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Organonitrate Yields
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Four weeks of experiments in July and August 2018 in the Forschungszentrum Juilich SAPHIR Chamber measured the . . T
products and reactions progression of NO -initiated oxidation of isoprene under varying conditions, focusing on the Table 1: Observed organonitrate yields do not appear to depend on RO, o © o
.. . o . . . ; : : 5 ®
initial peroxy radical (RO,) lifetime and fate. Experiments were conducted with and without NH,SO, and organic seed ~ egime or whether the experiment was unseeded (through 13 August) = o of o
aerosol, under humid and dry conditions, with or without OH scavenger, and with varying ratios of NO, to isoprene and ' seeded (remaining, shaded experiments). 2 el
ot O, to NO,. Under seeded conditions, organic nitrates were a major product, and nitrate aerosol was formed. S L
RO,*NO; _» NISOPCHO i *OH/+hv Experiment | Reaction Total Isoprene | Alkyl Nitrate Buildup (ppb) Molar Alkyl Measured Isoprene (ppb) @NoSeed Acrosol  ® Seed Aeroso
\J‘\ / Date Pathway Measured (ppb) Nitrate Yield (%)
+ NO,— RO 0,+RO, +NO;z / + O, & v
’ * = iS0PNO3 T 3Aug | Humid night 5.57 213 38.29 Figure 3: Molar alkyl nitrate yield as a
2+H0, tod . .
\ 2o +NO,/ + O, o hid function of 1soprene reacted.
NISOPOOH 6 Humid night 5.15 Before roof open: 2.8 £ 0.1 B: 54.81 . S o/
H-shift to day After roof open: 1.39 + 0.02 A: 26.86 Yle.ld 15 _ 40%, Hldep endent of ROZ
reactions.... o - regime, [1soprene], and seed state.
1. Testing regimes of 2. Later oxidation 3. Later oxidation 7 RO, 6.83 1.910.15 27.18
different RO, fates steps (nighttime)  steps (daytime) isomerizatio
n
Figure 1: Reaction scheme.
° RO, ¥ RO, %05 11203 5044 Organonitrate (alkyl nitrate) yields are
. 9 RO, + HO 8.01 3.3+0.2 40.99 -
Meth() dOlO gy & Instrumentation B * calculat.ed from net obserqu alkyl nitrate
: r_{ T 0( 10 RO, + RO, 4.46 1.75+£0.08 39.26 production (TD-CRDS) divided by the
Experiments were run in the SAPHIR Chamber, a 270 m o | - 12 dry medium 9.09 Before roof open: 3.9 & 0.2 B: 43.30 summation of isoprene peaks measured by
Teflon reaction chamber. Gas-phase organonitrate products \ ' — NO, + After roof open: 2.5 £ 0.2 A:27.38 the VOCUS PTR (Ralf Tillmann, FZJ
were measured by a thermal dissociation-cavity ringdown 5 o | ey photolysis IEK-8). Isoprene was always added to the
(TD-CRDS) Instrument (Reed COHGgG), and particle-phase Sl \ Oven 2: 130 °C (PANs) S 13 RO, +RO, 21.7 10.5+£0.14 48.30 chamber a]ready Containing oxidants so
. . | as from .
organonitrate pro@ucts were momtoreq by an AMS (IEK-8) | S— | Samver 14 Aug 2018 | RO, + RO, 28.9 9.230.09 31.94 this measurement can be assumed to be a
with organic and inorganic nitrates split using the NO+ / = 15 RO, + RO, 17.5 8.39 + 0.09 48.10 lower limit on the amount of 1soprene
N02‘|‘ ra@o.Total organlc aerosol E}GI’OSOI for absorptlve | | | o | 16 humid AS 708 27400 3332 reacted to form ANSs, and these y1e]ds
partitioning calculations was obtained from SMPS volume  Figure 2: Reed’s homebuilt thermal dissociation - cavity seed lower therefore an upper limit. We note that the
data, assuming a density or 1.4 g cm™. Theoretical ringdown spectrometer (TD-CRDS) (CRDS: Los Gatos 515 highest apparent yield was observed in an
partitioning coefficients were determined using absorptive Researgh, A= 405 nm) measures NO,, PANs, ANs, and. 18 B-carene 7.60 2.1+0.1 27.32 experiment in which NO, was supplied by
partitioning theory and vapor pressures estimated from HNO, in both aerosol-only and gas + aerosol phase using a seed humid N, O, thermal dissociation, a more rapid
group contribution methods (Pankow & Asher 2008). charcoal denuder to remove gas phase components. Oven 19 g e o edih 2 EdLe e source of NO, that would result in faster
- . .. trap . .. .
G e RN NO, + A-carene (at a concentration of 230 ppb) used to 20 Aihseed 1.2 3:5°£0.08 5163 of the inferred Aisoprene
RN . . with or ’
gl # S/APHIR Chamber, produce PANs and ANs; and separate experiments with Coatingg
Forschungszentrum Jiilich direct sampling of isobutyl nitrate and HNO.,. o RO, + HO, 0 Y 1059
Gas-Particle Partitioning Caero
: Kp = C.. XM Theoretical How do theoretical and experimental compare?
Experimental gas -
Table 2: Observed average gas/aerosol partitioning coefficient based on T60RT fom In I' CIMS measurements of individual nitrates (example in Figure 5), mononitrates

total
total

| gas-phase organonitrate concentration (Cgas) measured by TD-CRDS,
| aerosol-phase organic nitrate concentration (C ) measured by AMS

(Total NO3 = upper limit, OrganicNO3, based on NO":NO," ratio = lower limit),
and total background aerosol (M) measured by SMPS and converted to pg m™

assuming a density of 1.4 g cm™.
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Table 3: Theoretical gas/aerosol partitioning coefficients for relevant

compounds calculated based on vapor pressures determined via group
contribution method at 295K (Pankow & Asher, 2008).

