from Aromatic Aldehydes

-OOH Operator Representing Hydroperoxy Groups

Non-Reacting Species

CO2 Carbon Dioxide

-C “Lost Carbon"

-N "Lost Nitrogen"

H2 Hydrogen

Steady State Species and Operators.

HO. Hydroxyl Radicals

@) Ground State Oxygen Atoms

Oo*1D2 Excited Oxygen Atoms

RO2-R. Peroxy Radical Operator representing NO to, B@nversion with HQ formation.
RO2-N. Peroxy Radical Operator representing NO consumption with organic nitrate formation.
RO2-NP. Peroxy Radical Operator representing NO consumption with nitrophenol formation
R202. Peroxy Radical Operator representing NO to, H@version.

CCO-02. Peroxy Acetyl Radicals

C2CO0-02. Peroxy Propionyl Radicals

HCOCO-02. Peroxyacyl Radical formed from Glyoxal

BZ-CO-02. Peroxyacyl Radical formed from Aromatic Aldehydes

HOCOO. Intermediate formed in Formaldehyde + H®action

BZ-O. Phenoxy Radicals

BZ(NO2)-O. Nitratophenoxy Radicals

HOCOO. Radical Intermediate formed in the H®Formaldehyde system.

(HCHO2) Excited Criegee biradicals formed from =Cgtoups

(CCHO2) Excited Criegee biradicals formed from =CHGioups

(RCHO2) Excited Criegee biradicals formed from =CHR groups, where R ngt CH
(C(C)CO2) Excited Criegee biradicals formed from =C¢Hroups

(C(R)CO2) Excited Criegee biradicals formed from =CiR{or CR, groups
(BZCHO2) Excited Criegee biradicals formed from styrenes
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Table A-1, (continued)

Name Description

Hydrocarbon species represented explicitly

N-C4 n-Butane

N-C6 n-Hexane
N-C8 n-Octane

ETHE Ethene

PROPENE Propene

T-2-BUTE  trans2-Butene
BENZENE Benzene

TOLUENE Toluene

C2-BENZ Ethylbenzene
O-XYLENE o-Xylene

M-XYLENE m-Xylene

P-XYLENE p-Xylene

123-TMB 1,2,3-Trimethylbenzene
124-TMB 1,2,4-Trimethylbenzene
135-TMB 1,3,5-Trimethylbenzene




Table A-2. List of reactions in the chemical mechanism used in the model simulations for this study.

Rxn. Kinetic Parameters [a]

Reactions [b]

Label k(300) A Ea

Inorganic Reactions

1 (Phot. Set = NO2 NO2 + HV = NO + O
2 6.00E-34 6.00E-34 0.00 -2.30 O+0 2+ M=03+M
3A 9.69E-12 6.50E-12 -0.24 0.00 O + NO2 = NO + 02
3B 1.55E-12 (Falloff Kinetics) O + NO2 = NO3 + M
kO = 9.00E-32 0.00 -2.00
kINF =  2.20E-11 0.00 0.00
F= 0.60 n= 1.00
4 1.88E-14 2.00E-12 2.78 0.00 O3 + NO = NO2 + 02
5 3.36E-17 1.40E-13 4.97 0.00 O3 + NO2 = 02 + NO3
6 2.80E-11 1.70E-11 -0.30 0.00 NO + NO 3 = 2 NO2
7 1.92E-38 3.30E-39 -1.05 0.00 NO + NO + O 2 = 2 NO2
8 1.26E-12 (Falloff Kinetics) NO2 + NO3 = N205
ko = 2.20E-30 0.00 -4.30
kINF =  1.50E-12 0.00 -0.50
F= 0.60 n= 1.00
9 5.53E+10 9.09E+26 22.26 0.00 N205 + #RCON8 = NO2 + NO3
10 1.00E-21  (No T Dependence) N205 + H2 O = 2 HNO3
11 4.17E-16 2.50E-14 2.44 0.00 NO2 + NO3 = NO + NO2 + 02
12A (Phot. Set = NO3NO ) NO3 + HV = NO + O2
12B (Phot. Set = NO3NO2 ) NO3 + HV = NO2 + O
13A (Phot. Set = O303P ) 03 +H V =0+ 02
13B (Phot. Set = 0301D ) 03 + HV = O*1D2 + 02
14 2.20E-10 (No T Dependence) O*1D2 + H2 O = 2 HO.
15 2.92E-11 1.92E-11 -0.25 0.00 O*1D 2+M=0+M
16 4.81E-12 (Falloff Kinetics) HO. + NO = HONO
ko = 7.00E-31 0.00 -2.60
KINF = 1.50E-11 0.00 -0.50
F= 0.60 n= 1.00
17 (Phot. Set = HONO HONO + HV = HO. + NO
18 1.13E-11 (Falloff Kinetics) HO. + NO2 = HNO3
kO = 2.60E-30 0.00 -3.20
kINF =  2.40E-11 0.00 -1.30

F= 0.60 n= 1.00

19 1.03E-13 6.45E-15 -1.65 0.00 HO. + HNO3 = H20 + NO3
21 2.40E-13 (No T Dependence) HO. + CO = HO2. + CO2
22 6.95E-14 1.60E-12 1.87 0.00 HO. + O3 = HO2. + 02
23 8.28E-12 3.70E-12 -0.48 0.00 HO2. + NO = HO. + NO2
24 1.37E-12 (Falloff Kinetics) HO2. + NO2 = HNO4
ko = 1.80E-31 0.00 -3.20
KINF =  4.70E-12 0.00 -1.40
F= 0.60 n= 1.00
25 7.92E+10 4.76E+26 21.66 0.00 HNO4 + #RCON24 = HO2. + NO2
27 4.61E-12 1.30E-12 -0.75 0.00 HNO4 + HO. = H20 + NO2 + 02
28 2.08E-15 1.10E-14 0.99 0.00 HO2. + O3 = HO .+ 2 02
29A  1.73E-12 2.20E-13 -1.23 0.00 HO2. + HO2. = HO2H + 02
29B 5.00E-32 1.90E-33 -1.95 0.00 HO2. + HO2 .+ M = HO2H + 02
29C 3.72E-30 3.10E-34 -5.60 0.00 HO2. + HO2. + H20 = HO2H + 02 + H20
29D 2.65E-30 6.60E-35 -6.32 0.00 HO2. + HO2. + H20 = HO2H + 02 + H20
30A 1.73E-12 2.20E-13 -1.23 0.00 NO3 + HO2. = HNO3 + 02
30B  5.00E-32 1.90E-33 -1.95 0.00 NO3 + HO2 .+ M = HNO3 + 02
30C  3.72E-30 3.10E-34 -5.60 0.00 NO3 + HO2. + H20 = HNO3 + 02 + H20
30D 2.65E-30 6.60E-35 -6.32 0.00 NO3 + HO2. + H20 = HNO3 + 02 + H20
31 (Phot. Set = H202 ) HO2H + H V = 2 HO.
32 1.70E-12 3.30E-12 0.40 0.00 HO2H + HO. = HO2. + H20
33 9.90E-11 4.60E-11 -0.46 0.00 HO. + HO2. = H20 + 02
Peroxy Radical Operators
B1 7.68E-12 4.20E-12 -0.36 0.00 RO2. + NO = NO
B2 2.25E-11 (Falloff Kinetics) RCO3. + NO = NO
ko = 5.65E-28 0.00 -7.10
kINF = 2.64E-11 0.00 -0.90
F= 0.27 n= 1.00
B4 1.04E-11 (Falloff Kinetics) RCO3. + NO2 = NO2
kO = 2.57E-28 0.00 -7.10
kKINF = 1.20E-11 0.00 -0.90
F= 0.30 n= 1.00
B5 4.90E-12 3.40E-13 -1.59 0.00 RO2. + HO2. = HO2. + RO2-HO2-PROD
B6 4.90E-12 3.40E-13 -1.59 0.00 RCO3. + HO2. = HO2. + RO2-HO2-PROD
B8 1.00E-15 (No T Dependence) RO2. + RO2. = RO2-RO2-PROD
B9 1.09E-11 1.86E-12 -1.05 0.00 RO2. + RCO3. = RO2-RO2-PROD

A-4



Table A-2 (continued)

Rxn. Kinetic Parameters [a]

Reactions [b]
Label k(300) A Ea B

B10 1.64E-11 2.80E-12 -1.05 0.00 RCO3. + RCO3. = RO2-RO2-PROD

B11 (Same k as for RO2. ) RO2-R. + NO = NO2 + HO2.

B12 (Same k as for RO2. ) RO2-R. + HO2. = -OOH

B13 (Same k as for RO2. ) RO2-R. + RO2. = RO2. + 0.5 HO2.

B14 (Same k as for RO2. ) RO2-R. + RCO3. = RCO3. + 0.5 HO2.

B19 (Same k as for RO2. ) RO2-N. + NO = RNO3

B20 (Same k as for RO2. ) RO2-N. + HO2. = -OOH + MEK + 15 -C

B21 (Same k as for RO2. ) RO2-N. + RO2. = RO2. + 0.5 HO2. + MEK + 15 -C

B22 (Same k as for RO2. ) RO2-N. + RCO3. = RCO3. + 0.5 HO2. + MEK + 1.5 -C

B15 (Same k as for RO2. ) R202. + NO = NO2

B16 (Same k as for RO2. ) R202. + HO2. =

B17 (Same k as for RO2. ) R202. + RO2. = RO2.

B18 (Same k as for RO2. ) R202. + RCO3. = RCOs3.

B23 (Same k as for RO2. ) RO2-XN. + NO = -N

B24 (Same k as for RO2. ) RO2-XN. + HO2. = -OOH

B25 (Same k as for RO2. ) RO2-XN. + RO2. = RO2. + 0.5 HO2.

B26 (Same k as for RO2. ) RO2-XN. + RCO3. = RCO3. + HO2.

