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Outline

• Toluene and other aromatics are important PM and ozone 
prec rsorsprecursors

• Toluene chemistry has unique aspects 
T d  t  t  NO  ll d “NO i k”– Tendency to sequester NOx: called “NOx-sink”

– Major source of differences between CB and SAPRC mechanisms

• Recent work by ENVIRON and UT has improved the CB Recent work by ENVIRON and UT has improved the CB 
toluene mechanism by using current knowledge
– Available research tends to focus on radical productionp

• New chamber experiments are needed that focus 
specifically on NOx-sink 
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p y
– UNC has appropriate chamber facilities nd experience



Houston Ozone Differences
CB4SAPRC99 CB4SAPRC99

SAPRC minus CB4

Differences up 
to 45 ppb
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Policy Implications

Required vs. predicted relative reductions in ozone with 75% NOx cut

Design 
V l

Required Predicted PredictedMonitor Value
(2003-2005)

for 
Attainment

with 
SAPRC99

Predicted 
with CB4

BaylandPk 102 b 16 0 % 16 2 % 13 6 %BaylandPk 102 ppb 16.0 % 16.2 % 13.6 %

Deer Park 101 ppb 15.0 % 15.6 % 8.9 %

Sensitivity results from earlier modeling with year 2000 episode
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Toluene Chemistry is Different

• Toluene has strong radical 
sources and strong NOx-sinks 0.80
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• Phenolic products known to be 
important NOx sinks
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– Cresols, catechols, nitrocresols
• Fate of OH-toluene adduct 

(TO2 in CB05) important
– Depends on NO concentration
– Controls PM formation 
– Strongly influences O3 formation
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– NOx-sinks need to be 
characterized OH + toluene 

adduct



Mechanism Performance

• Toluene mechanisms diverge 
more other VOCs

Published performance of highly detailed 
“Master Chemical Mechanism” 

• Includes thousands of reactionsmore other VOCs
• More reactions is not the 

solution
• Problems related to NOx removal

– E.g., MCM performance poor
– However, MCM contributed 

valuable product characterization 
and mechanistic insight 

• Need to better understand 
chemistry of toluene chemistry of toluene 
degradation products
– Some work by MCM and UNC
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Recent Work by ENVIRON, UT and UNC

• UT/ENVIRON/UCR 
investigated differences 

Published performance of detailed UNC 
toluene mechanism investigated differences 

between CB05 and SAPRC99
– Alkanes, alkenes, aldehydes 

i il

• Has ~250 reactions

• Good performance for O3, PM and NOx

similar
– Toluene different

• ENVIRON/UT improving CB05 

• Still need additional NOx-sinks

toluene mechanism
– Condensed version of UNC’s 

toluene mechanism called 
“UNClite”

Lowered cresol yield
Different “NOx-switch” for TO2
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NOx-sinks in addition to cresol



Proposed Research            

• New experiments adding compounds to propene/NOx 
mixtures that will become NOx-limitedmixtures that will become NOx-limited
– Use dual-sided outdoor chamber with natural sunlight
– Differential impact on ozone and PM formation
– Composition of PM nitrogen compounds
– NO, NO2, PAN

Organics
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• Experiments with toluene and key degradation products
– Ring-retaining products: cresols, catechols

6 8 10 12 14 16 18

Hour
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– Ring-opening products: butenedial, methylbutenedial



Research Team

• UNC (Vizuete, Sexton) to 
perform new chamber perform new chamber 
experiments

• ENVIRON (Yarwood, Whitten) 
to design experiments and 
develop new condensed develop new condensed 
mechanisms

• UT (Allen) to test new 
mechanisms against existing 
and new chamber experiments
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and new chamber experiments



Benefits

• Characterize NOx-sinks in toluene degradation
H  ?– How strong?

– Which compounds?
– What products?– What products?

• Improve chemical mechanisms for toluene and aromatics
– Near term benefit for Houston modelingNear term benefit for Houston modeling

• Develop new ways of characterizing how organic 
compounds influence atmospheric reactivityp p y
– Increasingly important as NOx emissions are reduced and the 

atmosphere becomes more NOx-limited
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End
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Appendix: PM Chamber Measurement Methods
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