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DEVELOPMENT OF A SURROGATE KINETIC MECHANISM
FOR PHOTOCHEMICAL SMOG

INTRODUCTION

There currently exist several reaction mechanisms that describe the
organic chemistry of the urban atmosphere, and, at the same time, maintain
a balance between chemical detail and mechanism length (1-6). These reac-
tion mechanisms can be classified into two general categories, surrogate
mechanisms and lumped mechanisms. In surrogate mechanisms the organic
species in a particular class are represented by one or more members of
that class, while in lumped mechanisms a generalized species is used to
represent compounds of similar structure or reactivity. In general, Tumped
reaction mechanisms contain fewer non-steady-state species, making them
more attractive from a computational point of view. An example of a general-
jzed species lumped mechanism is the mechanism of Falls and Seinfeld (1),
hereafter called the Caltech mechanism.

Theée condensed kinetic mechanisms are used in urban air quality
models to determine how changes in emission levels will affect ambient air
quality. Although each of the existing kinetic mechanisms for photochemi-
cal smog has been evaluated using the same body of experimental data, sev-
eral investigators have shown that different mechanisms predict substan-
tially different degrees of emission controls to achieve the same desired
air quality under identical conditions (7-9). In a recent study, Leone
and Seinfeld (10,11) have identified many of the reasons for these discrep-
ancies in predictions. In that study, two major problems found with the

Caltech mechanism are an inadequate treatment of atmospheric aromatic




ﬁhemistry, and the use of.out-of-date rate constants and photolysis rates
(particularly out-of-date aldehyde photolysis rates). When modifications
were made to these reactions, the predictions of the Caltech mechanism

were found to be in much closer agreement with those of a detailed explicit
reaction mechanism for photochemical smog (10,11). Unfortunately, it is
not possible to make use of this modified Caltech mechanism until a com-
plete re-analysis of the entire mechanism with respect to experimental
data has been performed.

The goal of this work is to de9e1op a new condensed chemical reaction
mechanism for photochemical smog that can replace the Caltech mechanism in
the Caltech urban airshed model. Since condensed reaction mechanisms either
lumped or surrogate, are derived from detailed, explicit chemistry, an
effective approach to form a condensed mechanism for photochemical smog is
by using surrogate species to eliminate or condense many of the least im-
portant species and reactions contained in the explicit mechanisms. This
approach leads to the class of condensed mechanisms referred to as surrogate
mechanisms which, because of their very nature, are easier to modify than
Tumped mechanisms when new experimental kinetic and mechanistic information
become available. As noted earlier, the disadvantage of surrogate mechan-
isms in the past has been the large number of species that they contained.
However, the recent work of Leone and Seinfeld (10,11) provides evidence
that many of the species contained in surrogate mechanisms are not impor-
tant from an ozone production point of view. That work also presents a
counter species method of evaluating the contribution of individual spe-
cies to the overall ozone production predicted by the mechanism. With

this technique one can identify non-steady-state species that can be



eliminated with only minor effects on the predictiVe‘abi1ity of the mechan-
ism. Thus, it now appears possible to formulate a surrogate mechanism

for photochemical smog that is suitable for use in air quality simulation
models and could be easily updated when new kinetic or mechanistic data
become available.

The approach taken in this study is therefore to first formulate a de-
tailed explicit reaction mechanism for photochemical smog containing the
chemistry of the important atmospheric organics. The formation of this ex-
plicit mechanism is summarized in the next section. After éva1uating this
explicit mechanism using smog chamber data, a surrogate condensed mechanism
is formed by eliminating.many of the fast reacting and less important species
from the explicit mechanism. The resulting surrogate mechanism is similar
in structure to the mechanism of Atkinson et al. (2). Next, the predictions
of the explicit and surrogate condensed mechanisms are compared to deter-
mine if any significant loss of predictive ability has occurred. Follow-
ing this, the counter species analysis technique mentioned above is applied
to both the explicit and surrogate mechanisms to determine which additional
non-steady-state species can be safely eliminated from the surrogate mechan-
jsm. The final version of the surrogate mechanism is then extensively eval-
uated against a Variety of experimental data from both indoor and outdoor

smog chamber facilities.



Table 1. Organic Composition of Ambient Los Angeles Air (29)
and Smog Chamber Experiment SUR-119J (12).

Ambient Air SUR-1194J
Concentration Concentration
Compound Range (ppbv)
(ppbv)

Alkynes
acetylene 26-94 46.4

Alkanes
methane -
ethane 32-221 76.

8
propane 11-99 17.0
isobutane 10-33 0.2
0
6

n-butane 21-70 166.
isopentane 23-83 -
n-pentane 9-34 97.
2,3-dimethylbutane 2-8 -
2-methylpentane 8-28
3-methylpentane
n-hexane
2,2,3-trimethylbutane
2,4-dimethylpentane
2,3-dimethylpentane
3-methylhexane
2,2,4-trimethylpentane
n-heptane
2,5-dimethylhexane
2,3,4-trimethylpentane
3-methylheptane
2,2,5-trimethylhexane
n-octane

n-nonane

n-decane
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Cycloalkanes
methylcyclopentane
cyclohexane
dimethylcyclopentane
methylcyclohexane
dimethylcyclohexane
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Alkenes
ethylene 32-
propene 7-
1-pentene 1
2-methyl-1-pentene 0




Table 1. Organic Composition of Ambient Los Angeles Air (29)
- and Smog Chamber Experiment SUR-119J (12)'(Continued)

Ambient Air SUR-119J
Concentration Concentration
Compound Range (ppbv)
(ppbv)

Alkenes (Continued)
2-butene - 13.7
2-methyl-2-butene - 14.8

Aromatics
benzene 12-29 1.6
toluene 20-68 16.8
ethylbenzene - 3-12 6.4
m- and p-xylene 11-45 42.4
o-xylene 4-13 -
n-propylbenzene 1-3 0.1
p-ethyltoluene 4-12 -
o-ethyltoluene 1-3 -
1,3,5-trimethylbenzene 4-12 -
1,2,4-trimethylbenzene 4-12 -
1,2,3-trimethylbenzene 1-4 1.6
n-butylbenzene 0-2 -
isopropyl benzene - 0.4
m-ethyltoluene - 1.0

Carbonyls
formaldehyde 4-86 38.0
acetaldehyde 2-39 20.0
propionaldehyde - 3.2
propanal+acetone+acrolein 1-54 -
n-butanal 0-5 -
benzaldehyde 0-2 -




Alkanes: Aromatics:
propane toluene
n-butane m-xylene

2,3-dimethylbutane

Alkenes: | Carbonyls:
ethene formaldehyde
propene acetaldehyde
trans-2-butene propionaldehyde
acetone

Excluding methane, acetylene, and ethane, 529.8 ppb of initial organics

are present in SUR-119J. Of these, 503.7 ppb, or 95 percent is represented
by the 12 organics included in the explicit mechanism. In the case of am-
bient Los Angeles air, these 12 species account for 538 ppb, or 49 per cent
of the 1103 ppb of total reactive organics contained in the 50 major spe-
cies. Thus, we conclude that the explicit mechanism should provide a
reasonable description of the chemistry occurring in a typical urban atmo-
sphere. Since the reactions of species such as methane, ethane, acetylene,
etc., are not included, the explicit mechanism is not suitable for use under
clean tropospheric conditions.

The reactions and rate constants comprising the explicit mechanism
were taken almost exclusively from four sources. The inorganic reactions
were compiled using the recent reviews of Baulch et al. (13) and DeMore et
al. (14). The aromatic reactions were taken mostly from the recent stud-
_ies of Leone and Seinfeld (15) and Leone et al. (16), The vast majority of

———
This calculation is based on the maximum concentrations measured by
Grosjean and Fung (29).




the reactions and rate constants used in the explicit mechanism were taken
from the review of Atkinson and Lloyd (17).

Even though the explicit mechanism represents the state of current
understanding of atmospheric organic chemistry, there is still consider-
able uncertainty in many of the reactions and rate constants. In addition,
we have only included in the explicit mechanism the reactions of a small
number of the many organic species present in the typical urban troposphere.
For these reasons, it is necessary to evaluate the explicit mechanism
against experimental smog chamber data. The ability to model chamber data
does not in any way guarantee that a mechanism is correct, especially with
the uncertainty that exists in the magnitude of chamber radical sources.
However, it doés provide some evidence that the most important species and
reactions are accounted for in the reaction mechanism.

We have chosen to test the explicit mechanism using series of 11 hydro-
carbon-NOx experiments performed at SAPRC (EC-231, EC-232, EC-233, EC-235,
EC-237, EC-238, EC-241, EC-242, EC-243, EC-245, EC-246, and SUR-119J).
These are mu]tiple‘hydrocarbon-NOx experiments in which both the initial
hydrocarbon distribution and the [RHC]O/[NOXJ0 are varied. The initial
conditions for each of these experiments are given in Table A.2. The
chamber dependent reactions added to the explicit mechanism to adopt it
for modeling chamber experiments are (18,19):

03 wall loss: k = 1.65x10'3 m1'n'1

NO wall source: k = 1.Ox10'4 min'1

OH radical source: k = k; (0.39 + 1.37[N0,]) ppb-min™

6 1

heterogeneous HNO, formation: k = 4.4x10° ppm'1—min'



The results of simulating most of the .above experiments with the ex-
plicit mechanism are shown in the Appendix (Figures A.l through A.9). In
nearly eVery case there is good agreement between the predictions of the
explicit mechanism and the experimental data. In general, the 04 and PAN
peak heights are slightly over-predicted, while the NO2 peak height is pre-
dicted Very well. Both the timing of the NO2 and 03 peaks, and the hydro-
carbon decay rates are predicted very well, indicating that the radical
initiation and termination processes are represented adequately in the ex-
plicit mechanism. When examining the results in Figures A.1 through A.9,
one should keép in mind that the explicit mechanism contains no adjustable
parameters. Similarly, the chamber dependent terms are held constant and
not Véried as the initial conditions of the experiments change.