G2 (Same k as for RO2. ) RO2-NP. + NO = NPHE

G3 (Same k as for RO2. ) RO2-NP. + HO2. = -O0 H + 6 -C

G4 (Same k as for RO2. ) RO2-NP. + RO2. = RO2. + 05 HO2 . + 6 -C

G5 (Same k as for RO2. ) RO2-NP. + RCO3. = RCO3. + HO2 . + 6 -C

Excited Criegee Biradicals

RZ1 (fast) (HCHO2) = 0.7 HCOOH + 0.12 "HO. + HO2. + CO" + 0.18 "H2 +
co2"

RZ2 (fast) (CCHO2) = 0.25 CCOOH + 0.15 "CH4 + CO2" + 0.6 HO. +
0.3 "CCO-02. + RCO3." + 0.3 "RO2-R. + HCHO + CO + RO2."

RZ3 (fast) (RCHO2) = 0.25 CCOOH + 0.15 CO2 + 0.6 HO. + 0.3 "C2C0O-02. +

RCO3." + 0.3 "RO2-R. + CCHO + CO + RO2." + 0.55 -C

Rz4 (fast) (C(C)CO2) = HO. + R202. + HCHO + CCO-02. + RCO3. + RO2.
RZ5 (fast) (C(R)CO2) = HO. + CCO-02. + CCHO + R202. + RCO3. + RO2.
RZ6 (fast) (CYCCO2) = 0.3 "HO. + C2CO-02. + R202. + RCO3. + RO2." +
0.3 RCHO + 4.2 -C
RZ8 (fast) (BZCHO2) = 0.5 "BZ-O. + R202. + CO + HO."
1SZ1 (fast) (C:CC(C)02) = HO. + R202. + HCHO + C2CO0O-02. + RO2. + RCO3.
1SZ2 (fast) (C:C(C)CHO2) = 0.75 RCHO + 0.25 ISOPROD + 0.5 -C
MAZ1 (fast) (C2(02)CHO) = HO. + R202. + HCHO + HCOCO-02. + RO2. + RCO3.
M1z1 (fast) (HOCCHO2) = 0.6 HO. + 0.3 "CCO-02. + RCO3." + 0.3 "RO2-R. +
HCHO + CO + RO2." + 0.8 -C
M2Z1 (fast) (HCOCHO2) = 0.12 "HO2 . + 2 CO + HO." + 0.74 -C +
0.51 "CO2 + HCHO"
M2Z2 (fast) (C2(02)COH) = HO. + MGLY + HO2. + R202. + RO2.

Organic Product Species

BY (Phot. Set = CO2H ) -OOH + HV = HO2. + HO.
B7A  181E-12 1.18E-12 -0.25 000 HO. + -OOH = HO.

B7B  3.71E-12 1.79E-12 -0.44 0.00 HO. + -OOH = RO2-R. + RO2.
c1 (Phot. Set = HCHONEWR) HCHO + W = 2 HO2. + CO
c2 (Phot. Set = HCHONEWM) HCHO + HV = H2 + CO

C3 9.76E-12 1.13E-12 -1.29 2.00 HCHO + HO. = HO2. + CO + H20
C4 7.79E-14 9.70E-15 -1.24 0.00 HCHO + HO2. = HOCOO.

C4A  1.77E+02 2.40E+12 1391 0.00 HOCOO. = HO2. + HCHO

C4B (Same k as for RO2. ) HOCOO. + NO = -C + NO2 + HO2.
Cco 6.38E-16 2.80E-12 5.00 0.00 HCHO + NO3 = HNO3 + HO2. + CO

C10 157E-11 5.55E-12 -0.62 0.00 CCHO + HO. = CCO-02. + H20 + RCO3.

Cl11A (Phot. Set = CCHOR ) CCHO + HV = CO + HO2. + HCHO + RO2-R. + RO2.
Cl2  2.84E-15 140E-12 3.70 0.00 CCHO + NO3 = HNO3 + CCO-0O2. + RCO3.

C25 197E-11 8.50E-12 -0.50 0.00 RCHO + HO. = C2CO-O2. + RCO3.

C26 (Phot. Set = RCHO ) RCHO + HV = CCHO + RO2-R. + RO2. + CO + HO2.
C27  2.84E-15 140E-12 3.70 0.00 NO3 + RCHO = HNO3 + C2CO-02. + RCO3.

C38 2.23E-13 4.81E-13 046 2.00 ACET + HO. = R202. + HCHO + CCO-0O2. + RCO3. + RO2.
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Table A-2 (continued)

Rxn. Kinetic Parameters [a]
Reactions [b]
Label k(300) A Ea B
C39 (Phot. Set = ACET-93C) ACET + HV = CCO-02. + HCHO + RO2-R. + RCO3. + RO2.

C4a4 1.16E-12 2.92E-13 -0.82 2.00 MEK + HO. = H20 + 0.5 "CCHO + HCHO + CCO-0O2. + C2CO-02." +
RCO3. + 1.5 "R202. + RO2."
C57 (Phot. Set = KETONE ) MEK + HV + #0.1 = CCO-02. + CCHO + RO2-R. + RCO3. + RO2.

C95 2.07E-12 2.19E-11 1.41 0.00 RNO3 + HO. = NO2 + 0.155 MEK + 1.05 RCHO + 0.48 CCHO +
0.16 HCHO + 0.11 -C + 1.39 "R202. + RO2."

C58A (Phot. Set = GLYOXALL1) GLY + HV = 0.8 HO2. + 0.45 HCHO + 1.55 CO
C58B (Phot. Set = GLYOXAL2) GLY + HV + #0.029 = 0.13 HCHO + 1.87 CO
C59 1.14E-11 (No T Dependence) GLY + HO. = 0.6 HO2. + 1.2 CO + 0.4 "HCOCO-02. + RCO3."
C60 (Same k as for CCHO ) GLY + NO3 = HNO3 + 0.6 HO2. + 1.2 CO + 0.4 "HCOCO-0O2. +
RCO3."
C68A (Phot. Set = MEGLYOX1) MGLY + HV = HO2. + CO + CCO-02. + RCO3.
C68B (Phot. Set = MEGLYOX2) MGLY + HV + 0.107 = HO2. + CO + CCO-0O2. + RCO3.
C69 1.72E-11 (No T Dependence) MGLY + HO. = CO + CCO-02. + RCO3.
C70 (Same k as for CCHO ) MGLY + NO3 = HNO3 + CO + CCO-0O2. + RCO3.
G7 1.14E-11 (No T Dependence) HO. + AFG1 = HCOCO-0O2. + RCO3.
G8 (Phot. Set = ACROLEIN) AFG1 + HV + #0.029 = HO2. + HCOCO-0O2. + RCO3.
U20H 1.72E-11 (No T Dependence) HO. + AFG2 = C2CO-02. + RCOs3.
U2HV (Phot. Set = ACROLEIN) AFG2 + HV = HO2. + CO + CCO-02. + RCO3.
G46 2.63E-11 (No T Dependence) HO. + PHEN = 0.15 RO2-NP. + 0.85 RO2-R. + 0.2 GLY +
4.7 -C + RO2.
G51 3.60E-12 (No T Dependence) NO3 + PHEN = HNO3 + BZ-O.
G52  4.20E-11 (No T Dependence) HO. + CRES = 0.15 RO2-NP. + 0.85 RO2-R. + 0.2 MGLY +
5,5 -C + RO2.
G57 2.10E-11 (No T Dependence) NO3 + CRES = HNO3 + BZ-O. + -C
G30 1.29e-11  (No T Dependence) BALD + HO. = BZ-CO-O2. + RCO3.
G31 (Phot. Set = BZCHO ) BALD + HV + #0.0 5 =7 -C
G32 2.61E-15 1.40E-12 3.75 0.00 BALD + NO3 = HNO3 + BZ-CO-O2.
G58 3.60E-12 (No T Dependence) NPHE + NO3 = HNO3 + BZ(NO2)-O.
G59 (Same k as for BZ-O. ) BZ(NO2)-O. + NO 2 =2 -N+ 6 -C
G60 (Same k as for RO2. ) BZ(NO2)-O. + HO2. = NPHE
G61 (Same k as for BZ-O. ) BZ(NO2)-O. = NPHE
C13 (Same k as for RCO3. ) CCO-02. + NO = CO2 + NO2 + HCHO + RO2-R. + RO2.
Ci4 (Same k as for RCO3. ) CCO-02. + NO2 = PAN
C15 (Same k as for RCO3. ) CCO-02. + HO2. = -OCH + CO2 + HCHO
C16 (Same k as for RCO3. ) CCO-02. + RO2. = R02 + 0.5 HO2. + CO2 + HCHO
C17 (Same k as for RCO3. ) CCO 02. + RCO3. = RCO3. + HO2. + CO2 + HCHO
C18 6.50E-04 (Falloff Kinetics) PAN = CCO-02. + NO2 + RCO3.
kO = 4.90E-03 23.97 0.00
KINF =  4.00E+16 27.08 0.00
F= 0.30 n= 1.00
C28 (Same k as for RCO3. ) C2CO-02. + NO = CCHO + RO2-R. + CO2 + NO2 + RO2.
Cc29 8.40E-12 (No T Dependence) C2CO-02. + NO2 = PPN
C30 (Same k as for RCO3. ) C2CO-02. + HO2. = -OOH + CCHO + CO2
C31 (Same k as for RCO3. ) C2CO-02. + RO2. = RO2. + 0.5 HO2. + CCHO + CO2
C32 (Same k as for RCO3. ) C2CO-02. + RCO3. = RCO3. + HO2. + CCHO + CO2

C33 6.78E-04 1.60E+17 27.97 0.00 PPN = C2CO-O2. + NO2 + RCO3.

C62 (Same k as for RCO3. ) HCOCO-02. + NO = NO2 + CO2 + CO + HO2.

