
Observations of Nitryl Chloride, ClNO2, 
a Significant Chlorine Atom Source
in the Houston-Galveston Region

James M. Roberts1, Hans D. Osthoff1,2, Eric J. Williams1,3, Brian 
M. Lerner1,3, Roberto Sommariva1,3, Timothy S. Bates4, Derek 

Coffman4, Patricia K. Quinn4, Harald Stark1,3, James B. 
Burkholder1, Ranajit K. Talukdar1,3, A. R. Ravishankara1, 

James Meagher,1 Fred Fehsenfeld1,3, and Steven S. Brown1

1. NOAA/ESRL Chemical Sciences Division, Boulder, CO., 80305.
2. Dept. of Chemistry, University of Calgary, Calgary, Canada, T2N 1N4.
3. Cooperative Institute for Research in Environmental Sciences, NOAA and 

University of Colorado, Boulder, CO., 80309.
4. Atmospheric Chemistry Program, NOAA/PMEL, Seattle, WA., 98115.



What is ClNO2 ?

HCl
HONO

2

H2O  +  ClNO2

The Anhydride of HCl and HNO3

What is N2O5 ?

HONO
2

HONO 2

H2O  +  N2O5

The Anhydride of Two HNO3

Just because you can draw it doesn’t mean the reaction goes.
Gas phase anhydride formation from two acids is not
thermodynamically favorable



How do these things get made in the atmosphere?
N2O5; Gas Phase Radical Chemistry

NO2 + O3 NO3 + O2

NO3 + NO2 N2O5

ClNO2; N2O5 Solution Chemistry
N2O5 + H2O(g) too slow to be important

N2O5 + H2O(aq) NO2
+NO3

- + H2O 2 HNO3, γ =0.03  major loss for NOx

N2O5 + Cl-(aq) NO2
+ + Cl- ClNO2 + NO3

-

This happens at [Cl-] 
from Sea Salt down to 
0.02 M, so almost all 
aerosol surface area is 
available for reaction.



N2O5 Map

Off-shore Platforms



ClNO2 Map

Off-shore Platforms







What does ClNO2 do in the Lower Troposphere?

Thermal stability: ClNO2 Cl + NO2,  ΔH=32.8 kcal/mole STABLE

Solubility in Liquid Water: H = 3.5 x10-2 M/atm INSOLUBLE

Photolysis: ClNO2 Cl + NO2

UV-Vis spectrum Photolysis Rate Lifetime

35 min

We would expect ClNO2 to survive into the morning hours and 
produce Cl atoms.







What does this Cl atom source do?

Cl atoms react up to 100 times faster with VOC relative to OH, so 
that some VOCs (alkanes) become highly reactive.

This Cl atom source occurs in the early to mid morning, at time 
when NO3 and OH radical sources are scarce.

These factors can “kickstart” the VOC-NOx photochemistry, 
resulting in a faster morning start and a longer photochemical 
day.





Morning is the most
difficult time of day
to interpret

This O3 profile is consistent
with a Cl source but many

other factors also could be
contributing, so this profile should
not be considered definitive.



Master Chemical Mechanism

References; http://mcm.leeds.ac.uk/

Explicit VOC Chemistry
N2O5 + Aerosol, ClNO2, and Cl atom Chemistry added
VOC mixture and NOx “typical” Urban plume in MBL 
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Summary

N2O5 uptake on Cl- containing aerosols is producing 
potentially important quantities of ClNO2.

ClNO2 survives into the morning hours, releasing Cl
atoms through photolysis.

Those Cl atoms cause earlier and more intense O3

production.

This N2O5 - aerosol chemistry should be added to 
regional models.



How should we look into this further ?
Regional modeling with N2O5, aerosol uptake, ClNO2, and Cl-

VOC photochemistry

SAPRC-99 Mechanism - It’s got good Isoprene chemistry to 
which Cl - Isoprene reactions can be added, so Reimer 
measurements from TexAQS2000 can be used as a metric.
Warning: it lumps 1,3-butadiene chemistry with Isoprene.

Things to look for:
Sensitivity of the Cl atom source to NOx
Land-Sea breeze modulation of the ClNO2 source

Control of this source of reactive Cl may require 
strategies different from control of industrial or 
domestic HOCl or Cl2.
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