In summary, the explicit mechanism contains the reactions of the most
important organic species found in the typical polluted urban atmosphere.
Because there is considerable uncertainty in portions of this mechanism
(particularly in the aromatic chemistry), the explicit mechanism should
not be thought of as an exact description of atmospheric organic chemistry.
In spite of this shortcoming, the explicit mechanism represents the state
of the art in our understanding of atmospheric organic chemistry, and there-
fore provides a necessary starting point for the development of a surrogate

condensed mechanism and for assessing the performance of this surrogate

mechanism.
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DEVELOPMENT OF A FIRST GENERATION SURROGATE MECHANISM

The explicit mechanism shown in Table A.1 serves as the starting point
for the development of a new surrogate mechanism. The chemistry of each
class of species (inorganics, alkanes, alkenes, aromatics, and car-
bonyls) is simplified by combining reactions and eliminating fast react-
ing or unimportant species. This simplification process is similar to that
used by Atkinson et al. (2). The resulting méchanism, hereafter called
SURL, is shown in Table A.3. Many of the details regarding the formulation

of the SUR1 mechanism can be found in the footnotes to Table A.3.

Inorganic Reactions

The only changes from the inorganic reactions appearing in the explicit
mechanism are the elimination of O(®P), the combining of reactions 16-18

(2), and the elimination of reactions 21 and 22.

Alkene Reactions

The reactions of thfee alkenes are included in SUR1, ethene, propene,
and trans-2-butene. Ethene is treated separately because of its relatively
slow rate of reaction with both OH and 03(10,11,17). The reactions of pro-
pene and trans-2-butene are used to represent the chemistry of the terminal
and internal alkenes, respectively. By eliminating many of the free radi-
cal intermediates, the reactions of these three alkenes are reduced to

_ those shown in Table A.3, section B.

Aromatic Reactions

Three aromatic hydrocarbons are included in SUR1, benzene, toluene,
and xylene. Benzene is treated separately, while toluene represents the
mono-alkylbenzenes and xylene represents the higher alkylbenzenes. The

resulting reactions are shown in section C of Table A.3.
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Alkane Reactions

The alkane chemistry contained in SUR1 has been taken directly from
Atkinson et al. (2). Methane and ethane are neglected, while propane is
treated explicitly. The C4 and higher alkanes are represented by a lumped
aVerage alkane whose chemistry represents an average for the butanes, n-

and isopentanes, n-hexane, and n-heptane (2).

Carbonyl Reactions

Formaldehyde, acetaldehyde, acetone, and methylethylketone are treated
explicitly. Propionaldehyde is used to represent the C3 and higher alde-

hydes. The resulting reactions are listed in part E of Table A.3.
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QUANTITATIVE COMPARISON OF THE EXPLICIT AND SUR1 MECHANISMS

The SUR1 hechanism-shown in Tab]e A.3 is formulated in a straightfor-
ward manner from the explicit mechanism, and we therefore anticipate that
these two mechanisms would perform similarly. Unfortunately, the SUR1
mechanism is still too large for use in multidimensional grid models, since
it contains 31 non-steady-state species and 83 reactions. We could proceed
by eliminating additional species from SUR1, creating a more condensed me-
chanism (SUR2), whose performance could then be compared to that of the
explicit mechanism. However, if the predictions of the SUR2 and explicit
mechanisms did not agree, we would not know which portion of the species
elimination process was responsible for the error. Instead, we choose to
first evaluate the performance of the SUR1 mechanism to insure that it is
an adequate representation of the explicit mechanism. Included in this
evaluation is a counter species analysis of both the explicit and SUR1
mechanisms. The results of this counter species analysis will be very use-
ful in determining which species of the SUR1 mechanism can be eliminated
without significantly affecting the performance of the mechanism. This is
exactly the information that we would 1ike to possess before beginning our
formulation of a more condensed surrogate mechanism (SUR2).

Figures 1-4 illustrate how the explicit and SUR1 mechanisms compare
in their predictions of maximum 03, NOZ’ and PAN concentrations, and the
time of the ozone maximum. The same chamber-dependent terms (shown in
Tab]e A.6) were used with both reaction mechanisms to obtain these results.
_The initial conditions for these simulations correspond to the 10 multi-
hydrocarbon-NOx smog chamber experiments performed at SAPRC that were used

to evaluate the explicit mechanism (EC-231 through EC-246). One can see
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Figure 1. Comparison of peak 03 concentrations predicted by the explicit
and SUR1 mechanisms. Each point corresponds to one of the

SAPRC mu]ti-hydrocarbon-NOX experiments EC-231 through EC-246.
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Figure 3. Comparison of peak NO2 concentrations predicted by the explicit

and SUR1 mechanisms. Each point corresponds to one of the SAPRC

mu]ti—hydrocarbon--NOx experiments EC-231 through EC-246.
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Figure 4. Comparison of peak 03 times predicted by the explicit and SUR1
mechanisms. Each point corresponds to one of the SAPRC multi-

hydrocarbon-NOX experiments EC-231 through EC-246.
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that the’predictions of the SUR1 mechanism lie close to those of the
explicit mechanism. ,These results illustrate that the overall performance
of the SUR1 mechanism compares well with the explicit mechanism; however,
they tell us nothing of how the individual portions of the SUR1 mechanism
correspond to their counterparts in the explicit mechanism. In order to

~ gain this information we must use a counter species analysis.

The details of the counter species analysis technique are presented
elsewhere (10,20), and are therefore not discussed here. The information
provided by this analysis is the amount of NO to N02 conversions attribut-
able to each of the important species appearing in a reaction mechanism.
Since 03 production is related to the amount of NO being converted to N02,
this analysis proVides us with an indirect way of assessing the amount of
ozone production for which each of the initially present organics is re-
sponsible. By applying this analysis to both the explicit and SUR1 mechan-
isms, we can determine how well the simplified chemistry in SUR1 represents
the explicit chemistry found in the explicit mechanism.

Some typical results of the counter species analysis are shown in

Tab1e 2 and Figures 5-8. Figure 5 shows that the total amount of NO to

NO2 conversions predicted by the two mechanisms agree very well. This agree-

ment is expected, since we saw in Figure 1 that the two mechanisms predicted
similar peak ozone levels. Table 2 shows the detailed counter species re-
sults for the simulations of experiments EC-231, EC-233, and EC-242. The
results for the remaining seven simulations are very similar. Examination
of these results shows that each portion of the SUR1 mechanism represents
the NO to N02 conversion behavior of the explicit mechanism very well. In

particular, the NO to NO2 conversions attributable to the alkenes are very

Tt m T T
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Table 2. Comparison of Counter Species Results for the Explicit
and SUR1 Mechanisms Using Initial Conditions from SAPRC
Experiments EC-231, EC-233, and EC-242.
Experiment EC-231 EC-233 EC-242
" 'Mechanism’ Explicit SUR1 Explicit SUR1 Explicit SUR1
I) AROMATICS |
toluene abstraction 3 4 1 1 7 7
toluene addition 44 59 10 14 85 103
m-xylene+0H 155 149 44 42 358 320
methyl glyoxal+hy 65 57 20 16 139 117
methyl glyoxal+OH 8 7 2 2 13 7
glyoxal 1 0 0 0 1 0
benzaldehyde 0 0 0 0 0 0
o-cresol 1 j} 6 0 2 1 11
dimethyl phenol 3 1 5
pyruvic acid 0 0 0 0 0 0
2-butene-1,4-dial 3 1 6
4-ox0-2-pentenal 10 20 3 6 20 22
other y-dicarbonyls 14 4 29
TOTAL AROMATIC 202 212 55 57 450 430
II) ALKANES
propane+0H 0 0 0 0 0 0
butane-+0H 253 1 e 204 | o5 B 1 105
2,3-dimethylbutane+0H 378 293 88
butane+Q(3P) 0 - 0 - 0 -
2,3-dimethylbutane+0(3P) 2 - 0 - 0 -
TOTAL ALKANE 631 686 497 525 186 195
III) ALKENES
ethene+0H 544 554 117 116 807 803
ethene+03 169 162 24 21 267 244
propene+0H 87 85 41 39 75 72
propene+0, 43 45 17 18 38 41
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Table 2. Comparison of Counter Species Results for the Explicit
and SUR1 Mechanisms Using Initial Conditions from SAPRC
Experiments EC-231, EC-233, and EC-242 (Continued)

Experiment EC-231 EC-233 EC-242
Mechanism | " Explicit SURL ' Explicit SURL " Explicit SURL
III) ALKENES (cont)
butene+0H 41 40 18 17 71 66
butene+03 35 38 17 17 62 69
CH200 74 72 6 5 86 81
CH3éHoo 15 16 4 4 23 23
TOTAL ALKENE . 919 924 234 228 1320 - 1295
IV) CARBONYLS
initial HCHO 8 7 2 2 9 8
initial CH30H0 0 0 0 0 0 0
initial CZHSCHO 0 0 0 0 0 0
initial CH3C(0)CH3 0 0 0 0 0 0
created HCHO 235 267 51 59 328 343
created CH3CHO 49 48 28 25 44 27
created C2H50H0 0 4 0 4 0 1
created C3H7CHO 9 8 3
created CH3C(0)CH3 10 2 7 2 1 1
TOTAL ALDEHYDE 8 7 2 2 9 8
V) INITIAL CO 15 15 8 8 7 7

TOTAL 1775 1844 ~ 796 820 1972 1935
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Figure 5. Comparison of the total amount of NO toﬂNO2 conversions predicted

by the explicit and SUR1 mechanisms. Each point corresponds to one

of fhe SAPRC multi-hydrocarbon-NOX experiments EC-231 fhrough EC-246.
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Figure 6. Comparison of the counter species results for the alkanes between the
explicit and SUR1 mechanisms. Each point corresponds to one of the

SAPRC mu1t1‘—‘hydrocarbon-NOX experiments EC-231 through EC-246.
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similar for the two mechanisms. The’agreement for the aromatics and al-
kanes is not quite as close, but the amount of simplification in going from
the explicit to condensed treatments is much greater for these species.
Figures 6-8 show the counter species results for each of the 10 simulations
in an alternate form. Once again, we see that each portion of the surrogate
mechanism represents the explicit chemistry very well.