C63 (Same k as for RCO3. ) HCOCO-02. + NO2 = GPAN

C65 (Same k as for RCO3. ) HCOCO-02. + HO2. = -OOH + CO2 + CO

C66 (Same k as for RCO3. ) HCOCO-02. + RO2. = ROZ + 0.5 HO2. + CO2 + CO
Cc67 (Same k as for RCO3. ) HCOCO-02. + RCO3. = RCO3. + HO2. + CO2 + CO
c64 (Same k as for PAN ) GPAN = HCOCO-02. + NO2 + RCOs3.

G33 (Same k as for RCO3. ) BZ-CO-02. + NO = BZ-O. + CO2 + NO2 + R202. + RO2.
G43  3.53E-11 130E 11 -0.60 0.00 BZz-O. + NO2 = NPHE

G44 (Same k as for RO2. ) BZ-O. + HO2. = PHEN

G45 1.00E-03 (No T Dependence) BZ-O. = PHEN

G34  8.40E-12 (No T Dependence) BZ-CO-O2. + NO2 = PBZN

G36 (Same k as for RCO3. ) BZ-CO-O2. + HO2. = -OOH + CO2 + PHEN

G37 (Same k as for RCO3. ) BZ-CO-02. + RO2. = RO2. + 0.5 HO2. + CO2 + PHEN
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Table A-2 (continued)

Rxn. Kinetic Parameters [a]
Reactions [b]
Label k(300) A Ea B
G38 (Same k as for RCO3. ) BZ-CO-0O2. + RCO3. = RCO3. + HO2. + CO2 + PHEN

G35 2.17E-04 1.60E+15 25.90 0.00

Hydrocarbon Species Represented Explicitly

2.56E-12 1.36E-12 -0.38

5.63E-12

8.76E-12

8.43E-12
1.68E-18
2.18E-16
7.42E-13

2.60E-11
1.05E-17

9.74E-15
4.01E-12

6.30E-11
1.95E-16
3.92E-13
2.34E-11
1.28E-12

5.91E-12

7.10E-12

1.37E-11

2.36E-11

1.43E-11

3.27E-11

3.25E-11

5.75E-11

1.35E-11

3.15E-11

1.96E-12
9.14E-15
4.39E-13
1.04E-11

4.85E-12
5.51E-15

4.59E-13
1.18E-11

1.01E-11
6.64E-15
1.10E-13
2.26E-11

2.50E-12

1.81E-12

(No T

(No T

(No T

(No T

(No T

(No T

0.52

0.76

-0.87
5.13
4.53
1.57

-1.00
3.73

2.30
0.64

-1.09
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-0.76

-0.02

0.40

-0.70
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0.00
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(No T Dependence)

Reoptimized Aromatic Reactions

[d]

1.28E-12 2.50E-12 0.40 0.00

5.91E-12 1.81E-12 -0.70 0.00

PBZN = BZ-CO-02. + NO2 + RCOS3.

[c]

N-C4 + HO. = 0.076 RO2-N. + 0.924 RO2-R. + 0.397 R202. +
0.001 HCHO + 0.571 CCHO + 0.14 RCHO + 0.533 MEK +
-0.076 -C + 1.397 RO2.

N-C6 + HO. = 0.185 RO2-N. + 0.815 RO2-R. + 0.738 R202. +
0.02 CCHO + 0.105 RCHO + 1.134 MEK + 0.186 -C +
1.738 RO2.

N-C8 + HO. = 0.333 RO2-N. + 0.667 RO2-R. + 0.706 R202. +
0.002 RCHO + 1.333 MEK + 0.998 -C + 1.706 RO2.

ETHENE + HO. = RO2-R. + RO2. + 1.56 HCHO + 0.22 CCHO
ETHENE + O3 = HCHO + (HCHO2)

ETHENE + NO3 = R202. + RO2 . + 2 HCHO + NO2
ETHEN E + O = RO2-R. + HO2. + RO2. + HCHO + CO

PROPENE + HO. = RO2-R. + RO2. + HCHO + CCHO
PROPENE + O3 = 0.6 HCHO + 0.4 CCHO + 0.4 (HCHO2) +

0.6 (CCHO2)
PROPENE + NO3 = R202. + RO2. + HCHO + CCHO + NO2
PROPEN E + O = 0.4 HO2. + 0.5 RCHO + 0.5 MEK + -0.5 -C

T-2-BUTE + HO. = RO2-R. + RO2 .+ 2 CCHO
T-2-BUTE + O3 = CCHO + (CCHO2)

T-2-BUTE + NO3 = R202. + RO2 . + 2 CCHO + NO2
T-2-BUT E + O = 04 HO2. + 05 RCHO + 0.5 MEK + 0.5 -C

BENZENE + HO. = 0.236 PHEN + 0.207 GLY + 1.75 AFG1 +
0.764 RO2-R. + 0.236 HO2. + 0.67 -C + 0.764 RO2.

TOLUENE + HO. = 0.085 BALD + 0.26 CRES + 0.118 GLY +
0.847 MGLY + 0.276 AFG2 + 0.74 RO2-R. + 0.26 HO2. +
0.981 -C + 0.74 RO2.

C2-BENZ + HO. = 0.085 BALD + 0.26 CRES + 0.118 GLY +
0.19 MGLY + 0.19 AFG2 + 0.74 RO2-R. + 0.26 HO2. +
4.209 -C + 0.74 RO2.

O-XYLENE + HO. = 0.04 BALD + 0.18 CRES + 0.108 GLY +
0.61 MGLY + 0.6 AFG2 + 0.82 RO2-R. + 0.18 HO2. +
2.614 -C + 0.82 RO2.

M-XYLENE + HO. = 0.04 BALD + 0.18 CRES + 0.108 GLY +
1.554 MGLY + 0.505 AFG2 + 0.82 RO2-R. + 0.18 HO2. +
0.068 -C + 0.82 RO2.

P-XYLENE + HO. = 0.04 BALD + 0.18 CRES + 0.108 GLY +
0.03 MGLY + 0.19 AFG2 + 0.82 RO2-R. + 0.18 HO2. +
5.584 -C + 0.82 RO2.

123-TMB + HO. = 0.03 BALD + 0.18 CRES + MGLY + 0.69 AFG2 +
0.82 RO2-R. + 0.18 HO2. + 2.46 -C + 0.82 RO2.

124-TMB + HO. = 0.03 BALD + 0.18 CRES + 0.31 MGLY +
0.3 AFG2 + 0.82 RO2-R. + 0.18 HO2. + 5.7 -C + 0.82 RO2.

135-TMB + HO. = 0.03 BALD + 0.18 CRES + 0.93 MGLY +
0.66 AFG2 + 0.82 RO2-R. + 0.18 HO2. + 2.76 -C + 0.82 RO2.

BENZENE + HO. = 0.236 PHEN + 0.207 GLY + 1.44 AFG1l +
0.764 RO2-R. + 0.236 HO2. + 1.29 -C + 0.764 RO2.

TOLUENE + HO. = 0.085 BALD + 0.26 CRES + 0.118 GLY +

0.964 MGLY + 0.259 AFG2 + 0.74 RO2-R. + 0.26 HO2. +
0.681 -C + 0.74 RO2.
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Table A-2 (continued)

Rxn. Kinetic Parameters [a]
Reactions [b]
Label k(300) A Ea B
7.10E-12 (No T Dependence) C2-BENZ + HO. = 0.085 BALD + 0.26 CRES + 0.118 GLY +
0.199 MGLY + 0.181 AFG2 + 0.74 RO2-R. + 0.26 HO2. +
4,207 -C + 0.74 RO2.
1.37E-11 (No T Dependence) O-XYLENE + HO. = 0.04 BALD + 0.18 CRES + 0.108 GLY +
0.805 MGLY + 0.582 AFG2 + 0.82 RO2-R. + 0.18 HO2. +
2.083 -C + 0.82 RO2.
2.36E-11 (No T Dependence) M-XYLENE + HO. = 0.04 BALD + 0.18 CRES + 0.108 GLY +
1.599 MGLY + 0.461 AFG2 + 0.82 RO2-R. + 0.18 HO2. +
0.063 -C + 0.82 RO2.
1.43E-11 (No T Dependence) P-XYLENE + HO. = 0.04 BALD + 0.18 CRES + 0.108 GLY +
0.168 MGLY + 0.15 AFG2 + 0.82 RO2-R. + 0.18 HO2. +
5.289 -C + 0.82 RO2.
3.27E-11 (No T Dependence) 123-TMB + HO. = 0.03 BALD + 0.18 CRES + 1.12 MGLY +
0.658 AFG2 + 0.82 RO2-R. + 0.18 HO2. + 2.195 -C +
0.82 RO2.
3.25E-11 (No T Dependence) 124-TMB + HO. = 0.03 BALD + 0.18 CRES + 0.405 MGLY +
0.256 AFG2 + 0.82 RO2-R. + 0.18 HO2. + 5.546 -C +
0.82 RO2.
5.75E-11 (No T Dependence) 135-TMB + HO. = 0.03 BALD + 0.18 CRES + 1.164 MGLY +
0.61 AFG2 + 0.82 RO2-R. + 0.18 HO2. + 2.207 -C +
0.82 RO2.
Reactions used to Represent Chamber-Dependent Processes [e]
O3wW (varied) (No T Dependence) 03 =
N25I (varied) (No T Dependence) N20 5 = 2 NOX-WALL
N25S (varied) (No T Dependence) N205 + H2 O = 2 NOX-WALL
NO2W  (varied) (No T Dependence) NO2 = (yHONO) HONO + (1-yHONO) NOX-WALL
XSHC (varied) (No T Dependence) HO. = HO2.
RSI (Phot. Set = NO2 ) HV + #RS/K1 = HO.
ONO2 (Phot. Set = NO2 ) HV + #E-NO2/K1 = NO2 + #-1 NOX-WALL
[a] Except as noted, expression for rate constant i s k = A eF¥RT (1/300) B. Rate constants and A factor
are in ppm, min units. Units of Ea is kcal mole . "Phot Set" means this is a photolysis reaction,
with the absorption coefficients and quantum vyields given in Table A-3. In addition, if

"#(number)" or "#(parameter)" is given as a reactant, then the value of that number or parameter
is multiplied by the result in the "rate constant expression” columns to obtain the rate constant
used. Furthermore, "#RCONnNn" as a reactant means that the rate constant for the reaction is
obtained by multiplying the rate constant given by that for reaction "nn". Thus, the rate constant
given is actually an equilibrium constant.

