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ABSTRACT

An experimental and modeling study was conducteddsess the ground-level atmospheric
ozone impacts of several types of consumer prodagstpounds Environmental chamber experiments
were carried out for the representative amines Rwa#methyl-1-propanol (AMP), ethanolamine,
isopropyl amine anttbutyl amine and also faf-limonene. AMP and-butyl amine were found to inhibit
ozone formation, but the others enhanced ozonemarstl were found to significantly enhance formation
of secondary particle matter (PM). Methods to eastermechanisms for amines that were qualitatively
consistent with the chamber data were developedieder, the amine chamber data were not useful for
quantitative valuation because the amount of anaimailable for gas-phase reaction could not be
measured, and appeared to be significantly lessttftmamount injected. Estimates of atmospherin®zo
impacts for the amines are also very uncertain usr#he amount of amines removed by reaction with
HNO; in the atmosphere cannot be predicted. The chauir obtained fod-limonene were well
simulated by the existing-limonene mechanism.

Representations of the atmospheric reactions rof%oamines and 30 other types of consumer
product VOCs were added to the SAPRC-07 mechanisth is MIR and other reactivity scale
tabulations, which are included with this report.
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EXECUTIVE SUMMARY

Background

Emissions from consumer products are a non-nefgigiomponent of the total emissions of
volatile organic compounds (VOCs) into the atmosph&OCs emitted into the atmosphere react in
sunlight in the presence of oxides of nitrogen {Nemitted from other sources to contribute to the
formation of ground-level ozone g an important air pollution problem in CaliforniBecause controls
from other VOC sources may not be sufficient toiesh air-quality standards for ozone, the Califarni
Air Resources Board (CARB) has been implementinditamhal controls for VOC emissions from
consumer products. In order to achieve the mosteffective results, the CARB has proposed to z&ili
controls that take into account differences in @z@mpacts, or "reactivity", of the many types of
consumer product VOCs that are in use.

Reactivity-based VOC controls have already beerlemented in regulations for mobile source
(CARB, 1993) and aerosol coatings (CARB, 2000) sioiss in California. These are based on use of the
Maximum Incremental Reactivity (MIR) scale, which designed to reflect differences in impacts of
VOCs on Q formation in environments where;@ most sensitive to VOC emissions. However,
consumer product emissions include many VOCs foichviieactivity values are unknown or highly
uncertain, for which the CARB has had to use "upjieit" estimates of ozone impacts of these
compounds, based on worst-case considerationgiofuhknown atmospheric chemistry. This has lead to
relatively small amounts of some compounds domigatbzone impact estimates of some product
categories. This is problematical because the hozane impacts of these product categories may be
significantly less, and regulations based on ufipet reactivity estimates may lead inappropriagaiol
strategies.

Objectives

The overall objective of this project is to reduneertainties of ozone impact quantifications of
selected consumer products compounds of intereshdoCARB. The project focused primarily on
amines, since use of upper limit reactivity estesafor these compounds is problematic for some
categories. The amines 2-amino-2-methyl-1-propa@&\P) and ethanolamine were chosen for
experimental study because of their importancené donsumer product inventories, but atmospheric
reaction mechanisms and MIR values were also dirige other amines based in part on the results
obtained for those representative compounds. Amirgge not the only types of compounds in consumer
product inventories where reactivity values aredeee so an additional objective of this project was
estimate reactivity values for other compoundsvidnich such values were not previously available.
Experiments were also needed to verify existing oapheric reaction mechanisms and reactivity
estimates foid-limonene, an important consumer product VOC foiclwhmechanism evaluation data
were inadequate.



M ethods and Results
Environmental Chamber Experiments

The major effort in this project was to conduct ieowmental chamber experiments to test
estimated mechanisms for the representative anf\&B and ethanolamine, and to test the existing
mechanism fod-limonene. Experiments usirtgoutyl isopropyl amine were also carried out totHer
test the general amine mechanisms developed foptbject. The chamber experiments were carried out
in the UCR EPA environmental chamber that was apezl for mechanism evaluation at lower and more
atmospherically representative pollutant levelstpaeviously possible, and that was utilized inerdgc
studies of VOCs used in architectural coatings pesticides. The type of experiments carried ouewer
“incremental reactivity” experiments, which invot/eletermining the effect of adding the solvent to
standard reactive organic gas (ROG) surrogate ; iperiments designed to simulate the chemical
conditions of polluted urban atmospheres. Experiment two different ROG and NOevels were
employed to represent different conditions of Nailability, to provide a more comprehensive st
the mechanisms that affect reactivity under diffgrchemical conditions. The total N@vels employed
were in the 25-30 ppb range, which is designedetadpresentative of urban areas in California and
which are lower than employed in previous reagtigtiamber studies.

The chamber experiments were useful for quantéatimechanism evaluation fdrlimonene and
for qualitative evaluation of the mechanisms foe timines. The results indicated tlthimonene,
ethanolamine and isopropyl amine had relativelyhkdgd positive impacts on ozone formation, but also
indicated (somewhat unexpectedly) that AMP &bdtyl amine were ozone inhibitors. Unfortunateheg
data obtained for the amines were not useful foantjtative mechanism evaluation because of
uncertainties in the amounts of injected amines$ Wexe available for reaction in the gas phase. The
amount of amine in the gas-phase could not be meddiecause of lack of suitable analytical methods
for these compounds, and the chamber results anlidbe fit by assuming that the amount of amine
reacting in the gas phase was only 5-60% of theciafl amine, with the ratio varying significantigrh
run to run. On the other hand, the results of thmhene experiments were useful for obtaining high
quality data for mechanism evaluation for this comd.

Chemical M echanism Development and Evaluation

The SAPRC-07 mechanism (Carter, 2007a), which wesntly developed under CARB funding
and utilized to derive an updated MIR scale for ins€alifornia reactivity-based regulations wasdias
the starting point. New methods were developedstiomate mechanisms for amines, based on available
laboratory information and also the results of theeriments for this project. The new estimation
methods predicted that amines that lack reactivirdgen atoms vicinal to the amino groups would be
ozone inhibitors, as indicated by the results efAMP and t-butyl amine experiments carried outtiiis
project. On the other hand, amines such as ethanwaare predicted and confirmed to have posithe a
relatively high ozone impacts, though not as hightee upper limit estimates that would otherwise be
used in CARB regulations. Estimated mechanisms @weveloped for 11 other amines besides the 4 that
were studied, using an approach that was consigféimthe chamber data that were obtained. Estidnate
mechanisms, or methods for estimating atmospheoo® impacts, were developed for 30 other types of
VOCs found in consumer products emission invensoriehe existing SAPRC-07 mechanism fbr
limonene was found to give good simulations ofrémults of the experiments for this project and nats
modified.



An additional consideration in the mechanisms fatrines is the fact that they are basic
compounds that can react with atmospheric nitrid @8NO;) to form amine nitrate salts, which partition
into the aerosol phase. The chamber experimentaarsensitive to this reaction because the injecte
amine was in large excess over the HN@med in the experiments, but this could be inguarunder
atmospheric conditions. However, modeling this unanospheric conditions is difficult because it
requires knowledge of unknown equilibrium constartd also requires better knowledge of sources and
sinks of HNQ ammonia, and other amines in the atmosphere, warelunknown and probably highly
variable. Model simulations were carried out basedising two extreme assumptions in this regarde- o
assuming that the amine + HN@eaction had a negligible effect on removing amifim ozone
formation reactions, as would occur if the saltilopium favored dissociation in the atmosphere jfor
there were other significant sinks for HN@® the atmosphere, such as reaction with ammontteer
amines; and the other assuming that the amine +Hb&ation was rapid and irreversible.

Atmospheric Reactivity Calculations

Compounds in consumer products inventories for vloizone impact estimates were added for
this project, and their recommended MIR valuesrégulatory applications, are listed in Table E-beT
values in the "Previous" column were the valueseigifor a few of the amines in previous MIR
tabulations provided to the CARB for regulatory lggiions using the SAPRC-99 (Carter, 2003), and
those in the "Upper Limit" column were derived gsife upper limit method (Appendix D of Carter,
2000a) that would be the probable default valuesrégulatory MIR's if better estimates were not
available. The values in parentheses are percanigels in the new values relative to the tabulatdues
shown. It can be seen that in most cases the nkssvare lower than the previous SAPRC-99 estimates
for the few cases were they were available, arallinases the new values were significantly loviant
the upper limit MIR estimates. Uncertainty codestf@ current estimated mechanisms are given in the
full updated reactivity tabulations included as Apgix C to this report. The uncertainty codes ased
on those used in previous versions of the mechaf@anter, 2000a, 2003, 2007a) and are given in
footnote [b] to Table C-1.

It should be noted that the MIR values given fax #mines on Table E-1 and Appendix C were
calculated assuming that the removal of the amibgsreaction with HNQ@ is negligible under
atmospheric conditions. If the upper limit estimdte removal by this reaction is assumed, the
magnitudes of the ozone impacts are lower by aerasfl magnitude or more. However, for regulatory
purposes, we recommend that values used in thenMiami Incremental Reactivity (MIR) be based on
conditions where they would have the maximum ozongact, and those are the conditions where
removal by reaction with HNQis negligible. This is consistent with the generahcept of maximum
incremental reactivity (Carter, 1994a).

PM Impact Results

Although the primary focus of this project was reidig uncertainties in ozone impact estimates,
data were also obtained concerning the relativef&hation potentials for AMP, ethanolamine, ahkd
limonene. All three of these compounds were founlave very high PM formation potentials compared
to most of the coatings (Carter et al, 2005b) aestipide (Carter and Malkina, 2007) VOCs studied
previously.



Table E-1. Compounds in consumer products invezgofdor which ozone impact estimates were

added for this project, and recommended MIR valaesegulatory applications.

MIR (gm O; / gm VOC)

Compound This Work Previous Upper Limit
Methylamine 7.25 10.8 (-33%)
Dimethyl amine 2.65 9.4 (-72%) 14.9 (-82%)
Ethyl amine 5.45 7.8 (-30%) 14.9 (-63%)
Trimethyl amine 5.27 7.1 (-25%) 17.1 (-69%)
Triethyl amine 3.07 16.6 (-81%)
Triethylene diamine 2.77 15.0 (-81%)
Ethanolamine 6.59 6.0 (+11%) 11.0 (-40%)
Dimethylaminoethanol 5.15 4.8 (8%) 15.1 (-66%)
2-Amino-1-butanol 4.79 15.1 (-68%)
2-Amino-2-methyl-1-propanol -2.68 4.8 (negative) .1fegative)
Diethanol amine 2.22 4.0 (-45%) 12.8 (-83%)
Triethanolamine 3.25 2.8 (+18%) 11.3 (-71%)
Triisopropanolamine 1.99 8.8 (-77%)
Terpinolene 6.14 12.3 (-50%)
Tripropylene glycol 2.07 3.0 (-32%)
Diethylene glycol mono(2-ethylhexyl) ether 1.45 7 246%)
Tripropylene glycol n-butyl ether 1.55 2.4 (-34%)
Triethyl citrate 0.66 2.9 (-77%)
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 0.33 2.8 (-88%)
Citronellol (3,7-dimethyl-6-octen-1-ol) 5.80 3.83%)
Linalool 5.44 10.8 (-49%)
Geraniol 5.10 9.8 (-48%)
Hexyl cinnamal 2.93 7.8 (-62%)
Hydroxycitronellal 254 10.9 (-77%)
Cinnamic aldehyde 4.79 12.7 (-62%)
Amyl cinnamal 3.13 8.3 (-62%)
4-Vinylphenol 1.44 14.0 (-90%)
Methylparaben (4-hydroxy benzoic acid, methyl ster  1.70 11.0 (-85%)
Propylparaben 1.44 9.3 (-85%)
2,6-Di-tert-butyl-p-cresol 1.18 7.6 (-85%)
Beta-phenethyl alcohol 4.49 13.8 (-67%)
Cinnamic alcohol 0.83 12.5 (-93%)
Anethol 0.75 11.3 (-93%)
2-Ethylhexyl benzoate 0.92 7.2 (-87%)
1-Nitropropane 0.20 11.3 (-98%)
Ethyl methyl ketone oxime 1.55 15.4 (-90%)
Lauryl pyrrolidone 0.89 6.6 (-87%)
o-Dichlorobenzene 0.17 11.4 (-99%)
2-Chlorotoluene 2.86 13.3 (-78%)
Methyl nonafluorobutyl ether 0.05 7.2 (-99%)
Methyl nonafluoroisobutyl ether 0.05 7.2 (-99%)
Ethyl nonafluorobutyl ether 0.19 6.4 (-97%)
Ethyl nonafluoroisobutyl ether 0.19 6.4 (-97%)




Discussion and Recommendations

This project made significant progress towards exdhg its objectives of decreasing
uncertainties and improving estimates of ozone otgpaf consumer product compounds of interesteo th
CARB. Ozone impact estimates and MIR values wemveld for a total of 7 amines and 30 other
compounds present in consumer products inventéwreshich estimates were not previously available,
ozone impact estimates and MIR values were sigmiflg improved for 8 amines, and data were obtained
to support the predictive capabilities of the poegly derived mechanism fa-limonene. The major
contribution of this project concerned the develeptrof improved methods for estimating mechanisms
for calculating ozone impact estimates for amingkjch were previously represented using highly
approximate "placeholder" mechanisms, or for whictly upper limit ozone impact estimates were
available. As a result of this project, the estedabzone impacts of amines appropriate for reguylato
applications were found to be much lower than teeu limit values would indicate.

However, significant uncertainties still remain ceming the atmospheric reaction mechanisms
of the amines. The most important concerns the vaimaf the amines by reaction with HNOwhich
requires improved values for the equilibrium conttdfor these reactions, as well as more informatio
about sources and sinks of Hi@mines, and ammonia in the atmosphere. Howelere tare other
uncertainties in the amine mechanisms and theablaichamber data could not be used to quantitative
evaluate mechanism predictions because of the ddickuitable analytical methods for quantitative
analysis of amines in the gas phase. Methods rebe teveloped to quantitatively inject and monitor
these compounds in the gas phase before quargi@ia can be obtained to comprehensively evaluate
the mechanisms for these compounds.

Mechanisms and reactivity estimates were also éérfer a number of other compounds found
in consumer product inventories for which estimatese not previously available. However, the CARB
staff had also requested reactivity estimates fdotal of 63 other compounds for which reactivity
estimates are still needed. Of these, 4 are prgbatbhegligible reactivity and 20 are probably non-
volatile, leaving 39 compounds for which reactivitstimates are actually needed. In some of thesssca
the chemical structures could not be determined,ifbwthers the mechanisms are too uncertain to
estimate; while for others, estimates could be nifad®re time and resources were available. Addélo
work in this area may be appropriate if the misgstjmates remain problematic for the CARB.

Although the primary focus of this project was reidig uncertainties in ozone impact estimates,
data were also obtained concerning the relative fBivhation potentials for the compounds studied.
Developing mechanisms for PM impacts was beyond sttepe of this project, and it should be
emphasized that the results are applicable onlyhferconditions of these experiments, and rele®ive
impacts in the atmosphere may be different. Howetrer data obtained should be useful for testing
mechanisms for PM formation of these compounds yvad in this area is needed.



INTRODUCTION

Background

Many different types of volatile organic compoun®OCs) are emitted into the atmosphere,
where they can affect photochemical ozone formagioth other measures of air quality. Because VOCs
can react in the atmospheres at different ratesvgthddifferent mechanisms, the different type/@Cs
can differ significantly in their effects on air @jity. Therefore, VOC control strategies that takese
“reactivity” differences into account can poteritiahchieve ozone reductions and other air quality
benefits in a more cost-effective manner than esgias that treat all non-exempt VOCs equally.
Reactivity-based control strategies have already l@plemented in the California Air Resources Boar
(CARB) Clean Fuel/lLow Emissions Vehicle (CF/LEV)gations (CARB, 1993), aerosol coatings
regulations (CARB, 2000), and are being considéoedarchitectural coatings (CARB 2007) and other
stationary source applications. Since California baen successful in implementing reactivity-based
regulations as a cost-effective way to reduce ozirig reasonable to expect that this approach beil
adopted in other jurisdictions as well. For examphe U.S. EPA recently proposed a national rule on
aerosol sprays based on reactivity (EPA, 2007).

Implementation of reactivity-based controls regaiome means to measure and quantify
relative ozone impacts of different VOCs. This & a simple problem, because the ozone impact of a
VOC depends on the environment where the VOC idtethas well as the nature of the VOC (e.g., see
Carter and Atkinson, 1989). The effect of a VOCoaone formation in a particular environment can be
determined from its “incremental reactivity”, whighdefined as the amount of additional ozone farme
when a small amount of the VOC is added to therenwient, divided by the amount added. Although
this can be measured in environmental chamber empets, such experiment cannot be assumed to be
the same as incremental reactivities in the atnergp{Carter and Atkinson, 1989; Carter et al., 595
This is because it is not currently practical tpléiate in an experiment all the environmental desthat
affect relative reactivities; and, even if it wetke results would only be applicable to a singfeetof
environment. The only practical means to assesssptheric reactivity, and how it varies among défer
environments, is to estimate its atmospheric oZomacts using airshed models. However, such model
calculations are no more reliable than the chemizathanisms upon which they are based. While the
initial atmospheric reaction rates for most VOGs @asonably well known or at least can be estihate
for most VOCs the subsequent reactions of the atglformed are complex and have uncertainties that
can significantly affect predictions of atmospheriopacts. Laboratory studies can reduce these
uncertainties, but for most VOCs they will not pide/the needed information in the time frame resgiir
for current regulatory applications. For this regsenvironmental chamber experiments and other
experimental measurements of reactivity are nepgssdest and verify the predictive capabilitiefstioe
chemical mechanisms used to calculate atmospleadtivities.

The SAPRC-99 chemical mechanism (Carter, 2000apbas the most widely used mechanism
in the United States for calculating relative imisageactivities) of VOCs on ozone formation, asdhie
basis of the MIR ozone reactivity scale used in ¢herent CARB reactivity-based regulations. This
mechanism, and its corresponding reactivity scdtesie recently been updated to the SAPRC-07
mechanism (Carter, 2007a), and it is expectedttiemturrent CARB regulatory reactivity scale wié b
updated to the SAPRC-07 version in the next updete. SAPRC-99 and SAPRC-07 mechanisms are
based on the wide body of available laboratory ,deiteetic and mechanistic evaluations, atmospheric
chemical theories and estimation methods, and @mviental chamber data for the many types of
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compounds involved (Carter, 2000a, 2007a and nedesetherein). The most recent SAPRC-07 reactivity
tabulation has ozone impact estimates for over 19P@s of compounds. However, the number of

compounds that have been experimentally studietlish more limited, and some of these ozone impacts
are based on highly uncertain estimated or apprat@dhmechanisms. In addition, there are still many
compounds in emissions inventories for which meigms have not been derived, and therefore ozone
impact estimates are not available.

Consumer products are an important component oftdte emissions of VOCs into the
atmosphere, which might make a non-negligible douation to ozone formation. Because of this, the
CARB has been implementing additional controls Y@C emissions from consumer products, and is
considering use of reactivity-based controls faesth source categories. However, the uncertaimies i
quantification of ozone impacts (reactivity) of lgacompounds contained in consumer products are a
concern. For example, reactivity estimates foresglvconstituents in hairspray and nail care prtsgjuc
particularly amines such as 2-amino-2-methyl-1-prap (AMP) and ethanolamine, are highly uncertain.
Improved reactivity estimates for these and otlaeesneeded. For many such compounds the CARB has
had to use "upper limit" estimates of ozone impasfsthese compounds, based on worst-case
considerations of reaction rates and mechanisnes Appendix D of Carter, 2000a). This has led to
relatively small amounts of some compounds domigatbzone impact estimates of some product
categories. This is problematical because the hozane impacts of these product categories may be
significantly less, and regulations based on uflip@t-reactivity estimates may lead inappropriatefol
strategies.

Objectives

The overall objective of this project is to reduneertainties of ozone impact quantifications of
selected consumer products compounds of interéset@ARB. Specific objectives included carrying ou
environmental chamber experiments needed to devetopvaluate mechanisms for a few selected
representative compounds, derive mechanisms fgethrd related compounds and other compounds of
interest based on the data obtained and otherablaiinformation and estimates, and use the regults
update or enhance the SAPRC-07 mechanism to incleyiesentations and ozone impacts for these
compounds.

Based on discussions with the CARB staff, it wasiadk that this project would focus primarily
on reducing uncertainties in reactivity estimates dmines, with environmental chamber experiments
being carried out using the representative aming® Aand aminoethanol. It was also determined that
experiments were needed to reduce uncertaintiesdne impacts fod-limonene, an important consumer
product VOC for which mechanism evaluation dataeneadequate. The CARB staff also requested that
the reactivity estimates be made for a number afpmunds for which mechanisms reactivity estimates
were not available, and to accomplish this it wasessary to derive estimated mechanisms or
approximate representations for the atmosphericticmes of these compounds for the purpose of
calculating reactivity values.

Overall Approach

This work was carried out at the College of EngimgeCenter for Environmental Research and
Technology (CE-CERT) at the University of Califanat Riverside. The chamber experiments were
carried out in the UCR EPA chamber, which was dgped under EPA funding for more precise
mechanism evaluation at lower and more atmospHigriegpresentative pollutant levels than previously
possible (Carter et al, 1999; Carter, 2002; Cated 2005a). Results of earlier experiments cduwigt in
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this chamber, including characterization resultt #re applicable to this study, are given in pesi
reports or publications (Carter, 2004; Carter analkia, 2005; Carter et al, 2005a,b). The approach
employed followed that used in our previous studiearchitectural coating (Carter and Malkina, 2005
Carter et al, 2005b) and pesticide (Carter and MaJkk007; Carter, 2007b) VOC reactivity.

The primary objective of these experiments withpees$ to ozone formation is not to directly
measure atmospheric ozone reactivity, but to peodiata to test the ability of chemical mechanissedu
in models to predict their ozone impacts in thecsphere. If the mechanism can be shown to adeguatel
simulate the relevant impacts of the VOC in welctterized environmental chamber experiments with
a range of chemical conditions representative efdtmosphere, one has increased confidence in the
predictive capabilities of the model when applieal atmospheric scenarios. If the mechanism
performance in simulating the experiments is ldsantsatisfactory, then the need to improve the
mechanism is indicated, and one has decreasedleoné in its predictions of atmospheric reactivity.

The most realistic chemical environment in thisarelgis one where the test compounds or
mixtures react in the presence of the other pailstpresent in the atmosphere. Therefore, mosteof t
environmental chamber experiments for this and db&tings VOC reactivity programs consisted of
measurements of “incremental reactivity” of thejeabcompounds or solvents under various conditions
These involve two types of irradiations of modebfathemical smog mixtures. The first is a “basetas
experiment where a mixture of reactive organic ga$§OGs) representing those present in polluted
atmospheres (the “ROG surrogate”) is irradiatetha presence of oxides of nitrogen (N@ air. The
second is the “test” experiment that consists @lidating the base case irradiation, except thatM®C
whose reactivity is being assessed is added. Tifieratices between the results of these experiments
provide a measure of the atmospheric impact otebecompound. These results can be used to st th
ability of a chemical mechanism to predict the compd's atmospheric impacts under the chemical
conditions of the experiment.

Base case experiments to simulate ambient chengngironments require choice of an
appropriate reactive organic gas (ROG) surrogateund to represent the reactive organics that are
important in affecting ozone formation in the urb@mospheres. For this and the coatings reactivity
projects, we continued to use a modified versiothef8-component “full surrogate” that was employed
in our previous reactivity studies for this projethis is because, as discussed previously (Cattal,
1995a), use of this surrogate gives a reasonaliyl gepresentation of ambient anthropogenic VOC
emissions as represented in current models, andotiseore detailed mixtures would not give
significantly different reactivity results. Howeydrecause of experimental problems, for this andyneé
the experiments in the coatings project, the fodelayde was removed from the surrogate and thaliniti
concentrations of the other ROG components wereedsed by 10% to make up for this reactivity
change. Model calculations indicate that this sgate modification should not have significant effean
experimental incremental reactivity results (Caded Malkina, 2005). Target and average measured
compositions of the ROG surrogates for the redgtigkperiments for coatings projects are given by
Carter and Malkina (2005). The target concentratiosed in the experiments for this program were the
same.

In order to provide data to test mechanism impaétthe test compounds or mixtures under
differing atmospheric conditions, the incrementaativity experiments are generally carried ouhgsi
two different standard conditions of N@vailability relevant to VOC reactivity assessmédtrbbably the
most relevant for California regulatory applicagois “maximum incremental reactivity” (MIR)
conditions, which are relatively high N@onditions where ozone formation is most sensitivé/OC
emissions. However, it is also necessary to progita to test mechanism predictions under loweg NO
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conditions, since different aspects of the mectmasiare important when NGs limited. The NQ levels
that define the boundary line between VOC-sensitivBR-like conditions and N@limited (and
therefore NQ-sensitive) conditions is that which yields the maxm ozone concentrations for the given
level of ROGs, or the conditions of the “maximumope incremental reactivity” (MOIR) scale.
Therefore, experiments with NQevels that are approximately half that for MOIBnditions might
provide an appropriate test of the mechanism umd@g-limited conditions. This is referred to as
“MOIR/2" conditions in the subsequent discussidMNO, levels are reduced significantly below this, the
experiment becomes less sensitive to VOC leveldtamlless relevant to VOC reactivity assessment.

The conditions of NQ availability are determined by the ROG/N@atios in the base case
incremental reactivity experiments. In order to ptetely fix the conditions of these experimentsisit
also necessary to specify a desired absolutgldl@l. We sought input from the CARB staff condegn
the NQ levels they would consider to be appropriate te fos reactivity studies in the new chamber
(Carter and Malkina, 2005). Based on their inpat] enodel simulations of reactivity characteristics
our chamber, it was determined that the nominaiainconcentrations of the MIR base case experiment
would consist of ~30 ppb NGnd ~0.5 ppmC ROG surrogate, and the MOIR/2 expsti would consist
of ~25 ppb NQ and ~1 ppmC ROG surrogate (Carter and Malkina5p0lhese were therefore the two
standard base cases for all the incremental régatixperiments discussed in this report.

A number of other control and characterization expents were also carried out in order to
adequately characterize the conditions of the cleanfbr mechanism evaluation and background
particulate matter (PM). These experiments areudised where applicable in the results and modeling
methods sections.

The SAPRC-07 mechanism, as documented by Cartéi7é20was used as the starting point for
the mechanism development aspect of the projee.riéchanisms for the VOCs studied for this project
were added to this mechanism, and these VOCs wieledao the list of compounds for which reactivity
values are tabulated. The SAPRC-07 documentatiah tabulations (Carter, 2007a, available at
http://www.cert.ucr.edu/~carter/SAPRC) were updated include the mechanisms and reactivity
assignments developed or updated for this project.



EXPERIMENTAL METHODS

Chamber Description

All of the environmental chamber experiments fds throject were carried out using the UCR
EPA environmental chamber. This chamber was coctetiuunder EPA funding to address the needs for
an improved environmental chamber database for amsim evaluation (Carter et al, 1999, Carter,
2002). The objectives, design, construction, arsdite of the initial evaluation of this chamberifiac
are described in more detail elsewhere (Cartel; €089, Carter, 2002; Carter, 2004, Carter e2@05a).
A description of the chamber is also given below.

The UCR EPA chamber consists of two ~85,000-liteflon® reactors located inside a 16,000
cubic ft temperature-controlled “clean room” thatdontinuously flushed with purified air. The clean
room design is employed in order to minimize baokgd contaminants into the reactor due to
permeation or leaks. Two alternative light sourcass be used. The first consists of a 200 KW argon a
lamp with specially designed UV filters that giv&J® and visible spectrum similar to sunlight. Thght
source could not be used for this project becauseas not operational during this period. Banks of
blacklights are also present to serve as a badgghpdource for experiments where blacklight ireaidin
is sufficient, and this was used for the experimdat this project because of availability and hessause
of blacklights was judged to be sufficient to dgtihe project objectives. The interior of the erstlre is
covered with reflective aluminum panels in ordemtaximize the available light intensity and to itta
sufficient light uniformity, which is estimated e +10% or better in the portion of the enclosure where
the reactors are located (Carter, 2002). A diagshthe enclosure and reactors is shown in FigurEhg.
spectrum of the blacklight light source is given@arter et al (1995b).

The dual reactors are constructed of flexible 2Teflon® film, which is the same material used
in the other UCR Teflon chambers used for mecharesaluation (e.g., Carter et al, 1995b; Carter,
2000a, 2007a, and references therein). A semiklexiramework design was developed to minimize
leakage and simplify the management of large volugaetors. The Teflon film is heat-sealed into
separate sheets for the top, bottom, and sidesldttex sealed into a cylindrical shape) that agél h
together and in place using bottom frames attattede floor and moveable top frames. The moveable
top frame is held to the ceiling by cables that @etrolled by motors that raise the top to alldwe t
reactors to expand when filled or lower the topaliow the volume to contract when the reactors are
being emptied or flushed. These motors in turncargrolled by pressure sensors that raise or |dker
reactors as needed to maintain slight positivespires During experiments the top frames are slowly
lowered to maintain continuous positive pressurehasreactor volumes decrease due to sampling or
leaks. The experiment is terminated if the volurheree of the reactor reaches about 1/3 the maximum
value, where the time this took varied dependinghenamount of leaks in the reactor, but was greate
than the duration of most of the experiments disedsin this report. Since at least some leaks are
unavoidable in large Teflon film reactors, the dans positive pressure is important to minimize the
introduction of enclosure air into the reactor timay otherwise result.

As indicated in Figure 1, the floor of the reactbes openings for a high volume mixing system
for mixing reactants within a reactor and also égchanging reactants between the reactors to achiev
equal concentrations in each. This utilizes fout Té€flon pipes with Teflon-coated blowers and flasg
to either blow air from one side of a reactor te tither, or to move air between each of the twotoesa
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Figure 1. Schematic of the UCR EPA environmentahaber reactors and enclosure.

Teflon-coated air-driven metal valves are useddsecoff the openings to the mixing system whenimot
use, and during the irradiation experiments.

An AADCO air purification system that provides doyrified air at flow rates up to 1500 liters
min® is used to supply the air to flush the enclosund & flush and fill the reactors between
experiments. The air is further purified by passinthrough cartridges filled with Purafil® and hed
Carulite 300® which is a Hopcalite® type catalysid also through a filter to remove particulateterat
The measured NQCO, and non-methane organic concentrations iptinigied air were found to be less
than the detection limits of the instrumentatiorplaged (see Analytical Equipment, below).

The chamber enclosure is located on the second dloa two-floor laboratory building that was
designed and constructed specifically to house ftagity (Carter et al, 2002). Most of the anadyti
instrumentation is located on the ground floor la¢hehe chamber, with sampling lines leading down a
indicated in Figure 1.

Analytical Instrumentation

Table 1 gives a listing of the analytical and ch#azation instrumentation whose data were
utilized for this project. Other instrumentationsnvavailable and used for some of these experimasts,
discussed by Carter 2002a and Carter et al, 20@Hathe data obtained were not characterized for
modeling and thus not used in the mechanism evahsafor this project. The table includes a brief
description of the equipment, species monitored, teir approximate sensitivities, where applicable
These are discussed further in the following sestio

11



Table 1.

List of analytical and characterizatiostinmentation for the UCR EPA chamber.

Type Model or Description Species  Sensitivity Comise
Ozone Dasibi Model 1003-AH. UV O3 2 ppb Standard monitoring instrument.
Analyzer absorption analysis. Also, a
Monitor Labs
Chemiluminescence Ozone
Analyzer Model 8410 was used
as a backup.
NO - NG, TECO Model 42 C with NO 1ppb  Useful for NO and initial N@Q
Analyzer external converter. NO. 1 pob monitoring. Converter close-coupled to
Chemiluminescent analysis for v PP the reactors so the “NOchannel should
NO, NG, by catalytic include HNQ as well as N@ PANSs,
conversion. organic nitrates, and other species
converted to NO by the catalyst.
CO Analyzer Thermo Environmental CcO 50 ppb  Standard monitoring instrument
Instruments Inc. Model 48 C
GC-FID Dual HP 6890 Series || GC VOCs  ~10 ppbC 30 m x 0.53 mm GS-Alumina column
Instruments  with dual columns, loop used for the analysis of light
injectors and FID detectors. hydrocarbons such as ethylene,
Controlled by computer propylenen-butane and trans-2-butene
interfaced to network. and 30 m x 0.53 mm DB-5 column used
for the analysis of £ alkanes and
aromatics, such as toluene aneylene.
Loop injection is suitable for low to
medium volatility VOCs that are not too
“sticky” to pass through valves. Two 30
m x 0.32 mm DB-5 column measure,.C
alkanes and aromatics, such as toluene
andm-xylene.
PTR-MS lonicon Analytik high VOCs ~5ppt Used to measure light VOCs such as
sensitivity proton transfer formaldehyde and some other
reaction mass spectrometer compounds. Used primarily for
equipped with a quadruple MS. formaldehyde for this project.
Controlled by computer
interface.
Gas Model 146C Thermo N/A N/A Used for calibration of NQand other
Calibrator Environmental Dynamic Gas analyzers. Instrument acquired early in
Calibrator project and under continuous use.
Data Windows PC with custom N/A N/A Used to collect data from most
Acquisition  LabView software, 16 analog monitoring instruments and control
Sytem input, 40 1/O, 16 thermo- sampling solenoids. In-house LabView

couple, and 8 RS-232 channels.
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Table 1 (continued)

Type Model or Description Species  Sensitivity Comise

Temperature Various thermocouples, Tempera ~0.1°C  Primary measurement is thermocouples

sensors radiation shielded -ture inside reactor. However, comparison with
thermocouple housing temperature measurements in the sample

line suggests that irradiative heating may
bias these data high by ~&35 See text.

Humidity General Eastern HYGRO-M1 Humid- Dew point Instrument performs as expected, but dew
Monitor Dew Point Monitor ity range: -40 - point below the performance range for
50°C most of the experiments discussed in this
report, except for those with added

humidity.
QSL Biospherical QSL-2100 PAR Spherical Adequate Provides a measure of absolute intensity
Spherical Irradiance Sensor. Responds toBroad- and light uniformity that is more directly
Irradiance ~ 400-700 nm light. band related to photolysis rates than light
Sensor Light intensity on surface. Gives more precise
Intensity measurement of light intensity trends

than NQ actinometry, but is relatively
sensitive to small changes in position.

Scanning TSI 3080L column, TSI 3077 Aerosol Adequate Provides information on size distribution

Mobility 85Kr neutralizer, and TSI number of aerosols in the 28-730 nm size range,

Particle 3760A CPC. Instrument and size which accounts for most of the aerosol

Spectrometer design, control, and operation distribut- mass formed in our experiments. Data

(SMPS) Similar to that described in ions can be used to assess effects of VOCs on
Cocker et al. (2001) secondary PM formation.

Ozone, CO, NO, and NQvere monitored using commercially available instemts as indicated
in Table 1. The instruments were spanned for NO;,N@d CO and zeroed prior to most experiments
using the gas calibration system indicated in Tablend a prepared calibration gas cylinder witbvim
amounts of NO and CO.z&and NQ spans were conducted by gas phase titration dsmgalibrator
during this period. Span and zero corrections weaele to the NO, N§ and CO data as appropriate
based on the results of these span measuremedtsherQ spans indicated that the UV absorption
instrument was performing within its specifications

Organic reactants other than the amines were nezhsoy gas chromatography with FID
detection as described elsewhere (Carter et al5H)9%ee also Table 1. The surrogate gaseous
compounds ethylene, propylenebutane and trans-2-butene were monitored by u3thgh megabore
GS-Alumina column and the loop sampling system. §émond signal of the same GC outfitted with FID,
loop sampling system and 30 m megabore DB-5 colwasused to analyze surrogate liquid components
toluene,n-octane, andn-xylene. The sampling methods employed for injectine sample with the test
compounds on the GC column depended on the volaiili“stickiness” of the compounds.

Both the GC instruments were controlled and thatadvere analyzed using HPChem software
installed on a dedicated PC. The GC's were spausied the prepared calibration cylinder with known
amounts of ethylene, propane, propylambutane n-hexane, toluene-octane andn-xylene in ultrapure
nitrogen. Analyses of the span mixture were coretlieipproximately every day an experiment was run,
and the results were tracked for consistency.
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The surrogate components analyzed by the aboversysere calibrated by repeated analysis of
a standard mixture containing these compoundsyarified by injecting and sampling known amounts
of the compound in calibration chamber of knownuwoé. The amounts of gaseous compounds injected
were determined by vacuum methods, using an MK&tBar precision pressure gauge, and bulbs of
known volume, determined by weighing when filledttwivater. The amounts of liquid compounds
injected were determined by measuring amountstegeasing microliter syringes. The volumes of the
calibration chambers were determined by injectind analyzing compounds whose analyses have been
calibrated previously.

d-Limonene was monitored by the GC with the 30 m abege DB-5 column. The GC was
calibrated using the known volume of the reactod dme amount injected for these and previous
experimental runs with this compound.

Unfortunately, we were not able to develop a G@ther method to quantitatively analyze the
amines in the gas phase. Although they give a resp@n the GC when sampled using the Tenax
cartridge sampling, this was not found to be quatiMe or reproducible in practice. Insufficient
resources, personnel, or time were available tdadla to develop a suitable method for this projead
a suitable analytical method we could use was pand in the literature. Therefore, most amine
compound concentrations were determined using ti@uat injected and the chamber reactors known
volume.

Most of the instruments, other than the GCs andsa¢rinstrument, were interfaced to a PC-
based computer data acquisition system under thieot@f a LabView program written for this purpose
These data, and the GC data from the HP ChemStatioputer, were collected over the CE-CERT
computer network and merged into Excel files tharevused for applying span, zero, and other
corrections, and preparation of the data for modeli

Sampling M ethods

Samples for analysis by the continuous monitorimgirument were withdrawn alternately from
the two reactors and zero air, under the contreloéénoid valves that were in turn controlled by tata
acquisition system discussed above. For most erpets the sampling cycle was 5 minutes for each
reactor, the zero air, or (for control purpose) tteamber enclosure. The program controlling the
sampling sent data to the data acquisition progmaimdicate which state was being sampled, so #te d
could be appropriately apportioned when being meeé. Data taken less than 3-4 minutes after the
sample switched were not used for subsequent datessing. The sampling system employed is
described in more detail by Carter (2002).