The above results are important because they show that the overall per-
formance of the SUR1 mechanism, as shown in Figures 1-4, is not fortuitous.
Accurate oVerall results can be obtained even if individual portions of the
surrogate mechanism contain inaccurate representations of the chemistry.

For example, an over-reactive surrogate treatment of alkane chemistry could
“be hidden by an under-reactive representation of aromatic chemistry. Such
compensating errors could cause serious problems when the mechanism is ap-
plied under a different set of conditions. The counter species results

show that this type of error is not occurring under the conditions in which

we haVe evaluated SUR1.
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DEVELQPMENT OF A SECOND GENERATION SURROGATE MECHANISM

The number of non-steady-state species contained in the SUR1 mechan-
ism must be reddﬁed if it is to be practical for use in multidimensional
urban air quality models. The results of the counter species analysis,
such as those shown in Table 2, provide the information needed to determine
which species can be safely eliminated. Examining these results shows that
acetone, methyl ethyl ketone, benzaldehyde, peroxybenzoyl nitrate, glyoxal,
pyruvic acid, propane*, propionaldehyde, and peroxypropionyl nitrate
(C2H5C03N02) can be eliminated with only minor effects on mechanism pre-
dictions. In addition, we can eliminate two species by lumping together

propene and butene, and toluene and xylene, as shown below.

Alkenes: Reactions 25 and 27 of the SUR1 mechanism become,
(25) OLE + OH - 0.95yHCHO + (1.8-0.85Y)CH3CH0
+ (0.9 + O.OSY)(HOZ- + N02) - NO
kps = 3.7x10% + 1.0x10%(1-y)

where,

[propene]0
Y= [propene] +Tbutene]

Reactions 26 and 28 of the SUR1 mechanism become,

(26) OLE + 05 = (1-0.5y)CH3CH0 + (0.4-0.27)CH3CH06 + (0.24+0.09y)CO
+ (0.29-0.09y)H02- + (0.19-0.09y)0H + (0.43-0.21y)CH302-
+ (0.05-0.03y)CH,0- + 0.2yCH200

ZY + 2.7x10'1(1-y)

ko = 1.6x10°

26

*Propane should not be eliminated in cases where Tong range transport
is being studied.
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Aromatics: Reactions 36 and 37 of the SUR1 mechanism become,

| CH
3 om
(34) ARO + OH - (0.25-0.058) [:i:] + (1-0.18)H0, -

(Tumped xylene)

+ (0.75-0.058) (N0, - NO + CH(0)CH=CHCHO) CH,00-
+ (0.68 + 0.028)CH3C(0)CH, * (0.08-0.088)(CHO), + 0.18 [:j:]
CH
3 oH
ARO + OH ~ (0.25-0.058) [:j::f + (1-0.18)HO,-

(m-xylene)

+ (0.75-0.056)(N02-N0 + CH(0)CH=CHCHO)
CHZOO-

+ (0.75-0.058)CH,C(0)CHO  + 0.18 [:t:]'

k34 = 9.4x1038 + 2.7x104(1-6) for Tumped xylene
3

gy = 9.4x10%8 + 3.4x10%(1-8)  for m-xylene

[to'luene]0

g = [to]uene]o+[xy1ene]o

Since the molar weighted average rate constants shown above are based on
initial conditions, they strictly apply only at the start of a simulation.
The use of these rate constants introduces some error into the mechanism;
however, tests indicate that the magnitude of these errors is small as long
as the species that are lumped together do not have large differences in
rate constants or concentrations (10). For this reason, we choose not to
Tump benzene together with toluene and xylene, i.e., benzene reacts at a

much slower rate in the atmosphere.
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The mechanism that results after the above changes are made .is shown
in Table A.4. This new mechanism, which we call SUR2; contains 58 reactions
and 20 non-steady-state species* and is therefore compact enough for use in
grid models of urban air pollution. A 1list of the non-steady-state species
appearing in SUR2 is shown in Table A.5. Since propionaldehyde is not
treated in the SUR2 mechanism, acetaldehyde now represents all >C2 aldehydes.
However, even though propane has been removed, the lumped group ALK still

represents >C4 alkanes.

QUANTITATIVE COMPARISON OF THE EXPLICIT AND SUR2 MECHANISMS

The performance of the SUR2 mechanism is compared to that of the ex-
plicit mechanism in Figures 9-16. Figures 9-11 compare the two mechanisms
in‘their predictions of 03, PAN, and NO2 maxima, while Figure 12 compares
the timing of the O3 peak. The initial conditions for these simulations
correspond once again to those of SAPRC experiments EC-231 through EC-246.
Examination of Figures 9-12 shows that the predictions of the SUR2 mechan-
ism are in good agreement with those of the explicit mechanism. In fact,
comparing Figures 9-12 with Figures 1-4 shows that the predictions of the
SUR2 mechanism actually differ only slightly from those of the SUR1 mech-
anism. This is not surprising since the counter species analysis showed
that the species that were eliminated from SUR1 were not important from
an ozone production point of view. |

The counter species results for the SURZ2 and explicit mechanisms are

compared in Figures 13-16. Once again the best agreement between the

*See the footnote to Table A.5.
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Figure 9. Comparison of peak 03 concentrations predicted by the explicit and
SUR2 mechanisms. Each point corresponds to one of the SAPRC multi-

hydfocarbon—NOx experiments EC-231 through EC-246.
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Figure 11. Comparison of peak NOx concentrations predicted by the explicit and
SURZ mechanisms. Each point corresponds to one of the SAPRC multi-

hydrocarbon-NOx experiments EC-231 through EC-246.
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Figure 15. Comparison of the counter species results for the alkenes between
the explicit and SUR2 mechanisms. Each point corresponds to one

- of the SAPRC mu1ti-hydrocarbon—N0x experiments EC-231 through

EC-246.
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between the explicit and SUR2 mechanisms. Each point corresponds
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through EC-246.
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+

surrogate and explicit mechanisms is obtained with the alkenes, but very
good agreement is also found for the alkanes and aromatics. This type of
agreement for each class of organic indicates that the SUR2 mechanism
represents the chemistry found in the explicit mechanism Very well.

Tests with the SUR2 mechanism indicate that one additional non-steady-
state species, o-cresol, can be eliminated with less than a five percent
effect on the predictions of the mechanism. This elimination would reduce
the number-of non-steady-state species from 20 to 19. However, with re-
cently developed solution techniques, the amount of CPU time required for
solution increases approximately linearly with the number of non-steady-
state species (21,22). Thus, it is no longer crucial that the number of
species be kept to an absolute minimum. With this in mind, we have decided

not to remove o-cresol from the SUR2 mechanism.

EVALUATION OF THE SUR2 MECHANISM

The first step in evaluating the SUR2 mechanism for use in urban air
quality models is to evaluate the performance of the mech-
anism against smog chamber data. In addition to testing the ozone forma-
tion aspect of the SUR2 mechanism, these evaluations will indicate how
well the mechanism can predict important characteristics such as organic
decay rates. In evaluating mechanisms with experimental data, it is very
important to make use of data from more than one smog chamber facility,
especially because of the different magnitudes of chamber specific radical
sources in different facilities. We have chosen therefore to model experi-
ments from two quite different smog chamber facilities, the evacuable

chamber at SAPRC, and the outdoor chamber at the UniVersity of North

e

o T -
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Carolina (UNC). The indoor chamber at SAPRC s relatiVé]y small (5.8m3),
makes use of artificial solar radiation, operates under conditions of con-
stant temperature and light intensity, and appears to supply a relatively
large source of free radicals to the chamber contents (18). In contrast,
the UNC chamber is very 1arge”(m10063,per side of a dual chamber), uses
natural sunlight, operates near ambient temperature, and apparently has a
considerably smaller wall radical source than the SAPRC chamber (27).

In order to adapt the SUR2 mechanism for modeling chamber experiments
it is necessary to add several reactions to the mechanism, which are summar-
ized in Table A.6. The SAPRC experiments we have chosen to model are once
again the 10 mu1t1‘—hydrocarbon-—N0x experiments EC-231 through EC-246. The
initial conditions and physical parameters for these experiments have been
given in Table A.2. Six experiments from the outdoor UNC chamber will
also be simulated. These experiments are also mu]ti-hydrocarbon-NOx runs
in which both the initial hydrocarbon distribution and the [RHC]O/[NOX]0
ratio are varied. The initial conditions for these six experiments are
given in Table A.7.

Many of the results of modeling these 16 experiments with the SUR2
mechanism are shown in Figures A.10 through A.23. The agreement between
experiment and prediction is good with both sets of experimental data. The
results for the SAPRC experiments (Figures A.10 through A.17) are very
close to those obtained with the explicit mechanism (Figures A.1 through
A.9), a further indication that the SUR2 mechanism is a good representa-
tion of the explicit chemistry in the explicit mechanism. In the experi-
ments at SAPRC, the SUR2 mechanism, T1ike the explicit mechanism, tends to

over-predict the 03 peak heights and slightly over-predict the PAN peak
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height. The time of the‘N_O2 and QB peaks, the height of the N02‘peak, and
the hydrocarbon decay rates are all predicted Very well. In the experi-
ments performed at UNCf, the SUR2 mechanism does Very well in predicting 03
and PAN peak heights, with the typical 03 peak being slightly under-predic-
ted. Once again, the time of the ozone peak and the hydrocarbon decay
rates lie very close to the experimental data. We repeat that, while cham-
ber effects are used in these simulations, each chamber dependent term is
set at the value recommended by either SAPRC or UNC, and not varied as the

initial conditions of the experiments changed.