[b] Format of reaction listing same as used in documentation of the detailed mechanism (Carter 1990).

[c] Aromatic reactions are standard for the SAPRC-93 mechanism.

[d] All other reactions in the reoptimized aromatics mechanisms are the same as those listed elsewhere
on this table.

[e] See Table 1 for the values of the parameters used for the specific chambers modeled in this study.
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Table A-3.

Absorption cross sections and quantum yields for photolysis reactions.

WL Abs QY WL Abs QY WL Abs QY WL Abs QY WL Abs
(m)  (em § (m)  (cm )2 (m)  (cm) 2 (m  m) 2 (om  em) ?
Photolysis File = NO2

250.0 2.83E-20 1.000 255.0 1.45E-20 1.000 260.0 1.90E-20 1.000 265.0 2.05E-20 1.000 270.0 3.13E-20 1.000
275.0 4.02E-20 1.000 280.0 5.54E-20 1.000 285.0 6.99E-20 1.000 290.0 8.18E-20 0.999 295.0 9.67E-20 0.998
300.0 1.17E-19 0.997 305.0 1.66E-19 0.996 310.0 1.76E-19 0.995 315.0 2.25E-19 0.994 320.0 2.54E-19 0.993
325.0 2.79E-19 0.992 330.0 2.99E-19 0.991 335.0 3.45E-19 0.990 340.0 3.88E-19 0.989 345.0 4.07E-19 0.988
350.0 4.10E-19 0.987 355.0 5.13E-19 0.986 360.0 4.51E-19 0.984 365.0 5.78E-19 0.983 370.0 5.42E-19 0.981
375.0 5.35E-19 0.979 380.0 5.99E-19 0.975 381.0 5.98E-19 0.974 382.0 5.97E-19 0.973 383.0 5.96E-19 0.972
384.0 5.95E-19 0.971 385.0 5.94E-19 0.969 386.0 5.95E-19 0.967 387.0 5.96E-19 0.966 388.0 5.98E-19 0.964
389.0 5.99E-19 0.962 390.0 6.00E-19 0.960 391.0 5.98E-19 0.959 392.0 5.96E-19 0.957 393.0 5.93E-19 0.953
394.0 5.91E-19 0.950 395.0 5.89E-19 0.942 396.0 6.06E-19 0.922 397.0 6.24E-19 0.870 398.0 6.41E-19 0.820
399.0 6.59E-19 0.760 400.0 6.76E-19 0.695 401.0 6.67E-19 0.635 402.0 6.58E-19 0.560 403.0 6.50E-19 0.485
404.0 6.41E-19 0.425 405.0 6.32E-19 0.350 406.0 6.21E-19 0.290 407.0 6.10E-19 0.225 408.0 5.99E-19 0.185
409.0 5.88E-19 0.153 410.0 5.77E-19 0.130 411.0 5.88E-19 0.110 412.0 5.98E-19 0.094 413.0 6.09E-19 0.083
414.0 6.19E-19 0.070 415.0 6.30E-19 0.059 416.0 6.29E-19 0.048 417.0 6.27E-19 0.039 418.0 6.26E-19 0.030
419.0 6.24E-19 0.023 420.0 6.23E-19 0.018 421.0 6.18E-19 0.012 422.0 6.14E-19 0.008 423.0 6.09E-19 0.004
424.0 6.05E-19 0.000 425.0 6.00E-19 0.000

Photolysis File = NO3NO

585.0 2.77E-18 0.000 590.0 5.14E-18 0.250 595.0 4.08E-18 0.400 600.0 2.83E-18 0.250 605.0 3.45E-18 0.200
610.0 1.48E-18 0.200 615.0 1.96E-18 0.100 620.0 3.58E-18 0.100 625.0 9.25E-18 0.050 630.0 5.66E-18 0.050
635.0 1.45E-18 0.030 640.0 1.11E-18 0.000

Photolysis File = NO3NO2

400.0 0.00E+00 1.000 405.0 3.00E-20 1.000 410.0 4.00E-20 1.000 415.0 5.00E-20 1.000 420.0 8.00E-20 1.000
425.0 1.00E-19 1.000 430.0 1.30E-19 1.000 435.0 1.80E-19 1.000 440.0 1.90E-19 1.000 445.0 2.20E-19 1.000
450.0 2.80E-19 1.000 455.0 3.30E-19 1.000 460.0 3.70E-19 1.000 465.0 4.30E-19 1.000 470.0 5.10E-19 1.000
475.0 6.00E-19 1.000 480.0 6.40E-19 1.000 485.0 6.90E-19 1.000 490.0 8.80E-19 1.000 495.0 9.50E-19 1.000
500.0 1.01E-18 1.000 505.0 1.10E-18 1.000 510.0 1.32E-18 1.000 515.0 1.40E-18 1.000 520.0 1.45E-18 1.000
525.0 1.48E-18 1.000 530.0 1.94E-18 1.000 535.0 2.04E-18 1.000 540.0 1.81E-18 1.000 545.0 1.81E-18 1.000
550.0 2.36E-18 1.000 555.0 2.68E-18 1.000 560.0 3.07E-18 1.000 565.0 2.53E-18 1.000 570.0 2.54E-18 1.000
575.0 2.74E-18 1.000 580.0 3.05E-18 1.000 585.0 2.77E-18 1.000 590.0 5.14E-18 0.750 595.0 4.08E-18 0.600
600.0 2.83E-18 0.550 605.0 3.45E-18 0.400 610.0 1.45E-18 0.300 615.0 1.96E-18 0.250 620.0 3.58E-18 0.200
625.0 9.25E-18 0.150 630.0 5.66E-18 0.050 635.0 1.45E-18 0.000

Photolysis File = O303P

280.0 3.97E-18 0.100 281.0 3.60E-18 0.100 282.0 3.24E-18 0.100 283.0 3.01E-18 0.100 284.0 2.73E-18 0.100
285.0 2.44E-18 0.100 286.0 2.21E-18 0.100 287.0 2.01E-18 0.100 288.0 1.76E-18 0.100 289.0 1.58E-18 0.100
290.0 1.41E-18 0.100 291.0 1.26E-18 0.100 292.0 1.10E-18 0.100 293.0 9.89E-19 0.100 294.0 8.59E-19 0.100
295.0 7.70E-19 0.100 296.0 6.67E-19 0.100 297.0 5.84E-19 0.100 298.0 5.07E-19 0.100 299.0 4.52E-19 0.100
300.0 3.92E-19 0.100 301.0 3.42E-19 0.100 302.0 3.06E-19 0.100 303.0 2.60E-19 0.100 304.0 2.37E-19 0.100
305.0 2.01E-19 0.112 306.0 1.79E-19 0.149 307.0 1.56E-19 0.197 308.0 1.38E-19 0.259 309.0 1.25E-19 0.339
310.0 1.02E-19 0.437 311.0 9.17E-20 0.546 312.0 7.88E-20 0.652 313.0 6.77E-20 0.743 314.0 6.35E-20 0.816
315.0 5.10E-20 0.872 316.0 4.61E-20 0.916 317.0 4.17E-20 0.949 318.0 3.72E-20 0.976 319.0 2.69E-20 0.997
320.0 3.23E-20 1.000 330.0 6.70E-21 1.000 340.0 1.70E-21 1.000 350.0 4.00E-22 1.000 355.0 0.00E+00 1.000
400.0 0.00E+00 1.000 450.0 1.60E-22 1.000 500.0 1.34E-21 1.000 550.0 3.32E-21 1.000 600.0 5.06E-21 1.000
650.0 2.45E-21 1.000 700.0 8.70E-22 1.000 750.0 3.20E-22 1.000 800.0 1.60E-22 1.000 900.0 0.00E+00 1.000
Photolysis File = O301D

280.0 3.97E-18 0.900 281.0 3.60E-18 0.900 282.0 3.24E-18 0.900 283.0 3.01E-18 0.900 284.0 2.73E-18 0.900
285.0 2.44E-18 0.900 286.0 2.21E-18 0.900 287.0 2.01E-18 0.900 288.0 1.76E-18 0.900 289.0 1.58E-18 0.900
290.0 1.41E-18 0.900 291.0 1.26E-18 0.900 292.0 1.10E-18 0.900 293.0 9.89E-19 0.900 294.0 8.59E-19 0.900
295.0 7.70E-19 0.900 296.0 6.67E-19 0.900 297.0 5.84E-19 0.900 298.0 5.07E-19 0.900 299.0 4.52E-19 0.900
300.0 3.92E-19 0.900 301.0 3.42E-19 0.900 302.0 3.06E-19 0.900 303.0 2.60E-19 0.900 304.0 2.37E-19 0.900
305.0 2.01E-19 0.888 306.0 1.79E-19 0.851 307.0 1.56E-19 0.803 308.0 1.38E-19 0.741 309.0 1.25E-19 0.661
310.0 1.02E-19 0.563 311.0 9.17E-20 0.454 312.0 7.88E-20 0.348 313.0 6.77E-20 0.257 314.0 6.35E-20 0.184
315.0 5.10E-20 0.128 316.0 4.61E-20 0.084 317.0 4.17E-20 0.051 318.0 3.72E-20 0.024 319.0 2.69E-20 0.003
320.0 3.23E-20 0.000

