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Motivation on NO, + Isoprene studies

v Biogenic volatile organic compounds (BVOC) emissions are 1
order of magnitude higher than the anthropogenic ones.

v Isoprene represents about 50% of the total BVOC
emissions.

v" NO, can be the major oxidant during nighttime.

v" NOs-induced oxidation of BVOC has been poorly
studied compared to OH and O oxidation.

v' Better representation of organonitrates formation is
essential for properly describing isoprene’s effect on NO,,
HO, as well as ozone formation.

v Contribution of organonitrates to secondary organic aerosol
(SOA).

Guenther et al., 2012; Goldstein & Galbally, 2007; Wennberg et al.,
2018; Lee et al., 2016; Fry et al., 2018
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NO; formation
NO + 03 - NO, + 0,
NO, + 03 - NO3 + 0,
NO3 + NO, + M < N,0s + M




Experimental set up & conditions

RO,+NO, 0, {+0; +OH / + hv
NISOPCHO
RO,+RO, RUCE +0OH / + hv
\)kJ' NO; = RO, ISOPNO3
RO,+HO +NO,/+0, OH / +h
2 NisoPoOH  —— foH /v
Isomerization +NO,/ + 05 +OH / + hv
1. Regimes of 2. Later oxidation 3. Later oxidation

different RO, fates steps (nighttime) steps (daytime)

Various chemical conditons in order to change the fate

T —— e of the peroxy radicals initially formed by NO,+isoprene
Atmospheric simulation chamber SAPHIR » High/low RO, or HO,
at Forschungszentrum Jualich, Germany > Without or with seed particles
(Aug 2018) » (NH,),SO, with or without organic coating (3-

3 5 caryophyllene)

Rl TIE: ZR0 S SUAEEE E201 > Nighttime to daytime transition
. FEP_doubIe WaII > Photolysis
* Ambient pressure & temperature > Photolysis + OH radicals
e Shutter system for simulating dark conditions -

or daytime by exposuring to sunlight U Isoprene injections

O NO, formation by NO,/O; injections
Rohrer et al., 2005



Focus on this study
Instrumentation

Gas & particle phase measurements by I-
Chemical lonization Mass spectrometer (CIMS)
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Resolution: Mass Range:

~ 4000 M/AM 0 —1000 Th

Detection limits:

Gas-Phase: e.g, 4 pptv formic acid (1s, Bertram et
al., 2011), 0.4 pptv malonic acid (15s, Lee et al., 2014)
Aerosol, FIGAERO: e.g, 4 ng m-3 formic acid
and 2 ng m=3 Cq pinene acid (Lopez-Hilfiker et al., 2014)

Experiments

s Gas phase measurements of Organonitrates
s Effect of OH oxidation on the nighttime products

. . Nighttime —
MG — Photolysis + OH
Photolysis o
oxidation
Max Isoprene (ppbv) 3 2.5
O3 (ppbv) 70-115 80-115

NO, (ppbv) 4-12 2-5
CO (ppbv) 120000 20
Max J(NO,)/103s? 4.8 4.8
H,O (%) 0 1.6




Mass spectra overview
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Product time evolution — exp. Aug 12
Mononltrates
3_0)(10' bl bl I““'I"I"I'"J"I"I"Ald'dlllnlolIHIHIHIHIHIHIHIHI"I'”“I“h'l“h'l“h' 3
. L RO Nigname. i o) Daytime [oxe
)| * Smerion,
] C5H7NOS- (ICPN) Ce NOZL
C5HINOA4- (IHN)
® C5HINOS- (INP)
20 C5HINOG- (IHPN)
2" Isoprene =
7 injection %
Q. —
8 15 Addition of Adfd'ot'on 3
0,& NO, 3 )
1.0
1 Isoprene
injection
0.5 -1
0.0 &4 Lo
06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
ArmA uTC 3
Dinitrates Accretion products
4 ) ) ) “ ) )
3.5x10 - erenzoa] Nighttime Daytime L0 X100 e 05 Nighttime Daytime
30 * coeneoo] l . L S rienaot. .
@ C5HBN207- JVC N 0.8 dor i ;?'\5 "
25|l o csHan208/ 7 \ L e K
' X |/ ‘\
0 H a f
=3 i 5 7
= = g kY
15 ? % - 0.4 s b
Sy .
0.24 o et
0.5 \h‘s,""_ \v//\ N
I Nl 0.0 T T T T
005 T T T T 06:00 08:00 10:00 12:00 14:00
06:00 08:00 10:00 12:00 14:00 uTC

Daytime 10:0.79:0:18

36 mononitrates, 20 dinitrates &
15 accretion products have
been identified.

Mononitrates are the dominant
signal.

Dinitrates increase relative to
mononitrates with time.
Accretion products decrease
relative to mononitrates with
time.
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O:C ratio time evolution — exp. Aug 12t
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Photolysis effect Photolysis + OH radicals effect
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Mononitrates
v" Most of the mononitrates are photolyzed rapidly durin . .
: P y pidly 9 Potential formation pathways of
SEVIITIE: C,H-NO; compounds:
v" The major C,H,NO; products are enhanced further under the creTe '
resence of both photolysis and OH chemistry.
P photoly mistry. CsHoNO, + NO3 = - — C,H,NOs
v' Less sharp reduction of compounds with chemical formula
C:HoNO: under the presence of OH chemistry. Likel
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consumed by photolysis but formed by OH oxidation.
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Photolysis effect

PhotonS|s + OH radicals effect

Dinitrates
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v

The major dinitrate
(CsHgN,Og) get photolyzed.

v' All the major dinitrates

Increase under the presence
of OH radicals.

Accretion products

v

v

Sharp reduction during
photolysis.

Less pronounced reduction
with both photolysis and
OH chemistry.

Possible a day-time source
from OH oxidation.



Conclusions

O Mononitrates, dinitrates
were characterized.
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U Products with the chemlcal formula C H NO. become the Thank:e-to. all the

participants of the
dommant ones durnjg_ daytime condltlons and enhanced il i
further via OH chemistry. campaign Aug. 2018.

Q C;HgNO; products are ph-o-tolyzed during daytime but partly
compensated by formation from OH chemie_t_ry__;
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