APPLICATION TO THE ATMOSPHERE

Up to this point, the SUR2 mechanism has only been applied under con-
ditions, such as a smog chamber experiment, where the initial organic dis-
tribution is known exactly. In the atmosphere the organic distribution is
not well defined, and fresh emissions are continuously being added. In
this case, one needs a way of formulating a set of initial conditions that
will accurately represent the complicated atmospheric mix. Although rela-
tively few studies of ambient organic concentrations have been performed to
date, many major cities now have some information available on both ambient
organic distributions and emissions inventories. When ambient organic data
are available for the city of interest, these data should be used with meas-
urements of total NMHC and the information in Table 3 to obtain the initial
conditions for use with the SUR2 mechanism. This is the standard method

of obtaining initial conditions for atmospheric applications of Tumped

*PAN was not measured in some of the UNC experiments, so the experimental
NO2 data actually correspond to the sum of NO2 and PAN.
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Table 3. Surrogate Species Used with the SUR2 Mechanism and the

Surrogate Species'

ALK

propene
trans-2-butene
toluene

xylene
acetaldehyde
formaldehyde
benzene

ethene

All C4 and greater alkanes

All C3 and greater terminal alkenes
A1l C4 and greater internal alkenes
A11 mono-alkylbenzenes

A11 di- and tri-alkylbenzenes

All C2 and greater aldehydes

formaldehyde
benzene

ethene

In the SUR2 mechanism, propene and butene are Tumped into the OLE group,
and toluene and xylene are Tumped into the ARO group. However, the
individual concentrations of the surrogate species (propene, butene,
toluene, and xylene) must be calculated in order to determine the stoi-
chiometric coefficients and rate constants for the reactions involving

the OLE and ARO groups.
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mechanisms. If no detai]ed organic composition data are qvai]ab]e for the
city of interest, a distribution of organics must be assumed. Experimental
studies of organics in urban air, such as the inVestigation of Grosjean
and Fung (29), should be helpful in this matter. ObVious]y, more work is
needed in order to both better characterize the distribution of ambient

organics and to understand the effects of Varying this distribution on the

predictions of chemical mechanisms.

CONCLUSIONS
A surrogate condensed chemical reaction mechanism for photochemical
smog containing the latest aVailab]e kinetic and mechanistic data is devel-
oped here and is extensiVe1y tested against experimental data from two smog
chamber facilities. In addition, a counter species analysis has shown that

the predictions of the individual portions of the surrogate mechanism are

in good agreement with those of a detailed explicit mechanism for photochemi-~

cal smog. The new mechanism contains 20 non-steady-state species, making
it compact enough for use in multidimensional grid models of urban air pol-
Tution. A major advantage of the new mechanism is the ease with which it
can be modified to incorporate new kinetic or mechanistic information be-
cause of the straightforward manner in which the mechanism was formulated
from the detailed explicit chemistry.

Future work should concentrate on the atmospherfc application of the
new mechanism. Ozone isopleths generated with the new mechanism should be
compared to those obtained using the existing mechanisms for photochemical
smog. The effects of dilution, hydrocarbons aloft, and aldehydes aloft on

the predictions of the new mechanism should be studied. In addition, more

B e e e e
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attention should be directed toward the 'specification of initial conditions

using measurements of atmospheric hydrocarbon distributions and emission

inventories.
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APPENDIX

Table A.1. Explicit Reaction Mechanism

1.2 Rate 3 Activation
Reaction™? Constant Energy (K) . Note
Inorganic Reactions (13,14,17):

1) N0, + hv =+ NO + 0(3p) 0.30 - 1
2) 0(%p) + 0, + 0 2.6 x 10! -5.1 x 102

3) 0, + NO > NO, + 0, 2.7 x10! 1.5 x 10°

4) 0(3) + No, + NO + 0, 1.4 x 10 -

5) 0, + N0, > NO3 + 0, - 4.7 x 1072 2.45 x 103

6) N0 + NO -+ 2NO, 3.0 x 10 -

7) HO, + NO» HO,NO, 1.6 x 10° -

8) NO, + OH = HNO, 1.6 x 10 -

9) 0, + OH = HO, + 0, 9.9 x 10} 9.7 x 10°

10) 0, + H, = OH + 20, 3.0 x 10° 5.8 x 10°

11) HONO, - HO, + NO, 5.1 x 100 1.082 x 10

12) HO, + NO + NO, + OH 1.2 x 10*  -2.4 x 10?

13) HO, + HO, + H,05* 0, 3.9 x 100 -1.2 x 10°

14) HO, + HO, + Hp0 + H0, + Oy + K0 2.2 X 101 -5.8 x 103

15) 0y + hv > o%) + 0, 6.Sx10'2.kN02 - 2
16) 05+ hv - o(}p) + 0, 2.8x10"3 KNOZ - 2
17) o(*p) > 0(p) 4.3 x 1010 -

18) 0(1D) + Hy0 - 20 3.2 x 10° -

19) NO + OH = HONO 9.7 x 10° -

20) HONO + hv - NO + OH 1.8x107 ko, - 2
21) NO + NO + 0, = 2NO, 7.2 x 10710 5.3 x 10°

22) N0, + NO, » NO + NO, + 0, 5.9 x 10" 1.23 x 103
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Rate Activation
Reaction 1,2 Constant3 Energy (K) .Note
3
23) NOg + NO, = N0 1.6 x 10 -
24) N,0 + NO, + N0 3.1 x 100 1.108 x 10*
25) NyOg + H)0 + 2HNO3 _4.4x1o‘6 - 1
26) HoOp + OH = HOp + Hp0 2.5 x 10° -
-4
27) Hy0, + hy = 20H 8.4x107 kg 2
0, 2
28) €O + OH = HO, + CO, 4.0 x 10 -
1 .
29) NO4 + hv - 0.3N03+ 0.7NO, 1.55x10 kNoz - 3
+ 0.703p)
Allehyde Reactions and PAN Formation (17):
20, » .
30) CH,CHO + hy —E CH30" + HO, + €O 2.58x107" kyg)  ~
0, 4 2
31) CHyCHO + OH 2+ CHC(0)0p" + HO 2.4 100 -2.6 x 10
4
32) CHyD,e + NO = N0, + CH3D: 1.1 x 10 -
33) CH;0+ + 0, = HCHO +HO," 2.1x 100 1.35 x 10°
4
34) CHy0- + NO, + CH30ND, 2.2 x 103 - 3
35) CHy0,+ + HO, ~ CH300H + 0, 9.2x10° -1.3x10
20, 4
36) CH,C(000," + N0 —2+ NO, + CHy0pr 1.1 10 -
+ €0,
37) CHyC(0)0," + NO, =+ PAN 6.9 x 10° -
3
38) CHyC(0)0," + HO, » CH;C(0J0H + 05 4.8 x 10 -
39) PAN + CHC(0)0," + NO, 2.2 x 1072 1.354 x 10°
-3
40) HCHO + hv » Hy + €O 33107 kyo,
20,
41) HCHO + hy —Z» 2HO, + CO -

-3
2.35x10 kNOZ

e e o = F PP
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Table A.1 (continued)

Rate Activation

Reactionl:2 Constant3  Energy (K) - Note
0, 4
42) HCHO + OH -—ﬂ'HUZ + CO + H20 1.6 x 10 -
a-Dicarbonyl Chemistry (17,28):
0
43) CH,C(0)CHO + OH 2. CH,C(0)0," 2.5 x 10 -

+ CO + HZO

20
-2
44) CH,C(0)CHO + hv -2, CHC(0)0, +  1.34107° kyg -

+ HO, + CO
° 202 2 -3
45) CH3C(O)CH0 + hy — CHBOZ- + HO2 6.0x10 kN02 -
+ 2C0
0, 4
46) (l:HO)2 + OH — HO2 + 2C0 + HZO 1.7 x 10 : -
-3
47) (CHO)2 4+ hv + 0.13HCHO + 0.87I-l2 8.0x10 kN02
+1.87C0

Toluene Abstraction Pathway (15,16)

0

2 2
48) C6H5-CH3 + OH — CGHS-CHZOZ + Hzo 7.5 x 103 -
49) CGHS-CHZOZ- + NO ~» NO2 + CGHS-CHZO‘ 9.0 x 10 -

3 .
50) CHg-CHa0,+ + NO -+ CHg-CHOND, 1.0 x 101 - 2
51) Cog-CHo0+ + 0, » CoHg=CHO + HO, 1.0 x 104 6.9 x 10
52) CoHg-CHy0- + N0, = CoH=CHoOND, 1.9 x 10 -
53) CgHg=CHO + hv =+ stable products 1.6 x 1073 -
54)CH-CH0+0H9—2->CH—C(0)0°-;H0 1.9 x 10° -
6''s 6's pt +H0 1. .

