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UHPLC-HESI-HRMS Methods

Sample volumes of 10 pL were injected onto a an ACQUITY HSS T3 C18 column (Waters, 2.1
ID, 150 mm length, 1.8 pm particle size) equipped with an ACQUITY UPLC HSS PFP VanGuard
pre-column (2.1 mm, 5 mm, 1.8 um), both maintained at 30 °C. The mobile phase flowed at 300
pL min™!' and was composed of A, H,O (Fisher Chemical, Optima, LCMS grade) containing 0.1%
formic acid (Fisher Chemical, Optima, LCMS grade), and B, acetonitrile (Fisher Chemical,
Optima, LCMS grade) containing 0.1% formic acid. A gradient elution was used with 5% B held
for 3 minutes, a linear increase to 95% B over a 11-min period, 95% B held for 2 min, and returned
to 5% B and held for 6 min. The heated electrospray ionization source was used with a spray
voltage set in positive ion mode to 4.0 kV, a capillary temperature maintained at 325°C, a sheath
gas flow rate of 35 (arbitrary units; a.u.), an auxiliary gas flow rate of 10 (a.u.), a sweep gas flow
rate of 8 (a.u.), an S-lens RF level at 30 (a.u.), and an auxiliary gas heater temperature of 300°C.
Settings used in negative ion mode were the same except for a sheath gas flow rate of 50, a sweep

gas flow rate of 1, a capillary temperature of 320°C, and a spray voltage of 2.5 kV.
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UV/Vis Results

Table S1. Comparison of peak positions from UV/vis absorption spectra in 2-propanol, recorded
with a spectrophotometer, and in acetonitrile/water (ACN/H20), recorded with PDA.

Isomer Amax in 2-propanol Amax in ACN/H20
Indole + NO3; SOA | - 354 nm
3-nitroindole 349 nm 354 nm
4-nitroindole 377 nm 384 nm
S-nitroindole 322 nm 327 nm
6-nitroindole 324 nm (major) 332 nm (major)
364 nm (minor)
7-nitroindole 365 nm 369 nm

The absorption spectra had slight differences between the measurements taken in 2-propanol, with
the spectra recorded in the UHPLC mobile phase (ACN and H>O) typically exhibiting a redshift
in the visible region compared to spectra recorded in 2-propanol. This could be indicative that the
lower lying excited singlet states are more polar compared to their ground states. The effects of
changing solvent are less obvious for higher excited states since the resolution for peaks below

300 nm is inferior for the PDA in the UHPLC system.
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Figure S1. UV/Vis absorption spectra for each nitroindole isomer evaluated in this work. Colored
traces were measured with the PDA using the water + acetonitrile eluent as solvent, and the black
traces were recorded with the bench-top UV/Vis using 2-propanol as solvent. Small spectral shifts
are observed relative to the peak wavelengths in the UHPLC-PDA measurements, likely due to the
different solvent (water-acetonitrile mixture at pH = 3).
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Chromatographic Results
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Figure S2. PDA (panel A), total ion current (TIC, panel B), and selected ion current (SIC, panel
C) chromatograms for indole + NO3 SOA, run in heated electrospray ionization positive mode
(red) and negative mode (black). Panel C shows that one isomer of nitroindole is preferentially
produced.
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An Unfavorable Alternative: NO3 Attachment

Given the previous studies which showed that attachment at P2 was favored in indole for other
radicals, the analogous reaction was tested here for NO3 with DFT. We also attempted to do these
calculations at MP2 level but limitations in computational resources made it difficult to compute
frequencies for many of the intermediates at the MP2 level. Namely, the finite difference
calculations required to compute the frequencies, which inherently take a long time, were often
interrupted by issues with the SCF calculations. In some cases, warnings regarding linear
dependencies in the AO basis sets appeared, which we attempted to alleviate with tighter screening
thresholds and even trying less diffuse basis sets. Given these difficulties, and the appearance of
two large transition state energy barriers predicted by DFT in Fig. S3, we elected to pause on the

MP?2 calculations for this pathway and rely on the DFT results.
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Figure S3. Hypothetical reaction mechanisms for a reaction pathway in which the NOs3 attaches
directly to pyrrole component of indole. This pathway is comprised of A) Reaction #3 and B)
Reaction #4, which represent the attachment of NO3 and NO:> respectively. In C) is a free energy

diagram (PBE0/6-311++G(d,p)) showing the Gibbs free energies of each structure with respect to
all three reactants (indole, NO3, and NO3).
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ToF-AMS Analysis

Particles were sampled with the ToF-AMS (Aerodyne) at ~0.08 LPM, vaporized at 600°C, and
ionized by electron impact ionization (70 eV). Spectra were collected in V mode from m/z 10-440
with a mass resolving power of m/Am ~2100. A particle filter was used to account for small

amounts of gas phase CO> in the Teflon chamber.

Analysis was performed using software packages SQUIRREL v1.66E and PIKA v1.26E
with Igor Pro (WaveMetrics, v.8.04) with default values for relative ionization efficiencies and for

the fragmentation table, except where noted below.