Samples for GC analysis of surrogate compounds teden at approximately every 20-minute
directly from each of the reactors through the sspasample lines attached to the bottom of thetoes
The GC sample loops were flushed for a desired iitte the air from reactors using a pump.

Samples from the PTR-MS were conducted from sedertactors for some of the experiments.

The reactors sampled were selected manually, tyypisampling for at least an hour before switching
sides. The PTR-MS data were used primarily for nowimig formaldehyde in a few of the experiments.

Characterization Methods

Use of chamber data for mechanism evaluation regirat the conditions of the experiments be
adequately characterized. This includes measursn@intemperature, humidity, and light, and wall
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effects characterization. Wall effects characteiorais discussed in detail by Carter (2004) andated

by Carter and Malkina (2005) and Carter (2007a)] emost of that discussion is applicable to the
experiments for this project. The instrumentaticedi for the other characterization measurements is
summarized in Table 1, above, and these measursmentiiscussed further below.

Temperaturewas monitored during chamber experiments usingbreaéd thermocouples
attached to thermocouple boards on our computeratajuisition system. The temperature in eacheof th
reactors was continuously measured using relatifialy gauge thermocouples that were located ~1’
above the floor of the reactors. These thermocsuplere not shielded from the light, though it was
expected that irradiative heating would be minidibecause of their small size. Experiments whege th
thermocouple for one of the reactors was reloc&tedside the sample line indicated that radiative
heating is probably non-negligible, and that aection needs to be made for this by subtracting°€2.
from the readings of the thermocouples in the mracfThis is discussed by Carter (2004).

Light Spectrum and IntensityThe spectrum of the light source in the 300-8&0 negion has
been measured using a LiCor LI-1800 spectroradiemethich is periodically calibrated at the factory
(e.q., see Carter et al, 2005b). Based on preeatensive measurements the spectrum of the blétklig
light was assumed to be constant, and was not mezhsluring the time period of this project. The
method used to derive the light intensity usingliteeklight light source was based on that disalisse
Carter et al (2005b), updated as described by Cartd Malkina (2007). Briefly, the absolute light
intensity is measured by carrying out N&ctinometry experiments periodically using therguaube
method of Zafonte et al (1977) modified as discddsg Carter et al (1995b). In most cases the quartz
tube was located in front of the reactors. Sinée lthcation is closer to the light than the centafrshe
reactors, the measurement at this location is éggeo be biased high, so the primary utility ofgé
data are to assess potential variation of intensitgr time. However, several special actinometry
experiments were previously conducted where thetzjizbe was located inside the reactors, to peaid
direct measurement of the N@hotolysis rates inside the reactors. The resflthese measurements
were used to derive a correction factor of 0.698ddve NQ photolysis rates in the reactor from those
measured in front of the reactor (Carter et al,52)0The trend of in-reactor and corrected in-frofat
reactor actinometry results over blacklight run bem(the number of runs conducted using blacklights
were then used to derive an assigned Nitolysis rate as a function of blacklight ruimfer. Results
of actinometry measurements carried during thesmof this project are given in the "Characterizati
results" section, below.

Experimental Procedures

The reaction bags were collapsed to the minimurarael by lowering the top frames, and then
emptied and refilled at least six times after eaxperiment, and then were filled with dry purifiadl on
the nights before experiments. Span measurements gemerally made on the continuous instruments
prior to injecting the reactants for the experirserthe reactants were then injected through Teflon
injection lines (that are separate from the sargplines) leading from the laboratory below to the
reactors. The common reactants were injected ih tesgctors simultaneously, and were mixed by using
the reactor-to-reactor exchange blowers and piped® minutes. The valves to the exchange system
were then closed and the other reactants weretécjeo their respective sides and mixed using ke i
reactor mixing blowers and pipes for 1 minute. Tbhatents of the chamber were then monitored for at
least 30 minutes prior to irradiation, and samplese taken from each reactor for GC analysis.

Once the initial reactants are injected, stahiljznd sampled, the blacklights are turned on to
begin the irradiation. During the irradiation thentents of the reactors are kept at a constantiysi
pressure by lowering the top frames as needed,rysmigtive pressure control. The reactor volumes
therefore decrease during the course of the expatsnin part due to sample withdrawal and in gae
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to small leaks in the reactor. A typical irradiatiexperiment ended after about 6 hours, by whicle the
reactors are typically down to about half theidyffllled volume. Larger leaks are manifested byreno
rapid decline of reactor volumes, and the run isrill early if the volume declines to about 1/3 the
maximum. This was not the case for most of the exq@ats discussed in this report. After the irréidia
the reactors were emptied and filled six timesdé&cated above.

The procedures for injecting the various typeseaictants were as follows. The NO, and,NO
were prepared for injection using a vacuum raclowim pressures of NO, measured with MKS Baratron
capacitance manometers, were expanded into Pyibs kuith known volumes, which were then filled
with nitrogen (for NO) or purified air (for N§. In order to maintain constant NO/N@atios the same
two bulbs of specified volume were utilized in mo§texperiments. The contents of the bulbs wera the
flushed into the reactor(s) with nitrogen. For expents with added CO, the CO was purified by pagsi
it through an in-line activated charcoal trap alndHing it into the reactor at a known rate for dmeount
of time required to obtain the desired concentratMeasured volumes of volatile liquid reactantgeve
injected, using a micro syringe, into a 2 ft longrdX injection tube surrounded with heat tape and
equipped with one port for the injection of theulidj and other ports to attach bulbs with gas redsta
For injections into both reactors (e.g, the ,N&hd base ROG surrogate components in incremental
reactivity experiments), one end of the injectiobe was attached to the “Y"-shape glass tube (eqdip
with stopcocks) that was connected to reactorsthadther end of injection tube was connected to a
nitrogen source. The injections into a single r@afe.g., for an amine in the reactivity experingnas
similar except the “Y” tube was not used.

The procedures for injection of the hydrocarbonrayate components were as follows. A
cylinder containingn-butane, trans-2-butene, propylene and ethylemgtiogen, was used for injecting
the gaseous components of the surrogate. The eyliwds attached to the injection system and a gas
stream was introduced into reactors at controlied for certain time to obtain desired concentragicA
prepared mixture with the appropriate ratios ofi¢ole,n-octane andn-xylene was utilized for injection
of these surrogate components, using the procedsrdscussed above for pure liquid reactantsthll
gas and liquid reactants intended to be the sanimtin reactors were injected at the same time. The
injection consisted of opening the stopcocks anshihg the contents of the bulbs and the liquidteeds
with nitrogen, with the liquid reactants being leebslightly using heat that surrounded the injectide.

The flushing continued for approximately 10 minutes

The amines andl-limonene were injected, using a microsyringe, iatglass injection tube
leading into the reactor to be employed for the poumd. The procedure was similar to that usedHfer t
liquid hydrocarbon surrogate components. The comgsuvere flushed into the chamber at least 30
minutes or longer, until there was no materialblsin the injection tube. The amines and samplesli
leading into the chamber were heated to ~9CQ00

Materials

The sources of the NO, CO and the various base stasegate compounds came from various
commercial vendors as employed in previous projattsur laboratory. The AMP was obtained from
Fluka, the ethanolamine was from Sigma, andithmonene was from MP Biochemicals. In all cases th
stated purities were at least 99%, and no furtbefipation was carried out.
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MODELING METHODS

Base M echanism

The starting point for the chemical mechanism eat@d in this work is the SAPRC-07
mechanism as documented and listed by Carter (20Bes and software implementing this chemical
mechanism are being prepared and will be availadtlethe SAPRC mechanism web site at
http://www.cert.ucr.edu/~carter/SAPRC. The charayas additions made to the mechanism as a result of
work for this project are discussed later in thaston.

As discussed previously (Carter, 2000a,b, 200T&),SAPRC mechanisms consist of a “base
mechanism” that represents the reactions of thegamic species and common organic products and
lumped organic radical model species and “opergtarsl separate mechanisms for the initial reastion
of the many types other organic compounds thatnatein the base mechanism. The compounds, or
groups of compounds, that are not included in eebmechanism but for which mechanism assignments
have been made, are referred to as detailed mpeéeles. These include all the base ROG surrogate
constituents and the compounds whose reactionsmedeled in this work. These compounds can either
be represented explicitly, with separate model iggewith individual reactions or sets of reactidos
each, or using lumped model species similar toehamployed in the “fixed parameter” version of
SAPRC (Carter, 2000b, 2007a). The latter approachiseful when modeling complex mixtures in
ambient simulations or simulations of experimenithwomplex mixtures, but the other approach,
representing each compound explicitly, is more appate when evaluating mechanisms for individual
compounds or simple mixtures. This is because thipgse of mechanism evaluations against chamber
data is to assess the performance of the mechaitsgtf, not to assess the performance lumping
approaches. The latter is most appropriately asddsgcomparing simulations of explicit and conéehs
versions of the same mechanism in ambient simuigtio

In view of this, all of the organic constituents thie base ROG surrogate were represented
explicitly using separate model species for eaanpmund. In addition, the individual test compounds
were also represented explicitly when simulatingegiments with those compounds. This gives the leas
approximate representation of the atmospheric imacbf these compounds within the framework of the
SAPRC-07 mechanism. The mechanisms for the indititlest compounds are discussed later in this
section.

Representation of Chamber Conditions

The procedures used in the model simulations oéthvronmental chamber experiments for this
project were based on those discussed in detaiCdoyer (2004) and were employed in more recent
studies (Carter and Malkina, 2007, and referenbesein), except as indicated below. Carter (2004)
should be consulted for details of the charactéamamodel and chamber effects parameters employed.
The temperatures used when modeling were the agmfgthe temperatures measured in the reactors,
corrected as discussed by Carter (2004). The ligbnsity for the black light experiments variedwi
time, and the N@photolysis rate for those experiments was deragdiscussed in the Characterization
Results section, below. The blacklight spectratrithgtion given by Carter et al (1995b) was fouade
appropriate for the blacklights in this chamber ara$ therefore used when modeling the blacklighs ru
discussed in this report.
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The chamber effects parameters used when modélegxperiments in this chamber were the
same as those given by Carter (2004) except foHBBIO offgasing parameters, which were derived
based on results of characterization runs carnigdnoconjunction with these experiments. As diseas
by Carter (2004), the chamber effects model culyrersted for this chamber represents both the chembe
radical source and background N@ffgasing by HONO offgasing, whose magnitude itedrined by
the chamber effects parameter RN-I, which is ttie & the HONO offgasing rate to the N@hotolysis
rate. The RN-I parameter that best fits the chargettion data tends to vary over time dependinghen
conditions of the chamber, and the results of tregacterization experiments applicable to modeiirey
experiments discussed in this report, and the masggt of the RN-I values used, are given in the
Characterization Results section, below.

The initial reactant concentrations used in the ehaiimulations were based on the measured
values except for the amines, for which no quanigaanalytical method could be found during the
course of this project. In those cases, an uppet 10 the initial concentration can be derivednfrthe
volume of liquid injected and the volume of theateas, which were determined in separate experisnent
where known amounts of materials were injectedaaradyzed in the gas-phase. Although the reacters ar
flexible, their initial volumes were very consistérom run to run because of the use of the pressur
control system when filling the reactor to its maxim volume prior to the reactant injections (see
Chamber Description section, above, and Carte4R®fowever, in the case of the amines, the resflts
the reactivity experiments indicate that it is @ble that not all of the liquid injected was sustelty
introduced into the gas phase. Therefore, it wasssary to use the initial amine concentrationaras
adjustable parameter in the model simulations efatided amine experiments. This is discussed in the
Mechanism Evaluation Results section, below.

M echanismsfor Amines

Amines might react in the atmosphere with OH rddjc&s, NOs; radicals, and all these
possibilities need to be considered when estimatiredr mechanisms for reactivity assessment. In
addition, unlike most other VOCs currently represdrin the SAPRC mechanisms, amines are basic and
might also be lost to some extent by reaction WitiO;, forming non-volatile amine salts, potentially
reducing their availability for ozone formation. d®blysis is not expected to be important based on
available absorption cross-section data for repitatige amines.

The amines for which mechanisms have been derivetthé current project are listed on Table 2,
along with rate constants used for their reactionthe model. The mechanisms in terms of SAPRC-07
model species are given in Table A-1 in Appendix The derivations of these rate constants and
mechanisms are discussed below.

Reaction with OH radicals

Available kinetic information concerning the ratenstant for the reactions of amines relevant to
those modeled in this study with OH radicals is swarized on Table 2. It is assumed that the reaction
proceeds from H-atom abstraction, since there doesppear to be a chemically reasonable altenativ
mechanism. The rate constants are relatively haghpared to H-atom abstractions from alkyl groups.
This is also the case for tertiary amines, whestrabtion from NH cannot occur, which indicated the
amino group enhances reaction at adjacent grougs whstracting the alpha-hydrogens. On the other
hand, the rate constants are also high for reacfiddbH with amines, such as AMP, which do not have
reactive adjacent groups, which indicates thatelaetion at the amino group itself is also reldyivapid.
Therefore, both types of reaction need to be takenaccount when deriving group additivity estiemt
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Table 2. Experimental and estimated rate constéortsthe reactions of amines included in
mechanisms were derived for this project.

Rate Constant

Compound Measured values [a] Avg. [b]JEst'd [c] Diff [d]

Reaction with OH10™ cnt mole¢! s
Methyl amine 1.731 220 2 1.97 3.08 36%
Dimethyl amine 6.491 6.5¢ 3 6.52 6.51 0%
Ethyl amine 2.381 271 3 2.58 3.59 28%
Trimethyl amine 3.581 6.0¢ 3 4.84 5.01 4%
Isopropylamine 3.78
t-Butyl amine 1.186 1.18 1.79 34%
Triethyl amine 5.57
Ethanolamine 441
N,N-Dimethylethanolamine (DMAE) 9.00t 47C 5 6.85 6.02 -14%
2-Amino-1-butanol 5.32
2-Amino-2-methyl-1-propanol (AMP) 2.8 2.80 2.19 -28%
Diethanol amine 10.1
Triethanol amine 8.04
Triisopropanol amine 9.37

Reaction with N@ (10" cn?® molec' s%)
Methyl amine 0.96
Dimethyl amine 2.03
Ethyl amine 1.16
Trimethyl amine 1.56
Isopropylamine 1.21
t-Butyl amine 0.59
Triethyl amine 1.71
Ethanolamine 1.35
N,N-Dimethylethanolamine (DMAE) 1.80
2-Amino-1-butanol 1.70
2-Amino-2-methyl-1-propanol (AMP) 0.59
Diethanol amine 3.30
Triethanol amine 2.29
Triisopropanol amine 2.29

Reaction with @ (10" cn? molec' s?)

Methyl amine 0.007 7 0.007 0.011 52%
Dimethyl amine 167 7 1.67 0.64 -61%
Ethyl amine 0.020
Trimethyl amine 784 7 7.84 6.87 -12%
Isopropylamine 0.033
t-Butyl amine 0
Triethyl amine 12.10
Ethanolamine 0.066
N,N-Dimethylethanolamine (DMAE) 6.76 7 6.76 13.2 5%
2-Amino-1-butanol 0.36
2-Amino-2-methyl-1-propanol (AMP) 0
Diethanol amine 3.77
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Table 2 (continued)

Rate Constant

Compound Measured values [a]  Avg. [b]Estd [c]  Diff [d]
Triethanol amine 40.2
Triisopropanol amine 40.2
Reaction with HNG (10™ cn? molec' s?)
All amines — Lower limit assumption 0
All amines — Upper limit assumption 4
[a] References for measured rate constants:
1 Carland Crowley (1998) 2 Atkinson et al. (1977)
3 Atkinson et al. (1978) 4 Anderson and Steph&B8g)
5 Harris and Pitts (1983) 6 Koch et al (1996)

7 Tuazon et al (1994)

[b] Average of measured values. Used for derivirggtiit structure-reactivity parameters, and for
environmental chamber and/or atmospheric reactiaitgeling.

[c] Estimated rate constant derived from structeaectivity estimates as discussed in the text. Used
environmental chamber and/or atmospheric reactivitgleling if the entry in the "Used" column is
blank

[d] Difference between average experimental anidheséd rate constant, where applicable.

The kinetic data in Table 2 were used to deriveupgters for group additivity estimates for the
rate constants for reactions of OH with amineshgisthe parameters in the SAPRC-99 and -07
mechanism generation systems (Carter, 2000a, 20farajeactions at the other positions in the
molecules. Table 3 gives the H-abstraction groufitaity parameters used in the SAPRC-07
mechanism generation system, to which reactionsghat amino groups have been added. For
completeness, the table shows all the H-atom atitmaparameters used in the system, includingethos
for compounds other than amines. Footnotes to ahke tindicate how these parameters were derived.
Table 2 indicates that the group-additivity metheds estimate the rate constants for the amines to
within £26% on the average. Table 2 also gives the estil@te radical rate constants for the amines
represented in the mechanism for which no meagatecconstant data are available, which were used i
the mechanisms derived for these compounds.

The subsequent reactions of the carbon-centeréchtadormed in these reactions can be derived
using the mechanism generation system as emplayeattfer compounds, except that estimates need to
be made for reactions of-amino alkoxy radicals, e.g., RCH[O:]-NHR'. Althduthis is uncertain, to
simplify the mechanism generation we assume theprdpositions forming N-centered radicals, e.g.,
RCH[O-]-NHR' - RCHO + R'NH-, are not important, and estimaterétative rates of reactions for the
competing routes based on estimates for otheratsd@onsidered to be similar. The applicable rdslica
and reactions assumed to dominate when generatiebanisms for amines in the current version of the
mechanism are indicated on Table 4. These assumspéice uncertain, though alternative assumptions
probably do not yield mechanisms with significardlfferent reactivities.

The subsequent reactions of the nitrogen-centexdidals formed after H-abstraction from NH
or NH groups depends on whether there is an alsidachydrogen in the-position to the amine. If
there is, then it is assumed that the dominantimrads abstraction of this hydrogen by, @rming HGQ
and the corresponding C=N compound, e.g.,
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Table 3. Group additivity parameters used for estiing rate constants for abstraction reactions -{ comment [WPLC1]: From

by OH and NQradicals and by ¢| atoms. -~ | \Work\SAPRC07\mechmoo.xls "Abst
******************************** g Table" Sheet

Table 3a. Abstraction rate constants assignedoiapgr

Group OH [a] NO; Cl
k(300) A B D Notes|[b] k(300) Notes k(300) Notes

CH; 1.39e-13 4.49e-182 320 1,2 7.00e-19 9 3.43e-11 13
CH, 9.41e-13 4.50e-182 -253 1,2 1.50e-17 9 6.77e-11 13
CH 1.94e-12 2.12e-182 -696 1,2 8.20e-17 9 4.46e-11 13
OH 1.42e-13 2.10e-182 85 1,2 0 10 0 10
CHO 1.56e-11 5.55e-120 -311 1,3 2.84e-15[c] 11 6.64e-11 13
HCO(O) 0 14 0 10 0 12
OH(O) 9.99e-13 1.47e-172 85 5 0 10 0 10
CHy(Bz) [d] 4.92e-13 6 7.00e-19 12 3.43e-11 12
CHy(Bz) [d] 1.88e-12 7 1.50e-17 12 6.77e-11 12
CH(Bz) [d] 1.33e-12 8 8.20e-17 12 4.46e-11 12
CHs(NH,) [e] 1.67e-11 22 ~6.2e-14 24 [f]

CHy(NHy) [e] 1.84e-11 22 ~4.4e-14 24 [f]

CH(NH,) [e] 2.01le-11 23 ~9.9e-14 24 [f]

NH, l4le-11 22 ~5.2e-14 24 [f]

NH 3.17e-11 22 ~5.7e-14 24 [f]

[a] Temperature dependences for OH rate constarea by k(T) = A B exp(-D/T), where T is ifiK.

[b] Notes for derivations of the group rate conttand substituent correction factors are givewel
(Note [a] with Table 3b).

[c] The temperature dependence of this group r@tstant is given by 1.40e-12 x exp(-1860/T).
[d] "Bz" refers to any aromatic carbon.

[e] Applicable for x=0,1,2.

[fl Group rate constants for reactions of chlonwvith amines were not derived.

Table 3b. Group correction factors for abstractiesmctions

Substitutent Correction Factor

Group OH NG; Cl

Factor Note [a] Factor Note Factor Note
CH; 1 1,2,14 1 17 0 14
CH, (x<3) 1.23 1,2 1.34 11 0.95 13
CH,(CO) 3.90 1,2 1.34 17 0.95 17
CH,(CO-0) 1.23 1,2 1.34 17 0.95 17
CHy(CI) 0.36 1,2 1.34 17 0.19 19
CH(Br) 0.46 1,2 1.34 17 0.95 17
CH,(F) 0.61 1,2 1.34 17 0.95 17
OH 3.50 1,2 0 18 1.07 13
CHO 0.75 1,2 0.18 11 0.40 13
CoO 0.75 1,2 0.89 11 0.04 13
CO(0) 0.31 15 0 12 0.04 17
CO(OH) 0.74 1,2 0 12 0.04 17
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Table 3b (continued)

Substitutent Correction Factor

Group OH NO; Cl

Factor Note [a] Factor Note Factor Note
(0] 8.40 1,2 0 18 1.07 20
O(CO) 1.60 1,2 0 18 1.07 17
O(HCO) 0.90 1,15 0 18 1.07 17
O(NO2) 0.04 1,2 0 18 1.07 17
O(OH) 3.90 5 1 18 1.07 17
NO2 0.00 1,2 0 12 n/a
F 0.09 1,2 0 12 0.01 21
Cl 0.38 1,2 0 12 0.01 13
Br 0.28 1,2 0 12 n/a
| 0.53 1,2 0 12 n/a
c=C 1.00 1,2 1 17 0.95 13
ONG, 0.04 1,2 0 12 0.12
Bz 1 14 1 17 2.03 13
NH,, NH, N 1 14 1 14 [b]

[a] Notes for derivations of the group rate contstaand group correction factors are as follows.téNo
that the cited references are given by Carter (@D@wnd are not in the reference list for this repor
unless they are relevant for the amines).

1

a b~ wDN

10
11
12

13
14
15
16

Same as used in SAPRC-99

Kwok and Atkinson (1995)

Based on IUPAC (1997) recommendations for acelgide and propionaldehyde

Reaction at formate group assumed to be negigibted on tabulated formate rate constants.
Derived to fit IUPAC (2006) recommended rate ¢ansand branching ratio for reaction of OH
with methyl hydroperoxide.

Average of estimated rate constants per mettogmfor the alkylbenzenes for which aromatic
aldehyde yields have been derived. Reaction atnththyl group is estimated based on the
aromatic aldehyde yield and the total rate constant

Derived from the difference for the total ratestants for ethylbenzene and toluene, assuming
the same rate constant for addition to the aromdtig and the estimated rate constant at the
methyl group in ethylbenene.

Derived from the difference for the total ratestants for isopropylbenzene and toluene, @nd
cymene ang-xylene, assuming the same rate constant for addit the aromatic ring and the
estimated rate constants for reactions at the rmgtbyps in isopropylbenzene apegtymene.

From Atkinson (1991). Derived from the correlatlzetween N@and OH radical rate constants.
Assumed to be negligible.

Derived from the IUPAC (1997) recommended ratestant for acetaldehyde.

No explicit assignment made. By default, theesysuses the same assignment as for standard
CHjz, CH,, or CH groups.

Derived by Carter (2007a) from measured chlotivdOC rate constants.

Assigned.

From Kwok et al (1996).

Adjusted to fit OH + ethyl and propyl formatéa@onstants (Wallington et al, 1988)
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Table 3b (continued)

17 No assignment made. This is the default valesl us/ the mechanism generation system, and
may not be appropriate.

18 This is the assignment incorporated into theetursystem. It may not be appropriate. It is not
used as the basis for estimating N@e constants for any detailed model species.

19 Based on chloroacetaldehyde only
20 Estimated to be approximately the same as ttierféor OH.
21 Estimated to be approximately the same as tterféor Cl.

22 Derived to give the best fits to the availakiteekic data for simple amines and alcohol amines fo
which kinetic data are available, as indicated abl€ 2. In order to fit the data for tertiary
amines, it is necessary to assume that OH readts ami enhanced rate at groups next to the
amino group, and in order to fit the data for amjreaich as AMP and t-butyl amine, that do not
have abstractable hydrogens next to the amino gtdemecessary to assume that reaction also
occurs at a significant rate at the NH or Nifoups.

23 No data are available for which to derive grauplitivity estimates for this type of group. The
group rate constant is estimated by linear inteanh from those used for GENH,) and
CH,(NHy).

24 The only kinetic data concerning the reactiohdl@; radicals with amines is for N-methyl-2-
pyrrolidinone (NMP), where a relatively high ratenstant of 1.26 x I8 cn? molec* s* is
measured (Aschmann and Atkinson, 1999). This sugdleat this reaction is also rapid for other
amines. We assume that this is an H-atom abstra@ction, forming HN@ For lack of other
data, use the rate constant for NMP as the basiedomating the group rate constants for
reaction at the -CHIN) or CHy(N) groups. The group rate constants for reactainsther amine
groups, including NH and NH are estimated assuming that the ratios of ratestaots for
reactions at the various groups are the same &N reaction as derived for the OH reaction.
This is highly uncertain.

[b] Group rate constants for reactions of chlosiith amines were not derived

RCHNH: + G - HO, + RCH=NH

This is based on kinetic data obtained by Lindlegl€1979) for reactions of (GhN- with G,, NO, and
NO,, where the reaction with /O forming HGQ + CH;-N=CH,, is calculated to dominate under
atmospheric conditions.

The subsequent reactions of the C=N products forinethese reactions are unknown and
therefore this is an additional source of uncetyaim the mechanism. These are expected to be
reasonably reactive compounds. For the current amesim, they are approximately represented by the
generic reactive non-aldehyde oxygenated speci€DRPRThe appropriateness of this representation is
highly uncertain.

The above type of reaction cannot occur if theogin-centered radical lacks an abstractable
hydrogen in thex-position, as is the case in radicals predictededormed in the reactions of t-butyl
amine and 2-Amino-2-Methyl-1-Propanol (AMP). In $eecases, the only expected reactions of the
nitrogen-centered radical is reaction with NO, N@ HO;, e.g.,

(CHs)sCNH- + NO - (CHs)sCNHNO @)
(CHs)sCNH- + NG — (CHs)sCNHNO, o)
(CH3)3CNH + HQ — 02 + (CH3)3CNH2 (C)
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Table 4. Assignments made for alkoxy radical inexlrates predicted to be formed in the
photooxidation mechanisms of the amines.

Radical Reaction Assumed to Dominate
-OCH-NH, + G, HCO-NH, + HO,-

CH3z-NH-CH,O- + G CHs-NH-CHO + HG-
.OCH,CH,-NH, HCHO + .CH-NH,

CH3;CH(O)NH, + O, CH3;C(O)NH, + HO,-
CHs-N(CH3)CH,O- + Q CHs-N(CH3)CHO + HG:
NH,CH(O-)CHOH HCO-NH, + .CH,OH
CHsC(O-)(CH)NH, CH;3;C(O)NH, + CHs-
CH3C(CH)(CH;0-)NH, HCHO + CHC(-)(CH;)NH;
CHs-N(CH,O-)CH.CH,OH CH;-N(CH,OH)CH,CH(-)OH
CH3;C(CH,O-)(NH,)CH,OH + O, CH;C(CHO)(NH,)CH,OH + HO,:
.OCH,CH,CH(NH,)CH,OH NH,CH(CH,CH,OH)CH(-)OH
CHs-N(CH3)CH(O-)CHOH CH;-N(CH3)CHO + .CHOH
CH3;CH(O-)CH(NH,)CH,OH CH;CHO + NH,CH(-)CHOH
CHsCH,C(O-)(NH,)CH,OH CH;CH,C(O)NH, + .CH,OH
HOCH,CH,-NH-CH(O-)CHOH HCO-NH-CHCH,OH + .CHOH
CH;CH,-N(CH,CH3)CH,CH,O- CHCH,-N(CH,CH,OH)CH(-)CH
CHsCH,-N(CH,CH3)CH(O-)CH CH3CH,-N(CH,CH,-)CH(CH;)OH
CH;sCH,-N(CH,CH,O-)CH(CH,)OH CH;CH(-)N(CHCH,OH)CH(CH;)OH
CHsCH,-N(CH,CH,OH)CH(O-)CH CH3;CH,-N(CH,CH(-)OH)CH(CH)OH

CH4CH(O-)N(CHCH,OH)CH(CH;)OH CHCH(OH)N(CH,CH(-)OH)CH(CH)OH
HOCH,CH,-N(CH,CH,OH)CH(O-)CHOH  HCO-N(CHCH,OH)CH,CH,OH + .CHOH
CHyCH(OH)CH-N(CH,CH(CH;)OH)CH,-  HCHO + CHCH(OH)CH,-N(CH,CH(-JOH)CHCH-

CH(CH,0-)OH (CH3)OH
CHyCH(OH)CH-N(CH,CH(CHs)OH)- CH4yCH(OH)CH,-N(CHO)CH,CH(CHs)OH +
CH(O-)CH(CH)OH CH4CH(-)OH

If NO, is present, the major reaction is expected to hoegss (b), forming the nitramine, since the
nitrosoamines formed in process (a) are expecteddergo rapid photolysis back to NO and the rddica
resulting in no net reaction. Since nitramine faiorais a radical terminating process, this mecsani
predicts that t-butyl amine and AMP would be rabiohibitors, since reaction forming the N-centered
radical is estimated to be the major initial re@ttiThis is consistent with the fact that these ponmds
are indeed found to be strong ozone and radicdbitohs in environmental chamber experiments, as
discussed in the Mechanism Evaluation Resultsagdbielow.

For implementation in the mechanism, the model isgetNRAD" is used to represent the
reactions of the N-centered radicals that lackrabtble hydrogens in the position. This species is
representing as reacting with M@ form a nitramine, with a rate constant estimddig assuming that it
is the same as for the reaction of N@ith the generic higher acyl peroxy radical spedRCQ. The
nitramine is approximately represented by PROD&hécurrent mechanism, though the appropriateness
of this representation is also highly uncertaine Tieaction with NO, forming the nitrosoamine, is
neglected because of the expected rapid photobfstee nitrosoamine to reverse the reaction. In the
absence of NQ the NRAD is represented as reacting with,H®re-form the amine, with a rate constant
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assumed to be the same as used for the reactRE0f with HO,. Because of the way the mechanism is
implemented it is not practical to represent thénanformed in the reaction as the amine itselfjtso
subsequent reactions are therefore neglected.i¥biscause the two amines represented to form NRAD
are inhibitors, so representing them with reagbireduct model species such as PROD?2 is inapprepriat

Table A-1 in Appendix A gives the mechanisms thatevderived for the reactions of the OH
radicals with amines based on these assumptionseanesentations.

Reaction with NO3; Radicals

The only kinetic data concerning the reactions @f;Madicals with amines is for N-methyl-2-
pyrrolidinone (NMP), where a relatively high ratenstant of 1.26 x I cn? molec® s* was measured
(Aschmann and Atkinson, 1999). This suggests thist iteaction is also rapid for other amines. We
assume that this is an H-atom abstraction readwoming HNG;. For lack of other data, we use the rate
constant for NMP as the basis for estimating theugrrate constants for reaction at the ,OH or
CHs(N) groups. The group rate constants for reactarsther amine groups, including NH and NHre
estimated assuming that the ratios of rate corsfanteactions at the various groups are the gantbe
NO; reaction as derived for the OH reaction. Thisiggly uncertain.

These assumptions were used as the basis for mpriyroup-additivity estimates for H-atom
abstraction reactions of N@adicals with amines, as indicated on Table 3yvabBor completeness, that
table also gives group-additivity parameters fdreotH-atom abstractions by N@om other groups as
implemented in the current mechanism generatiotesysThese were used for deriving rate constants
and initial branching ratios for the reactions ddNwith all the amines used in the current study.sEhe
estimated rate constants are included in Table@/a

The radicals formed in the H-atom abstraction feastthat are assumed to be formed in the
initial NO; + amine reactions are the same as those formétei®H system. The representations of
those reactions, and of the products formed, haen lalready discussed above. The mechanisms so
derived are given in Table A-1 in Appendix A.

Reactionswith Ozone

The limited available kinetic data concerning thaation of Q with amines are given in Table 2,
above. The rate constant for methylamine is toottote important under atmospheric conditions thert
rate constants for the other compounds are suffigihigh that Q reaction may be non-negligible,
though probably not dominant, under atmosphericlitimms. Therefore, the possible reactions efa@h
amines need to be taken into account when deratmgpspheric mechanisms for these compounds.

Although some product data were obtained in thdystd Tuazon et al (1994), the mechanism is
uncertain, though the products they observed wiendas to those observed or expected from the OH
reaction. Murphy et al (2007) studied aerosol-pl@seucts of the reactions of trimethyl amine wih
and observed similar aerosol phase products iDtreaction as formed in the N@ir photooxidations
of the amine, which are expected to be dominatethbyOH reaction. If O-addition reactions occug th
adduct formed must eventually decompose to forntdyets similar to those formed in H-abstraction
reactions, otherwise different types of productsulddbe observed in Qreactions as formed in OH
reactions or photooxidations. The relatively higtter constants for the reaction of @ith trimethyl
amine and DMAE, and the low rate constant for mathyne, suggests that abstraction from N-H bonds
is probably not the major process.

25



Based on these considerations, for rate constahtreathanism estimation purposes we assume
that the initial reaction of Pwith amines is at the group next to the amino gradtimately resulting in
abstraction front C-H bonds, forming OH radicals and the same tygeadicals as formed in the OH
reaction, e.g.,

CHgNH, + O; — [adduct?]— O, + OH + -CHNH,

This is consistent with the fact that similar protduappear to be formed in thg & the OH reaction, and
is also reasonably consistent with the fact that@+ amine rate constant data are well correlated wit
the estimated rate constant for reaction of OHcaddiat the group next to the amino group, with the
correlation being better than the correlation ef @ rate constant to the total rate constant. Thihiavn

on Figure 2, where it can be seen that thedle constants are better correlated to the kaistant for
OH abstraction from the adjacent group than tadked OH radical rate constant.

The correlation between the estimated rate corsstanteaction of OH with the group next to the
amino groups and the totak @te constants were used as the basis for estgntité rate constants for
reactions of @ at these groups, forming OH,,Gand the corresponding H-abstraction radical. dhta
for the methylamines and DMAE were fit by

K(group.Q) = 1042.97 {5.84 k(group,OH)'}

where k(group) refers to net H-atom abstractiora aroup adjacent to the amino group and the rate
constants are in chmoleé! s*. This was used as the basis for estimating ba#h @ rate constants and
relative rates of reaction at different positiosedondary or tertiary amines) that have non-egeital
substituents. The {rate constants so derived are given in Table @yabwhere it can be seen that the
measured values are predicted within a factor b#tsn 2.

The radicals formed in these; @eactions are assumed to be the same as formed @He
abstracts from the C-H bond in the group adjacerthé amino group, and the representations of their

20.5 4
& 19.57 O Relative to total OH rate
< constant
o
- 185 - ® Relative to OH reaction at
S alpha position
' — Best fit line to above

1754

16.5 ‘ ‘ ‘ ‘ ‘
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- Log10 k(OH) (cm3 molec™ s-l)
Figure 2. Plots of logs of the rate constants lier reactions of the methylamines and DMAE with

O; against the logs of the rate constants for reaafoOH radicals at the group next to0  { comment [WPLC2]: From
the amino group and also against the total OHamistant. _-~ | Rtlarbpgm\amines\amines.xls "kO3"

******************** Sheet
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subsequent reactions, and of the products formedihe same as used for the OH radical reactions,
discussed above. The mechanisms so derived ane igivieable A-1 in Appendix A.

Reactionswith HNO;

Amines are basic compounds that can react with Hid@rm amine salts, which are nonvolatile
and partition into the aerosol phase, making thmamnavailable for reaction in the gas phase. Hewe
this reaction is reversible and an equilibrium exisetween the salt, and the amine and kINis
means that under sufficiently low amine or HN&ncentrations, or if other basic species sucNHs
are present to compete with the HNOr there are other important loss processedi®amine or HNQ
then the salt formation may be less important factiihg the availability of the amine to react iretgas
phase. The equilibrium constants for amine saln&ion are too uncertain to be useful for estingatin
availability based on theoretical equilibrium catesations (Murphy et al, 2007). Aerosol amine salt
formation from reactions of amines with HRI@® environmental chamber experiments under siradlat
atmospheric conditions has been studied by Murphal €2007), who found that aerosol amine salt
formation occurs rapidly when the gas-phase amigeHNG; are present at concentrations of ~100 ppb.
However, they also found that the amine salt a¢risonation eventually declined relatively under
conditions where the amine can undergo gas-phaséaes, such as whery @ added or photooxidation
in the presence of NO This suggests that revolatilization may be imottunder atmospheric
conditions, and because of the relatively highpzsse reactivity of the amines, the amine salt &pion
may not be a permanent sink for the amine undedittons where @formation can occur. In addition, if
excess NH is present in the environment, it may compete wWlith amine for nitrate salt formation,
making loss of the amine to salt formation lessartgmt.

Model simulations of the environmental chamber expents carried out for this project were
found not to be sensitive to assumptions made ecoimgethe loss of amines by reaction with gas-phase
HNO;. Model calculations assuming rapid (and irrevéedilpss of the amine due to reaction with HNO
gave essentially the same results in terms of k#lons of Q and other measured gas-phase species as
those assuming no reaction between the amine aris HRMis is because the amount of HN®lculated
to be formed in the gas-phase reactions of, MOsmall compared to the amount of amine injected.
Therefore, the chamber experiments are not usefuh$sessing whether loss of amines due to this
reaction may be important under atmospheric cohti

On the other hand, as discussed in the AtmospliRearctivity Results section, below, in the
model simulations of the ozone impacts of the aminethe box model, atmospheric scenarios used for
calculation of the ozone reactivity scales (Cart#®94a, 2000a, 2007a) are highly sensitive to
assumptions made concerning the loss of the amieeta reaction with HN@ The impact in the real
atmosphere depends on the magnitudes of Hbbirces and sinks, the amounts of other amines or
ammonia present to compete with the HN@nd the amine salt equilibrium constants, whica a
unknown. At present, there is insufficient inforioat available to quantify these impacts, or even to
assess which of these extremes is most likely tepeesentative of ozone exceedances in California.