0
) ’ 2 . 4
55) C6H5-C(0)02 + NO —= NO, + CGHS'OZ 1.0 x 10
+ €0,
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1.2 Rate Activation
Reaction™’ Constant 3 Energy (K) Note
3
56) c6 5-C(0)0," + N0, + CgHg-C(0)0,NO, 6.9 x 10 -
57) CEH S-C(O)OZNO + CgHe-C(0)0, + NO, 9.6 x 107 -3 1.304 x 10°
. 3
59) CeHg-0,° + NO,  NO3 + c6H5-o- 1.0 x 10 -
OH
NO
- 2 4
60) CgHg-0- + NO, ~ © 2.2 x 10 -
OH ] 0
N 2 3
61) (tI 2+ NOg » (tI + HNO, 3.0 x 10 -
~0- ) OH
N NO
62) (tT 24 NO, (:I 2 2.2 x 10° -
NO
0 2. OH
63) @ + HO, - @ + 0, 7.4 x 103 -
Toluene Addition Pathway (15,16):
CH CH3
3 OH 3
64) Efj + OH -+ H 8.7 x 10 -
CH3
OH
65) (tfri +0, o™, Ho, 1.0 x 100 6.9 x 107
| G .
66) (tfu + N0, ™ (thoz + Ho 4.4 x 10° -
CH CH
30u H 1
67) H+0, » CXH 4.9 x 10 -
00-
CH3 L
OH 20, 4
68) H + NO —= NO, + HO, 1.0x19 -

00- + CH4C(0)CHO + CH(0)CH=CHCHO
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Table A.1 (continued)

1.2 Rate 3 Activation
Reaction™’ _ .Constant® Energy (K} Note
Toluene addition path (continued)
Mgy . 202
69) Wt NO — NO, + HO, +(CH0)2 0.0 -
00- + CH,C (0) CH=CHCHO
CH, CH,
70) OH 4 ou=T 0" + K0 4.910°  9.0x10
CH, CH,
1) O+ o ~@' 0 4+ Hno, 1.5x10° -
CH, CH,
72) O 0" + No.~Or & 2.2x10% -
2 NO,
3 CH3
73) @ OH 4 on— gg 5.6x10° -
H3
OH a
74) @ + O~ @ NOZ 4.4x10 .
CHy
OH 4
75) N0~ @[ + HNO, 1.5x10 -
CH G
3 3
0 OH 4
76) e, — SO 2.2x10 -
N0, * M2 o N0,
CH, CH,
OH , o A OH 1
7) EF o + 0,~GL o 4.9x10 -
CHy 207 o
OH .4
78) oH * NO — NO2 + HO2 1.0x10 -
00- + CH(0)CH=CHCHO
+ CH,C(0)COOH
M3, 20
79) G o + NO = NO, + HO, 0.0 -
00-

+ CH3C(0)CH=CHCH0
+ CH(0)COOH
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Table A.1 (continued)

Rate 3 Activation

Reaction!®2 Constant” Energy(K) Note
80) CH(O)COOH + OH = HO, + H,0 + €O + CO, 2.2x10% -
-2
81) CH,C(0)COOH + hy = CHoCHO + €O, 3.6x107% kyg, = 5

Conjugated Y-dicarbonyl ghemistry (15-17)

82) HC(O)CHSCHCHO + OH 2 HC(O)CH=CHC(0)0,+ + W0 4.ax10® -

02
83) HC(O)CH=CHC(0)02-5N0 > NO,#C0,#HC(0)CH=CHO,* 1.0x10% -

84) HC(0)CH=CHO,,++NO 2 NOHHC(0)CH(0,+ JCHO 1.0x10* -
85) HC(0)CH(0,JCHO+NO + HC(O)CH(ONO,)CHO 4.0x102 -
86) HC(0)CH=CHC(0)0,++ND, + HC(0)CH=CHCOZNO, 6.9x10° -
87) HC(0)CH=CHCOZNO, + HC(O)CH CHC(0)0,,++ND, 2.¢1002 -
88) HC(0)CH(0,- )cno+no % (CHD) ,#HO#NO,+CO 1.0x10% -
89) HC(0)CH=CHO,++NO »OHC(O)CH-CHONOZ 4.0x10% -
90) HC(0)CH=CHO,++NO, L gcm)ca(o2 )CHO+NO 1.0x10* -

91) CH C(O)CH CHCHO + OH : H20+CH C(0)CH= CHC(O)OZ 2. 2x10 -
0

92) CH3C(0)CH =CHCHO+OH % cn C(O)CH(OH)C(O2 +)JHCHO. 7. 4x103 -

93) CH,C(0)CH(OH)C (0, JHCHO+NO % NO+HO,

+CH3C(0)CHO+(CH0)2 . 1.0x10% -
94) CH,C(0)CH=CHC(0)0,++NO 2 No,#00, .
+CH,C(0)CH=CHO,* 0, - 1.0x10 -
95) CHAC(O)CH=CHO,~+NO + NOZ#CHC(0)CH(0,")CHO 1. ox10? -
96)  CHAC(0)CH(0," JCHOHNO + CHAC(0)CH(ONO,)CHO 8.0x10° -
3

97) CH C(O)CH CHC(O)O ++NO -+ CH C(O)CH CHCO NO2 6.9x10 -

3
98) CH,C(0)CH=CHCONO, ~ CH LC(0)CH=CHC(0)0,~+N0, 2. 2x10~2 -
0

2
99) CH,C(D)CH(0,-)CHOND = NO,#CH;C(0)0,=+(CHO), 5. 0x10° -
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Table A.1 (continued)

1.2 Rate Activation
Reaction’ Constant Energy(l() Note

Conjugated Y-dicarbonyl chemigtry (continued)

100)  CH,C(O)CH(0, -)CHOWNO 2 NO#HO,+CHC(0)CHD:CO  5.0x10°

101) CH,C(0)CH=CHO,++NO +0CH3C(0)CH=CHON02 8.0x102 -
102) CH,C(O)CH=CHO,+ND, + NO+CHAC(O)CH(Op-)cHO 1.0x10° -

m-Xylene chemistry (15-17):

CHy
OH
A
103) [it:lcn + on — [C Ju 3.4x10 - 6
3
CH

30H 3om ) )
104) H + 0,—HO, + 1.0x10 6.9x10
2 2 H
CH, \ 3 _
CH CH
. 30m 30m )
105) H + 0, H o 4.7x10 -
CH, ©2 0,
| 3 CHy 2
CH, CHy
O NO, .
106) H o+ NO, — + Hy0 4.4x10 -
Hy Hy
CH

3
OH |
107) @ + NO——NO?_ + H02- + CH3C(0)CH0 1.0x104 - 7
0.,e -
CH.2 + 0.5 CH3C(0)CH=CHCHO

3
+ 0.5 CH(O)CH=C(CH3)CH0
CHy CH, |
08) (i:IDH [j:]:o' 2.2x10%
108 "+ NO,—HNO, + .2x10 -
CHy © 3 3 CHy

%0- S0H 4
109) o+ N~ I:::[ 2.2x10 -
3 NO CHy
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Table A.1 (continued)

Rate ‘Activation

Reaction-l’2 Constant3 Energy(K) Note
m-Xylene chemistry (continued)
OH 3 5
110) + OH — 1.1x10 -
cn3
OH on a
111) OH + NOZ--HZO + H 4.4x10 -
CH3 NOZ 3
CH, CH
30y 0, 30H .
112) OH +0, — OH 4.7x10 -
CH, 2 0,
3 CHy 2
CH30H | .
113) OH + NO'-°N02 + HO, + CH3C0C00H 1.0x10 - 7
0.,°
CH, 2 + 0.5 CH,COCH=CHCHO
+ 0.5 CHOCH=C(CH)CHO
0, ?2'
114) CHOCH=C(CH3)CHO + OH — HCOC (OHYHC(CH) CHO 7.4x10° -
0.- 0
'2 2 a
115)  HCOC(OH)HC(CH4)CHO + NO — 0.88NO, 1.0x10 - 8
+ 0.88(CHo) ,+ 0.88 HO,-
0 CH
2 “N3 2
116)  CHOCHO=C(CH;)CHO + OH — HCOCH=CCO3- + H,0  4.4x10
CHs 0, CHs
117) HCOCH=CCO5+ + NO — NO, + HCOCH=CO,+ + €O,
CH, CHy
118) HCOCH=CCO4+ + NO, — HCOCH=CCO NO, 6.9x10° -
CH, CHy
- ‘ -2 4
119) HCOCH=CCO,NO, — NO, + HCOCH=CCO3" 2.2x10 1.354x10

2
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Table A.1 (continued)

1.2 Rate Activation
Reaction ¢ Constant3 Energy(K) Note
m-Xylene chemistry (continued)
[}
120) HCOCH=CO,+ + NO = NO, + CH3(0)CH(0,+)CHO 1.0x10° -
CH CH
'3 '3 »
121) HCOCH=CO,+ + NO — HCOCH=CCO,NO, 8.0x10 -
CH,
[}
_ — . 4
122) HCOCH=CO,+ + NO,—NO3 + CHC(0,)(CHO), 1x10 -
2
123) CH4C(0,+)(CHO), + NO— CHSC(ONO,)(CHO), 8.0x10 -
0,
124) CH,C(0,+)(CHO), + NO == 0.75 HO,+ + 0.75 CO 1x10? -
+ 0.75 CHCOCHO
+ 0.25 (CHO)2
+ 0.25 CH,C(0)0,-
+ NO2
Ethene chemistry (17):
0
125) CH.=CH, + OH 2 HOCH..CH.0.,* 1.2x10% -3.82x10°
2 "2 2272 e .
4
126) ' HOCH,CH,0,+ + NO = NO, + HOCH,CH,0 1x10
127)  HOCH,CH,0+ — HCHO + CH,OH 5.6x10°
e [ ] 1 2
128) HOCH,CH,0+ + 0, — HOCH,CHO + HO, 1.0x10 6.9x10 9
Ciend
129) +CH,0H + 0,— HCHO + HO,- kg=3x10
0,
130) CH=CH, + 0, = HCHO + 0.4 €H,00 + 0.18 €O, 2.5x1073 2.56x10°

+ 0.42C0 + 0.12 Hy + 0.42 HZO

+ 0.12 HOZ‘
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Table A.1 (continued)