The AMS unit-mass and high resolution (HR) fragmentation tables were modified for the
3-nitroindole standard only, such that the CO" intensity was not set equal to the CO," intensity,
and CO™ fitting was omitted altogether to avoid interference from the large N>* signal at m/z 28.
This is because, although a particle filter was used to ‘zero’ small amounts of gas phase CO:
present in the chamber, a CO," signal was still detected at m/z 43.99 for the 3-nitroindole standard
(Figure 3a,b). CO>" fragments are not expected for this compound since there are no carboxylic
acid functional groups. A plot of the CO," fragment as a function of fragments assigned to 3-
nitroindole, e.g., C7Hs" at m/z 89 and CsH¢NO" at m/z 132 (see Table 1, main text) shows that the
CO;" signal increases with mass concentration of 3-nitroindole (Figure S4, blue symbols) and
suggests that this signal may arise from decomposition reactions on the vaporizer. A similar
observation was reported in a previous study of the decomposition of NH4NO3, in which high
levels of NO and NO; that form during vaporization were observed to react with carbon-containing
matter present on the vaporizer surface, leading to CO and CO, (and their ions).! CO" fragments
are also not expected for 3-nitroindole, but are difficult to quantify due to the large N>" signal at
m/z 28 from gas phase N>. Examination of AMS particle time-of-flight data for m/z 28 showed that
CO" did not have a signal in the size range of the particles. Thus, CO" was omitted. No changes
were made for the SOA mass spectra (i.e., the default HR fragmentation tables were used) since
there are multifunctional compounds present in indole SOA, including the likelihood of carboxylic
acids. The default unit-mass and HR fragmentation tables assign equal peak heights to the CO*
and CO," fragments based on data from multifunctional compounds, where it is generally true that
CO*/CO," ~1.? The expected ratio of CO*/CO," is unknown for indole SOA but is assumed to be

~1 here.
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Figure S4. A plot of the CO," fragment as a function of two typical fragments of 3-nitroindole
shows that the CO>" signal increases with mass concentration of 3-nitroindole (blue symbols).
Given that 3-nitroindole contains no functional groups that would form CO>", this signal may arise
from decomposition reactions on the vaporizer. In contrast, indole SOA components (black
symbols) are multifunctional and these CO>" fragments likely arise from carboxylic acid moieties.

The relative ionization efficiency (RIE) of 3-nitroindole in the AMS was determined
following a procedure similar to that of Nault et al.® Particles of known mobility diameter were
introduced to the AMS using an electrostatic classifier (TSI, model 3082) with a long DMA. A
CPC (TSI, model 3756) was used to measure the number concentration of 3-nitroindole particles
delivered to the AMS. As described above, the 3-nitroindole solution was atomized, dried with two
diffusion dryers, and flowed through a carbon denuder to remove remaining solvent. Particles were
size-selected at 100 nm and a particle concentration of 150-200 particles cm™ was measured
simultaneously during AMS measurements of mass spectra and PToF size distributions. The low
particle concentration provided an undetected level of doubly charged particles. While a larger
selected diameter would be better suited to minimize doubly charged particles, they were not able

to be selected with the particle sizes generated from atomization. The RIE of 3-nitroindole was
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calculated by comparing the mass concentration measured by the AMS using an RIE of 1.0 to the
mass concentration calculated from the CPC-measured number concentration, the selected
diameter, and the density. An approximate density of 1.4 = 0.1 g cm™ is reported as a predicted
value (ChemSpider, CSID:9259328, accessed May 2024). This density is consistent with AMS
particle time-of-flight measurements, assuming spherical particles, in which size-selected 100 nm
mobility diameter particles resulted in an average vacuum aerodynamic diameter of 133 £ 7 (1s)
nm.* We report an RIE for 3-nitroindole of RIE3.ni = 2.6 & 0.6. This range of 2.0 — 3.2 for the RIE
includes uncertainties in the density as well as the mass concentration reported by the AMS. RIEs.
N1 18 higher than the default ionization efficiency of 1.4 often used for organic aerosol, thus the
AMS 1is more sensitive to nitroindole than other organics. The AMS reference mass spectra
generated in this study have been made available in the AMS database

https://cires].colorado.edu/jimenez-group/ AMSsd/.>®

Recently, Nault et al. reported that organic aerosol (OA) standards whose AMS spectra
have a high fraction of intensity below m/z 50 (fsm/zs0 > 64%) yielded an average RIEoa of 1.23 +
0.62, leading to their recommendation of using the default value of RIEoa = 1.4.> They showed in
contrast that organic compounds with AMS spectra containing a large number of fragments above
m/z 50 tend to have RIE > 1.4. Interestingly, the AMS spectrum of 3-nitroindole has a value of
Jfrmizso of 33% (only 33% of peak intensity is below m/z 50) and several prominent fragments are

above m/z 50. Thus, an RIE3.n1 = 2.6 & 0.6 is consistent with the trend reported by Nault et al.
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