Because of these uncertainties, atmospheric régctigsessment calculations are carried out
assuming either no amine + Hi@action, or assuming that the reaction is rapid iareversible. The
latter simulations use an amine + HNfte constant of 4 x 16 cn molec! s*, which is a high rate
constant representative of radical + radical reasti The product formed is assumed to be unreaictive
these upper limit calculations. The actual ratestamts are unknown but probably less than thiseyalu
which is considered appropriate for upper limitlgses only.

As indicated above, the environmental chamber sitimaris are not sensitive to assumptions
concerning the rate or reversibility of the amin&IMO; reaction. However, because the results of the
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model simulations of the added amine experimemtidte that not all the injected amine is availdble
reaction in the gas phase, most of the chamberaions are based on the assumption that the amine
HNQO; reaction is rapid and irreversible.

M echanism for d-Limonene

The mechanism used fdrlimonene in this work is the same as that givethwhe SAPRC-07
mechanism as documented by Carter (2007a). This desised using the SAPRC-07 mechanism
estimation and generation system, incorporatingnieasured rate constants for its various atmospheri
reactions. The reactions and rate constants aen givTable A-1 in Appendix A, with footnotes toeth
table indicating the sources of the rate constastxl. Because the SAPRC-07 limonene mechanism
performed reasonably well in simulating the newolirane experiments carried out for this projecs thi
mechanism was not changed as a result of this work.

Mechanismsfor Other VOCs.

The consumer products compounds for which mechanésrd/or ozone reactivity estimates have
been added as part of this project are summariaetable 5. In addition to the amines, discussed/@bo
these include a number of other compounds founcbitsumer products speciation surveys for which
reactivity estimates are needed by the CARB sTéfé table indicates how the mechanisms were derived
or, for compounds represented using the "lumpeceouté approach”, the compound or model species
assumed to have the same ozone impact on a pecut®lgasis. The reactions and rate constants éor th
compounds that were represented explicitly arergiueTable A-1 in Appendix A, and footnotes to the
table give more information how the mechanisms @ndate constants were estimated. Table A-2
summarizes the lumped molecule representations ft@ecbmpounds where this is applicable.

The CARB staff also requested ozone impacts foerotlompounds found in consumer product
speciation surveys for which ozone impacts haveyabbeen derived. These are also listed in Taple 5
along with the reasons why we were unable to derigehanisms or assignments for those compounds.

Atmospheric Reactivity Simulations

Atmospheric reactivity model simulations were aadrout to derive MIR and other atmospheric
reactivity values for the selected compounds wharme impacts were evaluated for this project. The
scenarios and methods used were the same as gebavhen calculating the MIR and other atmospheric
ozone reactivity scales, and were described preljo{Carter, 1994a,b 2000a, 2007). The base ROG
constituents were represented using the lumpingeghares incorporated in the condensed versioneof th
SAPRC-07 mechanism (Carter, 2007a), and individoalpounds whose reactivities were being assessed
were represented explicitly. The mechanisms useth@&compounds studied in this project are disgliss
above and also given in Table A-1 in Appendix A.

Note that the impact of the reactions of amine$ WNO; under atmospheric conditions is very
uncertain, and for that reason the atmospheridivigccalculations were carried out using only epp
and lower limit assumptions in this regard. Theef§ of assumptions regarding the importance ofi@mi
removal are shown in the Atmospheric ReactivitycGktion Results section, below. For the purpose of
deriving reactivity scales for regulatory applica, it is probably appropriate to use upper limit
estimates of the ozone impacts of these compoundericonditions where they will have their highest
impacts. For that reason, the tabulated atmosphesittivity values given in the Atmospheric Redtfiv
Calculation Results section were derived basedatrulations assuming that loss by reaction with HNO
is negligible.
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Table 5.

List of compounds whose reactivities h&een added to the SAPRC-07 reactivity

tabulation or whose reactivities have been reqddsgehe CARB.

Compound CAS No. Mechanism Derivation Method orriesentation
Amines for which mechanisms were derived
Methylamine 74-89-5 The mechanisms were derived based on work for this
Dimethyl amine 124-40-3  project as discussed in this report. Reactionsated
Ethyl amine 75-04-7 constants as implemented in the SAPRC-07
Trimethyl amine 75-50-3 mechanism are given in Table A-1 in Appendix A. The
Isopropylamine 75-31-0 atmospheric ozone impacts of these compounds
t-Butyl amine 75-64-9 depend on the extent to which they are removed by
Triethyl amine 121-44-8  reaction with HNQ, which is highly uncertain. In
Ethanolamine 141-43-5  order to provide an upper limit estimate of therazo
Dimethylaminoethanol 108-01-0 impacts of these compounds under conditions where
2-Amino-1-butanol 96-20-8 they will have their highest impacts, the tabulated
2-Amino-2-methyl-1-propanol  124-68-5 atmospheric reactivity values were derived based on
Diethanol amine 111-42-2  calculations assuming that loss by reaction withG4N
Triethanolamine 102-71-6  is negligible. If loss by this process is importahe
Triisopropanolamine 122-20-3 magnitude of the ozone impact may be more than an

order of magnitude lower.

Other Compounds whose mechanisms were added
24800-44-0 The mechanisms were derived using the SAPRC-07

Tripropylene glycol
Diethylene glycol mono(2-
ethylhexyl) ether
Tripropylene glycol n-butyl
ether

Triethyl citrate
2,2,4-Trimethyl-1,3-
pentanediol diisobutyrate
Citronellol (3,7-dimethy-6-
octen-1-ol)

Linalool

Geraniol
Hydroxycitronellal

Terpinolene

1-Nitropropane

Methyl nonafluorobutyl ether
Ethyl nonafluorobutyl ether

2-Ethylhexyl benzoate
Ethyl methyl ketone oxime

1559-36-0

mechanism generation system without modificatians o
new explicit assignments. The reactions and rate

55934-93-5 constants as implemented in SAPRC-07 are listed in

77-93-0
6846-50-0

106-22-9

78-70-6
106-24-1
107-75-5

586-62-9
108-03-2

Table A-1 in Appendix A.

The mechanisms were derived using the SAPRC-07
mechanism generation system without modifications

163702-07-@&xcept that the dominant reaction pathways for some
163702-05-4adicals had to be assigned based on mechanism

generation estimates for similar radicals. Thetieas
and rate constants as implemented in SAPRC-07 are
listed in Table A-1 in Appendix A.

5444-75-7 Mechanism estimated. The reactions and rate casstan

96-29-7

as implemented in SAPRC-07 are listed in Table A-1
in Appendix A. Footnotes to the table indicate the
estimation methods used.
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Table 5 (continued)

Compound CAS No. Mechanism Derivation Method orriesentation

Methyl iodide 74-88-4 Mechanism of Carter (2007b¢d. The reactions and
rate constants as implemented in SAPRC-07 are also
listed in Table A-1 in Appendix A. Footnotes to the
table give the sources of the rate constants and
estimates.

Compounds represented using the "Lumped Moleciydetaach (assumed to
have the same ozone impact per molecule emittednather compound or
model species)

Hexyl cinnamal 101-86-0  Assumed to have the same per-molecule reactivity as

Cinnamic aldehyde 104-55-2  the lumped c5+ unsaturated carbonyl model species

Amyl cinnamal 122-40-7  (ISOPROD) used to represent these products in the
isoprene mechanism.

4-Vinylphenol 2628-17-3 Assumed to have the saarenolecule reactivity as
styrene

Methylparaben (4-Hydroxy = 99-76-3 Assumed to have the same per-molecule reactivity as

benzoic acid, methyl ester) o-cresol

Propylparaben 94-13-3

2,6-Di-tert-butylp-cresol 128-37-0

Beta-phenethyl alcohol 98-85-1 Assumed to havesgéime per-molecule reactivity as
benzyl alcohol

Cinnamic alcohol 104-54-1  Assumed to have the same per-molecule reactivity as

Anethol 104-46-1 3-methyl styrene

Triethylene diamine 280-57-9 Assumed to have tingesper-molecule reactivity as
triethyl amine

Lauryl pyrrolidone 2687-96-9 Assumed to have thmes@er-molecule reactivity as
n-methyl-2-pyrrolidone.

o-Dichlorobenzene 95-50-1 Assumed to have the samnenplecule reactivity as
p-dichlorobenzene

2-Chlorotoluene 95-49-8 Assumed to have the samenpéecule reactivity as
toluene

Methyl nonafluoroisobutyl 163702-08-7 Assumed to have the same per-molecule reactivity as

ether the corresponding nonafluorobutyl ether.

Ethyl nonafluoroisobutyl ether 163702-06-5

Compounds requested by the CARB staff for which hraaisms were not
derived because the compounds are estimated toveawéw ozone impacts.

HCFC225ca 422-56-0
HCFC-225cb 507-55-1
HFC 4310mee 138495-42-8
HFC-245fa 460-73-1
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Table 5 (continued)

Compound CAS No.

Mechanism Derivation Method orriesentation

Compounds requested by the CARB staff for which maisms were not
derived because there was insufficient time anduregs available in the project
to derive estimated mechanisms. (It may be possiblelevelop estimated
mechanisms for these compounds, but reactivitymaséis would be highly
uncertain)

Acetamide MEA (N-acetyl 142-26-7
monoethanolamine)

Benzyl benzoate 120-51-4
Benzyl salicylate 118-58-1

Butylphenyl methylpropional 80-54-6
(Lillac-synthetic fragrance)

Compounds requested by the CARB staff for which masms were not
derived because their mechanisms are too uncéot@istimate

Acetic acid benzyl ester 140-11-4
Benzophenone-3 131-57-7
Benzophenone-4 4065-45-6
Benzyl nicotinate 94-44-0
Beta-myrcene 123-35-3
Biotin (Vitamin H or B7) 58-85-5
Butetamate (Buteth-3) 14007-64-8
Butylparaben 94-26-8
Coumarin 91-64-5
Ethylparaben 120-47-8
Eugenol 97-53-0
Isobutylparaben 4247-02-3
Isoeugenol 97-54-1

L-Cysteine (2-amino-3-sulfanyl52-90-4

propanoic acid)

Musk ketone 81-14-1
Musk xylene 81-15-2
Niacinamide (Vitamin B3) 98-92-0
Pantothenic acid (Vitamin B5) 79-83-4
Phenyl trimethicone (Methyl 2116-84-9
phenyl polysiloxane)

Vanillin 121-33-5

Compounds requested by the CARB staff that areghgbsufficiently low in
volatility that they may not have significant ozamgacts. They probably should
not be included in VOC emissions inventories.

Adenosine triphosphate 56-65-5
Alpha Olefin sulfonate 68439-57-6
Ammonium benzoate 1863-63-4
Ascorbic acid (Vitamin C) 50-81-7
Di-2-ethylhexyl sebacate 122-62-3
Di-n-butyltin dilaurate 77-58-7
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Table 5 (continued)

Compound CAS No. Mechanism Derivation Method orriesentation

Dioctyl Sodium Sulfosuccinate 577-11-7
Ethylene diamine tetraacetic a60-00-4
Ethylhexyl salicylate (octyl 118-60-5

salicylate)

Lauramide DEA 120-40-1
Mixed fatty acid methyl esters,67762-38-3
C16 - C18

Myristic acid (C14 fatty acid)  544-63-8
Octyl methoxycinnamate 5466-77-3
Oleic acid 112-80-1

Palmitic acid (C16 fatty acid)  57-10-3
Pyridoxine hydrochloride 58-56-0
(Vitamin B6)

Sodium benzoate (Benzoic acié32-32-1
sodium salt)

Sodium lauroyl sarcosinate  137-16-6
(sodium salt (8Cl))

Sodium PCA (monosodium salg8874-51-3
Stearic acid 57-11-4

Compounds or mixtures requested by the CARB staffvhich we were unable
to determine the chemical composition or structure.

Cedarwood (Cedrus Atlantica) 68990-83-0
oil

Chlorinated paraffin solvent 63449-39-8
4,4-(Oxydi-2,1-ethanediyl) 6425-39-4
bismorpholine

Cocamide DEA 68603-42-9
Diethyltoluenediamine 68479-98-1
(DETDA)

Dimethyl lauramine isostearate 70729-87-2
HFC-365mfc 406-58-6
Lauryl lactate 6283-92-7
MEA borate; monoethanolamir@130-12-1
borate

MIPA borate; 68003-13-4

monoisopropanolamine borate

Panthenyl ethyl ether (N-(3- 667-83-4
Ethoxypropyl)-2,4-dihydroxy-
3,3-dimethylbutyramide)

Soy methyl esters

Trimethylolpropane trioleate 68002-79-9
Trimethylolpropane trioleate 57675-44-2
polyol ester
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RESULTSAND DISCUSSION

Summary of Experimentsand Characterization Results

A chronological listing of the environmental chamlegperiments carried out for this project is
given in Table B-1 in Appendix B. These includegesiments with the test compounds of interest for
this study and appropriate characterization andrebaxperiments needed for the data to be useful f
mechanism evaluation. The results of the mechargsaluation experiments are discussed in the
Mechanism Evaluation Results section, below. Tregatterization results are discussed in the rereaind
of this section.

The results of the individual characterization eipents that are relevant to the experiments for
this project are summarized in the “Results” columh Table B-1. The initial characterization
experiments relevant this chamber are describedetail by Carter (2004) or by Carter and Malkina
(2005) or Carter et al (2005b), and thus need motliscussed further here. Characterization results
specific to this project are discussed below.

Blacklight Characterization

Because of problems with the arc light source durine period of this project, all of the
experiments for this project were carried out ushmgblacklight light source. Methods for charaiziag
the intensity of the blacklight light source welisalissed by Carter et al (2005b), though someiosnsgs
were made as a result of subsequent measurementwitih the arc light source, NQactinometry
measurements were made using the quartz tube mettgafonte et al (1977), modified as discussed by
Carter et al (1995b), with the quartz tube bothdieghe reactors and also in front of the reactass.
discussed by Carter et al (2005b), the resulthede measurements, and other measures of lighsityte
indicated a steady decline in light intensity withne, with the results being best correlated wihb t
“blacklight run count”, which is the number of exjmeents carried out in the chamber using the
blacklights, and is thus an indicator of the agefthe lights due to use. A plot of the resultgha# in-
and out-of-reactor actinometry measurements agaimscount for UCR EPA experiments carried out
using the blacklight light source is shown on Fegg8r

The actinometry measurements made in front ofehaetor as shown on Figure 3 are corrected by
a factor of 0.698 to give an estimate of the cqmwesling light intensity inside the reactor. As dissed
by Carter et al (2005b), this was derived from r@anultaneous actinometry measurements made both
inside and in front of the reactor. Both measurégmshow similar declines in intensity with timegtiyh
the measurements in front of the reactor are morapcehensive because of the larger number of
measurements and the larger period of time for vhieasurements were made.

The actinometry measurements using the blacklightd source are reasonably well fit by the
following empirical expression, wherg is the NQ photolysis rate in mift

ks =0.0958 x [1 + exp(-Blacklight Run Count x 0.0Q3% (1) - { comment [WPLC3]: See
. . . o . Lo B \\ozone\apldata\Chambers\Light\EPAcha
The parameters in Equation (I) were derived to miré sum-of-squares errors in predictions of bbth t m\EPAKL.xIs "BL Summary" Sheet

in-reactor actinometry measurements and the inHobneactor measurements corrected by a factor of
0.698. This equation was used to derive the, [gfotolysis rates used when modeling the blacklight
experiments modeled for this project. Figure 3 daths the range of blacklight run counts that is
applicable to the experiments for this project.
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The spectrum of the blacklights in this chamber hesn measured periodically and continues to
be essentially the same as the spectrum recomménd@&arter et al (1995b) for modeling blacklight
chamber runs.

Chamber Effects Characterization

Except as discussed below, the characterizatiantse®r the more recent experiments for this
project are consistent with those discussed bye€Cattal (2005b) and Carter and Malkina (2005, 2007
and the same characterization parameters werefasedodeling. The most important chamber effect,
and the only chamber effect parameter that wasggthwhen modeling the experiments for this project,
concerns the apparent HONO offgasing, which isebelil to be responsible for both the chamber radical
source and NQoffgasing effects (Carter, 2004). This is représérin the chamber effects model by the
parameter RN-I, which is the HONO offgasing ratedus the simulations divided by the light intepsit
as measured by the N@hotolysis rate. Figure 4 shows the HONO offgagintameters that best fit the
radical or NQ - sensitive characterization experiments carrigdio the UCR EPA during the period of
the last three sets of reactors. Note that thererpats carried out for this project start at rynA¥£ 77, so
the applicable characterization data for this mie for the last set of reactors shown on therig

For the runs carried out for this project, whichrevell in the newest set of reactors installedrafte
run 683, the RN-I value used for both reactors Wagppt, the average of the measured values for the
applicable characterization runs. The values assigor modeling the runs in the last three sets of
reactors are indicated on Figure 4.

Side equivalency test experiments, in which theesamxture is irradiated in both reactors, are
carried out periodically as controls for the incemtal reactivity experiments. Generally good side
equivalency is observed for the gas-phase reghldsigh sometimes one reactor is more favorable for
particle formation than the other (Carter et al0%). The results of the side equivalency test
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Figure 4. Plots of best fit HONO offgasing paramegainst UCR EPA run number. .7

experiment carried out during this project wereilsimand are discussed below in conjunction whié t
incremental reactivity experiments with the addest tcompounds.

Background PM Characterization

Although the primary objective of this project wasobtain data on ozone impacts, particulate
matter (PM) volume number measurements were madenjunction with the experiments that were
carried out. The results of the initial PM charaeggion experiments in this chamber were discussed
Carter et al (2005a,b). The most useful PM backgiogharacterization experiments are pure air
irradiations, where small but measurable PM foramais generally observed. This is apparently due to
reaction of OH radicals with some PM precursor¢sino PM formation is observed in CO - air or,NO
air irradiations, where the presence of the addedo€ NQ, tend to suppress the OH radical levels.
Because of this, pure air irradiations continuebt® carried out for the purpose of characterizing
background PM levels, including experiments aroth@dtime of the mechanism evaluation experiments
for this project.

Plots of the 5-hour PM volume levels measured is ¢hamber since the time that routine PM
measurements began are shown on Figure 5. (Datartros with 5-hour PM volume of greater than 1.5
ug/m?, which includes some early runs in the first dateactors; and run EPA796 carried out during this
program, which appears to be anomalously contaetdnatre not shown.) As discussed by Carter et al
(2005a,b), for the first two sets of reactors tlaekground PM level was consistently higher in Side
than in Side B, with the background in Side B bejuge low. However, for the third set of reactdre
PM levels were essentially the same on both sateabout the low range of the level of Side A ia th
previous sets of reactors. For the fourth set afttas, those used for the runs for this projdu, t
background PM levels were lower, being comparablthdse found on Side B in the first two reactors,
though the PM levels were somewhat lower on SideaB on Side A. This background PM level is small
compared to that formed in the incremental expentmevith the added test compounds, and thus should
not significantly alter conclusions of this studyncerning relative PM impacts of the various conmatsu
that were studied.
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Gas-Phase M echanism Evaluation Results

Table 6 lists the initial concentrations and seld@as-phase results for the incremental reactivity
experiments carried out for this project. For corngmm, the results of the side equivalency test
experiment, which had no added reactants, areshlsan. The measures of gas-phase reactivity used to
evaluate the mechanisms in the incremental reactwperiments are the effects of the test compawnd
solvent onA([O3]-[NO]), or ([O3]+-[NO])-([Os]o-[NO]e), and IntOH, the integrated OH radical levels. As
discussed elsewhere (e.g., Johnson, 1983; CardeAtkimson, 1987; Carter and Lurmann, 1991, Carter
et al, 1993)A([O3]-[NO]) gives a direct measure of the amount ofvasion of NO to N@by peroxy
radicals formed in the photooxidation reactionsichtis the process that is directly responsibleoimone
formation in the atmosphere. This gives a usefidsuee of factors affectings@eactivity even early in
the experiments wherez@ormation is suppressed by the unreacted NO. Afghothis is the primary
measure of the effect of the VOC op formation, the effect on radical levels is alsesaful measure for
mechanism evaluation, because radical levels affeat rapidly all VOCs present, including the base
ROG components, react to form ozone.

The integrated OH radical levels are not measuiettty, but can be derived from the amounts
of consumption of reactive VOCs that react onlyw@H radical levels. In particular,

INtOH, = In(tracet,/[tracel,) - Dt "

ko H tracer

where [tracer] and [tracef] are the initial and time t concentrations of tleenpound used as the OH
tracer, kOH***is its OH rate constant, and D is the dilutioreriat the experiments. The latter is small in
our chamber and is neglected in our analysis. lkeset experiments, the base ROG surrogate component
m-xylene is the most reactive compound in the expenit that reacts only with OH radicals, and was
therefore used as the OH tracer to derive the Intatd. Then-xylene OH radical rate constant used in
this analysis was 2.36xI8cnt molec! s* (Atkinson, 1989).
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Table 6. Summary of initial concentrations and celé gas-phase results of the incremental -{ comment [WPLC7]: From
reactivity| experimen}ts. _ 7 | G\TXT\ARBPGM\pest\pestruns.xls
******************************************** “React’y Summary” sheet
Test VOC  Base Run Initial Hours —. D([O3)-[NO])  IntOH
RuUN Test Type Added (ppb) [b] Concentrations Light Final G; (ppb) Change (ppb) Change

Side [a] Calc Adj NQ  ROG [ Test Base 2Hr Final (ppt-min)
(ppb)  (PpmC)

Side Equivalency Test
785 A  MIR - 29 0.55 6 81 79 -2 2 2

AMP (calculated and adjusted amounts addded)

799 A MIR 64 20 28 0.56 5 32 64 -19 -35 -17
782 A  MIR 525 30 29 0.60 5 16 61 21 -51 -24
781 A MIR 536 25 29 0.50 5 14 48 -18 -42 -23
792 A MOIR/2 52 10 16 1.05 5 64 69 -31 -5 -6
789 B MOIR/2 53 25 25 1.15 5 72 104 -47 -32 -15
783 A MOIR/2 105 35 25 121 5 67 100 -53 -33 -12
784 A MOIR/2 105 40 25 1.08 5 59 100 -57 -40 -15
Ethanolamine (calculated and adjusted amounts added
780 A MIR 100 70 33 0.50 3 71 24 42 50 1
790 A MIR 101 5 30 0.58 6 81 81 -1 -1 0
791 A MOIR/2 53 15 25 1.16 5 90 100 1 -11 -5
798 A MOIR/2 101 20 29 1.34 5 92 96 4 -7 -1
805 A MOIR/2 250 50 24 1.09 5 81 95 9 -16 -10
Isopropyl amine (calculated and adjusted amourdsa@yd
807 A MOIR/2 252 100 22 1.18 6 106 97 34 9 -10

t-Butyl amine (calculated and adjusted amounts gdded
806 A MOIR/2 251 140 22 1.09 5 13 95 -62 -86 -21

d-Limonene (measured amounts added)

797 A MIR 26 25 0.60 5 77 65 22 11 -10
793 A MIR 35 29 0.58 5 99 62 46 36 -5
804 A MOIR/2 23 19 1.08 6 83 89 10 -6 -4

[a] Codes for types of base case experiments éinitremental reactivity experiments are as foltows
“MIR”": ~30 ppb NQ, and ~0.55 ppmC ROG surrogate; “MOIR/2": ~25 ppbsd@d ~1.1 ppmC
ROG surrogate.

[b] For the amines, the initial concentrations aédted from the amount of liquid injected are givien
the "Calc" column, and the initial concentratiohattgave the best fit of model simulations to the
data are given in the "Adj" column. Fédimonene, the measured initial concentrations cilzsire
consistent with the calculated amounts injectee garen.

[c] Hours of irradiation for which @andA([O3]-[NO]) data are available.
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A series ofd-limonene - NQ experiments were also carried out for the purpafsproviding
additional mechanism evaluation data for that caimplo The results of those experiments are discussed
in conjunction of the mechanism evaluation resfoltshose compounds.

Amines

The amines whose ozone impacts were experimengilldied for this project consisted
primarily of 2-amino-2-methyl-1-propanol (AMP) armninoethanol, though one experiment each was
carried out fort-butyl amine and isopropyl amine. The first two eetudied because they are important
in consumer products inventories, while the lattey were studied to provide additional data to et
the general mechanism estimation approach. Condiimd selected gas-phase results of the increinenta
reactivity experiments are shown on Table 6 anetexental and calculated concentration-time plots f
selected species are shown on Figure 6 and Figioe AMP and on Figure 7 and Figure 9 for the other
amines.

It was immediately apparent that AMP is a stronghiiior of the gas-phase reactions, since its
addition caused a significant slowing of formation, NO oxidation and integrated OH radiesdels in
all experiments. This was also observed withutyl amine, but not for aminoethanol and isoptopy
amine, both of which tended to enhance rates obki@ation and @formation (at least initially) in most
experiments. The strong inhibition characteristiifisAMP was not expected based on the initially
estimated mechanisms that assumed that reactidthe amino group were unimportant, but is conststen
with the mechanism derived in this work, as desetibbove. The inhibiting characteristics of AMP and
t-butyl amine are attributed to the fact that thesmpounds lack abstractable hydrogens in the pasiti
next to the amino group, which means that they hawesignificant radical propagation pathways
available following the reactions of OH radicalgiwthe amino group.

The estimated amine mechanisms developed in thik were qualitatively consistent with the
results of the reactivity experiments, in that timedicted that AMP anttbutyl amine were strong
inhibitors; while the other two had a generally ifies effect on initial Q formation and NO oxidation
rates, and relatively small effects on integratétll®vels.

However, quantitative mechanism evaluation usirggdmine experiments was complicated by
the fact that we were unable to develop a usefahtjiative gas-phase analysis method for amines for
this project, so the amounts of amines injected the gas phase in these experiments could not be
determined experimentally, and was therefore uamerThe amount of compound in the gas phase can
be estimated from the measured amount of liquiécteld, assuming complete injection of all the
material, and loss of the materials on the wallisThpproach has been successfully employed in
experiments with complex hydrocarbon mixtures sashpetroleum distillates used in coatings (Carter
and Malkina, 2005) and kerosene (Carter and Malka@®@7). But if this is assumed in the case of the
amines, then, as shown on Figure 6 and Figuree7midel significantly overpredicts the effects lof t
amines on NO oxidation ands;@rmation in essentially all the amine experimemisth in a negative
sense for AMP and-butyl amine, and in a positive sense for aminasthand isopropyl amine.
Although the possibility that this is due to medlsamproblems cannot be completely ruled out, thelmu
more likely explanation is that only a fractiontb® injected amine is making it to the gas phasién
experiments, the remainder being lost either towhds of the reactors or to the injection linedd P
formation during injection is probably not playirepm important role, since as discussed below no
significant PM formation occurred in the added aréxperiments until the irradiation began.

In order to obtain at least approximately satigfactfits of model simulations to the chamber
data, it is necessary to adjust the initial gassphamine concentration for each added amine expetim
The best fit concentrations are summarized on Tépknd the results of the model calculations using
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these adjusted initial concentrations are showirignre 6 through Figure 9. Plots of the best fitiah
concentrations against the initial concentratiosisudated from the amount of liquid injected arewh

on Figure 10. The apparent amount of amine in d@ee ghase ranged from 5% to ~60% of the amount
injected, with the least squares fit ratio being@6rhe fact that there is no systematic trend ffis t
fraction based on the compound, amount injectedtype of experiment suggests that this apparent
incomplete injection is due to experimental vatighi and not due to systematic problems with the
mechanisms used in the model simulations. The higipparent fractions injected fdrbutyl and
isopropyl amine compared to AMP and aminoethanol lma attributed to the expectation that the latter
two compounds would be more "sticky" because thayethydroxyl as well as amino groups, which the
former two compounds lack.

In any case, the fact that the initial reactantcemtrations had to be treated as an adjustable
parameter in the model simulations in order to iobéaven approximately satisfactory fits of the mode
simulations to the data indicates that these dataat very good quantitative tests of the mechanihe
only conclusion that can be drawn is that the @rpmnts arequalitatively consistent, or at least not
inconsistent, with model predictions.
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Figure 6 shows that if the initial AMP concentratioare adjusted, then the model simulates the
A([O4]-[NO]) and IntOH incremental reactivity resultsasmnably well. The good fits to tA€[O3]-[NO])
at the initial states of the experiments can heébated to the adjustment, but tAgO4]-[NO]) data at the
later stages of the experiments, and the IntOH data also fit reasonably well. Similarly good
simulations are also obtained for tHeutyl amine experiments as well, as shown on Eigur

For ethanolamine, Figure 7 shows that when théirdimine concentration is adjusted so the
model simulates the initiaA([O3]-[NO]) levels, the simulations of th&([O;]-[NO]) later in the
experiment and of the IntOH data are reasonabigfaatory in the MIR experiments, but the simulato
are not quite as good in the more Nitnited MOIR/2 runs. In those runs, the added amiauses a
slight reduction in @yields at the end of the experiment, while the elquiedicts the impact is positive,
and also the model tends to underpredict the Int@&ttivity. A similar result is observed for the
A([O3]-[NQ]) data for the isopropyl amine experimetitough in that case the IntOH reactivity data are
reasonably well simulated. The tendency for thesimes to reduce peaks@ NO-limited experiments
suggests that their reactions, or more likely #wctions of their oxidation products, have Nihks that
are not adequately represented in the current méshaThis may be due to the highly approximate
representation of C=N products predicted to be &atfnom the reactions of amines withC-H bonds.

This discrepancy in the predictions of the effesft@thanolamine and isopropyl amine on peak
O; levels suggests that the current mechanism magrpretlict the @impacts of these compounds, and
other non-inhibiting amines, under Mimited conditions. However, this should not neszdy result in
biases in predictions of {dmpacts in the MIR scale, which are based on ¢mmdi when NQ is in
excess and are therefore generally insensitiveQpdihks in the mechanisms for the compounds.

Figure 8 and Figure 9 show experimental and caledléormaldehyde results for the few added
amine experiments where formaldehyde measuremémtrgae available. Note that the PTR-MS has not
yet been quantitatively calibrated for formaldehyded the response is based on theoretical
considerations which have some uncertainties. Gégéhe results are consistent with model predidi
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that the impacts of AMP and aminoethanol on formhidle formation are relatively small. However, the
formaldehyde data in run EPA799 suggests that thdehmay be somewhat overpredicting the effect of
AMP on formaldehyde formation. In that experimethie formaldehyde levels observed in the added
amine reactor was slightly lower than that in tleeséb case reactor, while the model predicted atsligh
positive effect of AMP on the amine formation. Hasg the AMP mechanism (shown in Table A-1 in
Appendix A) does not have formaldehyde as a diproduct in any AMP reaction, so the slight
formaldehyde overprediction is probably due to #pproximate representation used for the reactive
products.

As discussed above, an uncertainty exists con@gthimimportance of amine salt formation from
the amine + HN@reaction in removing the amines from availabifity gas-phase reaction. To check its
importance in the environmental chamber simulatidghe added amine runs were modeled both by
assuming that this reaction is negligible, and bing the upper limit rate constant for the reactol
assuming it is irreversible. The only significahtaoge caused by using the upper limit rate constaaht
irreversible removal is that the resulting caldglatpredicted that all the HNOforms the salt. The
changes in final calculated\([O3]-[NO]) and IntOH caused by making alternative asptions

concerning amine salt formation were less than 8¢l the added amide experim%nts. This is because-{ comment [WPLC13]: See

the amine present was in large excess over thelasd amount of HNOformed in the experiments, Fbt\aropgmiaminestamines.xis *Salt

and the model assumes that, other than possibleeagalt formation, the gas-phase HN®unreactive. Cale” Shee
d-Limonene

The conditions and selected results of the incréaheeactivity experiments witb-limonene are
shown on Table 6, and plots of selected experirhema calculated data are shown on Figure 11. The
model gives reasonably good simulations AfOs]-[NO]), IntOH, and d-limonene results of runs
EPA793 and EPA804. The simulation of EPA797 is quite as good, with the model predicting the
approximate impact oA([O3]-[NO]) but at a later time in the experiment, prgithg a later time for most
of the limonene consumption, and a somewhat lovagnitude ofA([Os]-[NQO]) impact. However, these
discrepancies can be attributed to the mechaniamierpredictions of the rate di([O3]-[NO])
formation, as tends to be the case for the sinmratdf surrogate experiments at lower ROG/N&els
(Carter, 2007a). If this is taken into account, siraulation of the effects of thatlimonene addition can
be considered to be reasonably satisfactory.

In addition to incremental reactivity experimergsyerald-limonene - NQ experiments, without
other added reactants, were also carried out fahem@sm evaluation as part of this project. Limanen
NO, experiments were also carried out previously gihdii concentrations in a smaller chamber (Carter et
al, 1995b), and these results are also used fohanézm evaluation in this work. The conditions and
selected results of these and the previous expetir@e summarized on Table 7, and experimental and
calculated results for selected gas-phase spa@eshawn on Figure 12 and Figure 13.

Figure 12 shows that the model gave very good sitiuis of the results of tlelimonene - NQ
experiments carried out for this program, and gahegood simulations of the experiments carrietl ou
previously, except perhaps for ETC451. The modeldistions of the formaldehyde levels were
reasonably consistent with the PTR-MS data in the new experiment with such data, especially
considering the uncertainty in the calibration s tinstrument. The model consistently underpredict
the formaldehyde in the earlieklimonene - NQ experiments, though as discussed by Carter et al
(1995b), the formaldehyde instrument used at thee tiended to be unreliable and subject to biases.
Despite the uncertainty in the calibration, the en@cent PTR-MS formaldehyde data probably shoeld b
given the greater weight.
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In view of the generally satisfactory performandetloe existingd-limonene mechanism in
simulating the current and previous chamber datanadifications were made to the mechanism for that
compound as part of this project.

PM Impact Results

The PM volume measurement data taken during thenmental reactivity experiments for this
program are shown on Figure 14, and selected PMtseom these experiments, and also the side
equivalency test experiment, are summarized oneT@bin addition, the maximum PM volume levels in
thed-limonene - NQ experiments carried out for this project are ideld in Table 7, above.

These results show that, with the possible excepmifd-butyl amine, all the compounds studied
for this project have large, positive impacts on Rivmation under simulated atmospheric conditions.
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Table 7. Summary of conditions and selected resfilised-limonene NQ experiments.

Initial Conc (ppm) Ozone (ppb) Max PM

Run Limonene NO, 2 Hr. 5Hr  (ug/nt)
Previous Experiments [a]

ETC425 0.30 0.25 279 387

ETC450 0.27 0.24 295 410

ETC451 0.26 0.57 22 117

ETC452 0.27 0.16 317 374

Experiments for this project

EPA794B 0.15 0.096 140 168 289
EPA795A 0.32 0.139 144 176 681
EPA795B 0.15 0.107 131 167 227

[a] See Carter et al (1995b) for a discussion ld tonditions and modeling methods for these
experiments, which were carried out in the ETC dhemwhich consists of a ~4000-liter collapsible
Teflon bag with a blacklight light source with gHt intensity corresponding to an hNPhotolysis
rate of 0.35 mifl. These runs were modeled using the chamber effestiel for the ETC runs as
given by Carter et al (1995b) except with a HON@uinparameter, RN-I of 40 ppt. No PM data were
taken during these experiments.

Note that for the amines, the PM levels at therr@gp of the experiments are relatively low (seguFé
14), indicating that the amine itself is not sigrahtly partitioning into the aerosol phase, antsel
formation does not contribute significantly to thiecrepancy between the amount of amines injeatdd a
the apparent amount of amine reacting in the gasghrhe PM formation must be due to either amine
salt formation from reaction with the HNdormed in the gas-phase reactions, or condensation
heterogeneous reactions of oxidation productsnost likely) both.

For the purpose of comparing PM impacts of differemmpounds, it is useful to derive a "PM
Incremental Reactivity", which is defined as thesmaf PM formed (derived from the PM volume
assuming the PM has the density of water) dividgdtie mass of VOC initially present in the
experiments. This normalizes for differences in ants of VOC injected in the different experimerits.
the case of the amines, the "initially present" anidn this context was taken as the calculatedusmno
injected, since even if all the amount injected mhid participate in the gas phase reaction it massibly
have contributed somehow to PM formation. Theseifivemental reactivity values derived from the 5-
hour PM volume values measured for the various exgats are given in Table 8, and the averages of
these values for the different compounds are suimethon Table 9.

For comparison with other VOCs, Table 9 also git#les average 5-hour PM incremental
reactivities obtained from studies of other compisuand mixtures in this chamber in these types of
incremental reactivity experiments. These includatings VOCs studied by Carter et al (2005b) and
pesticide VOCs studied by Carter and Malkina (200Te compounds are listed in order of increasing
PM incremental reactivity.

Table 9 shows that except fobutyl amine, which had a moderately low relativd Pnpact in
the one experiment with this compound, the compsigtddied for this project are among the highest in
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Figure 12. Plots of selected experimental and tatied data for the d-limonene experiments carried

out for this program (EPA runs) and previously (ET@s).
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Figure 13. Plot of experimental and calculated fadehyde data for the-limonene - NQ

experiments where formaldehyde data are available.

terms of PM formation potential of the compoundsdi&d. The highest PM formation was fraidn
limonene and ethanolamine, which were essentibtysame to within the experimental variability. The
inhibiting amines (AMP and-butyl amine) were the least reactive of the amstesied, presumably in
part because they inhibited the overall photooieprocesses, including the rate at which thegtezh

and were calculated not to react to completiorh@s¢ experiments. These may have higher relative PM
formation potentials under more photochemicallytiga conditions.

It should be noted that the relative PM formatiateptials summarized in Table 9 are applicable
only for the conditions of these experiments, ahd tnagnitudes, and even the ordering, of the
incremental reactivities may be different in atnfoemic conditions. The ultimate utility of these aatill
be to provide tests for model predictions of PMniation from these compounds, once mechanisms for
this purpose have been developed. However, devejopiechanisms for predicting quantitative PM
impacts of these compounds was beyond the scapésgirogram.