Rate Activation

Reaction 1,2 Constant Energy(K) Note
Propene chemistry (17):
0 0,
- 2 |2 4 2
131) CH,CHCH, + OH = 0.65 CHCHCH,OK 3.7x10 -5.37x10
+ 0.35 CH3CH(0H)CH202-
0, 0-
] - | ] 4 -
132) CH,CHCH,OH + NO— NO, + CH3CHCH,OH 1x10
0 -
- [ ) 5 -
133) CH,CHCH,OH —CH,CHO + <CH,OH 1x10
134)  CH,CH(OH)CH 0+ — HCHO + CHCHOH 1x10° -
0, ONO
|2 [} 2 2
135) CH,CHCH,OH + NO = CH CHCH,OH 4.0x10 -
— [ 4
136) CH,CH(OH)CH0,+ + NO —NO, + CH3CH(OH)CH0-  1x10 -
137)  CH,CH(OH)CH,0,+ + NO — CHCH(OH)CH,ONO, 400 -
: 3
138) CH,CHOH + 0, — HOp* + CHaCHO 3x10 -
139) CH,CHCH, + 05— 0.5 CHACHO + 0.2 CHyCHOD  1.6x1072 1.897x10°
+0.06 CHy + 0.27 €O,
+0.33 CO + 0.20 HO,»
+ 0.1 OH + 0.22 CH 0,
+ 0.03 CHy0- + 0.2 CHZOO
+0.06 Hy + 0.21 H,0
tr-2-butene chemistry (17):
0, 00-
140) CH,CH <CH CHy + OH — CHCH(OH)CHCH, 1.0x10°  -5.42x102
00- OH O
141)  CH,CH(OH)CHCH; + NO —NO, + CHCHCHCH, 1.0x10° -




i
i
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Table A.1 (continued)

Reactionl2

Rate 4 Activation
Constant” Energy(K)

Note

tr-2-butene chemistry (continued)

142)
143)

144)

145)
146)
147)
148)
149)

150)

?0° 0@ ONO2
CH:;CH(OH)CHCI-l3 + NO --(.'.H3(IHCH(.'.H3
0

CHCH(OH)CHCH 4 — CH,CHO + cH3CH0H

CH,CH,=CH,CH; + 04 —CH,CHO + 0.4 CHscHOO

+ 0.12 CH, + 0.36 C02
+ 0,24 CO + 0.29 H02°

+ 0.19 OH + 0.05 CH30-

+ 0.43 CH,0,-
cuzoo + NO —NO, + HCHO
CHZOO + NO, —NO5 + HCHO

0 —HCOOH + H,0

CHZOO + H, 9

CH3CH06 + NO —=NO, + CH,CHO

CH3CH06 + N0, —NO5 + CH,CHO

3
CH3CHOO + H,0 —CH,COOH + H,0

Propane ehemistry (17):

151)

00-
CH3CH2CH3 + OH-'HZO + 0.85 CH3CHCH3
+ 0.15 CH3CH2CH202'
00- 0.

] 1
152) CH3CHCH3 + N0--N02 + CH3CHCH3

153) CH

3CH2CH202- + N0~—’N02 + CH3CH2CH0-

1.0x10%

8.0x102 -

1.0x10% -

1 3

2.7x10° 1.051x10

1.0x10%

1.0x10°

6.0x10"

1.0x10°

6.0x10"

2.3E3 6.8x102

1.1x10% -

1.1x10% -

I —

o e e —————

—T——

T Sy ———
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Table A.1 (continued)

1.2 Rate Activation
Reaction ’ . Constant” Energy(K) Note

Propane .chemistry (continued)

0-
- 1
154) CH3CHCH3‘+ 02--H02' + CH3C(0)CH3 4.4x10 -
—~HO., - 2 2
155) CHBCHZCHZO- + 02 HO2 + CH3CH2CH0 1.0x10 6.9x10

n-Butane chemistry (17):

0 00-
1%)c%m§%w3+mw)foagmwc%m;m%sju& 2.099x10°
+ 0.12 CHyCH,CH,CH 0+
0, 90-

157) CH,CH,CHACHy + OH — Hp0 + 0.86 CHaCH,CHCH, 3.8x10° 5.50x10°

+ 0.14 CH,CH,CH,CH 0,
158)  CH,CH,CH,CH,0,+ + NO = CH,CH,CH,CH,0+ + NO, 1.0x10% -
159)  CHACH,CH,CH,0, + NO — CHACH,CH,CHAONO, 8.0x10° 8.0x10°
160)  CH,CH,CH,CH,0+ + Op— HOp= + CHCH,CH,CHO 1.0x10?! 6.90x10°
161)  CH,CH,CH,CH,0- 2 ~00CH,,CH,CH,.CH, OH 7.2x10° 4.200x10°
162)  ~00CH,CH,CH,CH,OH + NO = NO,#++OCH,CH,CH,CH,OH 1.0x10% -
163)  +00CH,CH,CH,CHoOH + NO = OpNOCH,CH,CH,CH,OH g.ox10® -
168)  +0CHCH,CH,CH,OH —= HOCH ,CH,CH,EHOH 3.6x107 -
165) HOCH,CH,CHACHOH + 0, —HOp+ + OHCH,CH,CH,CHO 1.0x10° 6.90x102 10

00- 0-

) .
- 4
166) CH,CH,CHCHy + NO —=NO, + CHCH CHCHy 1.0x10 -
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Table A.1 (continued)

Reactiorlu’2

Rate Activation
Constant Energy(K) Note

n-Butane chemistry (continued)

167)

168)

169)
170)
171)
172)

173)

00 ' ONO,

] ]
2CHCH3 + NO'-'CH3CH2CHCH3
9.
0. 0
)
CHCH

CH3CH
CH3CH2
2

C2H502~ + NO--CZH50° + NOZ

CZH

CH.CH

50- + NOZ‘"CszDNOZ

2

C2H 0- + 02-—’CH CHO + HOZ-

5 3

2, 3-dimethyl butane chemistry (17):

174)

175)

176)

177)

178)

(CH3)2CHCH(CH3)2 + 0(°P) —-(CH3)2CHC(02°)(CH3)2 + OH

(CH CHCH(CH3)2 + OH'~°0.14(CH3)2CHCH(CH3)CHZOZ~

3)2 .

(CH CHCH(CH3)CH202- + NO —0.9 NO2

32
+ 0.9 (CHy) ,CHCH(CH,)CH,0-

+ 0.1 (CH3)2CHCH(CH3)CH20N02

(CH3) ,CHCH(CH4)CH0+ + 0, —HO,- + (CHg),CHCH(CH3)CHO

"™
(CH3)2CHCH(CH3)CH20- - -OOCHZCHCHCHZOH

8.0x10° -

a.ax10! -

a.0x10%  7.0x10°

1.1x1048 -

2.x10 -

a.ax10? -

1.0x10'  6.90x10

2 q.250x103

3.1x10
9.3x10° -

1.ox10® -

1.0x10"  6.90x10°

1.4x10’ 4.20x10°
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Table A.1 (continued)

Reactioé”z

Rate

Constant

Activation

Energy(K) Note

2,3-dimethyl butane chemistry (continued)

179)

180)

181)

182)

183)

184)

185)

CHg CHy CHoCHy
-00CH CHCHCH,0H + NO —~0.9 NO, + 0.9 ~OCH,CHCHCH,OH
+ 0.1 0,NOCH,CHCHCH, 0K
CHCH,
CHCH3 0, CHCH3

-OCHZCHCHCHZOH - 0.8 HOCHZCHCHQHOH
+ 0.2 HOCH CHCHCHZOH
LI |

Ch,EH,00-
CH4CH; CH3CH3
HOCH.CHCHCHOH + 0., — HO.* + HOCH.CHCHCHO
2 d 2 z 2
CH,CH,00- CH,CH,0-
(] (] [} [}
HOCH.CHCHCH..OH + NO = 0.9 NO., + 0.9 HOCH.CHCHCH.,OH
2 2 2 2 2
CHCH,0ND,
+ 0.1 HOCH..CHCHCH..OH
2 2
CH,CH0- 0, (CH3CH,0H
HOCH ,CHCHCH,0H — 0.8 HOCHCHCHCH,OH
-00H,C CH,OH
+ 0.2 HOCH,CHCHCH O
CHCH,OH CH1CH O
HOCHCHCHCH..OH + 0. — HO..- + OHCCHCHCH.,OH
2 2~ HO, 2
-00H.C CH..OH 0 .
o€ CHy 2
HOCH,CHCHCH,OH + NO — 0.9 NO, + 0.9 HO,"
+ 0.9 (HOCH,) ,CHCHCHO
[ ]
 cioH
+ 0.1 HOCH,CHCHCH.OH
t []
0.NOH.C CH.OH

2772 2

1.0x10

1.0x10%

1.4x107

[

1.0x10

~

1.4x10

e

1.0x10

1.0x10

4.200x10°

6.90x10°

4.200x10°

6.90x102
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Table A.1 (continued)

Rate Activation
Reaction 1»2 Constant3 Energy Note
2, 3-dimethyl butane chemigtry (eontinued)
— 4
186) (CH3)2CHC(02°)(CH3)2 + NO—0.9 NOZ 1.0x10 -
+ 0.9 (CH3)2CHC(0-)(CH3)2
+ 0.1 (CH3)2CHC(0N02)(CH3)2
0,
L . 7 3
187) (CHS)ZCHC(O-)(CH3)2 CHBC(O)CH3 + CH3CH(02 )CH3 3.0x10 6.440x10
2 -
a
189) CHBCH(OZ-)CH3 + NO--NOZ + CH3CH(0-)CH3 1.0x10 -
1
190) CH3CH(0')CH3 + 02 CH3C(0)CH3 + H02° 4.4x10 -
Propionaldehyde chemistry (17):
191) CHCHO + OH <2 H.0 + CH-C0, 2.8x10"  -2.5x10°
25 2 2573 * ‘
%,
- 1 Y 0 -
192) C2H5CH0 + N03 HN03 + C2H5C03 2.2x10
02 .
— L ] - . - 4 - 11
193) CZHSCHO + hv C2H502 + HOZ + CO 8.4x10 kNOZ
- 3 -
194) C2H5C03- + NOZ C2H5C03N02 6.9x10
0, .
195) C2H5C03- + NO — CZHSOZ- + N02 + CO 1.1x10 -
_ . | -2 4
196) C2H5C03N02 C2H5C03 + NO2 2.2x10 1.354x10
Butyraldehyde chemistry (17):
0,
—_ . 4 -
197) C3H7CH0 + OH HZO + C3H7C03 3.7x10
%,
[ O -
198) C3H7CH0 + N03 — HN03 + C3H7C03 2.2x10
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_ Table A.1 (continued)