K , i (theoretical)=

appear to be the dominant products, with dinitrates and dimers also observed.
Compared to theoretical K ’s (Table 3) for the major observed mononitrate

(C.H,NO_: 1.60 x10°%) , dinitrate (C.HNO,: 1.71x10™"), and dimer (C, H, N0,
2.67 x107"), we see that the empirically observed averaged Kp’s (Table 2) ranging
from 10 — 10~ suggest a substantially more volatile mix of organonitrates than the

CIMS data, possibly indicating differential sensitivities to the classes of nitrates, or

MW,,,100¢; ])?“'-

Date Experiment Redime K (m3ua’ K (m3ua! Number of Functional Groups Ce . . . Ce
P J P(N o ) IE)(rgNl(‘)% ) partitioning that is not driven by absorptive partitioning..
UPPER LIMIT LOWER LIMIT c N03 OH c=o OOH R-O-O-R PrOdUCt’ Mw (amu) Theoretica| ’(p (m3 pg-1) i saaalaosaabassslassatansalosnatansslonsataanalasantanaslosastnsanlosaatonnslosaatonnalosnatosaalonnntossalossstonnslassslanss
_ 5 1 - 1 - ICN, 145° 5.26 x 107 R o CEHONOS | Nighttime [
14 Aug 2018 |  High NO, RO, + RO, 1.6+0.2 1073 1.0+ 0.1 %1073 | MeRine | Daytime
5 1 1 - — IHN, 147° 9.85 x 10° s
. ) _ 08_ C3HB603 o
15Aug 2018 | High NO, RO, + RO, 1.3+ 0.1 x103 6.0 £ 0.9 x10™ i 1 ) B DHN. 161° 147 % 10° - \ oo —
o 1N T caumos
16 Aug 2018 Photolysis R02 + R02 Roof closed: 2.85 x103 Roof closed: 1.08 x 1073 S 1 1 1 IHCN, 163° 7.68 x 105 é Do CSH7NO4 i;mcs C5HBN207 = C10H16N208 i
Roof opened: 2.5 £ 0.3 x102 | Roof opened: 1.7 £ 0.2 x 103 5 1 1 INP. 1632 1.60 x 10.5 %’ C5H1003 \ C5H7NOS — C10H16N209
) . E 0.4 / C5HINOS i &
: . 3 _ 3 2 C5H603 C3H5NO4 i C10H16N2010
18 Aug 2018 | Organic se.ed RO, + RO, Roof closed: 4.25 x10 Roof closed: 2.02 x 10 5 1 1 1 IHPN, 179° 238 x 107 = \ / /CSH8N07 o
& photolysis Roof opened: 3.4 + 0.9 x10° | Roof opened: 2.5+ 0.3 x 10 _ o \ "°5H7'<°6 J CsHoNO7 |||
5 1 2 1 - 179 1.14x 10 B C4HINO8 C5HBN209 C8H1PN2010 e
19 Aug 2018 | N,O, source 5.66 x10™ 3.7 x 10% > f // o l ' i l
No Bkgd subt: 1.2 + 0.1 x103 |  No bkgd subt: 9 + 1 x 10 5 1 1 1 1 195 1.88 x 10 0.0 ST SRR TEE . SIS LI
: ; 200 220 240 260 280 300 320 340 360 380 400 420 440 460
20 Aug 2018 | Organic seed 2.9 +0.3x10° 22+02x10? 5 2 2 JUHON, 226 LEL R0 m/Q (Th)
& NO, 10 2 1 1 C1oH1sN20s9, 308 2.67 x 10"
Monomers: C, fragments Dinitrates: C, with 2 NO, groups Dimers: C  fragments
21 Aug 2018 | NO, & HO RO, + HO 1.0 £ 0.2 x10°® 4.4+0.7 x 10 . . . .
3 % T 2" 12 aSchwantes et al (2015), ®Ng et al (2008), and °Rollins et al (2009). Figure 5: Representative I- CIMS data from 12. August experiment. Gas-
22 Aug 2018 Plant Isomerization, 8.5+ 1.2 x10 7.65+1.1x 10" phase fragments detected include many nitrates.
emissions then RO, + RO,
23 Aug 2018 3.3+0.7 x10°3 1.4+ 0.3 x 10°°

Figure 4: Representative data used
to calculate the gas/aerosol
partitioning of organonitrates. Gas-
and aerosol- phase nitrates, and

Major Results

e Alkyl nitrates yields are independent of
chemical regime and seeding, ~ 40%

e Observed gas/aerosol partitioning of
organonitrates shows a higher average volatility
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averaged for the shaded period to

determine the empirical average
Kp, listed in Table 2 for each

experiment.

measurements.
e Partitioning coefficients indicate product

primarily consists of monomers.
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