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MOTIVATION

Aerosol

* |soprene is a highly abundant BVOC
Organic uptake secondaty with about 500 Tg/a

: »  organic
nitrates aerosol (SOA)

\J\ * NOs is responsible for most night-time
N oxidation where anthropogenic
03 O3 NO2 ea sall aeroso .
NO =5~ NO, = NO, T N,O, y influences are present
A hv A NO heat . s .
\x/ voc, % e Yields low volatility nitrates,
DMS (@) Q Nitrate aerosol . . .
hv R interesting for (new) particle and
HNO, e aerosol formation
l e Sink for NO2, changes O3 production
Emissions Deposition & sinks
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INSTRUMENTATION

Nitrogen inorganic:

e NO /NO2/NO3/ N20s/ NOs reactivity (CLD, CRDS)
* HNO3 (CIMS COgs-, TD-NO2-CRDS)

« HONO (LOPAP)

Nitrogen organic:
 Thermal decomposition of organic nitrogen family species (TD-NO2-CRDS)
e Speciated nitrogen organic compounds (several CIMS, several PTR)

ROXx:
e OH, RO2, OH reactivity (LIF)
e HO2 (LIF, CIMS)
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e photooxidation of isoprene, followed by NO3 addition
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e Four injections of O3 and NO2 at the same time, respectively

* Injection of isoprene at the first three O3/NOz2 injections jzz_ R
e The last O3/NO: injection is to allow for further oxidation of g 300—

reaction products with NOs in this specific experiment S 200f
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KINETIC MODELLING

 \We compare three models:
e master chemical mechanism (MCM, current version: 3.3.1)

o CalTech mechanism (Wennberg et. al, Chem. Rev. 2018, 118, 3337-3390), with fill ins
from the MCM where no description is given

e a modified mechanism, based on the OH and O3 chemistry from MCM, the NO3 chemistry
from CalTech with further adaptations to better fit to the experiments.

e Regarding the NO3s chemistry, there is a fundamental difference in the approach to the RO2

0

description: |

0

e MCM only has one RO2 species ISOP1N40Q (see image) ¥ 1 i
3x 2 -
) 0

0

e CalTech includes three additional RO2 (1N200O, 1004N and 3004N S

 The new modification in this work introduces O2 equilibration similar to the OH ROz, with
the equilibrium distribution given by the Boltzmann distribution. Also explicit cis species
(Z1N40OO and Z4N100) as well as isomerisation reactions are added. .
@) JULICH
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MODEL PERFORMANCE - RO

e Already the RO2-yields from pure isoprene ozonolysis show a need for modification.

* Drastic improvement by changing the branching ratios according to Zhang et. al, Chem.
Phys. Lett. 2002, 358, 171-179. This includes 95% instead of 56% stabilisation of the
formed C1-Criegee Intermediate, halved stabilisation of the “MACROOQO” Cl with increased
propene formation and no propene formation from the “MVKOOQO” CI.

e Theory predicts that not all RO are detectable
with our setup, since it relies on HO2 formation
from the alkoxy radical: from the main RO>
isomer (ISOP1N200) decomposition to

NO2+CH20+1-butene-3-one takes place = 20 pp 2 PSRN PIRGp D g Sy sty
instead. CalTech and Modification include j

corrections for this; uncorrected values are 70 osw0 0900
shown as dotted lines, corrected as solid. Black: LIF measurement 2305 Time(1¢)

Red: MCM 'J JULICH

Orange: CalTeCh Forschungszentrum
Green: Modification
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MODEL PERFORMANCE ROz (CONTINUED)

2ox10® | 1o Top shows an experiment with large
) Tsmgf_ 1 amounts of propene added (70 and 50 ppb,
5 ; at 7:30 and 9:45) to provide an additional
?‘”""’gi " HO. source.
5.0x10° | : 1* Here also a discrepancy in the propene
obd . . 1. 4w, 1 3 ozonolysis was found and largely mitigated
e 0508, Time(UTG) e by applying branching ratios from Horie and
| | | Moortgat, Atmos. Env. 1990, 25A,
] 1881-1896, increasing Cl stabilisation.
E e All modifications together are then able to
é‘ reproduce the isoprene + NO3 focussed

experiments much more satisfactorily,
exemplarily shown here for one day.

08:00 10:00 12:00

13.08., Time(UTC) ‘ J U LICH
Mitglied der Helmholtz-Gemeinschaft Black: LIF measurement, Red: MCM, Orange: CalTech, Green: Modification J Forschungszentrum

Dotted line includes all RO, solid line is corrected for undetectable species



MODEL PERFORMANCE - MVK

T vt * MVK as a typical product from isoprene degradation is
. Ve generally well predicted by MCM, but severely
overestimated by CalTech

MVK + MACR / ppbv
(=)
co

ozonolysis e The changes to the ozonolysis mechanism also change

07:00 08:00 0900

2,06, Tne(UT0) __ MVKYyields, both directly and by reducing OH
concentrations

o
[«
I

i » Further modifications to the CalTech NO3s chemistry:

MVK + MACR / ppbv
o
i-N
I

added propéne‘z e change the product branching of the RO2+RO>
oo Time{:”g!oo yrra— reactions of the ISOP1N200Q isomer to no longer form
’ - MVK

e change the product branching for ISOP1N200+HO:
to no longer form MVK and correspondingly
ISOP3004N+HO:> to no longer form MACR

@) JULICH
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SUMMARY

e Ozonolysis of both isoprene and propene are not described well enough in the current
MCM to match radical measurements

* The new pathway to MVK via ISOP1N200O + HO: in the CalTech mechanism adds to a
severe overestimation of MVK from that model

* WWe actually see no evidence of the ISOP1N200O RO: contributing to prompt formation of
MVK

e Oxygen re-equilibration and resulting nascent and equilibrium concentrations of the
different RO2 are crucial for the resulting product distribution in the NOs3 initiated isoprene
degradation, as was the case for the OH degradation
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