Reactionl,?2

Rate 3 Activation
Constant™ Energy Note

Butyraldehyde chemis(t)ry (eontinued)

2
199) C3H7CH0 + hv — 03H702- + HOZ- + CO

200)  C 005+ + NO,— CH:C0NO,
0,
201)  CH,C05e + NO — NO, + €O, + Cay0,-

202) C.H C03N02—-C H

37 3fi;C03- + NO,

203) C3H702- + NO--NO2 + C3H70-

204) C3H 0« + NO— C.H-,ONO

7 37

206)  CgH,0- + 0, —HOpe + CHSCHO

Acetone chemistry (17):
0,
207) CH3C(0)CH3 + OH — H20 + CHBC(O)CH202°
0,
208) CH3C(0)CH3 + hy = CH3C03~ + CH3 2°
209) CH3C(O)CH202- + NO—’CH3C(0)CH20- + N02

210) CH3C(0)CH202- + NO—'CH3C(0)CH20N02

211) CH3C(0)CH20- + 02—°H02- + CH3C(0)CH0

8.4x10’4kN02 - 11
6.9x10° - |
1.1x10% -
2.2x1072  1.354x10%
1.1x10% -
4.4x10" -
2.2x10% -
1.0x100  6.90x10°
4.1x10° 1_.230x103
1.7x1o’4kN02 12
1.0x10% -

. 4.0x10% -
1.0x10!  6.9x10
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Table A.1 (continued)

Rate Activation
.Constant” Energy Note

Reaction1

MEK chemistry (17):

0 00-
2 ' 2
212)  CHL(0)CHy + OH — Ho0 + CHCHC(0)CH, 8.1x10 -
0, 3
213)  CHC(0)CHy + hv — CHCO4e + CHL0,e 1.7x10 knoz - 12
2 -
214)  CHCL(0)CH, + OH — Ha0 + CH.C(0)CH,- 4.9x10 13
00. ?o .
215)  CH,CHC(0)CHg + NO-=NO, + CH,CHCOCH, 1.0x10 -
00+ ono,, ,
216)  CH,CHC(O)CH, + NO — CH,CHC(0)CH, : 8.0x10 -
N % 6 3
217)  CHCHC(0)CHy —  CH,CHO + CH,CO5- 7.8x10°  6.440x10

Only one isomer is shown, even when several are possible

2Reaction formulated from Atkinson and Lloyd (2) unless otherwise noted.

3298K, ppm-min units

Notes:

(1) Rate constant is specific for SAPRC smog chamber experiments.

(2)  Photolysis rates calculated by aVeraging over zenith angles between 30° and 60°
using the results of Demerjian et al. (24)

(3) Reaction taken from Atkinson et al. (2)

(4) Photolysis rates calculated by averaging over zenith angles between 30° and 60°
using the results of Demerjian et al. (24), followed by correction based on
the results of Horowitz and Calvert (26).

(5)  Rate constant from Grosjean (25).

(6) Abstraction pathway neglected.
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Table A.1 (continued)

Notes: (continued)

(7)
(8)
(9)
(10)

(11)
(12)
(13)

50/50 sp1it of the two y-dicarbonyls is assumed.
12 percent nitrate formation is assumed.
Reactions of glycolaldehyde are ignored.

Hydroxy substituted aldehydes are assumed to react the same as
un-substituted aldehydes.

Photolysis rate assumed to be the same as acetaldehyde.
Photolysis rate from Atkinson et al. (2).

Reactions of the C2H5C(O)CH2- species are neglected.
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Table A.3. SUR1 Reaction Mechanism

1.2 Rate Activation |
'Reaction *“ Constant”  Energy (K) Note

A) Inorganic Reactions:

1) No, +hv > NO+ 0, 3.0 x 1071 - 1

2) 03+ NO>NO, + 0, 2.7 x 108 1.5 x 103 2

3) 03+ N0, > N0y + O, 4.7 x 1072 2.45 x 103 2

4)  Nog + NO > 2NO, 3.0 x 104 . 2

| 3

5)  HO, + N0, » HO,NO, 1.6 x 10 - 2

6)  NO, + OH - HNO, 1.6 x 10% - 2

7) 05+ OH~ HO, + 0, 9.9 x 101 9.7 x 10% 2

8) 0y + HO, - OH + 20, 3.0 x 10° 5.8 x 102 2

9)  HOLNO, > HO, + NO, 5.1 x 10°  1.042 x 10% 2

10)  HO, + NO - NO, + OH 1.2 x 10*  -2.4 x 102 2

11)  HO, + HO, » H,0 + 0, 3.9 x 103 -1.2 x 103 2

12)  HO, + HO, + Hy0 > H0, + 0, + H,0 2.2 x 1070 -5.8 x 10° 2
..3 _

13) 03+ Hy0 + hv > 204 2.8 x 10 KN02 3

14)  NO + OH ~ HONO 9.7 x 10° - 2

15)  HONO + hv - NO + OH 1.8x10°! kN02 4
3

16)  NOg + NO, > N0 1.6 x 10 - 2

17)  N,0g N0, + NOg 3.1 x 10°  1.108 x 10* 2
-6

18)  N,Og + Hy0 » 2HNO, 4.4 x 10 - 5
3

19)  Hy0, + OH = HO, + Hy0 2.5 x 10 - 2

-4
20)  Hy0, + hv > 20H 84107 kyy - 4
02 .
21) €O+ OH > HO, + CO, 4.0 x 102 - 2
22)  NO, + hv -~ 0.3N0 + 0.7NO 1.55x10% K - 6
3 2 NO, |
+0.70 0

3
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Table A.3 ~ SUR1 Reaction Mechanism-(continued)
1,2 Rate 5 Activation
Reaction *“ ‘Constant "Enérgy {K) ~ Note
0,
57)  (CHO), + OH —> HO,+ 2C0 + H,0 1.7x10% - 2
58)  (CHO), + hv > 0.13HCHO + 0.87H, 8.0x1o‘3kNO - 2
+ 1.87C0 2
D) Alkane Reactions:
0
59)  CH.CH.CH, + OH-—E* CHACH(0,+)CH, + H.0 2.3x10° 6.8x102 2
3CHoCH3 3CH(0p°)CHy + H0 2. :
4
60)  CHyCH(D,+)CHy + NO > NO, + HO,* 1.0x10 16
+ 0.15CHCH,CHO
0 + 0.85CH,C(0)CH, |
61) ALK + OH —RO," + H,0 5.8x103 4.0x10° 17
62) RO, + NO > 1.7NO, - 0.8NO + 0.9HO,»  1.0x10% - 17
+ 0.15HCHO + 0.3CH,CHO
+ 0.10CH,CH,CHO +
0.30CH4C(0)CH,
+ 0.45C,HsC(0)CH,
E) Carbonyl Reactions:
63)  HCHO + hv > H, + CO 3.3x10‘3kN0 - 18
20, 2
64)  HCHO + hyv — 2HO," + CO 2.35x1o"3kN0 - 18
0, | 2
65)  HCHO + OH —— HO,» + CO + H,0 1.6x10% - 2
20,
-4
66)  CHyCHO + hv — CHy0,+ + HO, + CO 2.58x10 kNOZ - 18
0
2
67)  CH3CHO + OH —= CH;C(0)0,+ + H,0 2.4x10% -2.6x102 2

2
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Table A.3  SUR1 Reaction Mechanism (continued)
1.2 Rate Activation
Reaction*® Constant® © Fnerqy (K)  Note
4
68)  CHg0,- + NO = NO, + CH,0- 1.1x10 - 2
69)  CHy0- + 0, > HCHO + HO,- 2.1x10° 1.35x10° 2
4
70)  CHy0+ + NO, > CH0NO, 2.2x10 - 2
20,
| 4
71)  CHyC(0)0,% + NO —— NO, + CHy0,- 1.1x10 - 2
+ €O,
72)  CHyC(0)0,+ + NO, —= PAN 6.9x10° - 2
73)  PAN—~CHC(0)0, + NO, 2.2x1072 1.354x10% 2
0
74)  C.H.CHO + OH Z. H.0 + C.H.CO..e 2.8x10% 2.5x10% 2
otlg 20 + CoHgC0, : -2.
0,
, -4
75)  CHGCHO + hv —= C,HeO,: + HOpe + €O 2.6x10 kN02 - 19
3
76)  CoHgCOge + NO,— C,HcCOLNO, 6.9x10 - 2
0,
4
77)  CoHglO + NO —= CoHl,+ + NO, + €O 1.1x10 - 2
-2 4
78)  CHSCONO,— CoHsCO4+ + NO, 2.2x10 1.354x10 2
4
79)  CoHg0p" + NO—=NO, + HO,« + CHoCHO 1.1x10 - 20
0,
-4
80)  CHC(0)CHy + hv —— CHyCOg+ + CHy0,+  1.7x10 kN02 - 21
0
2
-3
81)  CoHSC(O)CHy + hv — CHyCO5- + CoHi0,+ 1.7x10 kN02 - 21
00~
) 3
82)  CoHgC(0)CHy + OH — CHyCHC(0)CHg + Hy0  1.3x10 - 22
00- ‘
83)  CHyCHC(0)CH, + NO — 0.9NO, + 0.9CH,CHO 1.1x10* - 23
+ 0.9CH,C05-

1One isomer is shown, even when several are possible
CH3CHCH2 represents all terminal alkenes, CH3CH=CHCH3 represents all internal
alkenes, toluene represents all mono-alkylbenzenes, xylene represents all di-

2
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and tri-alkylbenzenes, o-cresol represents phenol, o-cresol, and dimethylphenols,
CH(0)CH=CHCHO represents all y-dicarbonyls, C,H,, represents all >C, alkanes,

CoHg

CHO represents all >C, aldehydes.

4710

3Rate constants are for 298K, .in ppm-min units.