Atmospheric Reactivity Calculations

The atmospheric incremental reactivities calculéedhe amines and other compounds added to
the SAPRC-07 mechanism for this project are giveriTable 10. Table C-1 in Appendix C gives the
complete tabulation of VOCs and reactivity valuesthe SAPRC-07 mechanism, with values for these
compounds studied for this project added or upd&tatle C-1 also gives codes indicating generaily h
these VOCs are represented in the mechanism, #ikaility of rate constant and experimental data f
the compounds or mixtures, and uncertainty codestife mechanisms and atmospheric reactivity
estimates. The reactivity values and codes Table €place those given in the initial SAPRC-07
documentation, dated August 31, 2007 for the comgsstudied in this project. [The values for theeot
compounds are unchanged, except that methyl iodiddjed by Carter (2007b), has also been added.]
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Table 8. Selected results of PM number and volureastrements made during the incremental
reactivity experiments carried out for this project

Test TestCmpc  5-Hour PM 5-Hour PM Vol. 5 Hr. PM
Run o Type[a] added Number (16m?) (Hg/nt) Vol. Incr'l
(ppb) [b]  Test Base Test Base Rct'y [c]

Side Equivalency Test

785 A MIR - 2 2 3.1 0.0 -
AMP

799 A MIR 64 6 3 12.9 0.1 55

782 A MIR 525 16 4 1.3 0.1 1

781 A MIR 536 17 0 1.6 0.0 1

792 A MOIR/2 52 13 11 20.0 0.7 103

789 B MOIR/2 53 6 14 26.4 0.7 133

783 A MOIR/2 105 12 3 26.5 2.6 63

784 A MOIR/2 105 9 13 23.3 0.7 59
Ethanolamine

780 A MIR 100 No 5 hour data - short run

790 A MIR 101 7 2 384 0.1 153

791 A MOIR/2 53 15 11 47.5 0.6 356

798 A MOIR/2 101 12 8 62.9 0.6 248

805 A MOIR/2 250 23 4 95.7 0.3 154

Isopropyl amine

807 A MOIR/2 252 8 9 47.6 0.4 78
t-Butyl amine

806 A MOIR/2 251 5 9 5.6 0.6 7
d-Limonene

797 A MIR 26 9 7 36.8 0.5 256

793 A MIR 35 12 1 345 0.1 177

804 A MOIR/2 23 14 6 28.8 0.2 225

[a] See footnotes to Table 6.

[b] For amines this is the calculated initial comication based on the volume of liquid amine irgelct
Note that if the amount injected that gave the bsbf the model simulations to the ozone reaistiv
data were used then the PM volume incrementalivésavould be higher.

[c] PM volume incremental reactivity is in units a§ PM formed per milligram of VOC added.
Calculated as the 5-hour PM volume on the test smfeus the PM volume in the base case
experiments, divided by the amount of mytest compound added.
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Table 9. Summary of average 5-hour PM volume inergal reactivities of VOCs studied in -{ comment [WPLC16]: From

incremental reactivity experiments in the UCR EMAmber. 7

Average 5-Hour

Compound or Mixture Project [b]

PM IR [a]
1,2-Dichloropropenes Low Pesticide
Propylene glycol Low Coatings
Ethylene glycol Low Coatings
Texanol isomers Low Coatings
Synthetic isoparaffinic mixture (ASTM-3C1) Low Cods
Carbon disulfide 6+1 Pesticide
t-Butyl amine ~7 This work
Petroleum distillates (coatings study) 8+3 Coatings
S-ethyl dipropylthiocarbamate (EPTC) 11+3 Pesticide
Methyl isothiocyanate 1145 Pesticide
2-(2-Butoxyethoxy)-ethanol 34+11 Coatings
Kerosene 41+9 Pesticide
2-Amino-2-methyl-1-propanol 59+49 This work
Isopropyl amine ~78 This work
Benzyl alcohol 92+7 Coatings
d-Limonene 219+40 This work
Ethanolamine 228+97 This work

[a] PM volume incremental reactivity is in units ag PM formed per milligram of VOC added.
Calculated as the 5-hour PM volume on the test smfeus the PM volume in the base case
experiments, divided by the amount of mgtest compound added. “Low" means the PM volume in
the added test compound experiment was either lowept significantly different than in the base
case experiment. If no standard deviation is gitrean useful data are available for only a single
experiment, and the value must be considered tmbertain by at leag50%.

[b] Project for which this compound was studiedpsut the project report for details: "Coatingsatal
from Carter et al (2005b); "Pesticide": data fromrt@r and Malkina (2007); "This work™: see Table
8.

The online SAPRC-07 mechanism documentation anctivég scales available at http://www.cert.ucr
.edu/~carter/SAPRC have been updated accordingly.

As discussed above, there is a significant unceytais to how to represent the possible loss of
amines due to reaction with HN@ form the amine salts in the atmospheric ozomgatct simulations.
Figure 15 shows plots of amine reactivities cafmdeassuming that this reaction is fast and irshés,
against those calculated assuming that the readsioinimportant. It can be seen that, unlike the
simulations of the chamber experiment, alternasissumptions in this regard have a significant irhpac
on the Q reactivity results, with the magnitudes of the mezdmpacts of the amines generally being at
least an order of magnitude lower if the react®mssumed to be fast and irreversible. For sontkeof
lower reactivity amines, the low NQ@eactivities (reactivities in some base case aBiREscenarios) go
from positive to negative, which is probably duette removal of NQsources in the mechanism due to
the reactions of HN@ The difference between these and the chamberaions comes from the fact
that in the chamber simulations, the amine is igdaexcess, while in these atmospheric reactivity
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Table 10. Calculated atmospheric reactivity valfrsamines and other compounds added to the { comment [WPLC17]: From

atmospheric reactividy tabulations. -~ | FMxt\arbpgm\amines\amines.xls "New
************************************* VOCs" Sheet, column"O"

Reactivity (gm Q/ gm VOC)
Compound CASNO. —MiR™ MOIR  EBIR  Avg Base
AminesJa]
Methylamine 74-89-5 7.25 4.04 2.60 3.57+1.09
Dimethyl amine 124-40-3 2.65 1.84 1.33 1.61+0.56
Ethyl amine 75-04-7 5.45 2.97 191 2.63+0.80
Trimethyl amine 75-50-3 5.27 2.75 181 2.48+0.74
Isopropylamine 75-31-0 6.97 3.26 2.06 2.9740.96
t-Butyl amine 75-64-9 -3.26  -1.06 -0.44  -0.9940.70
Triethyl amine 121-44-8 3.07 1.48 0.91 1.31+0.44
Triethylene diamine 280-57-9 2.77 1.33 0.82 1.18a0.
Ethanolamine 141-43-5 6.59 2.99 1.85 2.72+0.92
Dimethylaminoethanol 108-01-0 5.15 221 1.40 2.0620
2-Amino-1-butanol 96-20-8 4.79 2.14 131 1.95+0.67
2-Amino-2-methyl-1-propanol 124-68-5 -2.68 -0.80 3@ -0.76%0.62
Diethanol amine 111-42-2 2.22 1.08 0.70 0.98+0.32
Triethanolamine 102-71-6 3.25 1.37 0.81 1.25+0.46
Triisopropanolamine 122-20-3 1.99 0.96 0.60 0.8890.
Other Compounds
Terpinolene 586-62-9 6.14 2.21 1.17 2.09+1.08
Tripropylene glycol 24800-44-0 2.07 1.04 0.64 003t
Diethylene glycol mono(2-ethylhexyl) ether 155936- 1.45 0.75 0.42 0.64+0.24
Tripropylene glycoh-butyl ether 55934-93-5 1.55 0.75 0.43 0.65+0.24
Triethyl citrate 77-93-0 0.66 0.31 0.16 0.26+0.11
2,2,4-Trimethyl-1,3-pentanediol diisobutyraté846-50-0 0.33 0.20 0.06 0.14+0.09
Citronellol (3,7-dimethy-6-octen-1-ol) 106-22-9 6.8 2.05 1.12 1.94+0.96
Linalool 78-70-6 5.44 1.96 1.09 1.85+0.90
Geraniol 106-24-1 5.10 1.88 1.06 1.78+0.85
Hexyl cinnamal 101-86-0 2.93 1.08 0.64 1.03+0.41
Hydroxycitronellal 107-75-5 254 1.02 0.61 0.94#.3
Cinnamic aldehyde 104-55-2 4.79 1.77 1.05 1.68+0.68
Amyl cinnamal 122-40-7 3.13 1.16 0.69 1.10+0.44
4-Vinylphenol 2628-17-3 1.44 0.16 -0.41  -0.01+0.45

Methylparaben (4-hydroxy-benzoic acid, 99-76-3 1.70 0.10 -0.55  -0.04+0.54
methyl ester)

Propylparaben 94-13-3 1.44 0.08 -0.47 -0.03+0.45
2,6-Di+ert-butyl-p-cresol 128-37-0 1.18 0.07 -0.38  -0.02+0.37
Beta-phenethyl alcohol 98-85-1 4.49 1.57 0.76 10442
Cinnamic alcohol 104-54-1 0.83 0.10 -0.29  -0.03%0.2
Anethol 104-46-1 0.75 0.09 -0.26  -0.031#0.24
2-Ethylhexyl benzoate 5444-75-7 0.92 0.42 0.18 0347
1-Nitropropane 108-03-2 0.20 0.15 0.11 0.13+0.03
Ethyl methyl ketone oxime 96-29-7 1.55 1.32 1.45 4010.30
Lauryl pyrrolidone 2687-96-9 0.89 0.45 0.27 0.4040.
o-Dichlorobenzene 95-50-1 0.17 0.02 -0.04 0.01+0.05
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Table 10 (continued)

Reactivity (gm Q/ gm VOC)

Compound CASNO. —\iR™ MOIR  EBIR  Avg Base
2-Chlorotoluene 95-49-8 2.86 1.00 0.40 0.88+0.50
Methyl nonafluorobutyl ether 163702-07-6 0.05 0.04 0.03 0.04+0.01
Methyl nonafluoroisobutyl ether 163702-08-7 0.05 0.04 0.03 0.04+0.01
Ethyl nonafluorobutyl ether 163702-05-4 0.19 0.12 0.08 0.11+0.03
Ethyl nonafluoroisobutyl ether 163702-06-50.19 0.12 0.08 0.11+0.03

[a] Reactivities calculated assuming no loss ofrentiy reaction with HN® See Figure 15 for results of
calculations assuming rapid and irreversible I[dssnaines by reaction with HNO

Figure 15.
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Reactivity if no HNO3; Reaction (gm Os / gm amine)

scenarios calculated assuming rapid and irreversiss by reaction with HNCagainst

scenarios, where the incremental effects of smé@lCvadditions are being calculated, the HN®in
excess and consumes most of the amine if the asalhesaction is assumed to be fast and irreversibl

For regulatory purposes, we recommend that the engiactivities in the maximum incremental

-

reactivity (MIR) scale be calculated based on agsgmo significant loss of amines by reaction with
HNQO;, as may occur in environments where there arafignt other sinks for HNg) such as reaction
with ammonia, other amines, or heterogeneous lasepses, or if the equilibrium favors dissociatibn
the amine salt in the environment under considamafihis would represent the impact of the amines

under conditions where they would have the maxinozone impact, which is consistent with the general
concept of maximum incremental reactivity (Carted94a). Therefore, the amine reactivity values mive

in Table 10 and Table C-1 are based on assumingssaf the amine by reaction with Hi®ootnotes
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for the amines in Table C-1 indicate that the tatad values should be considered upper limits in
magnitude.

Table 11 gives the previous estimates of MIR oraupimit MIR values for the amines as a result
of this work. The values in the middle column wémm the most recent update of the SAPRC-99
tabulation given by Carter (2003) and are basedabculations using highly approximate "placeholder”
mechanisms as discussed by Carter (2000a). Foramuees for which reactivity values were available
in the previous tabulations the new MIR's are soh@wower, and in the case of AMP the previous
estimate was positive, while the current mechar(gna chamber data) indicate it is an ozone inhibito
For most amines, the reactivity values used fouleggry purposes were the upper limit values derive
using the method given in Appendix D of the SAPRICd®cumentation, which are also shown on Table
11. It can be seen that these upper limit valuesignificantly higher than the current estimatesnost

cases by more than a factor of two. Therefore, @zopacts estimates for most amines have decliged a
a result of this work.

| Comment [WPLC19]: From
4 F:\txt\arbpgm\amines\amines.xls "New

Table 11. Change in MIR values assigned to amigesrasult of thiswork. | voCs" Sheet. Upper limit values derived
using calculations in
work\saprc99\maxmir.xls.

Compound MIR (gm O; / gm VOC) [a]

This work  SAPRC-99 [b] Upper Limit [c]
Methylamine 7.25 10.8 (-33%)
Dimethyl amine 2.65 9.4 (-72%) 14.9 (-82%)
Ethyl amine 5.45 7.8 (-30%) 14.9 (-63%)
Trimethyl amine 5.27 7.1 (-25%) 17.1 (-69%)
Isopropylamine 6.97 17.1 (-59%)
t-Butyl amine -3.26 18.4 (negative)
Triethyl amine 3.07 16.6 (-81%)
Triethylene diamine 2.77 15.0 (-81%)
Ethanolamine 6.59 6.0 (+11%) 11.0 (-40%)
Dimethylaminoethanol 5.15 4.8 (8%) 15.1 (-66%)
2-Amino-1-butanol 4.79 15.1 (-68%)
2-Amino-2-methyl-1-propanol (AMP) -2.68 4.8 (negali  15.1 (negative)
Diethanol amine 2.22 4.0 (-45%) 12.8 (-83%)
Triethanolamine 3.25 2.8 (+18%) 11.3 (-71%)
Triisopropanolamine 1.99 8.8 (-77%)

[a] Value in parentheses is change relative tdahalated value as a result of this work.
[b] From tabulation of Carter (2003)

[b] Upper limit MIR calculated using the procedwfeAppendix D in the SAPRC-99
documentation (Carter, 2000a).
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DISCUSSION AND CONCLUSIONS

This project made significant progress towards exdhg its objectives of decreasing
uncertainties and improving estimates of ozone otgpaf consumer product compounds of interesteo th
CARB. Ozone impact estimates and MIR values wemveld for a total of 7 amines and 30 other
compounds present in consumer products inventéwreshich estimates were not previously available,
ozone impact estimates and MIR values for 8 amivere significantly improved, and data were obtained
to support the predictive capabilities of the poegly derived mechanism farlimonene. The major
contribution of this project concerned the develeptrof improved methods for estimating mechanisms
for calculating ozone impact estimates for amingkijch were previously represented using highly
approximate "placeholder" mechanisms, or for whichy upper limit ozone impact estimates were
available. As a result of this project, the estedabzone impacts of amines appropriate for regglato
applications are much lower than the upper limitga used previously.

One unexpected result of this project is that aeitigpes of amines, those that lack abstractable
hydrogens adjacent to the amino groups, were fdonbave negative impacts on ozone formation,
contrary to previous estimates. The most importaample of this is AMP, which was one of the ptipri
consumer product compounds chosen for study in ghigect. This inhibition is explainable by the
current estimated mechanisms, and supported bgrthieonmental chamber experiments with AMP and
t-butyl amine, another example compound of this tf/ee chamber experiments with aminoethanol and
isopropyl amine support the predictions of the earmrmechanisms that these compounds have positive
impacts on ozone formation, though their impactsl@wer than previous upper limit estimates.

On the other hand, this project was not totallycessful in reducing uncertainties in mechanisms
and ozone impact estimates of amines to the leveglired for other compounds that have been studied
previously. Although the experiments carried outtfds project were useful in testing mechanisma in
qualitative sense, particularly for determining wheompounds are inhibitors as opposed to having
positive impacts of ozone formation, they were patticularly useful forquantitative mechanism
evaluation. This is because amines are extremgbtkys compounds that are difficult to reliably @yt or
monitor in the gas phase, and attempts to devebktpads to quantitatively monitor these compounds in
the gas phase were unsuccessful. The results oéxperiments could not be satisfactorily simulated
using reasonable mechanisms unless it is assuraedrily a fraction of the injected amines are aad
for reaction in the gas phase, and the amount @feareacting in the gas phase had to be treatesh as
adjustable parameter. Because this adjustment eoa$k errors in the mechanism, this means that the
data obtained cannot fully test the mechanism. btigmeed to be developed to quantitatively injact a
monitor these compounds in the gas phase befonetitateve data can be obtained to comprehensively
evaluate the mechanisms for these compounds.

On the other hand, the data obtained were suffi¢@evaluate the predictive capabilities of the
mechanisms concerning general reactivity trends, fam the most part the data did not indicate
systematic problems with the estimated mechani$ims.one exception is that the estimated mechanisms
did not correctly predict the tendency of the pesly reactive amines (aminoethanol and isopropyl
amine) to cause a slight decrease inf@mation under NQlimited conditions. This is attributable to
uncertainties and approximations in the mechanisnterning the representation of reactive products,
such as compounds with C=N bonds, in the models Bkpect of the amine mechanisms needs to be
improved, though how to improve model performant¢his respect is presently unclear. However, this
ozone overprediction bias under Nidnited conditions should not significantly affeptedictions of
MIR values, which reflect ozone impacts under ctods when NQis in excess.
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An even more significant problem concerning quatitie predictions of ozone impacts of
amines concerns its possible removal by reactidh WNO;, forming non-volatile amine salts. HNG
an important N@sink species formed under conditions whegdo@mation occurs, so its reactions need
to be taken into account. Amines are basic comppand are known to rapidly form amine nitrate salts
which partition into the aerosol phase, when igdcinto environmental chambers in the presence of
HNOs under atmospheric conditions (Murphy et al, 208iwever, these will also dissociate back to the
amines and HNg) and evidence for this dissociation is also olegrthough the equilibrium constants
are highly uncertain (Murphy et al, 2007). If thisocess is not important in affecting results of th
chamber experiments carried out for this work beeathe injected amine is in large excess over the
HNO; formed in the photooxidation reactions, it is c#dted to be extremely important under
atmospheric conditions. In particular, if the rémes of HNQ with amines are rapid and irreversible,
then the magnitudes of the incremental reactivétiyes for these compounds are calculated to bedam o
of magnitude or more less than is the case ifeéhetion is assumed to be negligible.

It is extremely uncertain how to represent the @&min HNG reaction in the atmospheric
reactivity scenarios because its importance is Iiglensitive to atmospheric sources and sinks for
ammonia, other amines and HNQvhich have highly variable levels that are in tosses unknown.
For regulatory purposes, we recommend that valsed tor Maximum Incremental Reactivity (MIR) be
based on conditions where they would have the maxirozone impact, which is consistent with the
general concept of maximum incremental reactividarter, 1994a). For this reason, the tabulated MIR
and other reactivity values are based on assurhatghe reaction with HNgs negligible. However, the
magnitudes of their actual impacts will probablyléss than these under real atmospheric conditibits.
is desired to derive reactivity values for amirtegt tare more representative to their atmospheipadats,
then appropriate methods to represent sourcesiaksl for basic pollutants (HN)ammonia, amines,
etc.), need to be derived for use in atmosphesctidty scenarios. This requires a major reseaftdrt
that is beyond the scope of this project.

In addition to amines, data were also obtainedetteb evaluate ozone impact mechanismsifor
limonene, an important compound in consumer pradwEhissions. In the case dflimonene,
mechanism evaluation experiments were limited tooliene - NQ experiments carried out with
relatively high reactant concentrations, and thedjotive capabilities of the mechanism had not been
tested under conditions more representative ohthrsphere. The new experiments carried out far thi
project addressed the need for better data to &eathe mechanism for this important compound, but
since the mechanism performed well in simulatingsthdata, no need to change the mechanism was
indicated.

Mechanisms and reactivity estimates were alsoveérifor 30 other compounds found in
consumer product inventories for which estimatesewet previously available. However the CARB
staff had also requested reactivity estimates fdotal of 63 other compounds for which reactivity
estimates are still needed. Of these, 4 are prgbaibhegligible reactivity and 20 are probably non-
volatile, leaving 39 compounds for which reactivitstimates are actually needed. In some of thesssca
the chemical structures could not be determinedibutthers the mechanisms are too uncertain to
estimate, while for other estimates could be médeore time and resources were available. Additiona
work in this area may be appropriate if the misgstjmates remain problematic for the CARB.

Although the primary focus of this project was reidg uncertainties in ozone impact estimates,
data were also obtained concerning the relativef&hation potentials for AMP, ethanolamine, ahkd
limonene. All three of these compounds were founldave very high PM formation potentials compared
to most of the coatings VOCs (Carter et al, 200&M) pesticide VOCs (Carter and Malkina, 2007)
studied previously. The data obtained should bé&ulf® testing mechanisms for PM formation of thes
compounds, and work in this area is needed.
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APPENDIX A. MECHANISM LISTING

Table A-1. Reactions and rate constants used foreema-limonene, and the new compounds added
to the mechanism for this project.

Reaction Rate [a]

Compound Expression ReBeactlons
Methylamine 1.97e-11 1 ME-AMINE + OH = #.458 HO2:642 RO2C + #.458 PROD2 +
#.542 xXHO2 + #.542 xPROD?2 + #.542 yROOH + XN + %&
7.40e-21 2 ME-AMINE + O3 = OH + RO2C + xHO2 + xPBD+ yROOH +
#-5 XC + XN
9.60e-14 el ME-AMINE + NO3 = HNOS + #.458 HO2 542 RO2C + #.458
PROD2 + #.542 xHO2 + #.542 XPROD2 + #.542 yROOH5+-X%C
+ XN
4.00e-11 e2 ME-AMINE + HNO3 = XC + XN
Dimethyl Amine 6.52e-11 1 DM-AMINE + OH = #.243 HG2#.514 RO2C + #.243 PROD2 +
#.514 xHO2 + #.514 xPROD2 + #.514 yROOH + XN + 542 XC
1.67e-18 2 DM-AMINE + O3 = OH + RO2C + xHO2 + xPR®+ yROOH +
#-4 XC + XN
2.03e-13 el DM-AMINE + NO3 = HNO3 + #.244 HO2 6#2 RO2C + #.244
PROD2 + #.512 xHO2 + #.512 xPROD2 + #.512 yROOH2:587
XC + XN
4.00e-11 e2 DM-AMINE + HNO3 = #2 XC + XN
Ethyl Amine 2.58e-11 1 ET-AMINE + OH = #.485 HO2#515 RO2C + #.485 PROD2 +
#.515 xHO2 + #.515 xPROD2 + #.515 yROOH + XN + ¥@
1.98e-20 e3 ET-AMINE + O3 = OH + RO2C + xHO2 + xPB2 + yROOH +
#-4 XC + XN
1.16e-13 el ET-AMINE + NO3 = HNO3 + #.508 HO2 492 RO2C + #.508
PROD2 + #.492 xHO2 + #.492 XPROD2 + #.492 yROOH4+XC
+ XN
4.00e-11 e2 ET-AMINE + HNO3 = #2 XC + XN
Trimethyl Amine 4.84e-11 1 TM-AMINE + OH = RO2C H©02 + xPROD2 + yROOH + XN +
#-3 XC
7.84e-18 2 TM-AMINE + O3 = OH + RO2C + xHO2 + xPR®+ yROOH +
#-3 XC + XN
1.56e-13 el TM-AMINE + NO3 = HNO3 + RO2C + xHOXFROD?2 +
YROOH + #-3 XC + XN
4.00e-11 e2 TM-AMINE + HNO3 = #3 XC + XN
isopropylamine 3.78e-11 e4 |IPR-AMIN + OH = #.463H®#.537 RO2C + #.463 PROD2 +
#.537 XMEQO2 + #.537 xPROD2 + #.537 yROOH + XN +.83¥
XC
3.32e-20 e3 IPR-AMIN + O3 = OH + RO2C + xXMEO2 +R®D2 + yROOH +
#-4 XC + XN
1.21e-13 el IPR-AMIN + NO3 = HNO3 + #.487 HO2 53 RO2C + #.487
PROD2 + #.513 xXMEO2 + #.513 XPROD?2 + #.513 yROO# +
3.513 XC + XN
4.00e-11 e2 IPR-AMIN + HNO3 = #3 XC + XN
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Table A-1 (continued)

Reaction Rate [a]

Compound Expression Reﬁeactlons
t-butyl amine 1.18e-11 3 TBU-AMIN + OH =#.971 NRAD#.055 RO2C + #.001 RO2XC
+ #.001 zZRNOS3 + #.028 XMEO2 + #.028 XHCHO + #.0PR0OD2
+ #.029 yROOH + #.029 XN + #-.113 XC
5.88e-14 el TBU-AMIN + NO3 = HNO3 + NRAD
Same as rxn BR: €5 NRAD + NO2 = PROD2 + #2 XN + #-2 XC
(Neglected) e6 NRAD + NO = nitrosoamine
Same as rxn BR{ e7 NRAD + HO2 = #4 XC + XN
4.00e-11 e2 TBU-AMIN + HNO3 = #4 XC + XN
Triethyl Amine 5.57e-11 e4 TBMINE + OH = #2.297 RO2C + #.311 RO2XC + #.311 zR3\
+ #.689 xHO2 + #.689 XRCHO + yR60OOH + XN + #2.066 X
1.21e-17 e3 TE-AMINE + O3 = OH + #2.297 RO2C +IARO2XC + #.311
ZRNO3 + #.689 xHO2 + #.689 XRCHO + yROOH + #2.06B X
XN
1.71e-13 el TE-AMINE + NO3 = HNO3 + #2.297 RO2@.311 RO2XC +
#.311 zZRNO3 + #.689 xHO2 + #.689 XxRCHO + yR600OH24086
XC + XN
4.00e-11 e2 TE-AMINE + HNO3 = #6 XC + XN
Ethanolamine 4.41e-11 e4 ETOH-NH2 + OH = #.486 H32514 RO2C + #.091 RCHO +
#.394 PROD2 + #.514 xHO2 + #.514 xHCHO + #.514 xPRG
#.514 yROOH + XN + #-4.24 XC
6.58e-20 e3 ETOH-NH2 + O3 = OH + RO2C + xHO2 + H{T+ xPROD2 +
YROOH + #-5 XC + XN
1.35e-13 el ETOH-NH2 + NO3 = HNO3 + #.436 HO2 56#4. RO2C + #.436
PROD?2 + #.564 xHO2 + #.564 xXHCHO + #.564 xPROD256#
YROOH + #-4.564 XC + XN
4.00e-11 e2 ETOH-NH2 + HNO3 = #2 XC + XN
Dimethylaminoethanob.85e-11 4 DMAE + OH = #.067 HO2 + #.896 RO2C +3#.R0O2XC + #.037
ZRNO3 + #.067 RCHO + #.896 xHO2 + #.362 xHCHO +38.5
XRCHO + #.362 xPROD2 + #.933 yROOH + XN + #-.557 XC
6.76e-18 2 DMAE + 03 = OH + #.961 RO2C + #.039 RO2+ #.039 zZRNO3
+ #.961 xHO2 + #.384 XHCHO + #.576 XRCHO + #.38R<PD2 +
yROOH + #-0.655 XC + XN
1.80e-13 el DMAE + NO3 = HNO3 + #.961 RO2C + #.8892XC + #.039
ZRNO3 + #.961 xHO2 + #.406 xXHCHO + #.554 XRCHO 408.
XPROD2 + yROOH + #-.743 XC + XN
4.00e-11 e2 DMAE + HNO3 = #4 XC + XN
2-amino-1-butanol 5.32e-11 e4 2A1CA4A0H + OH = #£H@R + #.594 RO2C + #.024 RO2XC +

#.024 ZRNO3 + #.076 RCHO + #.328 PROD?2 + #.573 xHO2
#.573 XHCHO + #.021 XCCHO + #.573 xPROD2 + #.50© 71
+ XN + #-2.387 XC

3.65e-19 e3 2A1C40H + 03 = OH + #.961 RO2C + #RB2XC + #.039
zZRNO3 + #.961 xHO2 + #.961 XHCHO + #.961 xPRODZROYI
+ #-2.961 XC + XN

1.70e-13 el 2A1C40H + NO3 = HNO3 + #.347 HO2 28.R0O2C + #.026
RO2XC + #.026 zRNO3 + #.347 PROD2 + #.628 xHO2628.
XHCHO + #.628 xPROD2 + #.653 yROOH + #-2.628 XCMN X

4.00e-11 e2 2A1C40H + HNO3 =#4 XC + XN
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Table A-1 (continued)

Reaction Rate [a]

Compound Expression RePeactlons
2-Amino-2-Methyl-1- 2.80e-11 5 AMP + OH =#.185 HO2 + #.799 NRAD + & {RO2C + #.001
Propanol RO2XC + #.001 zRNO3 + #.185 RCHO + #.015 xHO2 #8.0
XRCHO + #.016 yROOH + #.201 XN + #.199 XC
5.88e-14 el AMP + NO3 =HNOS3 + NRAD
Same as rxn BR: e5 NRAD + NO2 = PROD2 + #2 XN + #-2 XC
(Neglected) e6 NRAD + NO = nitrosoamine
Same as rxn BRI NRAD + HO2 = #4 XC + XN
4.00e-11 e2 AMP + HNO3 = #4 XC + XN
Diethanol Amine 1.01e-10 e4 ETOH2-NH + OH = #.310H+ #.43 RO2C + #.018 RO2XC +
#.018 zZRNO3 + #.08 RCHO + #.236 PROD2 + #.43 xHGR48
XHCHO + #.43 xXPROD2 + #.448 yROOH + XN + #-.774 XC
3.77e-18 e3 ETOH2-NH + O3 = OH + #.961 RO2C + @.B®2XC + #.039
ZRNO3 + #.961 xHO2 + #.961 xXHCHO + #.961 XPRODROPI-
+ #-2.961 XC + XN
3.30e-13 el ETOH2-NH + NO3 = HNO3 + #.269 HO2 44#.RO2C + #.018
RO2XC + #.018 zZRNO3 + #.269 PROD2 + #.444 xHO2444#.
XHCHO + #.444 xPROD?2 + #.463 yROOH + #-.832 XC + XN
4.00e-11 e2 ETOH2-NH + HNO3 = #4 XC + XN
Triethanolamine 8.04e-11 e4 ETOH3-N + OH = #.1512H0#.766 RO2C + #.083 RO2XC +
#.083 ZRNO3 + #.151 RCHO + #.766 xHO2 + #.766 XHCHO
#.766 xPROD2 + #.849 yR60OOH + XN + #-.314 XC
4.02e-17 e3 ETOH3-N + O3 = OH + #.902 RO2C + # R@2XC + #.098
ZRNO3 + #.902 xHO2 + #.902 XHCHO + #.902 xPRODZROY
+ #-0.902 XC + XN
2.29e-13 el ETOH3-N + NO3 = HNO3 + #.902 RO2C098.RO2XC + #.098
ZRNO3 + #.902 xHO2 + #.902 xHCHO + #.902 xPROD2 +
yR60OOH + #-.902 XC + XN
4.00e-11 e2 ETOH3-N + HNO3 = #6 XC + XN
triisopropanol amine  9.37e-11 e4 IC30H3-N + OH 268 HO2 + #.581 RO2C + #.151 RO2XC +

#.151 zZRNO3 + #.268 PROD2 + #.581 xHO2 + #.581 xOCH
#.581 XPROD?2 + #.732 yR60OOH + XN + #1.838 XC

4.02e-17 e3 IC30H3-N + 03 =OH + #.794 RO2C + 8.RD2XC + #.206
ZRNO3 + #£.794 xHO2 + #.794 xCCHO + #.794 XxPRODROPH
+#1.413 XC + XN

2.29e-13 el IC30OHSBF+ NO3 = HNO3 + #.794 RO2C + #.206 RO2XC + #.
ZRNO3 + #.794 xHO2 + #.794 xCCHO + #.794 xPROD2 +
YyR60OOH + #1.413 XC + XN

4.00e-11 e2 IC30H3-N + HNO3 =#9 XC + XN
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Table A-1 (continued)

Compound

Reaction Rate [a]

Expression

RePeactlons

d-Limonene

Terpinolene

tripropylene glycol

diethylene glycol
mono(2-ethylhexyl)
ether

tripropylene glycoh-
butyl ether

triethyl citrate

2,2,4-trimethyl-1,3-

pentanediol
diisobutyrate

4.28e-11 x
exp(-0.797)/IRT

2.95e-15 x

exp(1.556)/RT

1.22e-11

7.20e-11

1.96e-10

1.02e-15

6.66e-11

1.63e-10
6.59e-11

5.16e-11

9.54e-11

5.91e-12

1.15e-11

6 D-LIMONE + OH =#.972 RO2C + #.17 RO2XC + #.17NB3 +
#.827 xHO2 + #.003 XRCO3 + #.288 xHCHO + #.539 xRICH
#.053 XMEK + #.287 xPROD2 + #.019 xXMVK + #.012 xXIPR
YyR60O0H + #5.001 XC

6 D-LIMONE + O3 =#.729 OH + #.009 HO2 + #.619 RO2&.177
RO2XC + #.177 zZRNO3 + #.029 CO + #.017 CO2 + #RB®D2
+ #.021 xHO2 + #.482 XMECO3 + #.058 xXRCO3 + #.0BLKO +
#.5 XRCHO + #.015 XMACR + #.007 xIPRD + #.738 yR6O®
#4.497 XC

6 D:IMONE + NO3 =#1.11 RO2C + #.296 RO2XC + #.296 B3
+ #.626 XNO2 + #.076 xXHO2 + #.002 xRCO3 + #.078 ¥+
#.009 XCCHO + #.641 xRCHO + #.039 XMACR + #.009 xKI¥
#.028 xIPRD + #.069 XRNO3 + yR60OOH + #5.452 XC 304 XN

7 D-LIMONE + O3P = PROD2 + #4 XC

e8 TRPNOLEN + OH = #.77 RO2£28 RO2XC + #.23 zZRNO3 +
#.77 xHO2 + #.348 XRCHO + #.422 xACET + #.422 xPROD
yROOH + #3.78 XC

e8 TRPNOLEN + O3 =#.908 OH + 86002 + #.872 RO2C + #.1.
RO2XC + #.113 zZRNO3 + #.01 CO + #.006 CO2 + #.3EAG
#.419 PROD2 + #.056 xHO2 + #.501 XMECO3 + #.241 €RG
#.35 XHCHO + #.171 XRCHO + #.055 xAFG3 + #.001 xIPR
#.911 yROOH + #2.825 XC

e8 TRPNOLEN + NO3 =#1.22 RO2C + #.342R0O + #.343
ZRNOS3 + #.486 XNO2 + #.17 xHO2 + #.007 XHCHO + #.09
XRCHO + #.394 XACET + #.394 XPROD?2 + #.123 xMVK 046
XIPRD + #.171 XRNO3 + yROOH + #2.368 XC + #.343 XN

e8 TRPNOLEN + O3P = PROD2 + #4 XC

e8 TPR-GLCL + OH =3%52H02 + #.938 RO2C + #.165 RO2XC +
#.165 zZRNO3 + #.255 PROD2 + #.519 xHO2 + #.061 xMEO
#.023 XHCHO + #.264 xCCHO + #.92 xPROD?2 + #.745 @R
+ #.347 XC

e8 DG2EHE + OH =#.079 HO2 + #1.357 RO2£36 RO2XC +
#.36 ZRNO3 + #.079 RCHO + #.562 xHO2 + #.155 xHCH2.03
XCCHO + #.092 xXRCHO + #.003 XMEK + #.941 xPROD2.924
YR60OO0H + #3.457 XC

e8 TGLBE + OH =#.042 HO2 + #1.441 RO2E386 RO2XC +
#.336 ZRNO3 + #.042 RCHO + #.492 xHO2 + #.13 xXMBO2172
XHCHO + #.031 XxCCHO + #.091 xRCHO + #.327 XMEK 834
XPROD?2 + #.013 xHCOOH + #.958 yR60OOH + #3.895 XC

e8 TETCITRA + OH = #.0RE€03 + #.727 RO2C + #.248 RO2XC +
#.248 zZRNO3 + #.026 MEK + #.001 BACL + #.182 xHO2.544
XMECO3 + #.065 xRCHO + #.027 XxMEK + #.183 xPROD#£.69
XMGLY + #.09 xBACL + #.361 xXRCOOH + #.974 yROOH +
#6.125 XC

e8 TXIB + OH =#1.976 RO2C + #.53 RO2X€.53 zZRNO3 + #.443
XHO2 + #.006 XMEO2 + #.022 xRCO3 + #.186 xCO + £.07
XHCHO + #.011 xCCHO + #.026 XxRCHO + #.659 xACET.842
XMEK + #.004 xPROD2 + #.001 xBACL + #.199 xRCOOH +
yROOH + #6.427 XC
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Table A-1 (continued)

Reaction Rate [a]

Compound Expression

Reﬁeactlons

Citronellol (3,7- 9.87e-11
dimethy-6-octen-1-ol)