Photolysis File = HONO

311.0 0.00E+00 1.000 312.0 2.00E-21 1.000 313.0 4.20E-21 1.000 314.0 4.60E-21 1.000 315.0 4.20E-21 1.000
316.0 3.00E-21 1.000 317.0 4.60E-21 1.000 318.0 3.60E-20 1.000 319.0 6.10E-20 1.000 320.0 2.10E-20 1.000
321.0 4.27E-20 1.000 322.0 4.01E-20 1.000 323.0 3.93E-20 1.000 324.0 4.01E-20 1.000 325.0 4.04E-20 1.000
326.0 3.13E-20 1.000 327.0 4.12E-20 1.000 328.0 7.55E-20 1.000 329.0 6.64E-20 1.000 330.0 7.29E-20 1.000
331.0 8.70E-20 1.000 332.0 1.38E-19 1.000 333.0 5.91E-20 1.000 334.0 5.91E-20 1.000 335.0 6.45E-20 1.000
336.0 5.91E-20 1.000 337.0 4.58E-20 1.000 338.0 1.91E-19 1.000 339.0 1.63E-19 1.000 340.0 1.05E-19 1.000
341.0 8.70E-20 1.000 342.0 3.35E-19 1.000 343.0 2.01E-19 1.000 344.0 1.02E-19 1.000 345.0 8.54E-20 1.000
346.0 8.32E-20 1.000 347.0 8.20E-20 1.000 348.0 7.49E-20 1.000 349.0 7.13E-20 1.000 350.0 6.83E-20 1.000
351.0 1.74E-19 1.000 352.0 1.14E-19 1.000 353.0 3.71E-19 1.000 354.0 4.96E-19 1.000 355.0 2.46E-19 1.000
356.0 1.19E-19 1.000 357.0 9.35E-20 1.000 358.0 7.78E-20 1.000 359.0 7.29E-20 1.000 360.0 6.83E-20 1.000
361.0 6.90E-20 1.000 362.0 7.32E-20 1.000 363.0 9.00E-20 1.000 364.0 1.21E-19 1.000 365.0 1.33E-19 1.000
366.0 2.13E-19 1.000 367.0 3.52E-19 1.000 368.0 4.50E-19 1.000 369.0 2.93E-19 1.000 370.0 1.19E-19 1.000
371.0 9.46E-20 1.000 372.0 8.85E-20 1.000 373.0 7.44E-20 1.000 374.0 4.77E-20 1.000 375.0 2.70E-20 1.000
376.0 1.90E-20 1.000 377.0 1.50E-20 1.000 378.0 1.90E-20 1.000 379.0 5.80E-20 1.000 380.0 7.78E-20 1.000
381.0 1.14E-19 1.000 382.0 1.40E-19 1.000 383.0 1.72E-19 1.000 384.0 1.99E-19 1.000 385.0 1.90E-19 1.000
386.0 1.19E-19 1.000 387.0 5.65E-20 1.000 388.0 3.20E-20 1.000 389.0 1.90E-20 1.000 390.0 1.20E-20 1.000
391.0 5.00E-21 1.000 392.0 0.00E+00 1.000

Photolysis File = H202

250.0 8.30E-20 1.000 255.0 6.70E-20 1.000 260.0 5.20E-20 1.000 265.0 4.20E-20 1.000 270.0 3.20E-20 1.000
275.0 2.50E-20 1.000 280.0 2.00E-20 1.000 285.0 1.50E-20 1.000 290.0 1.13E-20 1.000 295.0 8.70E-21 1.000
300.0 6.60E-21 1.000 305.0 4.90E-21 1.000 310.0 3.70E-21 1.000 315.0 2.80E-21 1.000 320.0 2.00E-21 1.000
325.0 1.50E-21 1.000 330.0 1.20E-21 1.000 335.0 9.00E-22 1.000 340.0 7.00E-22 1.000 345.0 5.00E-22 1.000
350.0 3.00E-22 1.000 355.0 0.00E+00 1.000
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Table A-3. (continued)

WL Abs WL Abs QY WL Abs QY WL Abs QY WL Abs
(nm) (cm 3 (nm) (cm )2 (nm) (cm ) 2 (hm) (cm ) 2 (hm) (cm )
Photolysis File = CO2H

210.0 3.75E-19 1.000 220.0 2.20E-19 1.000 230.0 1.38E-19 1.000 240.0 8.80E-20 1.000 250.0 5.80E-20 1.000
260.0 3.80E-20 1.000 270.0 2.50E-20 1.000 280.0 1.50E-20 1.000 290.0 9.00E-21 1.000 300.0 5.80E-21 1.000
310.0 3.40E-21 1.000 320.0 1.90E-21 1.000 330.0 1.10E-21 1.000 340.0 6.00E-22 1.000 350.0 4.00E-22 1.000
360.0 0.00E+00 1.000

Photolysis File = HCHONEWR

280.0 2.49E-20 0.590 280.5 1.42E-20 0.596 281.0 1.51E-20 0.602 281.5 1.32E-20 0.608 282.0 9.73E-21 0.614
282.5 6.76E-21 0.620 283.0 5.82E-21 0.626 283.5 9.10E-21 0.632 284.0 3.71E-20 0.638 284.5 4.81E-20 0.644
285.0 3.95E-20 0.650 285.5 2.87E-20 0.656 286.0 2.24E-20 0.662 286.5 1.74E-20 0.668 287.0 1.13E-20 0.674
287.5 1.10E-20 0.680 288.0 2.62E-20 0.686 288.5 4.00E-20 0.692 289.0 3.55E-20 0.698 289.5 2.12E-20 0.704
290.0 1.07E-20 0.710 290.5 1.35E-20 0.713 291.0 1.99E-20 0.717 291.5 1.56E-20 0.721 292.0 8.65E-21 0.724
292.5 5.90E-21 0.727 293.0 1.11E-20 0.731 293.5 6.26E-20 0.735 294.0 7.40E-20 0.738 294.5 5.36E-20 0.741
295.0 4.17E-20 0.745 295.5 3.51E-20 0.749 296.0 2.70E-20 0.752 296.5 1.75E-20 0.755 297.0 1.16E-20 0.759
297.5 1.51E-20 0.763 298.0 3.69E-20 0.766 298.5 4.40E-20 0.769 299.0 3.44E-20 0.773 299.5 2.02E-20 0.776
300.0 1.06E-20 0.780 300.4 7.01E-21 0.780 300.6 8.63E-21 0.779 300.8 1.47E-20 0.779 301.0 2.01E-20 0.779
301.2 2.17E-20 0.779 301.4 1.96E-20 0.779 301.6 1.54E-20 0.778 301.8 1.26E-20 0.778 302.0 1.03E-20 0.778
302.2 8.53E-21 0.778 302.4 7.13E-21 0.778 302.6 6.61E-21 0.777 302.8 1.44E-20 0.777 303.0 3.18E-20 0.777
303.2 3.81E-20 0.777 303.4 5.57E-20 0.777 303.6 6.91E-20 0.776 303.8 6.58E-20 0.776 304.0 6.96E-20 0.776
304.2 5.79E-20 0.776 304.4 5.24E-20 0.776 304.6 4.30E-20 0.775 304.8 3.28E-20 0.775 305.0 3.60E-20 0.775
305.2 5.12E-20 0.775 305.4 4.77E-20 0.775 305.6 4.43E-20 0.774 305.8 4.60E-20 0.774 306.0 4.01E-20 0.774
306.2 3.28E-20 0.774 306.4 2.66E-20 0.774 306.6 2.42E-20 0.773 306.8 1.95E-20 0.773 307.0 1.58E-20 0.773
307.2 1.37E-20 0.773 307.4 1.19E-20 0.773 307.6 1.01E-20 0.772 307.8 9.01E-21 0.772 308.0 8.84E-21 0.772
308.2 2.08E-20 0.772 308.4 2.39E-20 0.772 308.6 3.08E-20 0.771 308.8 3.39E-20 0.771 309.0 3.18E-20 0.771
309.2 3.06E-20 0.771 309.4 2.84E-20 0.771 309.6 2.46E-20 0.770 309.8 1.95E-20 0.770 310.0 1.57E-20 0.770
310.2 1.26E-20 0.767 310.4 9.26E-21 0.764 310.6 7.71E-21 0.761 310.8 6.05E-21 0.758 311.0 5.13E-21 0.755
311.2 4.82E-21 0.752 311.4 4.54E-21 0.749 311.6 6.81E-21 0.746 311.8 1.04E-20 0.743 312.0 1.43E-20 0.740
312.2 1.47E-20 0.737 312.4 1.35E-20 0.734 312.6 1.13E-20 0.731 312.8 9.86E-21 0.728 313.0 7.82E-21 0.725
313.2 6.48E-21 0.722 313.4 1.07E-20 0.719 313.6 2.39E-20 0.716 313.8 3.80E-20 0.713 314.0 5.76E-20 0.710
314.2 6.14E-20 0.707 314.4 7.45E-20 0.704 314.6 5.78E-20 0.701 314.8 5.59E-20 0.698 315.0 4.91E-20 0.695
315.2 4.37E-20 0.692 315.4 3.92E-20 0.689 315.6 2.89E-20 0.686 315.8 2.82E-20 0.683 316.0 2.10E-20 0.680
316.2 1.66E-20 0.677 316.4 2.05E-20 0.674 316.6 4.38E-20 0.671 316.8 5.86E-20 0.668 317.0 6.28E-20 0.665
317.2 5.07E-20 0.662 317.4 4.33E-20 0.659 317.6 4.17E-20 0.656 317.8 3.11E-20 0.653 318.0 2.64E-20 0.650
318.2 2.24E-20 0.647 318.4 1.70E-20 0.644 318.6 1.24E-20 0.641 318.8 1.11E-20 0.638 319.0 7.70E-21 0.635
319.2 6.36E-21 0.632 319.4 5.36E-21 0.629 319.6 4.79E-21 0.626 319.8 6.48E-21 0.623 320.0 1.48E-20 0.620
320.2 1.47E-20 0.614 320.4 1.36E-20 0.608 320.6 1.69E-20 0.601 320.8 1.32E-20 0.595 321.0 1.49E-20 0.589
321.2 1.17E-20 0.583 321.4 1.15E-20 0.577 321.6 9.64E-21 0.570 321.8 7.26E-21 0.564 322.0 5.94E-21 0.558
322.2 4.13E-21 0.552 322.4 3.36E-21 0.546 322.6 2.39E-21 0.539 322.8 2.01E-21 0.533 323.0 1.76E-21 0.527
323.2 2.82E-21 0.521 323.4 4.65E-21 0.515 323.6 7.00E-21 0.508 323.8 7.80E-21 0.502 324.0 7.87E-21 0.496
324.2 6.59E-21 0.490 324.4 5.60E-21 0.484 324.6 4.66E-21 0.477 324.8 4.21E-21 0.471 325.0 7.77E-21 0.465
325.2 2.15E-20 0.459 325.4 3.75E-20 0.453 325.6 4.10E-20 0.446 325.8 6.47E-20 0.440 326.0 7.59E-20 0.434
326.2 6.51E-20 0.428 326.4 5.53E-20 0.422 326.6 5.76E-20 0.415 326.8 4.43E-20 0.409 327.0 3.44E-20 0.403
327.2 3.22E-20 0.397 327.4 2.13E-20 0.391 327.6 1.91E-20 0.384 327.8 1.42E-20 0.378 328.0 9.15E-21 0.372
328.2 6.79E-21 0.366 328.4 4.99E-21 0.360 328.6 4.77E-21 0.353 328.8 1.75E-20 0.347 329.0 3.27E-20 0.341
329.2 3.99E-20 0.335 329.4 5.13E-20 0.329 329.6 4.00E-20 0.322 329.8 3.61E-20 0.316 330.0 3.38E-20 0.310
330.2 3.08E-20 0.304 330.4 2.16E-20 0.298 330.6 2.09E-20 0.291 330.8 1.41E-20 0.285 331.0 9.95E-21 0.279
331.2 7.76E-21 0.273 331.4 6.16E-21 0.267 331.6 4.06E-21 0.260 331.8 3.03E-21 0.254 332.0 2.41E-21 0.248
332.2 1.74E-21 0.242 332.4 1.33E-21 0.236 332.6 2.70E-21 0.229 332.8 1.65E-21 0.223 333.0 1.17E-21 0.217
333.2 9.84E-22 0.211 333.4 8.52E-22 0.205 333.6 6.32E-22 0.198 333.8 5.21E-22 0.192 334.0 1.46E-21 0.186
334.2 1.80E-21 0.180 334.4 1.43E-21 0.174 334.6 1.03E-21 0.167 334.8 7.19E-22 0.161 335.0 4.84E-22 0.155
335.2 2.73E-22 0.149 335.4 1.34E-22 0.143 335.6-1.62E-22 0.136 335.8 1.25E-22 0.130 336.0 4.47E-22 0.124
336.2 1.23E-21 0.118 336.4 2.02E-21 0.112 336.6 3.00E-21 0.105 336.8 2.40E-21 0.099 337.0 3.07E-21 0.093
337.2 2.29E-21 0.087 337.4 2.46E-21 0.081 337.6 2.92E-21 0.074 337.8 8.10E-21 0.068 338.0 1.82E-20 0.062
338.2 3.10E-20 0.056 338.4 3.24E-20 0.050 338.6 4.79E-20 0.043 338.8 5.25E-20 0.037 339.0 5.85E-20 0.031
339.2 4.33E-20 0.025 339.4 4.20E-20 0.019 339.6 3.99E-20 0.012 339.8 3.11E-20 0.006 340.0 2.72E-20 0.000
Photolysis File = HCHONEWM

