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Relevance of the Heterogeneous Hydrolysis of N,O. for

Atmospheric Chemistry

+ NO, budget and particle nitrate is tied to N,O¢ hydrolysis:
+ NO, is removed, HNO, formed.
+ HNO, partitions between gas phase and aerosol phase.

+ Laboratory studies show that reaction probability y depends on
aerosol composition.

+ Aerosol nitrate or organic coatings can decrease vy.

+ How important are these effects in the atmosphere?

1D process studies and 3D simulations



Interaction of Transport and Chemistry
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Starting Point
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N,O: hydrolysis on aerosols with organic coating

. . J[N2O5
Hydrolysis as first order loss: % = —kN,0: - [N2Os]
_ 1
Reaction constant: kN,Os = 7 ON20s Sy
Resistor model for y according l _ 1 4+ 1
to Anttila et al., JPC, 2006: Y Yeore  “Veoat
“Jeore (Tn’SO?L_ ? Tn’NOg_ ) Yeoat (H org s D org Rpa Rc)
Mentel et al., 1999 Anttila et al., 2006

Riemer et al., 2003

“Worst case scenario”. Assuming that all SOA contribute to film formation



Treatment of the Aerosol Particles

Interaction of five modes: Source: homogeneous
nucleation of H,SO,/water
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Treatment of SOA (SORGAM)

Reaction of VOC
with OH, NO,, O,

Gas/particle
partitioning
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Results 1D

Three cases:
Run A: no Hydrolysis

Run C: With Hydrolysis, organic coating included
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Low NO, Versus High NO,
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COSMO-ART (ART = Aerosols and Reactive Trace Gases)

Concept:
3000

.| COSMO-ART is online

;| coupled.
2600

2600 ;
.on| ldentical methods are

applied for all scalars as
temperature, humidity, and
concentrations of gases and
aerosols to calculate the
transport processes.

2500

]
]
L]
L]

v 1 km

v 1500

1000 1000

It has a modular structure.

500

Therefore COSMO-ART can
(easily) be used in the
forecast mode.

T

0 500 1000 1500 2000 2500
X mkm

www-imk.fzk.de/tro/ACP/



Simulation period:
29.08.05 - 02.09.05

Simulation domain:
Southwest Germany + adjacent areas
Horizontal Resolution 7km x 7km

Input data:
- Meteorology: GME Reanalysis (DWD)
- Emission data (IER,Stuttgart)
- Land use (JRC-IES,Ispra)

Run A: no hydrolysis
Run B:

Run C: organic coating included
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Heteorgeneous Hydrolysis

Wind , 29.08.2005, 00 UTC NO2, 29.08.2005, 01 UTC Dry aerosol mass, 29.08.2005, 04 UTC
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Impact on nitrate distribution
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Run A: No Hydrolysis
Run B: With Hydrolysis, organic coating effect neglected
Run C: With Hydrolysis, organic coating included
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Summary

Aerosol and gas phase species involved in N,Oc

hydrolysis have characteristic profile within the nocturnal
boundary layer.

1D process studies show that organic films can suppress
the hydrolysis significantly.

* |Impact on nighttime N,O., NO;, nitrate, VOC

* Dependence on NO, concentrations
3D results:

* Up to 15% reduction of nitrate when organic film is accounted for.
* Negligible impact in daytime ozone.
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