3.48e-16

9.37e-12

3.71e-11

Linalool 1.22e-10

3.58e-16

9.38e-12

6.60e-11

Geraniol 1.80e-10

6.96e-16

1.87e-11

1.35e-10

e8 CITRNLOL + OH = #.041 HO2 + #.792 RORE£.226 RO2XC +
#.226 zZRNO3 + #.041 RCHO + #.727 xHO2 + #.006 xMBO2
#.043 XHCHO + #.004 XxCCHO + #.7 XRCHO + #.687 XACET
#.027 xPROD2 + #.005 XxXMACR + #.006 xMVK + #.009 RIP +
#.959 yR60OH + #4.05 XC

e8 CITRNLOL + O3 = #.728 OH + #.009 HOR2.#65 RO2C + #.007
RO2XC + #.007 zZRNO3 + #.029 CO + #.017 CO2 + #. HRC+
#.3 ACET + #.263 PROD2 + #.031 xHO2 + #.7 XMECOR.#03
XHCHO + #.001 xCCHO + #.03 XRCHO + #.737 yR60OH +
#3.141 XC

e8 CITRNLOL + NO3 =#1.337 RO2C + #.3892XC + #.389
ZRNO3 + #.084 xNO2 + #.527 xHO2 + #.018 xHCHO +1R8.0
XCCHO + #.084 xXRCHO + #.084 XACET + #.016 XPROD®2.528
XRNO3 + yR60OOH + #3.854 XC + #.388 XN

e8 CITRNLOL + O3P = PROD2 + #4 XC

e8 LINALOOL + OH =#.775 RO2C 282 RO2XC + #.232 zZRNO3
+ #.768 xHO2 + #.064 XHCHO + #.131 XCCHO + #.63T0H0O +
#.558 XACET + #.137 xPROD2 + #.009 xMVK + yR60OH +
#3.841 XC

e8 LINALOOL + O3 =#.712 OH + #.013 HO2.¥37 RO2C + #.006
RO2XC + #.006 zZRNO3 + #.036 CO + #.019 CO2 + #ACHO +
#.694 RCHO + #.292 ACET + #.269 PROD2 + #.005 HCOOH
#.03 xHO2 + #.68 XMECO3 + #.704 XHCHO + #.006 XRCHO
#.024 XMVK + #.717 yR60OOH + #3.136 XC

e8 LINALOOL + NO3 =#1.298 RO2C + #.3882XC + #.388
ZRNOS3 + #.084 xXNO2 + #.528 xHO2 + #.084 xRCHO +8#.0
XACET + #.528 xXMVK + #.528 xRNO3 + yR60OOH + #1.88T +
#.388 XN

e8 LINALOOL + O3P = PROD2 + #4 XC

e8 GERANIOL + OH = #.003 HO2 #%. RO2C + #.231 RO2XC +
#.231 zZRNO3 + #.761 xHO2 + #.005 xXMEO?2 + #.014 xHICH
#.378 XCCHO + #.378 XRCHO + #.378 XACET + #.378 KR +
#.003 XMACR + #.005 XMVK + #.013 xIPRD + #.997 yRGE +
#3.205 XC

e8 GERANIOL + O3 =#.728 OH + #.028 HOR2672 RO2C + #.064
RO2XC + #.064 zZRNO3 + #.029 CO + #.017 CO2 + #.01Ha@C+
#.35 CCHO + #.35 RCHO + #.15 ACET + #.004 MEK +84.2
PROD2 + #.128 RCOOH + #.015 xHO2 + #.608 xXMECO303#
XRCO3 + #.413 XHCHO + #.258 XRCHO + #.014 XMACR.8G4L
xIPRD + #.719 yR60OH + #2.708 XC

e8 GERANIOL + NO3 = #1.096 RO2C + #.3T3KRC + #.319
ZRNO3 + #.419 xXNO2 + #.254 xHO2 + #.008 XMEO2 +42.2
XHCHO + #.37 XCCHO + #.055 xRCHO + #.055 XACET 364
XPROD2 + #.006 XMACR + #.008 xMVK + #.018 xIPRD 266
XRNO3 + yR60OOH + #2.841 XC + #.315 XN

e8 GERANIOL + O3P = PROD2 + #4 XC
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Table A-1 (continued)

Reaction Rate [a]
Expression Re

Hydroxycitronellal 2.80e-11 e8 HYCITRLL + OH = #6®RCO3 + #.366 RO2C + #.103 RO2XC +
#.103 ZRNO3 + #.181 xHO2 + #.02 XRCO3 + #.012 xCA0R2
XHCHO + #.005 xCCHO + #.183 xXRCHO + #.098 XACET.0G2
XPROD2 + #.015 XMGLY + #.304 yR60OOH + #6.294 XC

Phot set= C2CHOe9 HYCITRLL + HV = HO2 + #1.43 RO2C + #.372 RO2XGt872

ZRNO3 + CO + #.628 xHO2 + #.006 XHCHO + #.622 xRCHO
#.006 XPROD2 + yR60OOH + #4.86 XC

2-ethylhexyl benzoatel.37e-11 e1l@EHXBOAT + OH = #.067 OH + #.039 HO2 + #1.286 RO2C
#.352 RO2XC + #.352 ZRNO3 + #.039 CRES + #.067 AFG3
#.539 XHO2 + #.045 XGLY + #.029 MGLY + #.382 xPROBD2
#.003 XRCO3 + #.101 XRCHO + #.037 xAFG1 + #.037 @&RF
#.801 yR60OOH + #.094 yRAOOH + #8.998 XC

Compound Beactions

1-nitropropane 1.33e-12 e8 C3-NO2 + OH = #.955 R®20045 RO2XC + #.045 zRNO3 +
#.955 xHO2 + #.129 xRCHO + yROOH + XN + #2.346 XC

ethyl methyl ketone 1.25e-12 elIEMKO + OH = #.04 {RO2XC + zRNO3} + #.96 {RO2C + xHO+

oxime XPROD2} + #-2 XC + XN

3.89e-12 elZEMKO + OH = HO2 + EMKO-NO

methyl nonafluoro 1.15e-12 e8 MEONCA4F9 + OH = #.935 RO2C + #.065 ROZ2x#.065 zZRNO3

butyl ether + #.935 xHO2 + #.935 NROG + yROOH + #3.675 XC

ethyl nonafluoro butyl 7.97e-12 e8 ETONCA4F9 + OH = #.902 RO2C + #.098 RO2X#.098 zZRNO3

ether + #.902 xHO2 + #.019 xRCHO + #.883 NROG + yROOHA+4#Z 3
XC

[a] Rate constants are in units of°omolec® s*. If a temperature dependence is used, it is gisek(T)

= A exp(-Ea/RT), where T is the temperature in degrk and R = 0.0019872. For photolysis

reactions, the "Phot set" is the set of absorptimss sections and wavelength-dependent quantum

yields (if any) given in Table A-3 of the SAPRC-8@cumentation report (Carter, 2007a), and "qy" is

the wavelength-independent quantum yield, if apgblie. "Same k as Rxn xxx" indicates that the rate

constant is the same as a reaction in the baseamisaoh as listed in Table A-2 of the SAPRC-07

documentation report, where "xxx" is the reactiabel. References for measured rate constants or

photolysis data are as follows:

1 Average of values tabulated by Carl and Crowi&98).

2 Rate constant from Tuazon et al (1994)

3 Koch et al (1996)

4 Average of values of Harris and Pitts (1983) Anderson and Stephens (1988), as tabulated by
Atkinson (1989).

5 Harris and Pitts (1983)

6 Asrecommended or tabulated by Atkinson and A2€03)

7 Asrecommended or tabulated by Calvert et alZ200

Methods used to estimate rate constants or phi@ahtes are as follows:

el Estimated based on the N® NMP rate constant and assuming ratios of ratestemts for
reactions of N@at various types of amine groups is the sameasethstimated for the reactions
of OH with those groups. Reaction assumed to oooly from NH or NH2 or from C-H bonds
on carbons bonded to the amino group.

e2 This represents the removal of amines avaif@blgas-phase reaction by reacting with HNO®
form the amine salt that is removed from the syst€he rate constant shown is an estimated
upper limit. The upper limit rate constant is adnily estimated based on typical rate constants
for radical + NQ reactions, which is sufficiently large that thiswld dominate over other gas-
phase reactions if gas-phase HN@ere available. Because of the uncertainty an@biity of
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Table A-1 (continued)

availability of HNG; in atmospheric scenarios, the atmospheric reactalculations are carried
out both with these amine + HN®@eactions with the upper limit rate constant, assuming that
this reaction is negligible (or rapidly reverseHpwever, it is recommended that the reactivity
values used for amines for regulatory applicatioa$ased on the assumption that net loss of the
amine by this reaction is negligible. This will pide a reasonable upper limit on the magnitude
of the amines' impacts ors@nder conditions where they will have their maximimpact.

e3 Estimated from the estimated rate of reactiorObf at the alpha position, and correlations
between this and the measured O3 rate constafisagbn et al (1994) for the methylamines and
DMAE.

e4 Derived from structure-reactivity methods, whgreup rate constants for reactions at HN,,NH
at groups adjacent to the amino group were definaesgd on rate constants for the simple amines
for which rate constant data are available.

e5 This represents the reactions of N-centerea¢atdthat lack alpha hydrogens with N© form
nitramines. Rate constant assumed to be the sammedsfor lumped higher acylperoxy (RCO3)
+ NO,. The nitramines are very approximately represebiedROD2. The appropriateness of
this representation is uncertain.

e6 The formation of nitrosoamines is neglected bgedhese products are rapidly decomposed by
photolysis under conditions where ozone formatiocues.

e7 This represents the reactions of N-centereadatsdthat lack alpha hydrogens with H© form
0O, and re-form the amine. The rate constant assumée the same as used for lumped higher
acylperoxy (RCO3) + H® The amines that form these radicals are genenaflipitors, so
representing them with reactive model speciesappropriate. Therefore, they are represented as
being inert.

e8 Estimated using the group-additivity estimatiaesignments implemented in the current
mechanism generation system. See Carter (2000a) trddiscussion of the mechanism
generation system in this report.

€9 Assumed to have the same photolysis rate agpadgehyde (model species RCHO).

el0 Rate constant for reaction at the aromatic estgnated to be the same as the total rate cdnstan
for acetophenone (Atkinson, 1989), assuming thay addition is the major reaction for that
compound. The rate constant for reaction at gradifpthe aromatic ring based on those estimated
for 2-ethyl hexyl acetate, since reaction at thetate group is estimated to be negligible for that
compound.

ell The rate constant for addition of OH to the Qdble bond is estimated by the rate constant for
OH + isobutene x the average of the ratio of the mnstants for CJ#NOH / Ethene and
CH;CH=NOH / Propene, with abstractions from the metirgup subtracted off. The GENOH
and CH3CH=NOH rate constants are from the tabulaifoAtkinson (1989).

el2 The rate constants for addition to the methyligs were estimated using the structure-reactivity
methods incorporated in the mechanism generatiste sy
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Table A-2. New lumped molecule representations ufsgdatmospheric reactivity estimates of
compounds added to the reactivity tabulationsHer project.

Compound Represented by (on molar basis)

lumped c5+ unsaturated carbonyl species

Hexyl cinnamal (isoprene product)

Cinnamic aldehyde lumped c5+ unsaturated carbqedies
Amyl cinnamal lumped c5+ unsaturated carbonyl species
4-vinylphenol styrene

methylparaben (4-Hydroxybenzoic acid, methyl esteo}cresol

propylparaben o-cresol

2,6-di-tert-butylp-cresol o-cresol

beta-phenethyl alcohol benzyl alcohol

Cinnamic alcohol B-methyl styrene

anethol B-methyl styrene

triethylene diamine triethyl amine

lauryl pyrrolidone n-methyl-2-pyrrolidone
o-dichlorobenzene p-dichlorobenzene

2-chlorotoluene toluene

methyl nonafluoroisobutyl ether methyl nonafluortthether

ethyl nonafluoroisobutyl ether ethyl nonafluorobwtther
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APPENDIX B. CHAMBER EXPERIMENT LISTING

Table B-1. Summary chamber experiments relevatitisqroject.
Run Date Type [b] Purpose and Conditions Results
777 6/26 CO-NQ Characterize chamber radical Data indicated that chamber
Irradiation source. ~25 ppb NCand 50 ppm radical source in the normal
CO injected into both sides. range. Somewhat higher radical
source in Side A. See Figure 4.
778 6/27 Pure Air Background characterization. No4 ppb Q formed after 5 hours on
Irradiation injections. both sides. PM levels low on both
sides but somewhat higher on
Side A
779 6/28 MIR surrogate +Intended to be incremental Results were similar to
ethanolamine  reactivity experiment to evaluate subsequent MIR surrogate
(both sides) ethanolamine mechanism, but  experiments with similar levels of
~100 ppb ethanolamine injected ethanolamine. Run not used for
into both sides, so no base case mechanism evaluation because of
experiment was carried out. lack of base case data.
780 6/29 MIR surrogate +Incremental reactivity experimentRun ended early because of
ethanolamine  to evaluate ethanolamine experimental problems. Results
mechanism. ~100 ppb shown on Table 6 and Figure 7.
ethanolamine injected into Side A.
781 7/3  MIR surrogate +Incremental reactivity experimentEssentially no ozone formed on
AMP to evaluate AMP mechanism. 0.5added AMP side. Measurement
ppm AMP injected into Side A. data are uncertain because of
sampling problem, but data
looked reasonable after an
estimated correction was made.
Results shown on Table 6, Table
8, and Figure 6.
782 7/5 MIR surrogate +Repeat previous experiment Results similar to previous
AMP because results were not as experiment. Measurement data
expected. uncertain because of sampling
problem, but data looked
reasonable after an estimated
correction was made Results
shown on Table 6, Table 8 and
Figure 6.
783 7/6  MOIR/2 Incremental reactivity experimentResults shown on Table 6, Table 8
surrogate + AMPto evaluate AMP mechanism.  and Figure 6.
~100 ppb AMP injected into Side
A
784 719  MOIR/2 Repeat previous experiment Results shown on Tablaléle 8
surrogate + AMP and Figure 6.
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Table B-1 (continued)

Run Date Type [b] Purpose and Conditions Results

785 7/10 MIR surrogate Test for side equivalency in Reasonably good side equivale
side equivalency reactivity experiments. Standard seen. Results summarized on
test base case MIR surrogate - NO Table 6 and Table 8.

run on both sides.

786 7/11 CO -air Characterize background NO  Data indicated that the NO

irradiation offgasing. 50 ppm CO injected offgasing rates were in thermal
into both sides range Somewhat higher NO
offgasing in Side A. See Figure 4.

787 7/12  Pure Air Background characterization. No3 ppb Q formed after 5 hours on

Irradiation injections. both sides. PM levels low on both
sides but somewhat higher on
Side A

788 7/13 Pure Air Background characterization. NoResults similar to previous run. 4

Irradiation injections. ppb G formed after 5 hours on
both sides. PM levels low on both
sides but somewhat higher on
Side A

789 7/16 MOIR/2 Incremental reactivity experimentResults shown on Table 6, Table 8
surrogate + AMPto evaluate AMP mechanism. ~5@nd Figure 6.

ppb AMP injected into Side B.
790 7/17 MIR surrogate +Incremental reactivity experimentEffect of ethanolamine on gas-
ethanolamine  to evaluate ethanolamine phase results was unexpectedly
mechanism. ~100 ppb small, but effect on PM was lar¢
ethanolamine injected into Side AResults shown on Table 6, Table 8
and Figure 7.

791 7/18 MOIR/2 Incremental reactivity experimentEffect of ethanolamine on gas-
surrogate + to evaluate ethanolamine phase results was unexpectedly
ethanolamine  mechanism. ~50 ppb small, but effect on PM was lar¢

ethanolamine injected into Side AResults shown on Table 6, Table 8
and Figure 7.

792 7/19 MOIR/2 Incremental reactivity experimentResults shown on Table 6, Table 8

surrogate + AMPto evaluate AMP mechanism. ~5@nd Figure 6.
ppb AMP injected into Side A.

793 7/24  MIR surrogate +Incremental reactivity experimentResults shown on Table 6, Table 8
d-Limonene to evaluatel-limonene and Figure 11.

mechanism. 35 ppt-limonene
injected into Side A.
794 7/25 d-Limonene -  Evaluated-limonene mechanism Data on Side A not useable
NOy Irradiation in the absence of other reactantsbecause of instrument and
See Table 7. sampling problem. Results for
Side B shown on Table 7 and
Figure 12
795 7/26 d-Limonene -  Evaluated-limonene mechanism Results shown on Table 7 and

NO Irradiation

in the absence of other reactantsFigure 12
See Table 7.
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Table B-1 (continued)

Run Date Type [b] Purpose and Conditions Results
796 7127  Pure Air Background characterization. NoUnusually high @and PM
Irradiation injections. formation on both sides, with
higher levels on Side A. Chamber
apparently contaminated, though
reason is unknown. 5-Hour;O
was 20 and 11 ppb on Sides A and
B, respectively.
797 7/30 MIR surrogate +Incremental reactivity experimentResults shown on Table 6, Table 8
d-Limonene to evaluate d-limonene and Figure 11.
mechanism. 26 ppb d-limonene
injected into Side A.
798 8/1 MOIR/2 Incremental reactivity experimentEffect on Q formation was
surrogate + to evaluate ethanolamine relatively small. Results shown
ethanolamine  mechanism. ~100 ppb Table 6, Table 8 and Figure 11.
ethanolamine injected into Side A.
799 8/3  MIR surrogate +Evaluate AMP mechanism with Results shown on Table 6, Table 8
AMP lower added AMP levels. ~60 p and Figure 6.
AMP injected into Side A.
801 8/7  Pure Air Background characterization. No5-Hour G, was 7 and 3 ppb on
Irradiation injections. Sides A and B, respectively. PM
levels low on both sides but
somewhat higher on Side A.
802 8/8  Pure Air Background characterization. NoResults similar to previous run. 5-
Irradiation injections. Hour O3 was 5 and 2 ppb on
Sides A and B, respectively. PM
levels low on both sides but
somewhat higher on Side A.
804 8/13 MOIR/2 Incremental reactivity experimentResults shown on Table 6, Table 8
surrogate + to evaluatel-limonene and Figure 11.
d-limonene mechanism. 25 pph-limonene
injected into Side A.
805 8/14 MOIR/2 Incremental reactivity experimentResults shown on Table 6, Table 8
surrogate + to evaluate ethanolamine and Figure 7.
ethanolamine  mechanism. ~250 ppb
ethanolamine injected into Side A.
806 8/15 MOIR/2 Incremental reactivity experiment-Butyl amine caused significant
surrogate +- to evaluatd-butyl amine inhibition of gas-phase reactivity.
butyl amine mechanism. ~250 ppkbutyl Results shown on Table 6, Table 8
amine injected into Side A. and Figure 7.
807 8/16 MOIR/2 Incremental reactivity experimentisopropyl amine enhanced rate of
surrogate + to evaluate isopropyl amine O; formation. Results shown on

isopropyl amine

mechanism. ~250 ppb isopropyl Table 6, Table 8 and Figure 7.
amine injected into Side A.
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Table B-1 (continued)

Run Date Type [b]

Purpose and Conditions Results

808 8/17 CO-NQ
Irradiation

809 8/18 Pure Air
Irradiation

Characterize chamber radical  Data indicated that radical source

source. ~25 ppb N(and 60 ppm rate was in normal range for Side

CO injected into both sides. A. No useable data for Side B
because of sampling problems.

See Figure 4.
Background characterization. No5-Hour G, was 6 and 2 ppb on
injections. Sides A and B, respectively. PM

levels low on both sides but
somewhat higher on Side A.

[a] “Surrogate” refers to the 8-component “Fullr@gate” as used in previous environmental chamber
incremental reactivity studies in our laboratoriegcept that formaldehyde was removed and the
other ROG components were increased by 10% to yapidroximately the same reactivity as
discussed by Carter and Malkina (2005). The desigm8MIR Surrogate” refers to experiments with
0.55 ppmC base case surrogate and 30 pph Nie designation “MOIR/2 Surrogate” refers to
experiments with 1.1 ppmC base case surrogate app2NQ.
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APPENDIX C. UPDATED VOC AND ATMOSPHERIC REACTIVITY LISTING

Table C-1. Listing of VOCs for which atmosphericone impact estimates are available, their
representation in the model, and their calculatetbspheric reactivity values in various
reactivity scales. This tabulation is current aBetember 20, 2007.

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [a] Rep kaExpt Bias Unc MIR MOIR EBIR  Base
carbon monoxide 630-08-0 28.0Exp 1 2 0 1 0.052 0.038 0.029 0.035+0.007
methane 74-82-8 16.04Exp 1 0 6 0.014 0.008 0.006 0.008+0.002
ethane 74-84-0 30.07Exp 1 3 0 1 0.26 0.183 0.132 0.163+0.043
propane 74-98-6 4410Exp 1 3 0 1 0.46 0.32 0.23 0.28%0.07
n-butane 106-97-8 58.12Exp 1 2 0 1 108 0.71 048 0.62+0.17
n-pentane 109-66-0 721%xp 1 0 6 1.22 080 0.51 0.69+0.21
n-hexane 110-54-3 86.18xp 1 3 0 2 1.14 0.76 0.44 0.63+0.21
n-heptane 142-82-5 100.2&xp 1 0 6 0.97 0.64 0.33 0.51+0.20
n-octane 111-65-9 11428xp 1 1 0 2 080 053 0.23 0.40+0.19
n-nonane 111-84-2 128.2&xp 1 0+ & 068 045 0.1710.3240.18
n-decane 124-18-5 142.28xp 1 0+ & 059 0.39 0.1290.27+0.17
n-undecane 1120-21-4 156.3#Exp 1 0+ ®&® 052 0.35 0.104 0.23+0.15
n-dodecane 112-40-3 170.3Bxp 1 2 0+ ®» 047 0.32 0.0880.21+0.15
n-tridecane 629-50-5 184.3&xp 1 0+ & 045 0.30 0.083.198+0.140
n-tetradecane 629-59-4 198xp 1 2 0+ D 043 0.29 0.0840.194+0.136
n-pentadecane 629-62-9 2128xp 1 4 O+ B 042 0.28 0.0850.189+0.130
n-c1l6 544-76-3 226.44dP 1 3 0+ P 036 0.25 0.0510.156+0.136
n-cl7 629-78-7 240.47.M 0+ 7b 0.34 0.24 0.048.14740.128
n-c18 593-45-3 254.49M 0+ 7b 032 0.23 0.0450.138+0.121
n-c19 629-92-5 268.52LM 0+ 7b 031 0.21 0.0430.131+0.115
n-c20 112-95-8 282.55.M 0+ 7b 0.29 0.20 0.0410.125+0.109
n-c21 629-94-7 296.57LM 0,+ 7b 0.28 0.194 0.039 0.11940.104
n-c22 629-97-0  310.60LM 0+ 7b 0.27 0.186 0.037 0.113+0.099
isobutane 75-28-5 58.12Exp 1 3 0 2 118 070 0.48 0.63%0.16
branched c5 alkanes 72.18M 0 8 136 0.88 0.61 0.78+0.20
neopentane 463-82-1 721%xp 1 0 6 0.65 0.38 0.26 0.34+0.09
iso-pentane 78-78-4 721FExp 1 0 6 1.36 0.88 0.61 0.78+0.20
branched c6 alkanes 86.18M 0 8 1.22 0.77 051 0.67%0.19
2,2-dimethyl butane 75-83-2 86.1&xp 1 0 6 111 0.67 043 0.59+0.17
2,3-dimethyl butane 79-29-8 86.1&xp 1 0 6 090 061 041 0.53+0.13
2-methyl pentane 107-83-5 86.1&xp 1 0 6 140 0.84 0.52 0.72+0.23
3-methylpentane 96-14-0 86.1&xp 1 0 6 1.69 1.04 0.68 0.91+0.26
branched c7 alkanes 100.20M 0 8 138 0.81 047 0.68+0.23
2,2,3-trimethyl butane 464-06-2 100.26xp 1 0 6 105 0.62 0.39 0.54+0.15
2,2-dimethyl pentane 590-35-2 100.Bxp 1 0 6 1.04 0.63 0.38 0.53+0.17
2,3-dimethyl pentane 565-59-3 100.2xp 0 7 1.25 0.77 0.48 0.66+0.20
2,4-dimethyl pentane 108-08-7 100.Zxp 1 0 6 146 0.84 051 0.72+0.23
2-methyl hexane 591-76-4 100.2ajP 0 7 1.09 0.68 0.37 0.55+0.20
3,3-dimethyl pentane 562-49-2 100.2xp 0 7 1.12 0.70 0.45 0.61+0.18
3-methyl hexane 589-34-4 100.28Bxp 0 7 150 0.88 0.51 0.74+0.26
3-ethylpentane 617-78-7 100.2Bxp 0 7 1.78 1.03 0.64 0.89+0.28
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
branched c8 alkanes 114.2M 0 8 1.33 0.77 0.40 0.63%0.25
2,2,3,3-tetramethyl butane 594-82-1 114 23p 1 0 6 0.30 0.183 0.101 0.151+0.053
2,2,4-trimethyl pentane 540-84-1 114p 1 3 0 2 120 0.67 041 0.58+0.18
2,2-dimethyl hexane 590-73-8 114.28xp 1 0 6 094 055 0.29 0.45+0.17
2,3,4-trimethyl pentane 565-75-3 1148xp 1 0 6 0.95 0.60 0.35 0.50+0.16
2,3-dimethyl hexane 584-94-1 114.28Bxp 0 7 1.09 0.67 0.37 0.55+0.20
2,4-dimethyl hexane 589-43-5 114.2Bxp 0 7 1.61 090 0.48 0.74+0.28
2,5-dimethyl hexane 592-13-2 114.2Bxp 0 7 1.35 0.78 0.42 0.64+0.24
2-methyl heptane 592-27-8 114.28Bxp 0 7 0.97 0.61 0.29 0.48%0.20
3-methyl heptane 589-81-1 114.28xp 0 7 1.12 0.70 0.35 0.55+0.22
4-methyl heptane 589-53-7 114.28xp 0 7 1.14 0.68 0.34 0.54+0.22
2,3,3-trimethylpentane 560-21-4 114.BXp 0 7 0.95 0.60 0.37 0.51+0.15
3,3-dimethylhexane 563-16-6 114.28xp 0 7 1.15 0.68 0.38 0.57+0.20
2,2,3-trimethyl-pentane 564-02-3 114.28xp 0 7 1.15 0.66 0.39 0.56%0.18
3,4-dimethylhexane 583-48-2 114.28xp 0 7 1.40 0.83 0.48 0.70+0.24
3-ethyl 2-methyl pentane  609-26-7 114.Exp 0 7 1.24 0.72 0.41 0.61+0.21
branched c9 alkanes 128.26M 0 8b 1.03 0.61 0.27 0.47+0.22
2,2,5-trimethyl hexane 3522-94-9  128.Fxp 0 D 105 059 0.31 0.49+0.19
2,3,5-trimethyl hexane 1069-53-0 128.26ljP 1 0 6b 1.12 0.66 0.34 0.54+0.21
2,4-dimethyl heptane 2213-23-2  128.Bxp 0 D 127 0.71 0.33 0.56+0.25
2-methyl octane 3221-61-2 128.26xp 1 0+ ®&® 073 0.47 0.1830.3440.18
3,3-diethyl pentane 1067-20-5 128.ZFxp 1 0+ ®&® 113 0.68 0.39 0.57+0.20
3,5-dimethyl heptane 926-82-9 128.28xp 0 D 142 0.83 041 0.66+0.28
4-ethyl heptane 2216-32-2 128.2Bxp 0 M 111 0.65 0.31 0.51+0.23
4-methyl octane 2216-34-4 128.2Bxp 1 0+ ® 085 053 0.23 0.40+0.20
2,4,4-trimethylhexane 16747-30-1 128.7xp 0 M 125 0.70 0.37 0.58+0.22
3,3-dimethylheptane 4032-86-4 128.ZBxp 0 hH 1.04 062 0.32 0.50+0.20
4,4-dimethylheptane 1068-19-5 128.Z6xp 0 D 118 0.65 0.33 0.53+0.22
2,2-dimethylheptane 1071-26-7 128.Z6xp 0 M 092 053 0.26 0.42+0.18
2,2,4-trimethylhexane 16747-26-5 128.F6xp 0 D 117 0.64 031 0.52+0.21
2,6-dimethylheptane 1072-05-5 128.Z6xp 0 D 094 055 0.25 0.43+0.20
2,3-dimethylheptane 3074-71-3 128.Fxp 0 D 098 061 0.30 0.48+0.20
2,5-dimethylheptane 2216-30-0 128.78xp 0 D 123 0.73 0.36 0.58+0.24
3-methyloctane 2216-33-3  128.2Bxp 0 M 088 055 0.24 0.42+0.20
3,4-dimethylheptane 922-28-1 128.26xp 0 d 113 069 0.35 0.55+0.22
3-ethylheptane 15869-80-4 128.26xp 0 D 099 060 0.27 0.46+0.21
branched c10 alkanes 142.281 0 8b 083 050 0.20 0.37+0.19
2,4,6-trimethyl heptane 2613-61-8 142.BXp 0 D 118 0.64 0.28 0.50+0.24
2,4-dimethyl octane 4032-94-4  142.2Bxp 0 M 092 054 0.22 0.41+0.21
2,6-dimethyl octane 2051-30-1 14228Bxp 1 2 0+ D> 098 056 025 0.43+0.21
2-methyl nonane 871-83-0 142.28xp 1 2 0+ D> 0.63 041 0.1350.28+0.18
3,4-diethyl hexane 19398-77-7 1422xp 1 2 0+ > 081 049 0.24 0.38:0.16
3-methyl nonane 5911-04-6 142.2Bxp 0 M 066 0.42 0.145 0.30+0.18
4-methyl nonane 17301-94-9 142.28Bxp 0 M 076 0.47 0.181 0.34+0.19
4-propyl heptane 3178-29-8  142.2Bxp 0 D 091 054 0.23 0.41+0.20
2,4,4-trimethylheptane 142 .2&xp 0 d 122 065 0.31 0.53+0.23
2,5,5-trimethylheptane 142 .2&xp 0 M 115 0.65 0.33 0.53+0.21
3,3-dimethyloctane 4110-44-5 142.2Bxp 0 M 100 0.58 0.28 0.46+0.20
4,4-dimethyloctane 15869-95-1 142.2Bxp 0 D 104 059 0.28 0.47+0.21
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Table C-1 (continued)

Description

CAS MWt

Codes [b]

[a] Rep kaExpt Bias Unc MIR MOIR

2,2-dimethyloctane
2,2,4-trimethylheptane
2,2,5-trimethylheptane
2,3,6-trimethylheptane
2,3-dimethyloctane
2,5-dimethyloctane
2-methyl-3-ethylheptane
4-ethyloctane

branched c11 alkanes

15869-87-1 142.2Bxp
14720-74-2 142.8Xp
142.2&xp
142 .28IjP
142.2Bxp
142.2&xp
14676-29-0 142.7xp
15869-86-0 142.28djP

156.31M

4032-93-3
7146-60-3

2,3,4,6-tetramethyl heptargd 868-54-0 156.31Exp

2,6-dimethyl nonane
3,5-diethyl heptane
3-methyl decane
4-methyl decane
branched c12 alkanes

2,3,5,7-tetramethyl octane 62199-32-0

2,6-diethyl octane
3,6-dimethyl decane
3-methyl undecane
5-methyl undecane
branched c13 alkanes

2,3,6-trimethyl 4-isopropyl

heptane

17302-28-2
61869-02-1
13151-34-3
2847-72-5

156.38xp
156.3xp
156.3xp
156.FHxp
170.33M
170.B8p
170.3xp
170.88jP
170.38Xxp
170.38jP
184.36M
184.36 Exp

62183-94-2
17312-53-7
1002-43-3
1632-70-8

2,4,6,8-tetramethyl nonan&4638-54-1 184.36AdjP

3,6-dimethyl undecane
3,7-diethyl nonane
3-methyl dodecane
5-methyl dodecane
branched c14 alkanes
2,4,5,6,8-pentamethyl
nonane

2-methyl 3,5-diisopropyl
heptane

3,7-dimethyl dodecane
3,8-diethyl decane
3-methyl tridecane
6-methyl tridecane
branched c15 alkanes

2,6,8-trimethyl 4-isopropyl

nonane
3,7-dimethyl tridecane
3,9-diethyl undecane
3-methyl tetradecane
6-methyl tetradecane
branched c16 alkanes
2,7-dimethyl 3,5-
diisopropyl heptane
3-methyl pentadecane

4,8-dimethyl tetradecane

17301-28-9 184.B&p
184.3@&xp
17312-57-1 184.Fxp
17453-93-9 184.86jP
198.3M

198.39 Exp

198.39 AdjP

82144-67-0 198.8Xp

6224-52-8  198.2@IjP
6418-41-3  198.38xp
13287-21-3 198.2@ljP
212.41M
212.41 Exp
212.4Exp

13286-72-1 212.4kp

18435-22-8 212.Ekp

26730-16-5 212AdjP
226.441

226.44 AdjP

2882-96-4 226.E4p
175032-3@76.44 Exp
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Reactivity (gm £ gm VOC)
EBIR Base
0.76 0.44 0.185 0.33+0.16
1.08 0.58 0.26 0.46+0.21
1.17 0.65 0.34 0.54+0.21
0.80 050 0.21 0.37+0.18
0.76 0.48 0.20 0.36%0.18
0.92 0.55 0.22 041+0.21
0.89 054 0.24 0.41+0.20
0.68 0.44 0.131 0.30+0.20
0.63 0.40 0.130 0.28+0.17
1.00 0.59 0.27 0.46x0.21
0.69 0.42 0.149 0.30+0.17
0.99 0.58 0.23 0.43#0.23
0.55 0.36 0.106 0.24+0.16
0.59 0.38 0.118 0.26+0.17
0.54 0.35 0.077 0.22+0.17
0.81 0.47 0.174 0.34+0.19
0.86 051 0.22 0.39+0.19
0.59 0.38 0.089 0.24+0.18
0.50 0.33 0.091 0.22+0.15
0.46 0.31 0.0400.179+0.169
0.51 0.33 0.084 0.21+0.16
0.83 048 0.20 0.36x0.19
0.66 0.38 0.105 0.26+0.18
0.60 0.37 0.119 0.26x0.16
0.79 0.45 0.176 0.34+0.18
0.46 0.31 0.082 0.20+0.14
0.38 0.26 0.0170.143%0.157
0.47 0.30 0.0770.197+0.146
0.84 051 0.20 0.37+0.20
0.47 0.30 0.0660.189+0.150
0.54 0.34 0.107 0.23+0.15
0.50 0.33 0.076 0.21+0.16
0.43 0.29 0.0770.188+0.137
0.37 0.25 0.019.139+0.152
0.42 0.28 0.0670.179+0.138
0.54 0.33 0.099 0.23+0.15
0.47 0.30 0.091 0.20+0.14
0.43 0.29 0.0780.188+0.138
0.40 0.27 0.0740.178+0.130
0.34 0.24 0.0150.127+0.144
0.40 0.26 0.0740.174+0.127
0.44 0.28 0.0570.176+0.148
0.38 0.26 0.0720.170+0.124
0.41 0.27 0.0760.180+0.130