280.0 2.49E-20 0.350 280.5 1.42E-20 0.346 281.0 1.51E-20 0.341 281.5 1.32E-20 0.336 282.0 9.73E-21 0.332
282.5 6.76E-21 0.327 283.0 5.82E-21 0.323 283.5 9.10E-21 0.319 284.0 3.71E-20 0.314 284.5 4.81E-20 0.309
285.0 3.95E-20 0.305 285.5 2.87E-20 0.301 286.0 2.24E-20 0.296 286.5 1.74E-20 0.291 287.0 1.13E-20 0.287
287.5 1.10E-20 0.282 288.0 2.62E-20 0.278 288.5 4.00E-20 0.273 289.0 3.55E-20 0.269 289.5 2.12E-20 0.264
290.0 1.07E-20 0.260 290.5 1.35E-20 0.258 291.0 1.99E-20 0.256 291.5 1.56E-20 0.254 292.0 8.65E-21 0.252
292.5 5.90E-21 0.250 293.0 1.11E-20 0.248 293.5 6.26E-20 0.246 294.0 7.40E-20 0.244 294.5 5.36E-20 0.242
295.0 4.17E-20 0.240 295.5 3.51E-20 0.238 296.0 2.70E-20 0.236 296.5 1.75E-20 0.234 297.0 1.16E-20 0.232
297.5 1.51E-20 0.230 298.0 3.69E-20 0.228 298.5 4.40E-20 0.226 299.0 3.44E-20 0.224 299.5 2.02E-20 0.222
300.0 1.06E-20 0.220 300.4 7.01E-21 0.220 300.6 8.63E-21 0.221 300.8 1.47E-20 0.221 301.0 2.01E-20 0.221
301.2 2.17E-20 0.221 301.4 1.96E-20 0.221 301.6 1.54E-20 0.222 301.8 1.26E-20 0.222 302.0 1.03E-20 0.222
302.2 8.53E-21 0.222 302.4 7.13E-21 0.222 302.6 6.61E-21 0.223 302.8 1.44E-20 0.223 303.0 3.18E-20 0.223
303.2 3.81E-20 0.223 303.4 5.57E-20 0.223 303.6 6.91E-20 0.224 303.8 6.58E-20 0.224 304.0 6.96E-20 0.224
304.2 5.79E-20 0.224 304.4 5.24E-20 0.224 304.6 4.30E-20 0.225 304.8 3.28E-20 0.225 305.0 3.60E-20 0.225
305.2 5.12E-20 0.225 305.4 4.77E-20 0.225 305.6 4.43E-20 0.226 305.8 4.60E-20 0.226 306.0 4.01E-20 0.226
306.2 3.28E-20 0.226 306.4 2.66E-20 0.226 306.6 2.42E-20 0.227 306.8 1.95E-20 0.227 307.0 1.58E-20 0.227
307.2 1.37E-20 0.227 307.4 1.19E-20 0.227 307.6 1.01E-20 0.228 307.8 9.01E-21 0.228 308.0 8.84E-21 0.228
308.2 2.08E-20 0.228 308.4 2.39E-20 0.228 308.6 3.08E-20 0.229 308.8 3.39E-20 0.229 309.0 3.18E-20 0.229
309.2 3.06E-20 0.229 309.4 2.84E-20 0.229 309.6 2.46E-20 0.230 309.8 1.95E-20 0.230 310.0 1.57E-20 0.230
310.2 1.26E-20 0.233 310.4 9.26E-21 0.236 310.6 7.71E-21 0.239 310.8 6.05E-21 0.242 311.0 5.13E-21 0.245
311.2 4.82E-21 0.248 311.4 4.54E-21 0.251 311.6 6.81E-21 0.254 311.8 1.04E-20 0.257 312.0 1.43E-20 0.260
312.2 1.47E-20 0.263 312.4 1.35E-20 0.266 312.6 1.13E-20 0.269 312.8 9.86E-21 0.272 313.0 7.82E-21 0.275
313.2 6.48E-21 0.278 313.4 1.07E-20 0.281 313.6 2.39E-20 0.284 313.8 3.80E-20 0.287 314.0 5.76E-20 0.290
314.2 6.14E-20 0.293 314.4 7.45E-20 0.296 314.6 5.78E-20 0.299 314.8 5.59E-20 0.302 315.0 4.91E-20 0.305
315.2 4.37E-20 0.308 315.4 3.92E-20 0.311 315.6 2.89E-20 0.314 315.8 2.82E-20 0.317 316.0 2.10E-20 0.320
316.2 1.66E-20 0.323 316.4 2.05E-20 0.326 316.6 4.38E-20 0.329 316.8 5.86E-20 0.332 317.0 6.28E-20 0.335
317.2 5.07E-20 0.338 317.4 4.33E-20 0.341 317.6 4.17E-20 0.344 317.8 3.11E-20 0.347 318.0 2.64E-20 0.350
318.2 2.24E-20 0.353 318.4 1.70E-20 0.356 318.6 1.24E-20 0.359 318.8 1.11E-20 0.362 319.0 7.70E-21 0.365
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Table A-3. (continued)

WL Abs QY

©m %

(nm)

WL Abs
(m)  (em )2

QY WL Abs
(nm) (cm ) 2

QY WL
(hm) (cm )

2

Abs QY WL

(nm)  (cm )

Abs

319.2 6.36E-21 0.368
320.2 1.47E-20 0.386
321.2 1.17E-20 0.417
322.2 4.13E-21 0.448
323.2 2.82E-21 0.479
324.2 6.59E-21 0.510
325.2 2.15E-20 0.541
326.2 6.51E-20 0.572
327.2 3.22E-20 0.603
328.2 6.79E-21 0.634
329.2 3.99E-20 0.665
330.2 3.08E-20 0.694
331.2 7.76E-21 0.717
332.2 1.74E-21 0.739
333.2 9.84E-22 0.762
334.2 1.80E-21 0.784
335.2 2.73E-22 0.798
336.2 1.23E-21 0.778
337.2 2.29E-21 0.754
338.2 3.10E-20 0.729
339.2 4.33E-20 0.703
340.2 1.99E-20 0.676
341.2 4.83E-21 0.649
342.2 4.64E-21 0.621
343.2 1.72E-20 0.593
344.2 8.26E-21 0.565
345.2 1.60E-21 0.537
346.2 5.15E-22 0.508
347.2 3.34E-22 0.480
348.2 7.60E-22 0.451
349.2 1.64E-22 0.423
350.2 0.00E+00 0.394
351.2 3.45E-23 0.366
352.2 8.38E-21 0.337
353.2 1.96E-20 0.309
354.2 1.07E-20 0.280
355.2 3.49E-21 0.251
356.2 4.17E-22 0.223