Notes:

(1)
(2)
(3)

(4)

(5)
(6)
(7)
(8)

(9)

(10)

(11)

(12)

For experiments EC-231 to EC-246, k1 was measured at 0.30 min']°

Reaction taken directly from the explicit mechanism.

This reaction is formulated by combining reactions 16-18 of the explicit
mechanism as suggested by Atkinson et al. (2).

Rate constant obtained by averaging over zenith angles between 30° and 60°
using the results of Demerjian et al. (24).

Rate constant is specific for the evacuable chamber at SAPRC (19).
Rate constant from Atkinson et al. (2).
Represents reactions 125-129 of the explicit mechanism.

Represehts reactions 131-138 of the explicit mechanism. Five percent
nitrate formation is assumed.

Represents reactions 140-143 of the explicit mechanism. Ten percent
nitrate formation is assumed.

Ortho cresol is used to represent both phenol and the dimethylphenols and
cis-2-butene-1,4-dial represents all y-dicarbaonyls. Ten percent of the
initial toluene-OH reaction is assumed to proceed via OH abstraction. The
abstraction pathway is neglected for both benzene and xylene. The rate
constant and products shown for the xylene + OH reaction are for a lumped
average xylene (2). If only m-xylene is present (as in experiments EC-231
to EC-246) the reaction should read . '

m-xylene + OH -~ 0.25 o-cresol + H02- + O.75N02

+ 0.75 CH(0)CH=CHCHO + 0.75CHC(0)CHO
with kg = 3.4x10% ppn™t min”!

Rate constant for reaction 38 is an average OH rate constant for o-creso]
and dimenthylphenol.

Reactions 41-44 are taken from Atkinson et al. (2) and represent reactions 82
through 90 of the explicit mechanism
i k35[benzene]0+k36[to1uene]0+0.5k37[xy1ene]O

@= k35[benzene]o+k36[to1uene]o+k37[xy1ene]o
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Notes:
(12)
(13)
(14)
(15)
(16)
(17)

(18)

(19)
(20)

(21)
(22)
(23)

(continued)
See Atkinson et al. (2) for a discussion of these reactions.
Represents reactions 49 through 51 of the explicit mechanism.
Rate constant from Leone and Seinfeld (15).
Based on measurements in sunlight by Grosjean (25).
Represents reactions 152 through 155 of the explicit mechanism.

ALK represents all >C4 alkanes. See Atkinson et al. (2) for a discussion
of these reactions.” For explicit n-butane use (2):

3 1 .-
k61 = 4.1x10% ppm '~ min A61 = 560K
RO,+ + No &2 1.3N0, = 0.4NO + 0.9H0,+ + 0.6CH,CHO

+ 0.1 C2H50H0 + 0.5 CZHSC(O)CH3
Photolysis rates calculated by averaging over zenith angles between 30°
and 60° using the results of Demerjian et al. (24) followed by correc-
tions based on the results of Horowitz and Calvert (26).
Photolysis rate assumed to be similar to that of acetaldehyde.

Represents reactions 170 and 173 of the explicit mechanism (reactions 171
and 172 are neglected).

Photolysis rates from Atkinson et al. (2).
Represents reactions 212 and 214 of the explicit mechanism.

Represents reactions 215 through 217 of the explicit mechanism. Ten
percent nitrate formation is assumed.
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Table A.4. SUR2 Reaction Mechanism
1.2 Rate 3.4 Activation
Reaction™? Constant > Energy (K) Note

A) Imorganic Reactions:

1) No, +hv > NO+0g * - 1

2) 03+ N0~ NO, + 0, 2.7x 100 1.5 x 10° 2

3)  0y+ N0, > NO, + 0, 4.7 x 102 2.45 x 103 2

4)  Nog + NO > 2NO, 3.0 x 104 - 2

| 3 |

5) O, + NO, > HO,NO, 1.6 x 10 - 2

6) N0, + OH - HNO, 1.6 x 10% - 2

7) 03+ OH > HO, + O, 9.9 x 101 9.7 x 102 2

8) 03+ HO, > OH + 20, 3.0 x 10° 5.8 x 102 2

9)  HONO, > HO, + NO, 5.1 x 100  1.042 x 10% 2

10)  HO, + NO > NO, + OH 1.2 x 104 -2.4 x 102 2

11)  HO, + HO, > H,0 + 0, 3.9 x 108 -1.2 x 103 2
1 3

12) O, + HO, + H0 > H0, + 0, + H,0 2.2 x 107} -5.8 x 10 2

13) 0, + H,0 + hv - 20H 2.8 x 1073 K 3

3+t H NO,

14)  NO + OH - HONO 9.7 x 103 2

15)  HONO + hv - NO + OH 1.8x10°1 kNO2 4
3

16) N0y + NO, » N0 1.6 x 10 - 2

17)  N,O5 N0, + NO, 3.1x10°  1.108 x 10% 2

18) N0 + H,0 » 2HNO, * - 5
3

19)  Hy0, + OH » HO, + Hy0 2.5 x 10 - 2

-4
20)  Hp0, + hy ~ 20H 8.4x107 Ky - 4
02

21) €O+ OH > Ho, + CO, 4.0 x 102 - 2
2

22)  NOg + hv > 0.3N0 + 0.7N0, 1.55x10 kNO2 - 6

+ 0.70(3p)

e e PRI [
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'Tab1e'AL4;‘ZSURZ.ReactionﬁMEChanism”(COhtihuéd)""

2o cresol represents phenol, o-cresol, and dimethylphenols, CH(0)CH=CHCHO
represents all y-dicarbonyls, ALK represents all >C4 alkanes, CH3CH0

represents all >C, aldehydes.
3298K, ppm-min units
4For rate constants marked *, see the appropriate note.

Notes:

(1) See Table A.2 for the k, values used in simulations of the SAPRC smog
chamber experiments.

(2)  Reaction taken directly from the explicit mechanism.

(3) This reaction is formulated by combining reactions 16-18 of the
explicit mechanism as suggested by Atkinson et al. (2).

(4) Rate constant obtained by averaging over zenith angles between 30°
and 60° using the results of Demerjian et al. (24).

(5) kg = 4.4x107° ppm'1 - min~! for SAPRC evacuable chamber

kg = 1.5x107° ppm'] _ min"! for UNC chamber.

(6) Rate constant from Atkinson et al. (2).
(7)  Represents reactions 125-129 of the explicit mechanism.

(8) Represents reactions 131-138 and 140-143 of the explicit mechanism
[propene]

[Propene] ¥ [butene]

where,
[propene]o = initial concentration of terminal alkenes

[butene]o = initial concentration of internal alkenes

b+ 1.0x10%(1-y)

k25 = 3.7x10
(9) Represents reactions 139 and 144 of the explicit mechanism.

kog = 1.6x1072y + 2.7x10°7 (1-y)

(10) Ortho-cresol is used to represent both phenol and the dimethylphenols,
and cis-2-butene-1,4-dial represents all y-dicarbonyls. The abstrac-
tion pathway for benzene is neglected.
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TableiA.4."SUR2‘Reaction'MeChéhism“(continued)

(11) Represents reactions 36 and 37 of the SURL mechanism.
A<,.[t01uene]o. o -

B = [to]uene]0+[xy1ene]o

where, .
[toluene] = initial concentration of mono-alkylbenzenes

[xy]ene]0 = initial concentration of di- and tri-alkylbenzenes
k34 9.1x10§8 + 2.65x1 4(1—8) for Tumped xylene
k34 9.1x1078 + 3.4x10%(1-8B) for m-xylene

(12) k35 is an average OH rate constant for o-cresol and dimethylphenol.

(13) Reactions 38-41 are taken from Atkinson et al. (2) and represent
reactions 82 through 90 of the explicit mechanism.

1.8x103[benzene]o+9.1x1o3[toluene]o+1.35x104[xy1ene]0

for lumped o = 3 3 7
xylene, 1.8x10 [benzene]0+9.1x10 [to1uene]0+2.65x10 [xy]ene]0

where,
[toluene] = initial concentration of mono-alkylbenzenes

[xylene] = initial concentration of di- and tri-alkylbenzenes
(14) Benzaldehyde formation is neglected.

(15) ALK represents all >C, alkanes. See Atkinson et al. (2) for a dis-
cussion of these reac ions. For explicit n-butane use (2)

3 -1 . -1
k46 = 4.1x10% ppm ~-min A61 = 560K

C4H1103- + NO -~ 1.3NO, - 0.4NO + 0.9HO,- + 0.7CH3CHO

(16) Photolysis rates calculated by averaging over zenith angles between
30° and 60° using the results of Demerjian et al. (24) followed by
corrections based on the results of Horowitz and Calvert (26).
CH3CHO represents all ipz aldehydes.
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Table A.5 Non-Stead¥—State Species Appearing in the SUR2

Mechanism

NO HONO ARO

NO2 N205 CH(0)CH=CHCHO

O3 co benzene

HOZNO2 ethene o-cresol

HZOZ OLE CH(O)CH=CHC(O)02NO2

CH3C(0)CHO
ALK
HCHO

CH3CH0

lIn most cases the additional non-steady-state species appearing in the
SURZ mechanism (HZO,HCOOH, etc.) would either be held constant or ignored.

There are cases where one would include additional non-steady state species.

For instance, HNO3 would definitely be included in studies on acid rain.
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Table A.6 Chamber Dependent Reactions for the SAPRC and UNC Chambers1

Rate'Constant2’3.

Reaction "SAPRC ‘ UNC
05 + wall 1.65x1073 1.5x10"%

‘wall <a=6 -5
N205 + HZO —_— 2HNO3 4.4x10 1.5x10

' -4
Wall - H02- _ - 1.5x10 k1
wall - OH 0.39k1 -
NO, ¥aIL, oy - 1.37k; -
4

Wall » NO 1.0x10° -

1The reactions shown here are the chamber dependent reactions recommended
by the chamber operators (18,19,27).

2ppm—min units

3k1 is the N02 photolysis rate.
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