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
7-methyl pentadecane 6165-40-8 226.B4p 0 M 038 0.26 0.0710.168+0.124
branched c17 alkanes 240.4M 0 8b 0.37 0.25 0.069.164+0.120
branched c18 alkanes 254.49M 0 8b 0.35 0.24 0.0660.155+0.113
branched c19 alkanes 268.592V 0 8b 0.33 0.22 0.0620.147+0.107
branched c20 alkanes 282.95V 0 8b 0.32 0.21 0.0590.140+0.102
branched c21 alkanes 296.9M 0 8b 0.30 0.20 0.0560.133+0.097
branched c22 alkanes 310.60M 0 8b 0.29 0.1930.054 0.127+0.093
cyclopropane 75-19-4 42.08Exp 1 0 6 0.081 0.056 0.039 0.049+0.014
cyclobutane 287-23-0 56.11Exp 1 0 6 1.11 0.72 0.48 0.63+0.21
cyclopentane 287-92-3 70.12djP 1 0 6 224 131 0.82 1.14+0.35
c6 cycloalkanes 84.16LM 0 8 1.14 0.73 0.41 0.60%0.21
cyclohexane 110-82-7 84.1&djP 1 0 2 1.14 0.73 0.41 0.60+0.21
isopropyl cyclopropane 3638-35-5 84.16xp 1 0 6 114 0.74 049 0.65+0.18
methylcyclopentane 96-37-7 84.1AdjP 0 7 205 114 0.66 0.97+0.34
1,1-dimethylcyclopentane 1638-26-2  98.1&djP 0 7 0.99 0.58 0.29 0.47+0.19
1,2-dimethylcyclopentane 2452-99-5  98.1&djP 0 7 1.86 1.00 0.54 0.84+0.32
c7 cycloalkanes 98.19LM 0 7 156 090 0.46 0.72+0.29
1,3-dimethyl cyclopentane 2453-00-1  98.14jP 0 7 1.81 097 051 0.80%0.31
cycloheptane 291-64-5 98.1adjP 1 0 6 1.80 1.00 0.53 0.82+0.33
ethyl cyclopentane 1640-89-7  98.1AdjP 0 7 1.87 1.03 0.55 0.85+0.33
methylcyclohexane 108-87-2 98.18djP 1 0 6 156 090 0.46 0.72+0.29
c8 bicycloalkanes 110.20.M 0 8 1.39 080 0.41 0.65%0.26
1,1,2- 4259-00-1 112.21Exp 0 7 1.02 0.58 0.27 0.46+0.20
trimethylcyclopentane
1,1,3- 4516-69-2 112.21Exp 0 7 0.92 0.53 0.23 0.41+0.19
trimethylcyclopentane
1,1-dimethyl cyclohexane 590-66-9 112.HBxp 0 7 1.12 0.65 0.31 0.51+0.22
1,2,3- 112.21 Exp 0 7 1.50 0.83 0.42 0.67+0.28
trimethylcyclopentane
1,2,4- 112.21 Exp 0 7 142 0.76 0.36 0.61+0.26
trimethylcyclopentane
1-methyl-3- 112.21 AdjP 0 7 151 0.82 0.39 0.66+0.29
ethylcyclopentane
1,2-dimethylcyclohexane 583-57-3 112.24jP 0 7 1.27 0.77 0.35 0.59+0.27
1,4-dimethylcyclohexane 589-90-2 112.24jP 0 7 1.48 081 0.37 0.64%0.29
c8 cycloalkanes 112.21M 0 8 1.35 0.78 0.38 0.62+0.26
1,3-dimethyl cyclohexane 591-21-9 112.A4jP 0 7 1.39 0.76 0.34 0.59+0.28
cyclooctane 292-64-8 112.2AdjP 1 0 6 1.31 0.74 0.32 0.57+0.28
ethylcyclohexane 1678-91-7 112.28Bxp 0 7 1.35 0.78 0.38 0.62+0.26
propyl cyclopentane 2040-96-2 112.24djP 0 7 155 0.84 0.40 0.67%0.30
cis-hydrindane; 496-10-6 124.22AdjP 0 7b 116 0.64 0.23 0.47+0.27
bicyclo[4.3.0]nonane
¢9 bicycloalkanes 124.22 M 0 8b 125 0.71 0.31 0.55+0.26
1,2,3-trimethylcyclohexan&678-97-3  126.24AdjP 0 7b  1.08 0.65 0.26 0.48+0.25
1,3,5-trimethylcyclohexan&839-63-0  126.24Exp 0 D 103 057 021 0.42+0.23
c9 cycloalkanes 126.24 M 0 8b 123 0.69 0.31 0.54+0.26
1,1,3-trimethyl 3073-66-3 126.24Exp 1 0 & 108 0.60 0.25 0.46+0.23

cyclohexane

75



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
1-ethyl-4-methyl 3728-56-1 126.24AdjP 0 7b 130 0.72 0.30 0.55+0.27
cyclohexane
propyl cyclohexane 1678-92-8 126.28xp 0 D 117 0.67 0.31 0.52+0.24
¢10 bicycloalkanes 138.25M 0 8b 0.97 057 0.24 0.43+0.22
isobutylclohexane; (2- 1678-98-4 140.27LM 0 8b 0.88 053 0.22 0.40%0.20
methylpropyl) cyclohexane
sec-butylcyclohexane 7058-01-7 140.2M 0 8b 0.88 053 0.22 0.40%0.20
¢10 cycloalkanes 140.21M 0 8b 096 056 0.23 0.42+0.21
1,3-diethyl-cyclohexane 1678-99-5 140.24djP 0 7b 113 0.64 0.26 0.48+0.25
1,4-diethyl-cyclohexane 1679-00-1 140.FHxp 0 D 111 0.62 0.26 0.47+0.24
1-methyl-3-isopropyl 16580-24-8 140.27Exp 0 D 090 054 0.22 0.40+0.20
cyclohexane
butyl cyclohexane 1678-93-9 140.2Exp 1 0 & 0.88 053 0.22 0.40+0.20
c11 bicycloalkanes 152.28 M 0 8b 0.80 0.48 0.172 0.34+0.20
c11 cycloalkanes 154.29 M 0 8b 0.79 0.47 0.169 0.34+0.20
1,3-diethyl-5-methyl 164259-42-1154.29 Exp 0 M 093 052 0.20 0.38+0.21
cyclohexane
1-ethyl-2-propyl 62238-33-9 154.2AdjP 0 7b 0.70 0.44 0.140 0.30+0.20
cyclohexane
pentyl cyclohexane 4292-92-6  154.29xp 0 D 074 0.45 0.172 0.33+0.18
c12 tricycloalkanes 164.29 M 0 8b 0.71 0.42 0.130 0.29+0.19
c12 bicycloalkanes 166.3.M 0 8b 0.70 0.42 0.128 0.29+0.19
c12 cycloalkanes 168.322M 0 8b 0.69 0.41 0.127 0.2940.19
1,3,5-triethyl cyclohexane 164259-43t88.32 Exp 0 M 092 051 0.20 0.38+0.21
1-methyl-4-pentyl 75736-67-3 168.32Exp 0 D 0.62 0.38 0.114 0.26%0.18
cyclohexane
hexyl cyclohexane 4292-75-5 168.24jP 1 0 2 054 0.34 0.0650.21+0.18
c13 tricycloalkanes 178.31M 0 8b 0.61 0.38 0.111 0.26+0.17
c13 bicycloalkanes 180.33.M 0 8b 0.61 0.37 0.1100.25%+0.17
c13 cycloalkanes 182.3%.M 0 8b 0.60 0.37 0.109 0.25+0.17
1,3-diethyl-5-propyl 182.35 Exp 0 D 086 0.48 0.1930.36+0.19
cyclohexane
1-methyl-2-hexyl- 92031-93-1 182.35Exp 0 o 049 0.32 0.086 0.21+0.16
cyclohexane
heptyl cyclohexane 5617-41-4 182.24ljP 0 7b  0.45 0.30 0.049.181+0.166
c14 tricycloalkanes 192.34 M 0 8b 0.57 0.35 0.101 0.24+0.17
c14 bicycloalkanes 194.36.M 0 8b 0.57 0.35 0.100 0.23%0.16
c14 cycloalkanes 196.31.M 0 8b 0.56 0.34 0.099 0.2340.16
1,3-dipropyl-5-ethyl 196.37 Exp 0 7 082 046 0.1860.34+0.18
cyclohexane
trans 1-methyl-4-heptyl 205324-73-8196.37 Exp 0 D 044 0.29 0.069.186+0.148
cyclohexane
octyl cyclohexane 1795-15-9 196.3WjP 0 7 042 0.28 0.0440.168+0.157
c15 tricycloalkanes 206.31M 0 8b 0.54 0.33 0.097 0.22+0.16
c15 bicycloalkanes 208.38M 0 8b 0.53 0.33 0.096 0.22+0.15
c15 cycloalkanes 210.4QM 0 8b 0.53 0.32 0.0950.22+0.15
1,3,5-tripropyl cyclohexane 210.40 Exp 0 M 078 0.43 0.179 0.33+0.17
1-methyl-2-octyl 210.40 AdjP 0 7b  0.42 0.28 0.0750.182+0.139
cyclohexane
nonyl cyclohexane 2883-02-5 210.4QjP 0 7b  0.38 0.26 0.0340.149+0.149
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
c16 tricycloalkanes 220.39M 0 8b 0.50 0.31 0.0910.21+0.15
¢16 bicycloalkanes 22241 M 0 8b 0.50 0.31 0.0900.21+0.14
c16 cycloalkanes 224.43M 0 8b 0.47 0.29 0.0820.196+0.142
1,3-propyl-5-butyl 224.43 Exp 0 D 0.67 0.38 0.1520.2840.16
cyclohexane
1-methyl-4-nonyl 39762-40-8 224.43EXxp 0 o 039 0.26 0.069.166+0.132
cyclohexane
decyl cyclohexane 1795-16-0 224.43jP 0 7b  0.35 0.24 0.0310.138+0.141
c17 tricycloalkanes 234.42 M 0 8b 0.47 0.29 0.0860.197+0.137
c17 bicycloalkanes 236.44M 0 8b 0.47 0.29 0.0850.195+0.136
c17 cycloalkanes 238.45.M 0 8b 0.44 0.28 0.0770.184+0.134
c18 tricycloalkanes 248.43 M 0 8b 0.45 0.27 0.0810.186+0.129
¢18 bicycloalkanes 250.46.M 0 8b 0.44 0.27 0.0800.185+0.128
c18 cycloalkanes 252.48 M 0 8b 0.42 0.26 0.0730.174+0.127
c19 tricycloalkanes 262.41M 0 8b 042 0.26 0.0760.176+0.122
c19 bicycloalkanes 264.49M 0 8b 042 0.26 0.0760.175+0.121
c19 cycloalkanes 266.51.M 0 8b 0.39 0.25 0.069.165+0.120
¢20 tricycloalkanes 276.50.M 0 8b 0.40 0.25 0.0730.167+0.116
¢20 bicycloalkanes 278.52M 0 8b 0.40 0.24 0.0720.166+0.115
c20 cycloalkanes 280.53M 0 8b 0.37 0.23 0.0660.157+0.114
c21 tricycloalkanes 290.53M 0 8b 0.38 0.23 0.0690.159+0.110
c21 bicycloalkanes 292.54 M 0 8b 0.38 0.23 0.069.158+0.110
c21 cycloalkanes 294.56.M 0 8b 0.36 0.22 0.0630.149+0.108
c22 tricycloalkanes 304.59.M 0 8b 0.36 0.22 0.0660.152+0.105
c22 bicycloalkanes 306.51.M 0 8b 0.36 0.22 0.065.151+0.105
c22 cycloalkanes 308.58 M 0 8b 0.34 0.21 0.0600.142+0.104
ethene 74-85-1 2805Exp 1 1 0 3 888 372 229 3.47+1.30
propene 115-07-1 42.08Exp 1 1 0 A 1157 453 2.79 4.29+1.66
1-butene 106-98-9 56.11Exp 1 3 0 3 957 383 235 3.59+1.33
c4 terminal alkenes 56.11LM 0 7 9.57 383 235 3.59+1.33
1-pentene 109-67-1 70.1Fxp 1 0 & 7.07 287 175 2.67+0.99
3-methyl-1-butene 563-45-1 70.1Fxp 1 0 &l 6.86 280 1.72 2.61+0.95
c5 terminal alkenes 70.13LM 0 7 7.07 287 175 2.67+0.99
1-hexene 592-41-6 84.16Exp 1 4 0 4 535 229 141 211+0.74
3,3-dimethyl-1-butene 558-37-2 84.1&xp 1 0 &8l 568 241 150 2.23+0.78
3-methyl-1-pentene 760-20-3 84.1&xp 0 8 6.00 250 152 2.31+0.83
4-methyl-1-pentene 691-37-2 84.1&xp 0 8 555 228 137 2.11+0.78
c6 terminal alkenes 84.16LM 0 8 535 229 141 211+0.74
1-heptene 592-76-7 98.1AdjP 1 0 8d 429 186 1.09 1.68+0.61
3,4-dimethyl-1-pentene 7385-78-6  98.1Bxp 0 8 472 198 1.18 1.81+0.66
3-methyl-1-hexene 3404-61-3  98.1%xp 0 8 427 186 1.10 1.69+0.61
1-octene 111-66-0 112.2Exp 0 8 3.14 1.37 0.77 1.22+0.47
c8 terminal alkenes 112.21M 0 8 3.14 137 0.77 1.22+047
2,4,4-trimethyl-1-pentene  107-39-1 112.Bxp 0 8 331 123 0.66 1.13+0.52
1-nonene 124-11-8 126.2&xp 0 8 249 111 0.60 0.97+0.38
c9 terminal alkenes 126.24M 0 8 249 111 0.60 0.97+0.38
1-decene 872-05-9 140.2Exp 0 8 2.07 0.93 0.49 0.80+0.33
c10 terminal alkenes 140.2TM 0 8 2.07 093 0.49 0.80+0.33
1-undecene 821-95-4 154.28xp 0 8 1.77 080 0.41 0.68+0.29
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
c11 terminal alkenes 154.29M 0 8 1.77 080 0.41 0.68+0.29
c12 terminal alkenes 168.32M 0 8 156 0.71 0.36 0.60+0.26
1-dodecene 112-41-4 168.38xp 0 8 156 0.71 0.36 0.60+0.26
1-tridecene 2437-56-1 182.3&xp 0 8 1.40 0.64 0.32 0.54%0.23
c13 terminal alkenes 182.35M 0 8 1.40 0.64 0.32 0.54%0.23
1-tetradecene 1120-36-1 196.FHxp 0 8 127 058 0.29 0.49+0.21
c14 terminal alkenes 196.3TM 0 8 127 058 0.29 0.49+0.21
1-pentadecene 13360-61-7 210.4M 0 8 1.18 0.54 0.27 0.46+0.20
c15 terminal alkenes 210.4QM 0 8 1.18 0.54 0.27 0.46%0.20
isobutene 115-11-7 56.11Exp 1 0 3 6.31 223 123 2.10+1.00
2-methyl-1-butene 563-46-2 70.1Fxp 1 0 8 6.38 235 135 2.21+0.97
2,3-dimethyl-1-butene 563-78-0 84.1&Xxp 0 8 471 178 1.01 1.65+0.71
2-ethyl-1-butene 760-21-4 84.1&xp 0 8 504 189 1.06 1.76+0.77
2-methyl-1-pentene 763-29-1 84.1&xp 1 0 8 525 194 1.09 1.82+0.80
2,4-dimethyl-1-pentene 2213-32-3  98.1&djP 0 8 591 240 142 2.21+0.86
2,3-dimethyl-1-pentene 3404-72-6  98.1Bxp 0 8 504 210 121 1.91+0.74
3,3-dimethyl-1-pentene 3404-73-7  98.1Bxp 0 8 475 213 135 1.96+0.64
2-methyl-1-hexene 6094-02-6  98.1€xp 0 8 499 208 1.19 1.89+0.74
2,3,3-trimethyl-1-butene  594-56-9 98.1&xp 0 8 442 179 1.06 1.65+0.64
c7 terminal alkenes 98.19LM 0 8 429 186 1.09 1.68+0.61
3-methyl-2-isopropyl-1- 111823-35-9112.21 AdjP 0 8 3.21 136 0.74 1.21+0.49
butene
4,4-dimethyl-1-pentene 762-62-9 126.2xp 0 8 3.02 129 0.72 1.15+0.45
cis-2-butene 590-18-1 56.11Exp 1 0 6 14.26 526 3.18 5.06+2.18
trans-2-butene 624-64-6 56.11Exp 1 0 3 1520 551 3.29 5.304+2.37
c4 internal alkenes 56.11LM 0 7 1473 539 3.23 5.17+2.27
2-methyl-2-butene 513-35-9 70.1Fxp 1 0 6 1420 483 2.73 4.68+2.41
cis-2-pentene 627-20-3 70.1FExp 1 0 6 10.28 3.99 246 3.79+1.47
trans-2-pentene 646-04-8 70.1FExp 1 0 6 1047 4.02 246 3.82+1.51
2-pentenes 70.13LM 0 7 10.38 4.01 246 3.80+1.49
c5 internal alkenes 70.13LM 0 7 10.38 4.01 2.46 3.80%1.49
3-methyl-trans-2-pentene  616-12-6 84.1Bxp 0 7 1166 4.15 2.39 3.98+1.92
2,3-dimethyl-2-butene 563-79-1 84.1&xp 1 0 8 1258 4.03 2.14 3.94+2.30
2-methyl-2-pentene 625-27-4 84.1&xp 1 0 8 11.03 3.88 2.22 3.73+1.79
cis 4-methyl-2-pentene 84.16.M 0 8 8.04 3.14 191 2.96+1.16
cis-2-hexene 7688-21-3  84.1@xp 0 8 822 322 198 3.04+1.17
cis-3-hexene 7642-09-3  84.1€Exp 0 8 7.44 303 1.89 2.84+1.02
cis-3-methyl-2-pentene 922-62-3 84.1Exp 0 8 1252 440 253 4.23+2.07
trans 3-methyl-2-pentene  20710-38-7 84.1xp 0 8 13.20 461 2.64 4.44+2.18
trans 4-methyl-2-pentene  674-76-0 84.1B6xp 1 0 8 8.04 314 191 2.96%1.16
trans-2-hexene 4050-45-7 84.1&xp 0 8 855 329 199 3.11+1.24
trans-3-hexene 13269-52-8 84.1&xp 0 8 742 3.01 187 2.82+1.02
2-hexenes 592-43-8 84.16.M 0 8 8.38 325 198 3.08x1.21
c6 internal alkenes 84.16LM 0 8 8.38 325 198 3.08x1.21
4,4-dimethyl-cis-2-penten&62-63-0 98.19 Exp 0 8 659 256 153 2.41+0.98
2,4-dimethyl-2-pentene 625-65-0 98.1¥xp 0 8 931 327 1.84 3.13+1.53
2-methyl-2-hexene 2738-19-4  98.1€xp 0 8 950 333 1.86 3.18+1.57
3-ethyl-2-pentene 816-79-5 98.1Exp 0 8 9.76 354 205 3.38+1.60
3-methyl-trans-3-hexene  3899-36-3  98.1Bxp 0 8 970 354 205 3.37+1.54
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
cis-2-heptene 6443-92-1  98.1%EXxp 0 8 7.08 279 1.69 2.62+1.03
2-methyl-trans-3-hexene  692-24-0 98.18xp 0 8 6.11 251 155 2.34+0.85
3-methyl-cis-3-hexene 4914-89-0 98.18&xp 0 8 9.69 353 205 3.36x1.54
3,4-dimethyl-cis-2-pentend914-91-4  98.19 Exp 0 8 9.19 323 1.79 3.08+1.56
2,3-dimethyl-2-pentene 10574-37-5 98.1Bxp 1 0 8 9.79 327 175 3.15+1.74
cis-3-heptene 7642-10-6  98.1%EXp 0 8 6.18 254 156 2.36+0.86
trans 4,4-dimethyl-2- 690-08-4 98.19 Exp 1 0 8 658 256 153 2.41+0.98
pentene
trans-2-heptene 14686-13-6 98.1Bxp 1 0 8 7.06 279 169 2.62+1.02
trans-3-heptene 14686-14-7 98.1Bxp 0 8 6.17 253 156 2.36+0.86
2-heptenes 98.19LM 0 8 6.17 254 156 2.36%0.86
c7 internal alkenes 98.19LM 0 8 6.17 253 156 2.36+0.86
trans-2-octene 13389-42-9 112.Hxp 0 8 592 234 140 2.19+0.87
2-methyl-2-heptene 627-97-4 112.28xp 0 8 835 295 164 2.81+1.38
cis-4-octene 7642-15-1 112.2A4djP 0 8 460 193 1.13 1.75+0.67
trans 2,2-dimethyl 3- 690-93-7 112.21Exp 0 8 486 205 1.26 1.89+0.68
hexene
trans 2,5-dimethyl 3- 692-70-6 112.21AdjP 0 8 468 199 1.24 1.84+0.65
hexene
trans-3-octene 14919-01-8 112.2djP 0 8 5.20 218 1.31 2.00+0.74
trans-4-octene 14850-23-8 112.24jP 1 0 8 469 194 113 1.77+0.69
3-octenes 112.21 M 0 8 5.20 218 1.31 2.00+0.74
c8 internal alkenes 112.21M 0 8 469 194 113 1.77+0.69
2,4,4-trimethyl-2-pentene  107-40-4 112.Bxp 0 8 6.30 228 1.26 2.14+1.02
4-nonene 2198-23-4 126.24M 0 8 442 186 1.10 1.69+0.64
3-nonenes 126.24.M 0 8 442 186 1.10 1.69+0.64
c9 internal alkenes 126.24M 0 8 442 186 1.10 1.69+0.64
trans-4-nonene 10405-85-3 126.24ljP 0 8 442 186 1.10 1.69+0.64
3,4-diethyl-2-hexene 59643-70-8 140.Hxp 0 8 326 1.44 0.79 1.28+0.51
cis-5-decene 7433-78-5 140.24jP 0 8 356 152 0.85 1.36%0.55
trans-4-decene 19398-89-1 140.AdjP 0 8 3.76 159 0.92 1.44+0.56
c10 3-alkenes 140.21M 0 8 3.76 159 0.92 1.44+0.56
c10 internal alkenes 140.2TM 0 8 3.76 159 0.92 1.44+0.56
trans-5-undecene 764-97-6 154.28jP 0 8 3.49 149 0.87 1.35+0.52
c11 3-alkenes 154.29 M 0 8 3.49 149 0.87 1.35+0.52
c11 internal alkenes 154.28M 0 8 3.49 149 0.87 1.35+0.52
c12 2-alkenes 168.32.M 0 8 3.05 131 0.74 1.17+0.46
c12 3-alkenes 168.32.M 0 8 3.05 131 0.74 1.17+0.46
c12 internal alkenes 168.32M 0 8 3.05 131 0.74 1.17+0.46
trans-5-dodecene 7206-16-8 168.83jP 0 8 3.05 131 0.74 1.17+0.46
trans-5-tridecene 23051-84-5 182.3p 0 8 251 109 0.62 0.97+0.39
c13 3-alkenes 182.33.M 0 8 251 109 0.62 0.97+0.39
c13 internal alkenes 182.38M 0 8 251 1.09 0.62 0.97+0.39
trans-5-tetradecene 41446-66-6 196.BXp 0 8 228 0.99 0.57 0.88+0.36
c14 3-alkenes 196.31M 0 8 228 099 057 0.88+0.36
c14 internal alkenes 196.3ZM 0 8 228 0.99 0.57 0.88+0.36
trans-5-pentadecene 74392-33-9 210ERp 0 8 210 091 0.52 0.81+0.33
c15 3-alkenes 210.40M 0 8 210 091 0.52 0.81+0.33
c15 internal alkenes 210.4aM 0 8 210 0.91 0.52 0.81+0.33

79



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)

Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base

c4 alkenes 56.11LM 0 8 12.15 461 2.79 4.38+1.79
c5 alkenes 70.13LM 0 8 8.72 3.44 210 3.24+1.24
c6 alkenes 84.16 LM 0 8 6.69 271 163 2.52+0.96
c7 alkenes 98.19LM 0 8 523 220 1.33 2.02+0.73
c8 alkenes 112.21 M 0 8 391 165 095 1.50+0.58
c9 alkenes 126.24M 0 8 346 148 0.85 1.33#0.51
c10 alkenes 140.21M 0 8 292 126 0.71 1.12+0.44
c11 alkenes 154.29.M 0 8 263 115 0.64 1.02+0.40
c12 alkenes 168.321M 0 8 230 1.01 0.55 0.89+0.36
c13 alkenes 182.35.M 0 8 195 0.86 0.47 0.75+0.31
c14 alkenes 196.31M 0 8 178 0.79 0.43 0.69+0.29
c15 alkenes 210.40.M 0 8 164 0.73 0.39 0.63+0.26
cyclopentene 142-29-0 68.1Exp 1 0 8 6.69 255 153 241+0.96
3-methylcyclopentene 1120-62-3  82.1Exp 0 8 500 203 1.25 1.90+0.70
1-methyl cyclopentene 693-89-0 82.14djP 0 8 1245 446 257 4.27+1.99
cyclohexene 110-83-8 821&Fxp 1 4 0 4 489 202 125 1.88+0.68
1-methyl cyclohexene 591-49-1 96.1Exp 1 0 8 658 248 142 2.33+1.04
4-methyl cyclohexene 591-47-9 96.1Exp 0 8 408 168 1.03 1.56+0.58
1,2-dimethyl cyclohexene 1674-10-8 110.HEXxp 0 8 557 210 1.11 1.93+0.94
1,2-propadiene (allene) 463-49-0 40.0Bxp 1 0 11 815 390 248 3.55+1.14
1-buten-3-yne (vinyl 689-97-4 52.07 LM 0 11 10.32 4.13 254 3.87+1.43
acetylene)

1,2-butadiene 590-19-2 54.0Exp 1 0 11 9.09 398 250 3.67+1.25
1,3-butadiene 106-99-0 54.0Exp 1 0 6 1245 477 291 451+1.73
trans 1,3-pentadiene 2004-70-8  68.12xp 0 8 1233 482 297 4.54+1.70
cis 1,3-pentadiene 1574-41-0 68.1PM 0 8 12.33 482 2.97 4.54+1.70
1,4-pentadiene 591-93-5 68.1Exp 1 0 8 9.05 373 239 3.51+1.20
1,2-pentadiene 591-95-7 68.1Exp 1 0 11 7.68 321 1.99 2.98+1.05
3-methyl-1,2-butadiene 598-25-4 68.1FExp 1 0 11 10.11 401 246 3.76+1.40
isoprene 78-79-5 68.12Exp 1 2 0 1 10.48 397 236 3.74%+1.49
trans,trans-2,4-hexadiene 5194-51-4  82.1M 0 8 8.76 3.37 2.04 3.19+1.27
trans 1,3-hexadiene 20237-34-7 82.14M 0 8 10.23 3.99 247 3.77+¥1.41
trans 1,4-hexadiene 7319-00-8 82.1Bxp 1 0 8 852 335 204 3.15+1.21
c6 cyclic or di-olefins 82.14 LM 0 8 8.59 3.33 2.03 3.16%1.24
c7 cyclic or di-olefins 96.17 LM 0 8 721 285 172 2.67+1.05
c8 cyclic or di-olefins 110.20LM 0 8 478 198 1.16 1.80+0.70
c9 cyclic or di-olefins 124.22LM 0 8 449 189 112 1.72+0.65
¢10 cyclic or di-olefins 138.25L.M 0 8 3.82 161 0.94 1.46+0.57
c11 cyclic or di-olefins 152.28LM 0 8 354 151 0.88 1.37+0.53
c12 cyclic or di-olefins 166.30LM 0 8 3.08 132 0.75 1.18+0.47
c13 cyclic or di-olefins 180.33LM 0 8 254 110 0.63 0.98+0.40
c14 cyclic or di-olefins 194.36LM 0 8 231 1.00 0.57 0.89+0.36
c15 cyclic or di-olefins 208.38LM 0 8 212 092 0.52 0.8240.34
cyclopentadiene 542-92-7 66.10.M 0 8 6.89 2.63 1.58 2.48+0.98
3-carene 13466-78-9 136.2Bxp 1 3 0 4 3.18 126 0.73 1.17+0.47
a-pinene 80-56-8 1362Exp 1 2 0 4 449 166 0.88 1.53+0.72
b-pinene 127-91-3 136.2Fxp 1 2 0 4 343 141 0.76 1.26+0.53
d-limonene 5989-27-5 136.2&xp 1 2 0 4 450 171 096 1.60+0.72
sabinene 3387-41-5 136.2Bxp 1 3 0 4 408 167 0.93 1.51+0.62



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
terpene 136.23LM 0 8 3.98 155 0.84 1.41+0.62
Terpinolene 586-62-9 136.2&xp 0 8 6.14 221 117 2.09£1.09
styrene 100-42-5 104.1%xp 1 2 0 2 166 0.186 -0.47 -.008+0.521
allylbenzene 300-57-2 118.18M 0 8 1.46 0.164 -0.41 -.007+0.460
a-methyl styrene 98-83-9 118.18M 0 8 1.46 0.164 -0.41 -.007+0.460
c9 styrenes 118.18M 0 8 1.46 0.164 -0.41 -.007+0.460
b-methyl styrene 637-50-3 118.1Bxp 1 0 8 094 0.113 -0.33 -.035%0.307
c10 styrenes 132.20M 0 8 1.31 0.147 -0.37 -.006+0.411
benzene 71-43-2 78.11Exp 1 2 07? 4 0.69 0.104-0.1460.042+0.202
toluene 108-88-3 92.14Exp 1 2 0 4 3.93 138 0.55 1.20+0.70
ethyl benzene 100-41-4 106.1#xp 1 3 0 4 296 115 0.50 0.99+0.51
€9 monosubstituted 120.19 LM 0 8 196 0.80 0.35 0.68+0.34
benzenes
n-propyl benzene 103-65-1 120.1Bxp 1 0 8 196 0.80 0.35 0.68+0.34
isopropyl benzene 98-82-8 120.19Exp 1 0 8 245 094 0.39 0.81+0.43
(cumene)
¢10 monosubstituted 134.22 Exp 0 8 229 0.92 041 0.79+0.39
benzenes
n-butyl benzene 104-51-8 134.2eM 0 8 229 0.92 041 0.79+0.39
s-butyl benzene 135-98-8 134.2eM 0 8 229 0.92 041 0.79+0.39
t-butyl benzene 98-06-6 1342Bxp 1 0 8 191 0.70 0.27 0.60+0.35
n-pentylbenzene 538-68-1 148.24M 0 8 2.04 0.84 0.38 0.72+0.34
c11 monosubstituted 148.24 Exp 0 8 204 084 0.38 0.72+0.34
benzenes
¢12 monosubstituted 162.27 Exp 0 8 1.84 0.77 0.36 0.66+0.31
benzenes
¢13 monosubstituted 176.30 Exp 0 8 1.68 0.71 0.34 0.61+0.28
benzenes
c14 monosubstituted 190.32 Exp 0 8 154 0.66 0.32 0.57+0.26
benzenes
¢15 monosubstituted 204.35 Exp 0 8 143 0.62 0.30 0.53+0.24
benzenes
¢c16 monosubstituted 218.38 Exp 0 8 1.33 058 0.29 0.50+0.22
benzenes
¢c17 monosubstituted 232.40 LM 0 8 1.25 055 0.27 0.47+0.20
benzenes
¢18 monosubstituted 246.43 LM 0 8 1.18 0.52 0.25 0.44+0.19
benzenes
¢19 monosubstituted 260.46 LM 0 8 1.11 0.49 0.24 0.42+0.18
benzenes
¢20 monosubstituted 274.48 LM 0 8 1.06 0.46 0.23 0.40+0.17
benzenes
c21 monosubstituted 288.51 LM 0 8 1.01 0.44 0.22 0.38+0.16
benzenes
c22 monosubstituted 302.54 LM 0 8 0.96 0.42 0.21 0.36%0.16
benzenes
c8 disubstituted benzenes 1330-20-7 1061M 0 8 7.72 259 121 2.37+1.26
m-xylene 108-38-3 106.1Exp 1 1 0 4 973 320 155 297+1.57
o-xylene 95-47-6 106.17Exp 1 2 0 4 758 258 120 2.34+1.24
p-xylene 106-42-3 106.1Exp 1 3 0 4 578 198 0.86 1.77+0.97
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
c9 disubstituted benzenes 120.19M 0 8 578 201 0.94 1.82+0.94
m-ethyl toluene 620-14-4 120.1gxp 1 0 8 739 249 120 2.29+1.19
o-ethyl toluene 611-14-3 120.1¢xp 1 0 8 554 196 091 1.76+0.91
p-ethyl toluene 622-96-8 120.1¢xp 1 0 8 439 159 0.72 1.41+0.73
o-cymene; 1-methyl-2-(1-527-84-4 134.22LM 0 8 543 191 091 1.73+0.88
methylethyl)benzene
1-methyl-2-n- 1074-17-5 134.22LM 0 8 543 191 091 1.73+0.88
propylbenzene
m-cymene; 1-methyl-3-(1535-77-3 134.22LM 0 8 7.08 239 117 2.21+1.13
methylethyl)benzene
1-methyl-3-n- 1074-43-7 134.22LM 0 8 7.08 239 117 2.21+1.13
propylbenzene
1-methyl-4-n- 1074-55-1 134.22LM 0 8 439 158 0.73 1.41+0.71
propylbenzene
c10 disubstituted benzenes 134.2M 0 8 564 196 094 1.78+0.91
m-c10 disubstituted 134.22 Exp 0 8 7.08 239 117 2.21+1.13
benzenes
0-c10 disubstituted 134.22 Exp 0 8 543 191 0091 1.73+0.88
benzenes
p-c10 disubstituted 134.22 Exp 0 8 439 158 0.73 141+0.71
benzenes
m-diethyl benzene 141-93-5 134.20M 0 8 7.08 239 1.17 2.21+1.13
o-diethyl benzene 135-01-3 134.2M 0 8 543 191 091 1.73+0.88
1-methyl-4- 99-87-6 134.22Exp 1 0 8 441 157 0.71 1.40+0.72
isopropylbenzene (p-
cymene)
p-diethyl benzene 105-05-5 134.2M 0 8 439 158 0.73 1.41+0.71
m-c11 disubstituted 148.24 Exp 0 8 6.12 2.08 1.03 1.92+0.98
benzenes
0-c11 disubstituted 148.24 Exp 0 8 468 167 0.80 1.51+0.75
benzenes
p-c11 disubstituted 148.24 Exp 0 8 3.82 140 0.66 1.25+0.62
benzenes
1-butyl-2-methylbenzene 148.24M 0 8 468 167 0.80 1.51+0.75
1-ethyl-2-n-propylbenzene 148.24M 0 8 468 1.67 0.80 1.51+0.75
o-t-butyl toluene; 1-(1,1- 1074-92-6 148.24LM 0 8 468 1.67 0.80 1.51+0.75
dimethylethyl)-2-
methylbenzene
1-methyl-3-n-butyl- 1595-04-6  148.24LM 0 8 6.12 2.08 1.03 1.92+0.98
benzene
p-Isobutyl toluene; 1- 5161-04-6 148.24LM 0 8 3.82 140 0.66 1.25+0.62
methyl-4(2-methylpropyl)
benzene
c11 disubstituted benzenes 148.2M 0 8 488 1.72 0.83 1.56+0.78
m-c12 disubstituted 162.27 Exp 0 8 548 187 0.92 1.73+0.87
benzenes
0-c12 disubstituted 162.27 Exp 0 8 418 150 0.72 1.35+0.67
benzenes
p-c12 disubstituted 162.27 Exp 0 8 343 126 0.60 1.13+0.55
benzenes
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
1,3-di-n-propylbenzene 162.2TM 0 8 418 150 0.72 1.35+0.67
1,4 diisopropyl benzene 162.2EM 0 8 343 126 0.60 1.13+0.55
3-isopropyl cumene; 1,3- 99-62-7 162.27 LM 0 8 548 187 0.92 1.73+0.87
diisopropyl benzene
c12 disubstituted benzenes 162.2M 0 8 436 154 0.75 1.40+0.70
m-c13 disubstituted 176.30 Exp 0 8 490 168 0.83 1.55+0.78
benzenes
0-c13 disubstituted 176.30 Exp 0 8 373 135 0.66 1.22+0.60
benzenes
p-c13 disubstituted 176.30 Exp 0 8 3.08 115 0.55 1.02+0.49
benzenes
c13 disubstituted benzenes 176.30M 0 8 390 139 0.68 1.27+0.62
m-c14 disubstituted 190.32 Exp 0 8 442 153 0.76 1.41+0.70
benzenes
0-c14 disubstituted 190.32 Exp 0 8 3.36 123 060 1.11+0.54
benzenes
p-c14 disubstituted 190.32 Exp 0 8 279 105 0.51 0.93+0.44
benzenes
c14 disubstituted benzenes 190.3M 0 8 352 127 0.62 1.15+0.56
c15 disubstituted benzenes 204.3M 0 8 3.20 1.16 0.58 1.06+0.51
m-c15 disubstituted 204.35 Exp 0 8 4.02 140 0.70 1.29+0.64
benzenes
0-c15 disubstituted 204.35 Exp 0 8 3.05 1.12 0.55 1.01+0.49
benzenes
p-c15 disubstituted 204.35 Exp 0 8 254 096 047 0.86x0.40
benzenes
m-c16 disubstituted 218.38 Exp 0 8 3.68 129 0.65 1.19+0.58
benzenes
0-c16 disubstituted 218.38 Exp 0 8 279 1.04 051 0.93x0.44
benzenes
p-c16 disubstituted 218.38 Exp 0 8 2.33 0.89 044 0.80+0.37
benzenes
c16 disubstituted benzenes 218.38/ 0 8 293 1.07 0.53 0.97+0.46
c17 disubstituted benzenes 232.401 0 8 276 1.01 050 0.91+0.44
c18 disubstituted benzenes 246.431 0 8 260 0.95 047 0.86+0.41
c19 disubstituted benzenes 260.461 0 8 246 090 045 0.82+0.39
¢20 disubstituted benzenes 274.48/ 0 8 233 0.85 042 0.77£0.37
c21 disubstituted benzenes 288.5M 0 8 222 0.81 040 0.74+0.35
c22 disubstituted benzenes 302.5M 0 8 212 0.77 039 0.70+0.33
isomers of ethylbenzene 106.1M 0 8 538 188 0.86 1.69+0.89
isomers of propylbenzene 120.19M 0 8 6.19 2.18 1.10 2.00+0.97
c9 trisubstituted benzenes 25551-13-7 120119 0 8 10.84 3.72 2.02 3.50+1.66
1,2,3-trimethyl benzene 526-73-8 120Bp 1 2 0 4 1194 407 2.19 3.83+1.83
1,2,4-trimethyl benzene 95-63-6 120Bxp 1 2 0 4 883 314 171 2.93+1.34
1,3,5-trimethyl benzene 108-67-8 120Bp 1 2 0 4 1175 3.96 2.15 3.76+1.81
1,2,3-c10 trisubstituted 134.22 Exp 0 8 10.16 3.50 1.90 3.29+1.55
benzenes
1,2,4-c10 trisubstituted 134.22 Exp 0 8 754 271 148 253+1.14