Photolysis File = CCHOR

260.0 2.00E-20 0.310
300.0 4.30E-20 0.430
330.0 6.90E-21 0.000

Photolysis File = RCHO
280.0 5.26E-20 0.960
330.0 6.49E-21 0.200

319.4 5.36E-21 0.371
320.4 1.36E-20 0.392
321.4 1.15E-20 0.423
322.4 3.36E-21 0.454
323.4 4.65E-21 0.485
324.4 5.60E-21 0.516
325.4 3.75E-20 0.547
326.4 5.53E-20 0.578
327.4 2.13E-20 0.609
328.4 4.99E-21 0.640
329.4 5.13E-20 0.671
330.4 2.16E-20 0.699
331.4 6.16E-21 0.721
332.4 1.33E-21 0.744
333.4 8.52E-22 0.766
334.4 1.43E-21 0.789
335.4 1.34E-22 0.794
336.4 2.02E-21 0.773
337.4 2.46E-21 0.749
338.4 3.24E-20 0.724
339.4 4.20E-20 0.698
340.4 1.76E-20 0.671
341.4 3.47E-21 0.643
342.4 1.08E-20 0.616
343.4 1.55E-20 0.588
344.4 6.32E-21 0.559
345.4 1.15E-21 0.531
346.4 3.45E-22 0.503
347.4 2.88E-22 0.474
348.4 6.24E-22 0.446
349.4 1.49E-22 0.417
350.4 5.16E-23 0.389
351.4 1.97E-22 0.360
352.4 1.55E-20 0.331
353.4 1.67E-20 0.303
354.4 9.82E-21 0.274
355.4 2.41E-21 0.246
356.4 1.95E-22 0.217

270.0 3.40E-20 0.390
305.0 3.40E-20 0.370

290.0 5.77E-20 0.910
340.0 1.44E-21 0.080

Photolysis File = ACET-93C

250.0 2.37E-20 0.760
300.0 2.78E-20 0.150
350.0 3.00E-23 0.000

260.0 3.66E-20 0.800
310.0 1.44E-20 0.050
360.0 0.00E+00 0.000

Photolysis File = KETONE

210.0 1.10E-21 1.000
260.0 4.21E-20 1.000
310.0 1.53E-20 1.000

220.0 1.20E-21 1.000
270.0 5.54E-20 1.000
320.0 4.60E-21 1.000

Photolysis File = GLYOXAL1

230.0 2.87E-21 1.000
255.0 1.15E-20 1.000
280.0 2.87E-20 1.000
305.0 2.72E-20 1.000
325.0 1.15E-20 1.000

235.0 2.87E-21 1.000
260.0 1.43E-20 1.000
285.0 3.30E-20 1.000
310.0 2.72E-20 1.000
327.5 1.43E-20 1.000

Photolysis File = GLYOXAL2

355.0 0.00E+00 1.000
380.0 1.72E-20 1.000
390.0 3.15E-20 1.000
395.0 3.04E-20 1.000
400.0 2.84E-20 1.000
405.0 3.04E-20 1.000
410.0 6.08E-20 1.000
413.5 6.48E-20 1.000
416.0 4.26E-20 1.000
421.0 5.67E-20 1.000
424.0 6.08E-20 1.000
428.0 1.66E-19 1.000
433.0 3.65E-20 1.000
436.5 1.13E-19 1.000
440.0 2.47E-19 1.000
445.0 1.13E-19 1.000
450.0 6.08E-20 1.000
454.0 1.70E-19 1.000

360.0 2.29E-21 1.000
382.0 1.58E-20 1.000
391.0 3.24E-20 1.000
396.0 2.63E-20 1.000
401.0 3.24E-20 1.000

406.0 3.04E-20 1.000
411.0 5.07E-20 1.000
414.0 7.50E-20 1.000
417.0 4.86E-20 1.000
421.5 4.46E-20 1.000
425.0 7.29E-20 1.000
429.0 4.05E-20 1.000
434.0 4.05E-20 1.000
437.0 5.27E-20 1.000
441.0 8.11E-20 1.000
446.0 5.27E-20 1.000
451.0 1.09E-19 1.000
455.0 3.40E-19 1.000

319.6 4.79E-21 0.374
320.6 1.69E-20 0.399
321.6 9.64E-21 0.430
322.6 2.39E-21 0.461
323.6 7.00E-21 0.492
324.6 4.66E-21 0.523
325.6 4.10E-20 0.554
326.6 5.76E-20 0.585
327.6 1.91E-20 0.616
328.6 4.77E-21 0.647
329.6 4.00E-20 0.678
330.6 2.09E-20 0.703
331.6 4.06E-21 0.726
332.6 2.70E-21 0.748
333.6 6.32E-22 0.771
334.6 1.03E-21 0.793
335.6 0.00E+00 0.790
336.6 3.00E-21 0.769
337.6 2.92E-21 0.745
338.6 4.79E-20 0.719
339.6 3.99E-20 0.693
340.6 1.39E-20 0.666
341.6 2.23E-21 0.638
342.6 1.14E-20 0.610
343.6 1.46E-20 0.582
344.6 4.28E-21 0.554
345.6 8.90E-22 0.525
346.6 3.18E-22 0.497
347.6 2.84E-22 0.468
348.6 4.99E-22 0.440
349.6 8.30E-23 0.411
350.6 0.00E+00 0.383
351.6 4.80E-22 0.354
352.6 1.86E-20 0.326
353.6 1.75E-20 0.297
354.6 8.66E-21 0.269
355.6 1.74E-21 0.240
356.6 1.50E-22 0.211

280.0 4.50E-20 0.580
315.0 2.10E-20 0.170

300.0 5.05E-20 0.860
345.0 0.00E+00 0.020

270.0 4.63E-20 0.640
320.0 4.80E-21 0.026

230.0 4.60E-21 1.000
280.0 5.92E-20 1.000
330.0 1.10E-21 1.000

240.0 4.30E-21 1.000
265.0 1.86E-20 1.000
290.0 3.15E-20 1.000
312.5 2.87E-20 1.000
330.0 1.15E-20 1.000

365.0 2.87E-21 1.000
384.0 1.49E-20 1.000
392.0 3.04E-20 1.000
397.0 2.43E-20 1.000
402.0 4.46E-20 1.000
407.0 2.84E-20 1.000
411.5 6.08E-20 1.000
414.5 8.11E-20 1.000
418.0 5.88E-20 1.000
422.0 5.27E-20 1.000
426.0 1.18E-19 1.000
430.0 5.07E-20 1.000
434.5 6.08E-20 1.000
438.0 1.01E-19 1.000
442.0 6.08E-20 1.000

447.0 2.43E-20 1.000
451.5 9.32E-20 1.000
455.5 4.05E-19 1.000
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319.8 6.48E-21 0.377
320.8 1.32E-20 0.405
321.8 7.26E-21 0.436
322.8 2.01E-21 0.467
323.8 7.80E-21 0.498
324.8 4.21E-21 0.529
325.8 6.47E-20 0.560
326.8 4.43E-20 0.591
327.8 1.42E-20 0.622
328.8 1.75E-20 0.653
329.8 3.61E-20 0.684
330.8 1.41E-20 0.708
331.8 3.03E-21 0.730
332.8 1.65E-21 0.753
333.8 5.21E-22 0.775
334.8 7.19E-22 0.798
335.8 1.25E-22 0.786
336.8 2.40E-21 0.764
337.8 8.10E-21 0.740
338.8 5.25E-20 0.714
339.8 3.11E-20 0.687
340.8 1.01E-20 0.660
341.8 1.55E-21 0.632
342.8 1.79E-20 0.604
343.8 1.38E-20 0.576
344.8 3.22E-21 0.548
345.8 6.50E-22 0.520
346.8 3.56E-22 0.491
347.8 9.37E-22 0.463
348.8 4.08E-22 0.434
349.8 2.52E-23 0.406
350.8 2.16E-23 0.377
351.8 3.13E-21 0.349
352.8 1.94E-20 0.320
353.8 1.63E-20 0.291
354.8 6.44E-21 0.263
355.8 1.11E-21 0.234
356.8 8.14E-23 0.206

290.0 4.90E-20 0.530
320.0 1.80E-20 0.100

310.0 3.68E-20 0.600

280.0 5.05E-20 0.550
330.0 8.00E-22 0.017

240.0 1.30E-20 1.000
290.0 5.16E-20 1.000
340.0 0.00E+00 1.000

245.0 5.73E-21 1.000
270.0 2.29E-20 1.000
295.0 3.30E-20 1.000
315.0 2.29E-20 1.000
335.0 2.87E-21 1.000

370.0 8.03E-21 1.000
386.0 1.49E-20 1.000
393.0 2.23E-20 1.000
398.0 3.24E-20 1.000
403.0 5.27E-20 1.000
408.0 2.43E-20 1.000
412.0 4.86E-20 1.000
415.0 8.11E-20 1.000

419.0 6.69E-20 1.000
4225 1.05E-19 1.000
426.5 1.30E-19 1.000
431.0 4.86E-20 1.000
435.0 5.07E-20 1.000
438.5 1.38E-19 1.000
443.0 7.50E-20 1.000
448.0 2.84E-20 1.000
452.0 1.22E-19 1.000
456.0 1.01E-19 1.000

