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Wildfire size and frequency are increasing1

Last year 16.4 
million acres 
burned in the 
U.S.2

Fires emit BBVOCs

Smoke Plumes Produce NO3 (R1)

from NO2 + O3
NO3 is a nighttime oxidant (it’s destroyed in sunlight), but 

is important in daytime too (plumes can be very dark).

NO3 + BBVOCs is an 

open science question
What we do know

(Biomass Burning Volatile Organic Compounds)
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Phenolic Compounds Matter Most in a Nighttime Smoke Plume
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Oxygenated Aromatics (Phenolic Compounds) 

make up roughly 70% of NO3 reactivity in both an 

agricultural and wester wildfire plume3

Phenolic compounds react with NO3 to form 

aerosol. Catechol is the most reactive compound 

and forms nitro-catechol, a brown carbon (BrC) 

precursor with near unity molar yield.4

Phenols are Most Reactive Phenols form Brown Carbon Daytime NO3 Also Matters

Box modeling of a daytime smoke plume 

suggest nitrocatechol and other nitroaromatics

are a major fraction of oxidation products.5

We Built a Dark Oxidation Flow Reactor (DOFR) to Investigate NO3 + BBVOC Mechanisms, Byproducts, and Kinetics  
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Example: Catechol 

After an electronic rearrangement NO2

adds to the ring. NO2 addition is about a 

factor of ten faster than O2 addition. What happens next? 

First, NO3 radical 

deprotonates the –OH 

forming nitric acid and a 

phenoxy radical. 

• How many steps are required to 

form nitro-aromatics?

• How fast is nitro-aromatic 

formation. In other words, how 

quickly can BrC be formed?

• What is the gas-phase yield of 

nitro-aromatics?

Up next is the 

FIREX-AQ 2019 

Campaign

We are taking 

our research to 

the field. 

(Fire Influence on 

Regional to global 

Environments and 

Air Quality)

Our team will be on the 

NOAA Twin Otter

Aircraft.

We will measure Simulating Smoke Chemistry

To prepare 

for FIREX-AQ 

we are 
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Nitroaromatics
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Flow controlled exhaust 

(allows for controlled reaction 

times 6-60 sec.).
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into NO2 + NO3
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We mix 

N2O5 with 

a BBVOC 

at the inlet 

DOFR Characteristics
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Our DOFR is modeled 

after the CalTech OFR6

Residence time 

measurements 

suggest the flow is 

laminar with some 

recirculation.

Gas temperature 

measurements are 

isothermal across 

the reactor within 

1° C.

Measurements of 

N2O5 with varying 

residence time 

suggests a wall 

loss rate of 0.05 s-1.

Box model simulation (lines) resemble experimental

results (circles). Observed gasphase nitrocatechol is

much lower than the model suggests.
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We observe previously unreported NO3 + Catechol

byproducts such as hydroxybenzoquinone and a still

unassigned compound at m/z 125.

0

200

400

600

800

1000

1200

1400

1600

0 10 20 30 40 50

N
o

rm
a

liz
e

d
 C

o
u

n
ts

Reaction Time (Sec)

Experiments using deuterated catechol reveal an

intermediate isomer of nitrocatechol (a tautomer). This

is evidence against an H-migration pathway.
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DOFR experiments suggest additional mechanistic steps are required for nitrocatechol formation. 

This implies that a slower rate of BrC formation than models7 would currently predict. 

Mechanisms and Byproducts of Phenols + NO3 are Not Certain

Preliminary Results of Catechol + NO3 Mechanism

Experiments ~ Model Byproducts Intermediates

Nitrate Radical Reactions with Select Biomass Burning Compounds Using a Dark Oxidation Flow Reactor (DOFR)