benzenes
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
1,3,5-c10 trisubstituted 134.22 Exp 0 8 10.10 3.43 1.87 3.25%1.55
benzenes
1,2,3,4-tetramethylbenzer88-23-3 134.22LM 0 8 9.26 321 175 3.02#1.41
1,2,4,5-tetramethylbenzerg#b-93-2 134.22 LM 0 8 9.26 321 175 3.02#1.41
1,2-dimethyl-3- 933-98-2 134.221LM 0 8 10.16 3.50 1.90 3.29+1.55
ethylbenzene
1,2-dimethyl-4- 934-80-5 134.221LM 0 8 754 271 148 2.53+1.14
ethylbenzene
1,3-dimethyl-2- 2870-04-4 134.22LM 0 8 10.16 3.50 1.90 3.29+1.55
ethylbenzene
1,3-dimethyl-4- 874-41-9 134.22LM 0 8 754 271 148 2.53+1.14
ethylbenzene
1,3-dimethyl-5- 934-74-7 134.22LM 0 8 10.10 3.43 1.87 3.25%1.55
ethylbenzene
1,4-dimethyl-2- 1758-88-9 134.22LM 0 8 754 271 148 2.53+1.14
ethylbenzene
1,2,3,5 tetramethyl benzeb@7-53-7 134.22LM 0 8 9.26 321 175 3.02#1.41
isomers of butylbenzene 134.2eM 0 8 555 1.98 1.01 1.81+0.87
c10 trisubstituted benzenes 134.22 LM 0 8 9.26 321 1.75 3.02+1.41
c10 tetrasubstituted 134.22 LM 0 8 9.26 321 1.75 3.02+1.41
benzenes
1,2,3-c11 trisubstituted 148.24 Exp 0 8 888 307 1.67 2.89+1.36
benzenes
1,2,4-c11 trisubstituted 148.24 Exp 0 8 6.61 239 131 2.23+1.00
benzenes
1,3,5-c11 trisubstituted 148.24 Exp 0 8 891 303 1.65 2.87+1.37
benzenes
pentamethylbenzene 700-12-9 148.24M 0 8 8.13 283 154 2.66+1.24
1-methyl-3,5- 2050-24-0 148.24LM 0 8 891 3.03 165 2.87+1.37
diethylbenzene
isomers of pentylbenzene 148.24M 0 8 486 175 0.89 1.60+0.76
c11 trisubstituted benzenes 148.24 LM 0 8 8.13 2.83 154 2.66+1.24
c11 tetrasubstituted 148.24 LM 0 8 8.13 283 154 2.66+1.24
benzenes
c11 pentasubstituted 148.24 LM 0 8 8.13 283 154 2.66+1.24
benzenes
1,2,3-c12 trisubstituted 162.27 Exp 0 8 795 276 149 259+1.22
benzenes
1,2,4-c12 trisubstituted 162.27 Exp 0 8 593 215 1.18 2.00+0.90
benzenes
1,3,5-c12 trisubstituted 162.27 Exp 0 8 802 273 149 258+1.23
benzenes
1-(1,1-dimethylethyl)-3,5- 98-19-1 162.27 LM 0 8 8.02 273 149 258+1.23
dimethylbenzene
isomers of hexylbenzene 162.2M 0 8 437 157 0.80 1.44+0.68
c12 trisubstituted benzenes 162.27 LM 0 8 730 255 139 2.39+1.11
c12 tetrasubstituted 162.27 LM 0 8 730 255 139 2.39+1.11
benzenes
c12 pentasubstituted 162.27 LM 0 8 730 255 139 2.39+1.11
benzenes
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
c12 hexasubstituted 162.27 LM 0 8 7.30 255 139 2.39+1.11
benzenes
1,2,3-c13 trisubstituted 176.30 Exp 0 8 7.11 248 134 2.33+1.09
benzenes
1,2,4-c13 trisubstituted 176.30 Exp 0 8 533 194 1.06 1.80%+0.80
benzenes
1,3,5-c13 trisubstituted 176.30 Exp 0 8 7.23 247 135 234+1.11
benzenes
c13 trisubstituted benzenes 176.30 LM 0 8 6.56 230 1.25 2.15+1.00
1,2,3-c14 trisubstituted 190.32 Exp 0 8 648 226 1.23 2.12+0.99
benzenes
1,2,4-c14 trisubstituted 190.32 Exp 0 8 486 177 097 1.65+0.73
benzenes
1,3,5-c14 trisubstituted 190.32 Exp 0 8 6.63 227 123 2.14+1.02
benzenes
c14 trisubstituted benzenes 190.32 LM 0 8 598 210 1.15 1.97+0.91
c15 trisubstituted benzenes 204.35 LM 0 8 549 193 1.05 1.81+0.83
1,2,3-c15 trisubstituted 204.35 Exp 0 8 592 207 1.13 1.94+0.90
benzenes
1,2,4-c15 trisubstituted 204.35 Exp 0 8 445 163 0.89 1.51+0.67
benzenes
1,3,5-c15 trisubstituted 204.35 Exp 0 8 6.09 209 114 1.97+0.93
benzenes
1,2,3-c16 trisubstituted 218.38 Exp 0 8 543 191 1.04 1.79+0.83
benzenes
1,2,4-c16 trisubstituted 218.38 Exp 0 8 409 150 0.82 1.39+0.62
benzenes
1,3,5-¢c16 trisubstituted 218.38 Exp 0 8 562 193 1.05 1.82+0.86
benzenes
c16 trisubstituted benzenes 218.38 LM 0 8 5,04 178 097 1.67+0.77
c17 trisubstituted benzenes 232.40 LM 0 8 474 167 091 157+0.72
c18 trisubstituted benzenes 246.43 LM 0 8 447 158 0.86 1.48+0.68
c19 trisubstituted benzenes 260.46 LM 0 8 423 149 0.81 1.40+0.64
¢20 trisubstituted benzenes 274.48 LM 0 8 401 142 0.77 1.33+0.61
c21 trisubstituted benzenes 288.51 LM 0 8 382 135 0.74 1.26+0.58
c22 trisubstituted benzenes 302.54 LM 0 8 364 129 0.70 1.20+0.55
indene 95-13-6 116.16.M 0 10 1.49 0.167 -0.42 -.007+0.468
indan 496-11-7 118.18.M 0 10 324 1.15 044 0.99+0.56
naphthalene 91-20-3 128.1Exp 1 4 + 5 328 1.14 048 1.01+0.54
methyl indans 132.20LM 0 10 289 1.03 0.39 0.89+0.50
tetralin 119-64-2 132.20Exp 1 4 + 5 2.89 1.03 0.39 0.89+0.50
methyl naphthalenes 1321-94-4  142.BXp + 10 3.00 1.02 0.41 0.90+0.51
1-methyl naphthalene 90-12-0 142.20M + 10 3.00 1.02 041 0.90+0.51
2-methyl naphthalene 91-57-6 142.20M + 10 3.00 1.02 041 0.90+0.51
c11 tetralin or indan 146.23.M + 10 261 0.93 0.35 0.80+0.45
1-ethylnaphthalene 1127-76-0 156.22M + 10 273 093 0.37 0.82+0.46
c12 naphthalenes 156.2PM + 10 385 130 0.60 1.19+0.62
c¢12 monosubstituted 156.22 LM + 10 2.73 093 0.37 0.82+0.46

naphthalene
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
¢12 disubstituted 156.22 LM + 10 496 167 0.82 1.55+0.78
naphthalenes
2,3-dimethyl naphthalene 581-40-8 156.Exp 1 4 + 5 496 167 0.82 1.55+0.78
dimethyl naphthalenes 156.22M + 10 496 1.67 0.82 1.55+0.78
c12 tetralin or indan 160.26.M 0 10 239 085 0.32 0.73x0.41
¢13 naphthalenes 170.26M 0 10 353 119 0.55 1.09+0.57
¢13 monosubstituted 170.25 LM 0 10 251 0.85 0.34 0.76%0.42
naphthalene
¢13 disubstituted 170.25 LM 0 10 455 153 0.75 1.42+0.72
naphthalenes
¢13 trisubstituted 170.25 LM 0 10 455 153 0.75 1.42+0.72
naphthalenes
c13 tetralin or indan 174.28 M 0 10 219 0.78 0.30 0.67+0.38
c14 naphthalenes 184.28M 0 10 3.26 1.10 0.51 1.01+0.53
c14 tetralin or indan 188.31M 0 10 203 0.72 0.28 0.62+0.35
c15 naphthalenes 198.30M 0 10 3.03 1.02 0.47 0.93+0.49
c15 tetralin or indan 202.34.M 0 10 1.89 0.67 0.26 0.58+0.33
c16 naphthalenes 212.38M 0 10 283 0.96 044 0.87+0.46
c16 tetralin or indan 216.36.M 0 10 1.77 063 0.24 0.54+0.30
c17 naphthalenes 226.36M 0 10 265 090 041 0.82+0.43
c17 tetralin or indan 230.39M 0 10 166 059 0.22 0.51+0.29
c18 naphthalenes 240.38M 0 10 250 0.84 0.39 0.77+£0.40
¢18 tetralin or indan 244.41M 0 10 156 056 0.21 0.48+0.27
¢19 naphthalenes 254.41M 0 10 236 0.80 0.37 0.73+0.38
c19 tetralin or indan 258.44 M 0 10 148 053 0.20 0.45+0.25
¢20 naphthalenes 268.44M 0 10 224 0.76 0.35 0.69+0.36
¢20 tetralin or indan 272.41M 0 10 1.40 0.50 0.190 0.43+0.24
c21 naphthalenes 282.46M 0 10 213 0.72 0.33 0.66%0.34
c21 tetralin or indan 286.49M 0 10 1.33 0.47 0.181 0.41+0.23
c22 naphthalenes 296.48M 0 10 203 0.68 0.31 0.63+0.33
c22 tetralin or indan 300.52.M 0 10 1.27 0.45 0.172 0.39%0.22
acetylene 74-86-2 26.04Exp 1 2 - 3 0.95 0.38 0.20 0.35%0.16
methyl acetylene 74-99-7 40.0&Exp 1 - 7 6.67 251 139 2.33+1.05
1,3-butadiyne 460-12-8 50.06Exp 0 11 556 256 165 2.36+0.80
2-butyne 503-17-3 54.09Exp 1 0 10 16.34 5.63 3.19 5.38%£2.50
ethyl acetylene 107-00-6 540FExp 1 - 7 6.05 2.27 126 2.10+0.94
methanol 67-56-1 32.04Exp 1 3 0 2 066 032 020 0.2940.10
ethanol 64-17-5 46.07Exp 1 3 0 2 145 0.84 0.57 0.75+0.23
isopropy! alcohol 67-63-0 60.10Exp 1 2 0 2 059 035 0.26 0.3240.07
n-propyl alcohol 71-23-8 60.10Exp 1 0 6 239 123 0.79 1.10+0.37
isobutyl alcohol 78-83-1 74.12Exp 1 0 6 242 116 0.72 1.04+0.35
n-butyl alcohol 71-36-3 74.12Exp 1 0 6 277 138 0.88 1.24+0.41
s-butyl alcohol 78-92-2 74.12Exp 1 0 6 129 0.73 050 0.66+0.18
t-butyl alcohol 75-65-0 7412Exp 1 2 + 2 039 0.22 0.1410.195+0.056
cyclopentanol 96-41-3 86.13Exp 1 0 6 1.65 0.87 0.57 0.78+0.23
2-pentanol 6032-29-7 88.1%Exp 1 0 6 153 0.83 0.55 0.74+0.22
3-pentanol 584-02-1 88.15Exp 1 0 6 156 082 0.55 0.75+0.22
pentyl alcohol 71-41-0 88.15Exp 1 0 6 272 133 0.84 1.20+0.40
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
isoamyl alcohol (3-methyl123-51-3 88.15 Exp 1 0 6 3.06 142 090 1.30+0.43
1-butanol)
2-methyl-1-butanol 137-32-6 88.1Fxp 0 7 231 114 0.72 1.03%#0.33
cyclohexanol 108-93-0 100.1AdjP 1 0 6 1.83 1.01 0.63 0.88+0.28
1-hexanol 111-27-3 102.1AdjP 1 0 6 256 129 081 1.15+0.38
2-hexanol 626-93-7 102.1AdjP 1 0 6 196 114 0.73 1.00+0.31
4-methyl-2-pentanol 108-11-2 102.17AdjP 0 7 252 134 0.87 1.20+0.36
(methyl isobutyl carbinol)
1-heptanol 111-70-6 116.2&xp 1 0 6 1.74 091 0.55 0.80+0.27
dimethylpentanol (2,3- 10143-23-4 116.20Exp 0 7 213 1.05 0.64 0.94+0.31
dimethyl-1-pentanol)
1-octanol 111-87-5 1302Fxp 1 2 + 2 1.33 0.73 0.40 0.61+0.23
2-ethyl-1-hexanol 104-76-7 130.28xp 0 7 1.90 094 054 0.8240.29
2-octanol 4128-31-8 1302FExp 1 2 + 2 184 098 0.59 0.85+0.29
3-octanol 20296-29-1 130.2Exp 1 2 + 2 215 1.10 0.67 0.96+0.33
4-octanol 589-62-8 130.23djP 1 0 6 209 1.10 0.65 0.95+0.33
5-methyl-1-heptanol 7212-53-5 130.2QjP 0 7 1.69 085 0.47 0.7320.27
trimethylcyclohexanol 1321-60-4 142.24djP 0 7 1.73 092 050 0.7740.30
dimethylheptanol (2,6- 13254-34-7 144.25Exp 0 7 0.87 0.48 0.24 0.39%0.16
dimethyl-2-heptanol)
2,6-dimethyl-4-heptanol  108-82-7 144.26jP 0 7 196 099 0.56 0.85+0.32
menthol 89-78-1 156.27EXp 0 7 1.34 0.70 0.40 0.60+0.22
8-methyl-1-nonanol 25339-17-7 158.28Exp 0 7 097 053 0.26 0.43+0.18
(isodecyl alcohol)
1-decanol 112-30-1 158.2&xp 0 7 098 053 0.27 0.43+0.18
3,7-dimethyl-1-octanol 106-21-8 158.2Bxp 0 7 1.11 058 0.30 0.48%0.20
Trimethylnonanol, 123-17-1 186.33AdjP 0 7 1.23 0.64 0.31 0.52+0.23
threo/erythro; 2,6,8-
trimethyl-4-nonanol
ethylene glycol 107-21-1 62.07Exp 1 2 0 2 303 149 1.00 1.37+0.41
propylene glycol 57-55-6 76.0AdP 1 2 0 2 250 1.16 0.75 1.07+0.34
glycerol 56-81-5 92.09AdjP 0 7 3.07 136 0.84 1.25+0.45
1,3-butanediol 107-88-0 90.1%&xp 1 0 6 322 158 1.02 1.43+0.45
1,2-butandiol 584-03-2 90.1AdJP 1 0 6 245 111 0.72 1.03+0.33
1,4-butanediol 110-63-4 90.1Exp 0 7 262 124 0.78 1.13+0.39
2,3-butanediol 90.12AdjP 1 0 6 425 186 1.08 1.68+0.70
pentaerythritol 115-77-5 136.1AdjP 0 7 210 0.98 0.62 0.89+0.30
1,2-dihydroxy hexane 6920-22-5 118.AdjP 0 7 245 1.18 0.73 1.06%0.36
2-methyl-2,4-pentanediol 107-41-5 118 =xp 1 0 6 140 0.68 044 0.62+0.19
2-ethyl-1,3-hexanediol 94-96-2 146.28jP 0 7 1.94 098 0.60 0.87+0.30
dimethyl ether 115-10-6 46.07Exp 1 3 0 2 0.76 0.54 0.43 0.50+0.09
trimethylene oxide 503-30-0 58.0&xp 1 0 6 431 241 174 2.22+0.61
1,3-dioxolane 646-06-0 74.08Exp 0 7 477 221 159 2.10+0.58
dimethoxy methane 109-87-5 76.08djP 1 0 6 0.89 0.64 050 0.59+0.11
tetrahydrofuran 109-99-9 7211FExp 1 0 6 411 211 141 1.92+0.56
diethyl ether 60-29-7 7412Exp 1 2 0 2 3.65 1.73 1.12 1.59+0.49
1,4-dioxane 123-91-1 88.11Exp 0 7 249 129 090 1.19+0.32
alpha- 96-47-9 86.13 Exp 1 0 6 378 187 1.22 1.69+0.52
methyltetrahydrofuran
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
tetrahydropyran 142-68-7 86.1Fxp 1 0 6 3.04 165 1.07 1.47+0.43
ethyl isopropyl ether 625-54-7 88.1%Exp 0 7 3.65 1.62 1.04 1.50+0.49
methyl n-butyl ether 628-28-4 88.1Fxp 1 0 6 300 157 1.04 1.42+0.42
methyl t-butyl ether 1634-04-4 88.1Fxp 1 0 2 070 043 0.29 0.38+0.10
2,2-dimethoxy propane 77-76-9 104.15xp 0 7 0.46 0.29 0.20 0.26+0.06
di n-propyl ether 111-43-3 102.1Exp 1 0 6 293 155 1.04 1.40+0.40
ethyl n-butyl ether 628-81-9 102.1Exp 1 0 6 334 161 1.03 1.46+0.46
ethyl t-butyl ether 637-92-3 102.1Exp 1 0 6 194 097 0.62 0.88+0.27
methyl t-amyl ether 994-05-8 102.1Exp 1 0 6 161 090 0.59 0.80+0.23
diisopropy! ether 108-20-3 102.1Exp 0 7 344 145 0.89 1.34+0.48
ethylene glycol diethyl  629-14-1 118.17Exp 0 7 282 140 090 1.26+0.38
ether; 1,2-diethoxyethane
acetal (1,1-diethoxyethan&5-57-7 118.17Exp 0 7 347 151 0.97 1.40+0.46
4,4-dimethyl-3-oxahexane 919-94-8 116.Exp 0 7 1.87 094 0.58 0.84+0.27
2-butyl tetrahydrofuran 1004-29-1 128.28xp 0 7 199 099 055 0.85+0.32
di-isobutyl ether 628-55-7 130.2Exp 1 0 6 111 0.63 0.38 0.54+0.17
di-n-butyl ether 142-96-1 130.2Exp 1 0 6 270 1.33 0.82 1.18#0.39
2-methoxy-1-(2-methoxy-89399-28-0 162.23AdjP 0 7 192 0.95 0.62 0.86+0.26
1-methylethoxy)-propane;
dipropylene glycol
dimethyl ether
di-n-pentyl ether 693-65-2 158.28djP 1 0 6 2.00 1.07 0.64 0.92+0.32
2-methoxyethanol 109-86-4 76.0Exp 1 0 6 286 129 0.84 1.20+0.39
1-methoxy-2-propanol 107-98-2 90.12djP 1 0 2 234 122 0.85 1.12+0.31
2-ethoxyethanol 110-80-5 90.1Exp 1 0 2 361 162 1.03 1.49+0.49
2-methoxy-1-propanol 1589-47-5  90.1Exp 0 7 296 121 0.75 1.13+0.41
3-methoxy-1-propanol 1320-67-8  90.1Exp 0 7 3.76 163 1.03 1.52+0.52
diethylene glycol 111-46-6 106.12djP 0 7 3.27 143 090 1.32+0.45
tetrahydro-2-furanmethan®l7-99-4 102.13Exp 0 7 322 140 0.87 1.29+0.44
1-ethoxy-2-propanol 1569-02-4 104.1Bxp 0 7 296 147 094 1.33+0.41
2-propoxyethanol 2807-30-9 104.1&djP 0 7 319 150 0.98 1.38+0.43
3-ethoxy-1-propanol 111-35-3 104.16xp 1 0 6 398 175 1.09 1.61+0.55
3-methoxy-1-butanol 2517-43-3 104.1Bxp 1 0 6 381 156 0.97 1.46+0.53
2-(2-methoxyethoxy) 111-77-3 120.15AdjP 0 7 255 126 0.85 1.16+0.33
ethanol
1-propoxy-2-propanol 1569-01-3 118.17AdjP 0 7 256 132 0.89 1.20+0.34
(propylene glycol n-propyl
ether)
2-butoxyethanol 111-76-2 118.1Exp 1 0 2 280 126 0.76 1.14+0.39
3 methoxy -3 methyl- 56539-66-3 118.17Exp 0 7 1.46 0.77 0.49 0.69%0.22
butanol
n-propoxypropanol 30136-13-1 118.1Exp 0 7 365 166 1.05 1.52+0.50
2-(2-ethoxyethoxy) ethandl11-90-0  134.17Exp 1 0 2 313 1.46 091 1.32+0.44
dipropylene glycol isomer110-98-5 134.17AdjP 0 7 220 114 0.76 1.04+0.30
(1-[2-hydroxypropyl]-2-
propanol)
triethylene glycol 112-27-6 150.1Exp 0 7 3.13 146 091 1.32+0.44
1-tert-butoxy-2-propanol  57018-52-7 132.2@ljP 0 7 153 0.81 0.51 0.72+0.22
2-tert-butoxy-1-propanol  94023-15-1 132.Zxp 0 7 1.78 0.72 0.41 0.66%0.26
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
n-butoxy-2-propanol 5131-66-8 132.20Exp 0 7 259 128 0.81 1.15+0.37
(propylene glycol n-butyl
ether)
2-(2-propoxyethoxy) 6881-94-3  148.20Exp 0 7 272 1.32 0.83 1.18+0.38
ethanol
dipropylene glycol methyl 148.20 AdjP 0 7 1.88 0.96 0.64 0.87+0.25
ether isomer (1-methoxy-2-

[2-hydroxypropoxy]-

propane)

dipropylene glycol methyl13588-28-8 148.20AdjP 0 7 248 113 0.72 1.04+0.34
ether isomer (2-[2-

methoxypropoxy]-1-

propanol)

2-[2-(2-methoxyethoxy) 112-35-6 164.20Exp 0 7 244 122 0.77 1.09+0.35
ethoxy] ethanol

2-hexyloxyethanol 112-25-4 146.28djP 0 7 1.98 099 0.58 0.86+0.30
2,2,4-trimethyl-1,3- 144-19-4 146.23Exp 0 7 146 0.77 0.48 0.68+0.22
pentanediol

2-(2-butoxyethoxy)-ethandl12-34-5  162.23Exp 0 7 227 109 065 0.96+0.34
dipropylene glycol ethyl 15764-24-6 162.23Exp 0 7 261 120 0.72 1.07+0.37
ether

2-[2-(2-ethoxyethoxy) ~ 112-50-5  178.23Exp 0 7 233 115 0.71 1.02+0.34
ethoxy] ethanol

tetraethylene glycol 112-60-7 194.28xp 0 7 239 115 0.71 1.03%#0.35
1-(butoxyethoxy)-2- 124-16-3 176.25AdjP 0 7 1.81 095 0.59 0.83%0.26
propanol

2-[2-(2-propoxyethoxy) 23305-64-8 192.25Exp 0 7 205 102 0.62 0.90+0.30
ethoxy] ethanol

tripropylene glycol 24800-44-0 192.2&xp 0 7 207 104 0.64 0.92+0.31
2,5,8,11-tetraoxatridecan-23783-42-8 208.25Exp 0 7 1.85 094 057 0.830.28
13-ol

2-(2-ethylhexyloxy) 1559-35-9 174.28AdjP 0 7 1.44 0.76 0.38 0.62+0.26
ethanol

2-(2-hexyloxyethoxy) 112-59-4 190.28AdjP 0 7 1.72 090 0.52 0.77£0.27
ethanol

glycol ether dpnb {1-(2- 29911-28-2 190.28\djP 0 7 1.72 087 053 0.77£0.25
butoxy-1-methylethoxy)-2-

propanol}

2-[2-(2-butoxyethoxy) 143-22-6 206.28Exp 0 7 1.85 092 055 0.81+0.28
ethoxy] ethanol

tripropylene glycol 25498-49-1 206.28ExXp 0O 7 181 091 055 0.80+0.27
monomethyl ether

diethylene glycol mono(2-1559-36-0  218.33Exp 0 7 145 075 042 0.64+0.24
ethylhexyl) ether

3,6,9,12-tetraoxa- 1559-34-8 250.33AdjP 0 7 161 0.82 0.49 0.71+0.25
hexadecan-1-ol

tripropylene glycol n-butyl55934-93-5 248.36Exp 0 7 155 0.75 0.43 0.65+0.24
ether

methyl formate 107-31-3 60.05Exp 1 0 6 0.053 0.043 0.035 0.040+0.007
ethyl formate 109-94-4 74.08Exp 1 0 6 0.45 0.27 0.193 0.25+0.07
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
methyl acetate 79-20-9 740&Exp 1 2 0 2 0.067 0.055 0.043 0.050+0.010
gamma-butyrolactone 96-48-0 86.0&xp 0 7 0.90 0.56 0.38 0.50+0.14
ethyl acetate 141-78-6 88.1Exp 1 2 0 3 059 035 0.23 0.31+0.09
methyl propionate 554-12-1 88.1Exp 1 0 6 063 032 0.20 0.29+0.10
n-propyl formate 110-74-7 88.11Exp 1 0 6 0.72 0.44 0.29 0.39%0.13
isopropyl formate 625-55-8 88.11Exp 0 7 0.34 0.24 0.176 0.2240.05
ethyl propionate 105-37-3 102.18xp 1 0 6 073 042 0.27 0.37+0.11
isopropyl acetate 108-21-4 102.1Bxp 1 2 0 2 103 057 039 0.52+0.14
methyl butyrate 623-42-7 102.18xp 1 0 6 1.05 0.55 0.34 0.49+0.16
methyl isobutyrate 547-63-7 102.1Bxp 1 2 0 2 0.58 0.33 0.21 0.29+0.10
n-butyl formate 592-84-7 102.1Exp 1 0 6 077 048 0.32 0.42+0.13
propyl acetate 109-60-4 102.1Bxp 1 0 6 0.72 0.45 0.30 0.40+0.12
ethyl butyrate 105-54-4 116.1&xp 1 0 6 111 0.60 0.38 0.53+0.17
isobutyl acetate 110-19-0 116.16xp 0 7 058 040 0.28 0.35+0.08
methyl pivalate 598-98-1 116.1&xp 1 2 0 2 0.33 0.20 0.1200.169+0.055
n-butyl acetate 123-86-4 116.1Bxp 1 2 0+ 2 077 049 0.31 0.42+0.13
n-propyl propionate 106-36-5 116.16xp 1 0 6 078 047 0.30 0.41+0.14
s-butyl acetate 105-46-4 116.16xp 1 0 6 124 075 051 0.67+0.18
t-butyl acetate 540-88-5 116.16xp 1 3 0 2 0.172 0.097 0.059 0.084+0.027
butyl propionate 590-01-2 130.1&xp 0 7 0.78 0.48 0.29 0.40+0.14
amyl acetate 628-63-7 130.1&djP 0 7 0.77 049 0.28 0.41+0.14
n-propyl butyrate 105-66-8 130.1&xp 1 0 6 098 056 0.34 0.49+0.16
isoamyl acetate (3- 123-92-2 130.18Exp 0 7 1.01 0.60 0.36 0.51+0.17
methylbutyl acetate)
2-methyl-1-butyl acetate = 624-41-9 130.1Bxp 0 7 1.01 0.62 0.40 0.54+0.15
ethyl 3-ethoxy propionate 763-69-9  146.A8ljP 0 7 350 144 084 1.32+0.51
hexyl acetates 144.21M 0 7 0.72 046 0.24 0.37+0.14
2,3-dimethylbutyl acetate 144 .2Exp 0 7 069 043 0.25 0.36+0.12
2-methylpentyl acetate 144 .2Exp 0 7 090 053 0.29 0.44+0.17
3-methylpentyl acetate 144.24djP 0 7 0.99 059 0.33 0.49+0.17
4-methylpentyl acetate 144 2Exp 0 7 0.75 0.45 0.24 0.36+0.14
isobutyl isobutyrate 97-85-8 144 .2EXxp 0 7 055 0.35 0.20 0.29+0.09
n-butyl butyrate 109-21-7 144 2Exp 1 0 6 101 057 0.32 0.48+0.17
n-hexyl acetate 142-92-7 144.24jP 0 7 0.62 0.41 0.20 0.32+0.13
methyl amyl acetate (4- 108-84-9 144.21Exp 0 7 1.27 0.67 0.37 0.56+0.21
methyl-2-pentanol acetate)
n-pentyl propionate 624-54-4 144.24djP 0 7 0.65 0.40 0.20 0.32+0.13
2,4-dimethylpentyl acetate 158.2Bxp 0 7 0.84 0.47 0.22 0.37+0.16
2-methylhexyl acetate 158.24djP 0 7 0.62 0.39 0.162 0.29+0.14
3-ethylpentyl acetate 158.2&xp 0 7 1.01 059 0.31 0.48%0.19
3-methylhexyl acetate 158.2&xp 0 7 0.81 0.49 0.24 0.38%0.16
4-methylhexyl acetate 158.2&xp 0 7 0.74 0.44 0.21 0.35%0.15
5-methylhexyl acetate 158.24djP 0 7 0.52 0.33 0.123 0.2410.13
isoamyl isobutyrate 2050-01-3 158.28xp 0 7 075 043 0.22 0.35+0.14
n-heptyl acetate 112-06-1 158.28xp 0 7 057 0.38 0.161 0.28+0.14
2,4-dimethylhexyl acetate 172.26djP 0 7 0.68 0.41 0.162 0.30%0.16
2-ethyl-hexyl acetate 103-09-3 172.26ijP 0 7 0.58 0.36 0.125 0.26+0.15
3,4-dimethylhexyl acetate 172.26djP 0 7 0.79 0.48 0.23 0.38%0.16
3,5-dimethylhexyl acetate 172.26xp 0 7 090 051 0.23 0.40+0.18
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Table C-1 (continued)

Description CAS

Reactivity (gm £ gm VOC)

EBIR Base

3-ethylhexyl acetate
3-methylheptyl acetate
4,5-dimethylhexyl acetate
4-methylheptyl acetate
5-methylheptyl acetate

n-octyl acetate 112-14-1
2,3,5-teimethylhexyl

acetate

2,3-dimethylheptyl acetate
2,4-dimethylheptyl acetate
2,5-dimethylheptyl acetate
2-methyloctyl acetate
3,5-dimethylheptyl acetate
3,6-dimethylheptyl acetate
3-ethylheptyl acetate
4,5-dimethylheptyl acetate
4,6-dimethylheptyl acetate
4-methyloctyl acetate
5-methyloctyl acetate

n-nonyl acetate 143-13-5
3,6-dimethyloctyl acetate
3-isopropylheptyl acetate
4,6-dimethyloctyl acetate
3,5,7-trimethyloctyl acetate
3-ethyl-6-methyloctyl

acetate

4,7-dimethylnonyl acetate

methyl dodecanoate 111-82-0
{methyl laurate}
2,3,5,7-tetramethyloctyl

acetate

3,5,7-trimethylnonyl

acetate

3,6,8-trimethylnonyl

acetate

2,4,6,8-tetramethylnonyl

acetate

3-ethyl-6,7-dimethylnonyl

acetate

4,7,9-trimethyldecyl

acetate

methyl myristate {methyl 124-10-7
tetradecanoate}

2,3,5,6,8-

pentaamethylnonyl acetate
3,5,7,9-tetramethyldecyl

acetate

5-ethyl-3,6,8-

trimethylnonyl acetate

dimethyl carbonate 616-38-6

MWt Codes [b]
[a] Rep kaExpt Bias Unc MIR MOIR
172.2&xp 0 7 0.82 0.49
172.26xp 0 7 0.59 0.38
172.2&djP 0 7 0.61 0.37
172.26xp 0 7 0.58 0.36
172.2&djP 0 7 0.53 0.34
172.26xp 0 7 0.50 0.33
186.29 AdjP 0 7 0.77 0.45
186.2Bxp 0 7 0.63 0.40
186.20jP 0 7 0.60 0.36
186.28xp 0 7 0.70 0.43
186.28djP 0 7 0.44 0.29
186.20jP 0 7 0.72 0.42
186.2Bxp 0 7 0.69 0.42
186.2&xp 0 7 0.55 0.35
186.20jP 0 7 0.61 0.38
186.28xp 0 7 0.70 0.40
186.2&xp 0 7 0.54 0.34
186.2AdjP 0 7 0.48 0.31
186.28xp 0 7 0.45 0.30
200.3Exp 0 7 0.70 0.42
200.3jP 0 7 0.46 0.30
200.3Exp 0 7 0.68 0.40
214.34 AdjP 0 7 0.57 0.34
214.34 AdjP 0 7 0.55 0.34
214.34djP 0 7 0.43 0.27
214.34Exp 0 7 0.40 0.26
228.37 Exp 0 7 0.54 0.33
228.37 AdjP 0 7 0.54 0.32
228.37 AdjP 0 7 051 0.31
242.40 AdjP 0 7 0.43 0.26
242.40 AdjP 0 7 0.53 0.33
242.40 AdjP 0 7 0.35 0.22
242.40Exp 0 7 0.37 0.24
256.42 Exp 0 7 0.57 0.35
256.42 AdjP 0 7 0.40 0.25
256.42 AdjP 0 7 0.69 0.40
90.0&xp 1 2 0 2 0.055 0.045
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0.23 0.38+0.17
0.149 0.28+0.15
0.156 0.28+0.14
0.142 0.26+0.14
0.113 0.24+0.15
0.120 0.23+0.13
0.20 0.35#0.16

0.168 0.30+0.15
0.111 0.25+0.16
0.179 0.32+0.16
0.0680.185+0.138
0.158 0.31+0.17
0.163 0.31+0.16
0.126 0.25+0.14
0.149 0.28+0.14
0.160 0.30+0.16
0.122 0.24+0.14
0.082 0.20+0.14
0.096 0.20+0.13
0.171 0.31+0.16
0.082 0.20+0.14
0.153 0.29+0.16
0.104 0.24+0.15
0.104 0.23+0.15

0.0570.171+0.136
0.0740.175+0.118

0.113 0.23+0.14

0.099 0.22+0.14

0.077 0.20+0.15

0.0570.168+0.134

0.104 0.23+0.15

0.0220.126+0.128

0.0670.159+0.110

0.136 0.26+0.14

0.0460.155+0.136

0.154 0.30+0.16

0.035 0.041+0.008



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
propylene carbonate 108-32-7 102.p 1 2 + 2 0.26 0.184 0.137 0.166+0.037
methyl lactate 547-64-8 104.1&xp 1 0 6 2.63 1.06 0.58 0.96+0.43
2-methoxyethyl acetate 110-49-6 118.BXxp 0 7 1.08 0.65 0.47 0.59+0.14
ethyl lactate 97-64-3 118.1F€xp 1 0 6 242 1.04 0.60 0.94+0.38
methyl isopropyl carbonat®1729-83-0 118.13Exp 1 2 0 2 059 034 0.23 0.31+0.08
1-methoxy-2-propyl acetated8-65-6 132.16Exp 12 2 O+ 2 163 0.83 0.56 0.76x0.21
2-ethoxyethyl acetate 111-15-9 132.8xp 0 7 1.76 0.89 0.58 0.80+0.24
2-methyoxy-1-propyl 70657-70-4 132.16Exp 0 7 1.06 059 0.41 0.54+0.13
acetate
methoxypropanol acetate  84540-57-8 132H8&p 0 7 1.76 093 0.60 0.83%0.26
dimethyl succinate 106-65-0 146.1Bxp 1 2 0 2 0.21 0.131 0.081 0.113+0.034
ethylene glycol diacetate  111-55-7 146.Bkp 0 7 0.62 0.37 0.24 0.32+0.11
diisopropyl carbonate 6482-34-4  146.1p 0 7 094 049 0.30 0.43+0.14
1,2-propylene glycol 623-84-7 160.17Exp 0 7 057 036 0.24 0.32+0.08
diacetate
dimethyl glutarate 1119-40-0 160.4djP 1 2 0 2 0.39 0.22 0.1080.179+0.075
2-butoxyethyl acetate 112-07-2 160.Hxp 0 7 152 0.80 0.50 0.70+0.22
dimethyl adipate 627-93-0 174.1&d4jP 1 0 6 1.72 0.80 0.44 0.70+0.27
2-(2-ethoxyethoxy) ethyl 112-15-2  176.21AdjP 0 7 139 074 047 0.65+0.20
acetate
dipropylene glycol n- 176.25 AdjP 0 7 1.89 096 0.60 0.85+0.27
propyl ether isomer #1
dipropylene glycol methyl 190.24 AdjP 0 7 1.30 0.68 0.42 0.5940.19
ether acetate isomer #1
dipropylene glycol methyl 190.24 AdjP 0 7 1.43 0.72 0.44 0.64%0.21
ether acetate isomer #2
dipropylene glycol methyl88917-22-0 190.24LM 0 7 1.37 0.70 0.43 0.62+0.20
ether acetate isomers
glyceryl triacetate 102-76-1 218.28xp 0 7 050 0.31 0.178 0.26+0.09
2-(2-butoxyethoxy) ethyl 124-17-4 204.26 Exp 0 7 1.29 0.68 0.40 0.58+0.20
acetate
substituted c7 ester (c12) 216.3M 0 7 0.75 0.39 0.20 0.32+0.13
1-hydroxy-2,2,4- 18491-15-1 216.32Exp 0 7 0.84 0.40 0.21 0.34%0.14
trimethylpentyl-3-
isobutyrate
3-hydroxy-2,2,4- 77-68-9 216.32AdjP 0 7 0.71 0.39 0.191 0.31+0.13
trimethylpentyl-1-
isobutyrate
texanol isomers 25265-77-4 21632M 1 2 0 2 0.75 039 0.20 0.32+0.13
substituted c9 ester (c12) 216.3M 0 7 0.75 0.39 0.20 0.32+0.13
dimethyl sebacate 106-79-6 230.3Xp 0 7 0.38 0.23 0.0700.161+0.102
diisopropyl adipate 6938-94-9  230.3Bxp 0 7 122 052 022 0.43+0.22
triethyl citrate 77-93-0 276.2&xp 0 8 0.66 0.31 0.1550.26%0.11
2,2 ,4-trimethyl-1,3- 6846-50-0 286.41Exp 0 7 033 0.20 0.0620.140+0.088
pentanediol diisobutyrate
ethylene oxide 75-21-8 440%Fxp 1 0 6 0.036 0.032 0.026 0.029+0.005
propylene oxide 75-56-9 58.0&&xp 1 0 6 0.28 0.21 0.1590.188+0.037
1,2-epoxybutane 106-88-7 721Exp 1 0 6 0.85 0.62 0.46 0.55%0.13
formic acid 64-18-6 46.03Exp 1 0 6 0.062 0.045 0.035 0.041+0.008
acetic acid 64-19-7 60.05Exp 1 0 6 067 032 0.20 0.29+0.10



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
glycolic acid 79-14-1 76.05AdjP 0 8 235 0.92 049 0.84+0.39
peroxyacetic acid 79-21-0 76.09.M 0 8 0.53 0.26 0.162 0.23+0.08
acrylic acid 79-10-7 72.06AdjP 0 8 11.38 4.00 2.27 3.81+1.76
propionic acid 79-09-4 74.08Exp 0 7 1.18 0.57 0.34 0.51+0.19
methacrylic acid 79-41-4 86.09Exp 0 8 1856 6.17 3.52 5.95+2.85
isobutyric acid 79-31-2 88.11Exp 0 7 1.16 059 0.38 0.53+0.17
butanoic acid 107-92-6 88.1AdjP 0 7 1.76 0.88 0.55 0.7920.26
malic acid 6915-15-7  134.08djP 0 8 6.92 244 133 2.29+1.08
3-methylbutanoic acid 503-74-2 102.114jP 0 7 417 169 0.98 1.56+0.64
adipic acid 124-04-9 146.1AdjP 0 8 295 141 0.88 1.27+0.43
2-ethyl hexanoic acid 149-57-5 144. 8xp 0 7 321 139 0.75 1.23+0.50
methyl acrylate 96-33-3 86.09Exp 0 8 1150 3.90 2.19 3.73x1.77
vinyl acetate 108-05-4 86.09%xp 0 8 316 121 0.72 1.14+0.46
2-methyl-3-butene-2-ol 115-18-4 86.1Exp 1 0 8 481 200 129 1.88+0.64
ethyl acrylate 140-88-5 100.1Exp 0 8 7.71 287 167 2.70£1.13
methyl methacrylate 80-62-6 100.12xp 0 8 15,67 5.20 2.95 5.02+2.41
ethyl methacrylate 97-63-2 114.1Exp 0 8 1250 421 2.38 4.04+1.92
hydroxypropyl acrylate 2918-23-2  130.1Bxp 0 8 482 194 1.16 1.80+0.68
n-butyl acrylate 141-32-2 128.1Exp 0 8 495 191 1.08 1.76+0.73
isobutyl acrylate 106-63-8 128.1&djP 0 8 464 181 1.01 1.66+0.69
butyl methacrylate 97-88-1 142.28xp 0 8 871 296 1.64 2.82+1.34
isobutyl methacrylate 97-86-9 142.28Bxp 0 8 863 293 1.62 2.79+1.34
a-terpineol 98-55-5 154 .25EXp 0 8 462 167 090 1.57+0.78
Citronellol (3,7-dimethyl- 106-22-9 154.25Exp 0 8 580 2.05 1.12 1.94+0.97
6-octen-1-ol)