320.0 1.48E-20 0.380
321.0 1.49E-20 0.411
322.0 5.94E-21 0.442
323.0 1.76E-21 0.473
324.0 7.87E-21 0.504
325.0 7.77E-21 0.535
326.0 7.59E-20 0.566
327.0 3.44E-20 0.597
328.0 9.15E-21 0.628
329.0 3.27E-20 0.659
330.0 3.38E-20 0.690
331.0 9.95E-21 0.712
332.0 2.41E-21 0.735
333.0 1.17E-21 0.757
334.0 1.46E-21 0.780
335.0 4.84E-22 0.802
336.0 4.47E-22 0.782
337.0 3.07E-21 0.759
338.0 1.82E-20 0.734
339.0 5.85E-20 0.709
340.0 2.72E-20 0.682
341.0 6.57E-21 0.655
342.0 3.70E-21 0.627
343.0 2.33E-20 0.599
344.0 1.00E-20 0.571
345.0 2.54E-21 0.542
346.0 5.09E-22 0.514
347.0 3.24E-22 0.485
348.0 9.70E-22 0.457
349.0 3.39E-22 0.428
350.0 2.57E-23 0.400
351.0 7.07E-23 0.371
352.0 6.41E-21 0.343
353.0 2.78E-20 0.314
354.0 1.36E-20 0.286
355.0 4.84E-21 0.257
356.0 7.37E-22 0.229
357.0 0.00E+00 0.200

295.0 4.50E-20 0.480
325.0 1.10E-20 0.040

320.0 1.66E-20 0.360

290.0 4.21E-20 0.300
340.0 1.00E-22 0.000

250.0 2.68E-20 1.000
300.0 3.44E-20 1.000

250.0 8.60E-21 1.000
275.0 2.58E-20 1.000
300.0 3.58E-20 1.000
320.0 1.43E-20 1.000
340.0 0.00E+00 1.000

375.0 1.00E-20 1.000
388.0 2.87E-20 1.000
394.0 2.63E-20 1.000
399.0 3.04E-20 1.000
404.0 4.26E-20 1.000
409.0 2.84E-20 1.000
413.0 8.31E-20 1.000
415.5 6.89E-20 1.000
420.0 3.85E-20 1.000
423.0 8.51E-20 1.000
427.0 1.07E-19 1.000
432.0 4.05E-20 1.000
436.0 8.11E-20 1.000
439.0 7.70E-20 1.000
444.0 9.32E-20 1.000

449.0 3.85E-20 1.000
453.0 2.39E-19 1.000
457.0 1.62E-20 1.000
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Table A-3. (continued)

WL Abs QY

©m %

(nm)

WL Abs
(m)  (em )2

QY WL
(nm) (cm )

Abs

QY WL
(hm) (cm )

2

Abs QY
(nm)

WL
(cm )

Abs

458.0 1.22E-20 1.000
461.0 2.03E-21 1.000

458.5 1.42E-20 1.000
462.0 0.00E+00 1.000

Photolysis File = MEGLYOX1

220.0 2.10E-21 1.000
245.0 8.41E-21 1.000
270.0 1.26E-20 1.000
295.0 1.18E-20 1.000
320.0 3.36E-21 1.000

225.0 2.10E-21 1.000
250.0 9.25E-21 1.000
275.0 1.43E-20 1.000
300.0 1.14E-20 1.000
325.0 1.68E-21 1.000

Photolysis File = MEGLYOX2

350.0 0.00E+00 1.000
364.0 2.94E-21 1.000
374.0 7.57E-21 1.000
384.0 1.35E-20 1.000
394.0 2.31E-20 1.000
404.0 3.20E-20 1.000
414.0 4.79E-20 1.000
424.0 5.17E-20 1.000
434.0 5.68E-20 1.000
442.0 5.47E-20 1.000
446.0 4.88E-20 1.000
451.0 3.03E-20 1.000
458.0 8.41E-21 1.000

Photolysis File = BZCHO

299.0 1.78E-19 1.000
314.0 6.91E-20 1.000
342.0 8.88E-20 1.000
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Photolysis File = ACROLEIN

250.0 1.80E-21 1.000
256.0 2.56E-21 1.000
261.0 3.24E-21 1.000
266.0 5.10E-21 1.000
271.0 7.20E-21 1.000
276.0 1.04E-20 1.000
281.0 1.26E-20 1.000
286.0 1.44E-20 1.000
291.0 1.78E-20 1.000
296.0 2.26E-20 1.000
301.0 2.85E-20 1.000
306.0 3.51E-20 1.000
311.0 4.25E-20 1.000
316.0 4.75E-20 1.000
321.0 5.43E-20 1.000
326.0 5.62E-20 1.000
331.0 5.95E-20 1.000
336.0 6.01E-20 1.000
341.0 5.54E-20 1.000
346.0 5.48E-20 1.000
351.0 5.03E-20 1.000
356.0 3.45E-20 1.000
361.0 2.95E-20 1.000
366.0 3.30E-20 1.000
371.0 8.99E-21 1.000
376.0 3.57E-21 1.000
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302.0 2.99E-20 1.000
307.0 3.63E-20 1.000
312.0 4.39E-20 1.000
317.0 4.90E-20 1.000
322.0 5.52E-20 1.000
327.0 5.63E-20 1.000
332.0 6.23E-20 1.000
337.0 5.79E-20 1.000
342.0 5.53E-20 1.000
347.0 5.90E-20 1.000
352.0 4.50E-20 1.000
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APPENDIX B
PLOTS OF RESULTS OF AROMATIC - NO , EXPERIMENTS

Figures B-1 through B-28 give time series plots of selected results of the aromatic, - NO
experiments carried out or modeled for this program. Results of model simulations, using both the
SAPRC-93 mechanism and the reoptimized aromatics mechanisms, are also shown. Experimental and
calculatedA([O,4]-[NO]) data are shown on Figures B-1 through B-12, where B-1 through B-9 show the
experiments for this program, and Figures B-9 through B-12 show pervious experiments which were used
to evaluate the reoptimized aromatics mechanisms. Experimental and calculated for the reactant aromatic
are shown on Figures B-13 through B-20, and those formaldehyde are shown on Figures B-21 through
B-28.
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Figure B-1.  Experimental and calculated concentration - time plots for A([O,]-[NO]) for
the toluene - NO, experiments carried out for this program and used for
mechanism evaluation.
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Ethylbenzene - NO , Runs
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Figure B-2. Experimental and calculated concentration - time plots for A([O,]-[NO])
for the ethylbenzene - NO, experiments carried out for this program.
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o-Xylene - NO 4 Runs
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Figure B-3. Experimental and calculated concentration - time plots for A([O,]-
[NQ]) for the o-xylene - NO_experiments carried out for this

program.
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Experimental and calculated concentration - time plots for A([O,]-[NQ]) for
the m-xylene - NO, experiments carried out for this program.
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p-Xylene - NO «x Runs
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Figure B-5. Experimental and calculated concentration - time plots for A([O,]-[NQ]) for
the p-xylene - NO, experiments carried out for this program.



1,2,3-Trimethylbenzene - NO « Runs
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Figure B-6. Experimental and calculated concentration - time plots for A([O,]-[NQ]) for
the 1,2,3-trimethylbenzene - NO, experiments carried out for this program.
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Figure B-7. Experimental and calculated concentration - time plots for A([O,]-[NQ]) for

the 1,2,4-trimethylbenzene - NO, experiments carried out for this

program.
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Figure B-8. Experimental and calculated concentration - time plots for A([O,]-[NO])
for the 1,3,5-trimethylbenzene - NO, experiments carried out for this

program.
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Benzene - NO, Runs
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Figure B-9. Experimental and calculated concentration - time plots for D([O3]-[NO])

for the benzene - NOx experiments used for mechanism evaluation. The
CTC experiments were carried out for this program, and the ITC runs
were carried out previously and used in the development of the SAPRC-93
mechanism.
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Experimental and calculated concentration - time plots for D([O3]-[NO])
for the toluene - NOx experiments carried out previously for mechanism

evaluation.
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Figure B-11. Experimental and calculated concentration - time plots for D(JO3]-[NO]) for

the m-xylene - NOx experiments carried out previously for mechanism

evaluation.
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Figure B-12. Experimental and calculated concentration - time plots for D(JO3]-[NO]) for

the 1,3,5-trimethylbenzene - NOx experiments carried out previously for
mechanism evaluation.
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Figure B-13.  Experimental and calculated concentration - time plots for toluene for the

toluene - NO,_ experiments carried out for this program and used for

mechanism evaluation.
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Figure B-14.  Experimental and calculated concentration - time plots for ethylbenzene
for the ethylbenzene - NO, experiments carried out for this program.
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Figure B-17. Experimental and calculated concentration - time plots for p-xylene for the
p-xylene - NO, experiments carried out for this program.
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Figure B-18. Experimental and calculated concentration - time plots for 1,2,3-
trimethylbenzene for the 1,2,3-trimethylbenzene - NO, experiments

carried out for this program.
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Figure B-19. Experimental and calculated concentration - time plots for 1,2,4-
trimethylbenzene for the 1,2,4-trimethylbenzene - NO, experiments carried
out for this program.
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Experimental and calculated concentration - time plots for 1,3,5-
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Figure B-21. Experimental and calculated concentration - time plots for formaldehyde for
the toluene - NO, experiments carried out for this program and used for

mechanism evaluation.
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Figure B-22.  Experimental and calculated concentration - time plots for formaldehyde

for the ethylbenzene - NO, experiments carried out for this program.
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Figure B-24.  Experimental and calculated concentration - time plots for formaldehyde
for the m-xylene - NO, experiments carried out for this program.
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Experimental and calculated concentration - time plots for formaldehyde

for the p-xylene - NOx experiments carried out for this program.
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Figure B-26.  Experimental and calculated concentration - time plots for formaldehyde
for the 1,2,3-trimethylbenzene NOx experiments carried out for this
program.
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Figure B-27. Experimental and calculated concentration - time plots for formaldehyde
for the 1,2,4-trimethylbenzene - NO, experiments carried out for this

program.
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Figure B-28. Experimental and calculated concentration - time plots for

formaldehyde for the 1,3,5-trimethylbenzene - NO, experiments carried
out for this program.
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