Linalool 78-70-6 156.27Exp 0 8 544 196 1.09 1.85+#0.91
Geraniol 106-24-1 172.2&Exp 0 8 510 188 1.06 1.78+0.86
2-ethyl-hexyl acrylate 103-11-7 184.2Bxp 0 8 246 096 047 0.85+0.39
Hexyl cinnamal 101-86-0 216.32M 0 10 293 108 0.64 1.03+0.42
furan 110-00-9 68.07Exp 1 3 - 4 903 357 210 3.33t1.34
2-methyl furan 534-22-5 82.10Exp 1 3 0 4 820 3.19 188 2.99+1.21
3-methyl furan 930-27-8 82.10Exp 1 3 0 4 6.77 277 168 2.58+0.97
2-ethyl furan 3208-16-0  96.13LM 0o 8 7.01 272 161 2.55+1.03
2,5-dimethyl furan 625-86-5 96.13Exp 1 3 0 4 778 296 1.75 2.79+1.15
formaldehyde 50-00-0 30.03Exp 1 1 0 b 959 289 141 2.79+1.68
acetaldehyde 75-07-0 440FExp 1 2 0 1 6.46 253 1.62 2.42+0.86
propionaldehyde 123-38-6 58.0&xp 1 0 6 6.96 272 172 2.58+0.93
2-methylpropanal 78-84-2 72.11Exp 1 0 7 515 2,08 135 1.98+0.67
butanal 123-72-8 72.11Exp 1 0 7 585 230 145 2.18+0.78
c4 aldehydes 72.11LM 0 7 585 230 145 2.18+0.78
2,2-dimethylpropanal 630-19-3 86.13 Exp 1 0 8 480 1.88 1.21 1.80+0.63
(pivaldehyde)

3-methylbutanal 590-86-3 86.13 Exp 1 0 8 489 191 122 1.82+0.65
(isovaleraldehyde)

pentanal (valeraldehyde) 110-62-3 86.1Bxp 1 0 8 498 198 1.26 1.88+0.66
c5 aldehydes 86.13LM 0 8 498 198 1.26 1.88+0.66
glutaraldehyde 111-30-8 100.1Exp 0 8 421 170 1.13 1.62+0.54
hexanal 66-25-1 100.1&Exp 1 0 8 426 170 1.08 1.60+0.56
c6 aldehydes 100.16M 0 8 426 170 1.08 1.60+0.56
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
heptanal 111-71-7 114.1xp 1 0 8 3.60 143 090 1.35+0.48
c7 aldehydes 114.19 M 0 8 3.60 143 090 1.35+0.48
2-methyl-hexanal 925-54-2 114.1Bxp 0 8 345 141 0.88 1.32+0.46
octanal 124-13-0 128.2Exp 0 8 3.08 122 0.74 1.14+0.42
c8 aldehydes 128.21M 0 8 3.08 122 0.74 1.14+0.42
Hydroxycitronellal 107-75-5 154.2%xp 0 8 254 1.02 0.61 0.94+0.35
glyoxal 107-22-2 58.04Exp 1 0 6 1259 3.95 2.02 3.81+2.18
methyl glyoxal 78-98-8 72.06Exp 1 0 6 16.60 525 2.85 5.10+2.70
acrolein 107-02-8 56.06Exp 1 0 2 7.37 2.69 162 2.56%1.02
crotonaldehyde 4170-30-3 70.0Exp 1 0 8 9.34 335 198 3.20%£1.34
methacrolein 78-85-3 70.09Exp 1 0 2 596 219 134 2.09+0.81
hydroxy methacrolein 40364-84-9 86.0&xp 0 8 6.16 2.36 142 2.22+0.85
lumped c5+ unsaturated 100.12 Exp 0 8 6.33 234 139 2.22+0.90
carbonyl species
Cinnamic aldehyde 104-55-2 132.16M 0 10 479 177 1.05 1.68+0.68
Amyl cinnamal 122-40-7 202.29.M 0 10 3.13 116 0.69 1.10+0.45
benzaldehyde 100-52-7 106.12xp 1 0 2 -0.71 -0.73 -1.05 -0.89+0.26
tolualdehyde 120.15LM 0 7 -0.63 -0.65 -0.93 -0.78+0.23
acetone 67-64-1 58.08Exp 1 0 2 0.35 0.146 0.088 0.135+0.049
cyclobutanone 1191-95-3 70.0Exp 1 0 8 058 0.34 0.23 0.30+0.09
methyl ethyl ketone 78-93-3 721Exp 1 0 2 145 0.62 0.37 0.56+0.20
cyclopentanone 120-92-3 841Exp 1 0 8 1.08 0.65 0.42 0.57+0.17
¢5 cyclic ketones 84.12LM 0 8 1.08 0.65 0.42 0.57+0.17
2-pentanone 107-87-9 86.1Exp 1 0 2 272 133 0.85 1.21+0.38
3-pentanone 96-22-0 86.1Fxp 1 0 6 1.18 0.59 0.37 0.52+0.18
c5 ketones 86.13LM 0 7 272 133 0.85 1.21+0.38
methyl isopropyl ketone  563-80-4 86.1Exp 1 0 6 160 0.79 050 0.71+0.22
2,4-pentanedione 123-54-6 100.12xp 0 8 099 038 0.22 0.35+0.14
cyclohexanone 108-94-1 98.1&xp 1 0 2 125 072 042 0.61+0.22
c6 cyclic ketones 98.14LM 0 7 125 0.72 0.42 0.61+0.22
4-methyl-2-pentanone 108-10-1 1000Bxp 1 0 3 3.78 1.67 1.07 1.55%#0.51
methyl n-butyl ketone 591-78-6 100.1Bxp 1 0 8 3.02 149 094 1.34+0.43
methyl t-butyl ketone 75-97-8 100.1&xp 1 0 8 062 0.32 0.20 0.29+0.09
c6 ketones 100.16.M 0 8 3.02 149 094 1.34+0.43
c7 cyclic ketones 112.11M 0 8 1.09 0.63 0.37 0.53+0.19
2-heptanone 110-43-0 114.1Bxp 1 ? 4 223 116 0.69 1.01+0.34
2-methyl-3-hexanone 7379-12-6  114.FXp 0 8 1.44 0.77 0.47 0.670.23
di-isopropyl ketone 565-80-0 114.18xp 1 0 8 123 0.67 040 0.58+0.21
c7 ketones 114.19M 0 8 223 116 0.69 1.01+0.34
5-methyl-2-hexanone 110-12-3 114.00P 1 0 8 228 119 0.76 1.06%0.33
3-methyl-2-hexanone 2550-21-2 114.BXp 0 8 243 125 0.77 1.10+0.37
c8 cyclic ketones 126.20.M 0 8 0.97 056 0.33 0.47+0.17
2-octanone 111-13-7 1282Exp 1 0 8 1.29 0.73 0.39 0.60+0.23
c8 ketones 128.21M 0 8 129 0.73 0.39 0.60+0.23
c9 cyclic ketones 140.22.M 0 8 0.87 0.50 0.30 0.43#0.15
2-propyl cyclohexanone  94-65-5 140.220jP 0 8 1.40 0.76 0.38 0.62+0.27
4-propyl cyclohexanone  40649-36-3 140.EXp 0 8 1.72 089 0.49 0.75%0.29
2-nonanone 821-55-6 142.2Bxp 1 0 8 098 057 0.27 0.44+0.19
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Table C-1 (continued)

MWt

Description CAS [a] Rep

Reactivity (gm £ gm VOC)

k aExpt Bias Unc MIR MOIR EBIR Base

di-isobutyl ketone (2,6- 108-83-8 142.24Exp
dimethyl-4-heptanone)

c9 ketones 142.24 M

camphor 76-22-2 152.2Fxp
¢10 cyclic ketones 154.28 M

2-decanone 693-54-9 156.2%djP
c10 ketones 156.21M

2,6,8-trimethyl-4- 123-18-2 184.32Exp
nonanone; isobutyl heptyl

ketone

biacetyl 431-03-8 86.09Exp
methylvinyl ketone 78-94-4 70.09Exp
mesityl oxide (2-methyl-2-141-79-7 98.14 LM

penten-4-one)

isophorone {3,5,5- 78-59-1 138.21LM

trimethyl-2-

cyclohexenone}

1-nonene-4-one 61168-10-3 140.EXp

hydroxy acetone 116-09-6 74.0&xp
dihydroxyacetone 96-26-4 90.0&xp
methoxy acetone 5878-19-3  88.1Exp
diacetone alcohol 123-42-2 116.1B6xp
phenol 108-95-2 94.11LM
c7 alkyl phenols 1319-77-3 108.14M
m-cresol 108-39-4 108.14.M
p-cresol 106-44-5 108.14.M
o-cresol 95-48-7 108.14Exp
4-vinylphenol 2628-17-3 120.13 M
2,4-dimethyl phenol 105-67-9 122.16M
2,5-dimethyl phenol 122.16.M
3,4-dimethyl phenol 95-65-8 122.16M
2,3-dimethyl phenol 526-75-0 122.16M
2,6-dimethyl phenol 576-26-1 122.16M
c8 alkyl phenols 122.16LM
methylparaben (4- 99-76-3 152.15LM

hydroxybenzoic acid,

methyl ester)

2,3,5-trimethyl phenol 697-82-5 136.18M
2,3,6-trimethyl phenol 2416-94-6 136.1BM
c9 alkyl phenols 136.19.M
¢10 alkyl phenols 150.22.M
propylparaben 94-13-3 180.2aM
c11 alkyl phenols 164.24M
c12 alkyl phenols 178.2M
2,6-ditert-butyl-p-cresol  128-37-0 220.38.M

benzyl alcohol 100-51-6 108.1&xp 1
methoxybenzene; anisole 100-66-3 108.E4p 1

beta-phenethyl alcohol 98-85-1 122.16v
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1.56

20.10

9.56
6.46

4.58

3.00
3.21
3.72
1.96
0.56
2.75
2.40
2.40
2.40
2.40
1.44
2.12
2.12
2.12
2.12
2.12
2.12
1.70

1.90
1.90
1.90
1.73
1.44
1.58
1.45
1.18
5.08
6.61
4.49

1.15

0.57
0.26
0.46
0.48
0.48
0.75

6.46
3.68
2.39

1.70

1.24
1.20
1.43
0.95
0.30
0.163
0.142
0.142
0.142
0.142
0.161
0.125
0.125
0.125
0.125
0.125
0.125
0.101

0.113
0.113
0.113
0.102
0.085
0.094
0.086
0.070
1.77
2.25
1.57

0.68 1.03+0.37

0.27 0.44+0.19
0.0890.184+0.112
0.27 0.39#0.14
0.187 0.35+0.19
0.187 0.35+0.19
0.39 0.63+0.26

3.68 6.31+3.15
2.24 3.47%1.35
141 2.26+0.92

1.00 1.60+0.65

0.71 1.12+0.43
0.66 1.11+0.49
0.80 1.32+0.57
0.63 0.88+0.25
0.184 0.26+0.09
-0.89 -.057+0.876
-0.78 -.050+0.762
-0.78 -.050£0.762
-0.78 -.05040.762
-0.78 -.050+0.762
-0.41 -.007+0.452
-0.69 -.044+0.675
-0.69 -.044+0.675
-0.69 -.044+0.675
-0.69 -.044+0.675
-0.69 -.044+0.675
-0.69 -.044+0.675
-0.55 -.036%0.542

-0.62 -.039+0.606
-0.62 -.039+0.606
-0.62 -.039+0.606
-0.56 -.036+0.549
-0.47 -.030+0.458
-0.51 -.033%0.502
-0.47 -.030£0.463
-0.38 -.024+0.374

0.85 1.62+0.82

1.04 2.05+1.09

0.76  1.44+0.73



Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
2-phenoxyethanol; ethylei122-99-6 138.16Exp 0 8 443 164 0.85 1.50+0.69
glycol phenyl ether
phthalic anhydride 85-44-9 148.1Exp 0 8 253 0.92 041 0.81+0.44
cinnamic alcohol 104-54-1 134.18M -1 10 0.83 0.099 -0.29 -.031+0.270
1-phenoxy-2-propanol 770-35-4 152.19M 0 8 155 0.63 0.28 0.54+0.27
anethol 104-46-1 148.20.M 0 11 0.75 0.090 -0.26 -.028+0.245
1,2-diacetyl benzene 704-00-7 162.Exp 1 0 8 220 0.80 0.34 0.70+0.39
diethyl phthalate 84-66-2 222 2E&EXp 0 8 158 059 0.26 0.52+0.27
2-ethylhexyl benzoate 5444-75-7 234.FXp 0 10 092 0.42 0.176 0.34+0.17
Di n-butyl phthalate 84-74-2 278.3&xp 0 8 1.21 048 0.22 0.4240.20
nitrobenzene 98-95-3 123.1Exp 1 0 8 0.054 0.007 -0.0130.002+0.016
m-nitrotoluene 99-08-1 137.1&xp 1 0 8 0.49 0.165 0.035 0.130+0.102
para toluene isocyanate 622-58-2 133E%p 1 2 0 5 1.04 -0.077-0.52 -.167+0.377
2,4-toluene diisocyanate  584-84-9 1748p 1 2 0 5 -0.084 -054 -0.82 -0.61+0.24
2,6-toluene diisocyanate  91-08-7 174.16/ 4 0 5 -0.084 -054 -0.82 -0.61%0.24
toluene diisocyanate 26471-62-5 174.16LM 0 5 -0.084 -0.54 -0.82 -0.61+0.24
(mixed isomers)
methylene diphenylene 101-68-8 250.25Exp 0 8 0.88 0.020 -0.31 -.044+0.273
diisocyanate
methylamine 74-89-5 31.06Exp 1 + 13,n 725 4.04 260 3.57£1.10
dimethyl amine 124-40-3 45.08Exp 1 + 1%x,n 265 1.84 1.33 1.61+0.57
ethyl amine 75-04-7 45.08Exp 1 + 13,n 545 297 191 2.63+0.81
trimethyl amine 75-50-3 59.11Exp 1 + 1%x,n 527 275 1.81 2.48+0.75
isopropylamine 75-31-0 59.11Exp 4a + 1a,n 6.97 326 2.06 2.97+0.97
t-butyl amine 75-64-9 73.14Exp 1 4a - 12 -3.26 -1.06 -0.44 -0.99+0.70
triethyl amine 121-44-8 101.1%Exp + 1&H,n 3.07 148 0.91 1.31+0.45
triethylene diamine 280-57-9 112.1ZM + 13a,n 2.77 1.33 0.82 1.18+0.40
ethanolamine 141-43-5 61.0&xp 3a + 1a,n 659 299 185 2.72+0.93
dimethylaminoethanol 108-01-0 89.1&xp 1 + 1&,n 515 221 140 2.05+0.70
2-amino-1-butanol 96-20-8 89.1%&xp + 1&H,n 479 214 131 1.95+0.67
2-amino-2-methyl-1- 124-68-5 89.14 Exp 3a - 1a -2.68 -0.80 -0.30 -0.76+0.62
propanol
diethanol amine 111-42-2 105.1Exp + 1%x,n 222 1.08 0.70 0.98+0.32
triethanolamine 102-71-6 149.1€xp + 1x,n 3.25 137 0.81 1.25+0.46
triisopropanolamine 122-20-3 191.2¢xp + 1&x,n 199 096 0.60 0.86+0.29
methyl nitrite 624-91-9 61.04Exp 1 0 6 10.94 476 4.20 5.05%1.35
acrylonitrile 107-13-1 53.06Exp 1 0 10 218 1.09 0.73 1.01+0.29
1-nitropropane 108-03-2 89.0%Exp 0 8 0.20 0.147 0.108 0.131+0.029
ethyl methyl ketone oxime 96-29-7 87.1Exp 0 10 155 1.32 145 1.40+0.30
n-methyl-2-pyrrolidone 872-50-4 99.1Fxp 1 2 0 2 228 116 0.68 1.01+0.35
lauryl pyrrolidone 2687-96-9 253.42M 0 11 0.89 0.45 0.27 0.40+0.14
methyl chloride 74-87-3 50.49Exp 1 0 10 0.037 0.020 0.013 0.018+0.005
dichloromethane 75-09-2 84.9Fxp 1 0 10 0.038 0.026 0.018 0.023+0.006
methyl bromide 74-83-9 94.94Exp 1 0 10 0.018 0.010 0.006 0.009+0.003
chloroform 67-66-3 119.38Exp 1 0 10 0.020 0.014 0.010 0.012+0.003
carbon tetrachloride 56-23-5 153.82M 0 1 0 0 0 0
methylene bromide 74-95-3 173.8BM 0 1 0 0 0 0
ethyl chloride 75-00-3 64.51Exp 1 0 10 0.27 0.168 0.111 0.147+0.044
1,1-dichloroethane 75-34-3 98.9&xp 1 0 10 0.065 0.043 0.030 0.038+0.009
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
1,2-dichloroethane 107-06-2 98.9&Exp 1 0 10 0.21 0.099 0.058 0.088+0.032
ethyl bromide 74-96-4 108.9Exp 1 0 20 0.121 0.075 0.050 0.066+0.020
1,1,1-trichloroethane 71-55-6 133.4Bxp 1 0 10 0.005 0.003 0.002 0.003+0.001
1,1,2-trichloroethane 79-00-5 133.4Bxp 1 0 10 0.082 0.043 0.026 0.038+0.012
1,2-dibromoethane 106-93-4 187.8xp 1 0 20 0.098 0.047 0.028 0.042+0.015
1,2-dichloropropane 78-87-5 112.98xp 0 10 0.28 0.136 0.082 0.121+0.042
n-propyl bromide 106-94-5 1229€xp 1 2x -+2 2&¢ 0.40 0.22 0.1350.19040.061
1-chlorobutane 109-69-3 92.5FExp 0 10 1.04 0.59 0.37 0.52+0.16
n-butyl bromide 109-65-9 137.0Exp 1 2x -+2 200 0.78 0.44 0.28 0.38+0.12
3-(chloromethyl)-heptane 123-04-6 148.6M 0 10 0.86 0.53 0.27 0.42+0.17
vinyl chloride 75-01-4 62.50Exp 1 0 10 271 142 0.95 1.29+0.37
1,1-dichloroethene 75-35-4 96.9£€Xxp 0 10 276 122 082 1.13+0.36
trans-1,2-dichloroethene  156-60-5 96.9%8xp 1 0 10 166 0.75 0.44 0.67+0.25
cis-1,2-dichloroethene 96.94LM 0 10 166 0.75 0.44 0.67+0.25
trichloroethylene 79-01-6 131.3xp 1 2x +2 20 0.61 0.33 0.212 0.29+0.09
perchloroethylene 127-18-4 165.88xp 1 0 10 0.029 0.020 0.013 0.017+0.005
3-chloropropene 76.52Exp 0 10 12.20 4.04 2.20 3.84+1.89
trans-1,3-dichloropropene 10061-02-6 110.8%kp 1 2m O 3 500 183 1.03 1.71+0.76
cis-1,3-dichloropropene 10061-01-5 110.%%p 1 2m O 3 3.66 144 0.83 1.33+0.55
1,3-dichloropropene 11097 LM 1 2 0 2 425 161 0.92 1.49+0.64
mixture
2-(cl-methyl)-3-cl-propenel871-57-4 12500Exp 1 4 - 20 6.75 230 1.30 2.18+1.01
monochlorobenzene 108-90-7 112.%p 1 0 8 0.31 0.045-0.0680.017+0.091
p-dichlorobenzene 106-46-7 147.00xp 0 10 0.171 0.025 -0.0390.009+0.051
o-dichlorobenzene 95-50-1 147.00M 0 8 0.171 0.025 -0.039 0.009+0.051
hexafluorobenzene 392-56-3 186.xp 1 0 8 0.045 0.006 -0.0110.002+0.014
2-chlorotoluene 95-49-8 126.58M 1 8 286 100 040 0.88+0.51
benzotrifluoride 98-08-8 146.1Exp 1 0 8 0.29 0.109 0.042 0.092+0.053
p-trifluoromethyl-cl- 98-56-6 180.55Exp 1 0 8 0.122 0.047 0.018 0.039+0.023
benzene
methyl nonafluorobutyl 163702-07-6234.06 Exp 0 8 0.051 0.041 0.030 0.036+0.008
ether
methyl nonafluoroisobutyl163702-08-7234.06 LM 0 8 0.051 0.041 0.030 0.036+0.008
ether
ethyl nonafluorobutyl ethet63702-05-4264.09 Exp + 8 0.190 0.124 0.084 0.108+0.026
ethyl nonafluoroisobutyl 163702-06-5264.09 LM + 8 0.190 0.124 0.084 0.108+0.026
ether
chloroacetaldehyde 107-20-0 78.58xp 1 0 7 1244 372 185 3.58+2.05
chloropicrin 76-06-2 164.38Exp 1 2 0 1 187 1.08 116 1.18+0.19
hexamethyldisiloxane 107-46-0 162.38Bxp 1 3 0 5 -0.030 0.020 0.032 0.020+0.020
hydroxymethyldisiloxane 164.3%Fxp 1 3 0 5 -0.137-0.019 0.015 -.015+0.043
d4 cyclosiloxane 556-67-2 296.6Exp 1 3 0 5 -0.059-0.014 0.001 -.011+0.016
d5 cyclosiloxane 541-02-6 370.7Exp 1 4 0 5 -0.070-0.016 0.001 -.014+0.019
carbon disulfide 75-15-0 76.14Exp 1 2 0 2 0.23 0.159 0.125 0.147+0.026
methyl isothiocyanate 556-61-6 73.1Exp 1 2 0 2 031 0.21 0.186 0.20+0.03
dimethyl sulfoxide 67-68-5 7813Exp 1 2 -20 4 6.63 247 154 2.37+0.97
molinate 187.30Exp 0 7 143 0.70 0.43 0.62+0.21
eptc (s-ethyl 759-94-4 189.32Exp 1 2 0 2 157 0.82 0.50 0.72+0.24

dipropylthiocarbamate)
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
pebulate 203.34Exp 0 7 158 0.79 0.46 0.69+0.25
thiobencarb 257.78EXp 0 8 0.64 0.27 0.100 0.21+0.12
methyl iodide 74-88-4 141.9%&xp 0 3 -052 -202 -2.65 -2.11+0.68
Base ROG Mixture 14.44Mix 0 7 356 146 0.81 1.32+0.53
Final LEV -- RFA 14.03 Mix 0 7 348 143 0.77 1.28+0.54
TLEV Exhaust -- RFA 14.04 Mix 0 7 395 158 0.86 1.43+0.61
TLEV Exhaust -- Phase 2 14.1Mix 0 7 391 158 0.87 1.43+0.60
Final LEV -- Phase 2 14.22Mix 0 7 3.39 140 0.77 1.26%0.52
TLEV Exhaust -- LPG 14.86 Mix 0 7 2.02 0.89 0.55 0.82+0.28
TLEV Exhaust -- CNG 15.22 Mix 0 7 0.71 0.34 0.22 0.31+0.10
TLEV Exhaust -- E-85 20.74Mix 0 7 248 118 0.75 1.08+0.35
TLEV Exhaust -- M-85 27.45 Mix 0 7 156 0.62 0.35 0.57+0.24
Composite mineral spirit 14.06 Mix 0 7 1.75 080 0.36 0.66+0.31
(naphthas or lactol spirits)

(CARB Profile ID 802)

Safety-Kleen Mineral 14.08 Mix 2 0+ 7 1.09 0.57 0.23 0.44+0.22
Spirits "A" (Type I-B, 91%

Alkanes)

Safety-Kleen Mineral 14.10 Mix 2 0+ 7 0.62 0.38 0.127 0.27+0.17
Spirits "B" (Type 1I-C)

Safety-Kleen Mineral 14.11 Mix 2 0+ 7 0.62 0.39 0.126 0.27+0.17
Spirits "C" (Type 1I-C)

Exxon Exxol(r) D95 Fluid 14.11 Mix 2 0 7 0.53 0.33 0.104 0.23%0.15
Safety-Kleen Mineral 14.12 Mix 2 0+ 7 0.62 0.39 0.127 0.27+0.17
Spirits "D" (Type 1I-C)

Exxon Isopar(r) M Fluid 14.15Mix 2 0 7 0.51 0.33 0.099 0.22+0.15
Thinning Solvent/Mineral 14.40 Mix 0 7 1.79 0.85 0.41 0.71+0.30
Spirits (Cal Poly Slo. 1996)

Aromatic 100 13.36 Mix 2 0 7 755 262 134 2.43£1.19
Kerosene 13.94 Mix 2 0 7 1.45 0.67 0.29 0.54+0.26
Regular mineral spirits 13.97Mix 2 0 7 1.73 0.78 0.34 0.64%0.30
Reduced Aromatics 14.05 Mix 2 0 7 1.06 056 0.22 0.43+0.22
Mineral Spirits

Dearomatized Alkanes, 14.09 Mix 2 0 7 0.77 0.46 0.172 0.34+0.19
mixed, predominately C10-

Ci12

VMP Naphtha 14.16 Mix 2 0 7 110 0.64 0.29 0.50£0.23
Synthetic isoparaffinic 14.20 Mix 2 0 7 0.66 0.41 0.139 0.2940.17
alkane mixture,

predominately C10-C12

ASTM-3C1 "Highly 14.20 Mix 0 7 1.00 059 0.26 0.45+0.21
Branched" rep'n

Oxo-Tridecyl Acetate 16.19Mix 0 7 0.52 0.31 0.106 0.22+0.14
Oxo-Dodecyl Acetate 16.30Mix 0 7 0.56 0.33 0.114 0.2440.14
Oxo-Decyl Acetate 16.71Mix 2 0 7 0.64 0.39 0.151 0.29+0.15
Oxo-Nonyl Acetate 16.89 Mix 0 7 0.67 0.40 0.159 0.3040.16
Oxo0-Octyl Acetate 17.23Mix 0 7 0.76 0.46 0.20 0.35+0.16
Oxo-Heptyl Acetate 17.58Mix 0 7 0.79 0.47 0.23 0.37+£0.16
Oxo-Hexyl Acetate 18.02 Mix 0 7 0.83 0.51 0.27 0.41+0.16
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Table C-1 (continued)

- MWt Codes [b] Reactivity (gm £ gm VOC)
Description CAS [ Rep kaExpt Bias Unc MIR MOIR EBIR  Base
Unspeciated C6 Alkanes 14.25 Mix 0 8 1.25 0.80 0.49 0.68+0.22
(n-, br-, and cyc-)

Unspeciated C7 Alkanes 14.22 Mix 0 8 1.26 0.77 0.41 0.62+0.23
(n-, br-, and cyc-)

Unspeciated C8 Aromatics 13.27 Mix 0 8 756 256 120 2.34+1.23
Unspeciated C8 Alkanes 14.19 Mix 0 8 1.16 0.70 0.34 0.55%0.23
(n-, br-, and cyc-)

Unspeciated C9 Aromatics 13.34 Mix 0 8 8.11 2.82 147 2.62+1.27
Unspeciated C9 Alkanes 14.18 Mix 0 8 0.96 057 0.24 0.43+0.21
(n-, br-, and cyc-)

Unspeciated C10 13.39 Mix 0 8 721 252 131 2.34+1.12
Aromatics

Unspeciated C10 Alkanes 14.16 Mix 0 8 0.79 0.48 0.186 0.35+0.19
(n-, br-, and cyc-)

Unspeciated C11 13.43 Mix 0 8 7.02 246 131 2.29+1.08
Aromatics

Unspeciated C11 Alkanes 14.15 Mix 0 8 0.64 0.40 0.131 0.28+0.17
(n-, br-, and cyc-)

Unspeciated C12 13.32 Mix 0 8 5,70 198 1.03 1.84+0.88
Aromatics

Unspeciated C12 Alkanes 14.14 Mix 0 8 0.59 0.37 0.118 0.26%0.16
(n-, br-, and cyc-)

Unspeciated C13 13.53 Mix 0 8 5,72 201 1.08 1.88+0.88
Aromatics

Unspeciated C13 Alkanes 14.13 Mix 0 8 0.53 0.34 0.106 0.23+0.15
(n-, br-, and cyc-)

Unspeciated C14 13.56 Mix 0 8 522 184 098 1.72+0.80
Aromatics

Unspeciated C14 Alkanes 14.12 Mix 0 8 0.50 0.32 0.100 0.22+0.15
(n-, br-, and cyc-)

Unspeciated C15 13.59 Mix 0 8 477 1.69 090 1.58+0.73
Aromatics

Unspeciated C15 Alkanes 14.12 Mix 0 8 0.47 0.30 0.097 0.21+0.14
(n-, br-, and cyc-)

Unspeciated C16 13.62 Mix 0 8 439 156 0.83 1.45+0.67
Aromatics

Unspeciated C16 Alkanes 14.11 Mix 0 8 0.43 0.28 0.0870.190+0.131

(n-, br-, and cyc-)

[a] Molecular weights for complex mixtures (base R@ixture and mixtures listed below it) are givenaoper

carbon basis.

[b] Codes used in this tabulation are as follows:
"Rep" ... Codes for method used to represent the W(xie mechanism

Exp

See Carter (2007a) or Table A-1 for the mechanism.

AdjP

An explicit mechanism assignment has been rfadéis compound or model species.

An explicit mechanism assignment has been madhis compound and the adjusted

product version of the mechanism has been used wdleulating its atmospheric
reactivity values. The adjusted product mechanggiven in Carter et al (2007a).
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Table C-1 (continued)

LM  This compound is represented using the "Lumpedeldule” method. See Carter et al
(2007a) or Table A-2.

Mix  This is represented by a complex mixture ofadlett model species. The compositions of
these mixtures are given in Carter et al (2007a).

"k a" ... Codesindicatingof measurement data for the reaction rate corsstant

1 The OH radical rate constant has been measueedC8&rter (2007a) or Table A-1 for the
rate constant and reference citation. If the comgada consumed primarily by
photolysis, this code means that absorption cresion and quantum yield are available
and given by Carter (2007a).

blank The OH radical rate constant or (if primaplyotoreactive) the photolysis rate
parameters had to be estimated. See Carter (26ff7d)cumentation of the estimation
method used.

"Expt" ... Environmental Chamber Data Availability @s (if blank, no suitable evaluation data arelakg).

1 Extensive evaluation data for a variety of cands.

2 Sufficient data available. At least 2 and oftely®s of evaluation experiments to test
data under different conditions.

3 Limited evaluation data; usually representing seieof conditions, or some
inconsistencies in evaluation results.

3a Evaluation data exist for 2 or more sets of @@, but uncertainties exist concerning
amount of compound available to react in the gas@hSee Carter and Warren (2007).

4 Data from only a single experiment is availabdsults from different experiments gave
inconsistent results, or problems exist with theada

4da Data from only a single experiment is availabie] uncertainties exist concerning the
amount of compound available for reaction in the glaase. See Carter and Warren
(2007).

m This compound was studied in a mixture with ttieebisomer. Since the reactivities of
the two isomers are different, the uncertaintysifastion has been increased over that
of the mixture that was studied.

X No attempt was made to improve the mechanisnopaence to fit the available data.

"Bias" ... Probable reactivity prediction bias codiéblank, this compound has not been rated)
Chamber data available No chamber data available

0 No apparent bias Direction of bias is unknown
+ Some indication of positive bias  Positive biaasidered to be more likely than not

- Some indication of negative bias Negative biamissidered to be more likely than
not

+2  Bias found to be relatively large  Bias may be reddy large

x,x  If two codes given, the first indicates obselhee probable bias for predictions of rates of
NO oxidation and @formation, which is important in affecting MIR m#vity, and the
second indicates observed or probable bias folN@y conditions. E.g. "0,+" if chamber
data available indicates that the model simula&égisrof NO oxidation ands@ormation
but overpredicted final yields in NQ-limited experiments.

? There is some inconsistency in the data conggthis bias indication (or lack thereof),
or the bias is unknown but may be large.
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Table C-1 (continued)

a

The reactivity predictions and representatiothéxmechanism is based on the
assumption that this compound is completely avkl&dr reaction in the gas phase. This
is likely not to be the case for this compound. §the reactivity estimate may be high
for compounds that have positivg ithpacts and low for compounds that are calculated
to be inhibitors.

"Unc" ... Uncertainty codes (if blank, this compoumak not been rated)
The following codes are used when experimental dagavailable to evaluate the reactivity
predictions of the mechanism and the mechanism(@rasould have been) adjusted to fit the data
as appropriate to improve the fits.

1

The mechanism appears to be reasonably welllisstadh or at least its predictions
appear to be are reasonably well evaluated. Thds dot rule out possible changes in
reactivity values if the base mechanism, scenanlitions, or reactivity metrics are
changed. Also used for compounds known or expeotbe inert or to have upper limit
reactivities much less than methane.

The mechanism has been evaluated at least toescerdt, rate constant data are
available for its major reactions, and is not cdesed to have large uncertainties. If a
likely bias is indicated it is probably not large.

The mechanism has been evaluated at least toescter® and rate constant data are
available for its major reactions, but the mechartigas some uncertainties or apparent
inconsistencies with available laboratory datahere are some uncertainties in the
evaluation data. If a likely bias is indicatedsitgrobably not large.

The mechanism has been evaluated at least toeder and rate constant data are
available for its major reactions, but the mechartigss some uncertainties, apparent
inconsistencies with available laboratory datatekiat may be significant, or the
available evaluation database is limited or hableros. If a likely bias ot1 is indicated
it is probably not large.

A highly parameterized mechanism has been adjtsteimulate chamber data. The
appropriateness of the parameterization, and ilisyaio extrapolate to ambient
conditions, is uncertain.

The following codes are used for compounds for Wino experimental data exist to evaluate
reactivity predictions of the mechanism, or wheretsdata, if any, were not taken into account
when developing the mechanism.

6

The mechanism has not been evaluated but atfeashportant reaction rate(s) have
been measured and the methods used to estimatestthenism have been found to
generally perform reasonably well for compounds netevaluation data are available, or
the mechanisms are not expected to be highly comifla likely bias is indicated it is
based on evaluation results for similar compounds.

The mechanism has not been evaluated and théoreeates had to be estimated, but the
methods used to estimate the rate constant(s) antanism have been found to
generally perform reasonably well for compounds netevaluation data are available. If
a likely bias is indicated it is based on evaluatiesults for similar compounds. This
code is also used for lumped molecule or mixtupeggentations that are considered to
be reasonably appropriate.

The estimated mechanism and/or relevant ratdamatis) or photolysis rates have some
uncertainties, but mechanisms based on similangstsons have been found to perform
satisfactorily for related compounds, or the me&ran are not expected to be highly
complex. The applicability of these assumptionthte compound, or the extrapolation
of mechanisms for smaller compounds to one ofdizis, has some uncertainty. This
code is also used for lumped molecule representatidose appropriateness has some
uncertainty.
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Table C-1 (continued)

The uncertainty codes below mean that use of thetikéty values in regulatory applications is
problematical.

10

11

12

13

20

The estimated mechanism is sufficiently unceraat it needs to be evaluated. This
code is also used for lumped molecule representatitose appropriateness is
considered to be highly uncertain. However, theaspntation employed is the current
best estimate, and the direction of the bias isiank.

The estimated mechanism is extremely uncettainit needs to be evaluated. This code
is also used for lumped molecule representatiorsselappropriateness is questionable,
but no better alternative exists, and the biassofgithe representation is unknown.
However, the representation employed is the cubyest estimate, and the direction of
the bias is unknown.

An estimated mechanism for the gas-phase reachio this compound has been
developed and has been evaluated at least quaditatigainst available chamber data,
but its estimated atmospheric ozone impact is fightertain because the amount of
emitted compound available for reaction in the ghase is unknown. One important
issue is that this compound may be removed by pasereaction with HNQwhose
presence depends on ambient conditions and mayenappropriately represented in the
scenarios used for reactivity assessment. For soeipounds two reactivity values are
given, and "upper limit magnitude" reactivity valo@sed on assuming that all the
emitted VOC is available for gas-phase reactionthatreaction with HN@is

negligible (as may be applicable if the HNformed in gas-phase reactions is removed
from the gas phase by other means) and one alsmagsthat all the emitted VOC is
available for gas-phase reaction except that theticn with gas-phase HNGs fast and
there is no other sink for HN@ormed in the gas-phase reactions.

Same as code 12 except that no chamber dataaitable to test the estimated gas-phase
mechanism.

The representation or estimated mechanism ssahsidered to be biased, and the

direction of the likely bias is indicted by the dieode. Best estimate mechanisms have
not been developed.

Additional codes used where applicable

S

Portions of the mechanism are unknown or hightedtain and simplified or
parameterized representation has been adjustestén Ipart to fit available data for this
or relate compounds. This is used primarily forylidkenzenes.

Portions of this mechanism appear to be incasrsistith available laboratory data. This
is used primarily for the 1-alkenes, where radjgalds in G reactions have to be
reduced to simulate chamber data.

The mechanism is unknown and a parameterized anesh adjusted to fit the data for
this or related compounds employed.

This uncertainty code is only applicable for mmgs whose composition has been
analyzed using state-of-the-science methods. Rafieffects of compositional
uncertainties is beyond the scope of the projadt gbe discussion in Carter and Malkina
(2005) for hydrocarbon mixtures).

The reactivity predictions may be more sensitinan usual to changes in the base
mechanism or scenario conditions.

Chamber data for this or related compounds stglgasthe mechanism may overpredict
ozone under conditions where NS limited. This should affect MIR values but will
lead to too high reactivities in lower N®cenarios.

102



Table C-1 (continued)

a

This compound may react with HN@ form a non-volatile salt, which may reduce the
availability for this compound to react in the gdsase. The importance of this process
under atmospheric conditions is uncertain becaa)sthé salt may revolatilize to the gas-
phase species and the equilibrium constant is umkn(b) the sources and other sinks
for HNO; may vary significantly from scenario to scenama dave not been established
for the reactivity assessment scenarios, and @hihonia or other amines are present
they may compete for the HN@nd reduce the importance of this process fordimme,
and the importance of these processes have notdséanlished for the reactivity
scenarios. In order to derive an upper limit oziomgact estimate, the reactivities of
these compounds have been calculated assumingethaval by reaction with HNgs
uncertain. If this process is important, the magtétof the actual ozone impact may be
an order of magnitude or more low. Therefore, #imitated reactivity values are upper
limits for positively reactive compounds, and lovietits for ozone inhibitors.

This may appropriately be considered to be areufimit estimate in the ozone impact
of this compound.

This may appropriately be considered to be greupmit estimate in the amount of
ozone inhibition caused by this compound. The ufip@t reactivity is zero.
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