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S1. Potential Measurement Interferences for Isoprene and MVK+MACR.
As discussed below, we do not expect any measurement interferences for isoprene or

MVK+MACR to affect the analyses shown here.

While isoprene hydroxyhydroperoxides (ISOPOOH; produced from OH-driven isoprene
oxidation at low NO) can cause interferences with PTR-MS measurements at m/z 71,'?
such compounds are unlikely to affect our analysis or the results shown in Figures 3 and
S6. This is the case for several reasons: i) The study took place in a clearly high-NO,
environment; isoprene oxidation products produced in the vicinity of the city would not
have any important contribution from the ISOPOOH-generating hydroperoxyl pathway.
ii) Any ambient ISOPOOH would thus have to be transported from the more pristine
conditions deep within the Ozarks. However, such compounds are substantially more
reactive towards OH than MVK and MACR (with yield-weighted mean rate coefficient
4x the mean of MVK and MACR, based on Ref. 3) and also undergo photolysis. Hence
they would be less liable than MVK+MACR to survive transit to the SLAQRS site. iii)
For ISOPOOH that is transported to the SLAQRS field site, the reported detection
efficiency at m/z 71 is less than half that of MVK and MACR.? iv) Most importantly, if
some of the ambient m/z 71 signal were ISOPOOH, this would not have an appreciable
effect on the predicted trend shown in Figures 3 and S6. The production term (as
MVK+MACR) would be computed exactly as before. Like MVK and MACR, ISOPOOH
is likely to react relatively slowly with O3 and NO;.> And in any case, the predicted trend
for MVK+MACR is dominated by the mixing term (as can be seen from the dashed black

line in Figure S6), and our estimate for this would be the same for ISOPOOH as for
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MVK+MACR. In the same context, while ISOPOOH may undergo deposition more
rapidly than MVK+MACR, this also means that less would have survived transit to the

urban area in the first place.

Likewise, any interferences at m/z 69 and m/z 71 from anthropogenic VOCs (including,
possibly, anthropogenically-sourced isoprene, MVK, or MACR) should also be of
negligible importance for the analyses presented here. Based on simultaneous
measurements of other species (Cs and Cy aromatics), and following the approach of Hu
et al.,* we estimate that the median anthropogenic contribution to m/z 69 and 71 during

August and September was < 150 ppt.

S2. Attributing Nighttime Trends in Isoprene and MVK+MACR.

For nights featuring distinct periods with declining isoprene concentrations, we calculate
the expected change in isoprene and MVK+MACR over the same period due to Oz, NOs,
and atmospheric mixing as shown in Figures 3 and S6. Chemical loss of isoprene and
MVK+MACR due to ozonolysis is computed from measured Oz and [UPAC-
recommended rate coefficients of kg = 1.27% 10" ¢cm® molec! s! for 1soprene and kg5 =
3.2x10™"® cm® molec™ s™! for MVK+MACR (i.e. the mean of their individual rates).’
Production of MVK and MACR from isoprene ozonolysis is then estimated from their
expected molar yields (0.244 and 0.325, respectively) based on the current GEOS-Chem
mechanism.® NO; was not measured during SLAQRS, so we derive here an estimate of
its steady-state abundance based on measurements of the key species driving its

production and loss (i.e., NO, NO,, Os, isoprene).” Production of NOj is via NO, + Os

S3



72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

(k29s = 3.5% 1077 ¢m® molec™ s'l; Ref. 8) with loss due to reaction with NO (k95 =
2.6x10™"" cm® molec™ s™'; Ref. 8) and isoprene (k2o = 7.0x10™"° cm® molec™ s™'; Ref. 5).
By assuming NOs loss in this environment is predominantly via reaction with NO and
isoprene, we neglect its indirect loss via heterogeneous uptake of N,Os. The NOs lifetime
due to reaction with NO and isoprene averages < 20 s for each of the time periods
examined here; on such short time scales NO3 variability should be dominated by its
production and gas phase loss processes.” Loss of isoprene and MVK+MACR due to
reaction with NO3 is computed as above for Os, with kz9s = 2.0% 107" ¢m® molec™ s™!
applied to the sum of MVK and MACR’ and a 3.5 mol% yield for each of MVK and

MACR from isoprene + NO3.'*!!

The residual isoprene trend after accounting for its estimated chemical loss to O3 and
NOs is then attributed to mixing processes, and fit to an exponential to yield an effective
dilution frequency (s™). That same dilution frequency, plus the above chemical
production and loss estimates, is then used to derive the MVK-+MACR trend that is
expected from the inferred nighttime isoprene budget, as an independent test of the

overall approach.
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Figure S1. Simulated effects of nighttime isoprene chemistry. Top panel shows isoprene
concentrations simulated with the DSMACC chemical box model on nights with lower
(0.5 ppb; solid black line) and higher (4 ppb; solid red line) levels of NO. Also shown are
sensitivity simulations with 7) 0.5 ppb NO but no NO3; + VOC reactions (green) and i7)
0.5 ppb NO and isoprene + NO3 assumed to be a terminal sink for both reactants (i.e.,
products are lost to deposition or aerosol uptake and do not participate in subsequent gas-
phase chemistry; dashed black). The bottom panel shows the resulting O, (O3 + NO;)
enhancement over the base-case 0.5 ppb NO simulation for the high-NO case (red) and
for the simulation with no NO3; + VOC reactions (green). Also shown (dashed green) is
the O, enhancement for the same simulation with no NO; + VOC reactions but relative to

a base-case with terminal isoprene + NOjs reaction (i.e. the dashed black line in the top
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107  panel). Plotting O, corrects for O; titration by NO; corresponding Os-only plot shown in
108  Figure S2.
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112 Figure S2. Simulated effects of nighttime isoprene chemistry. Same as Figure S1 except

113 showing AOj; rather than AQO,.
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Figure S3. Diurnal cycle in isoprene and O3 during summer in St. Louis. Shown are the
mean observed concentrations by hour for the entire campaign (black) and for days with
southwesterly winds (170°-270°) at 06:00 with (green; > 2 ppb) and without (red)
elevated isoprene. Error bars show one standard deviation about the mean. Thin green
lines show individual days making up the corresponding average. The figure is the same
as Figure 4 except here the criterion for southwesterly winds is enforced only at 06:00
rather than throughout the 24-h day. Corresponding O, (O3 + NO,) plot shown in Figure

S4.
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126  Figure S4. Diurnal cycle in isoprene and O, (O3 + NO,) during summer in St. Louis.

127  Same as Figures 4 (left column) and S3 (right column) except showing O, rather than O3,
128  which corrects for Os titration by NO.
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Figure S5. Diurnal cycle in NOy and in air temperature. Mean hourly values are shown
for the entire campaign (black) and for days with southwesterly winds with (green; > 2
ppb at 06:00) and without (red) elevated morning isoprene. The left and right columns

show results derived using the averaging strategies of Figures 4 and S3, respectively.
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Figure S6. Nighttime isoprene removal. Shown are measurements of NO,, O3, isoprene
and MVK+MACR for nights with a clearly defined decline in isoprene after dark. Solid

lines show the calculated isoprene decay due to O3 (red), Oz + NOs (purple), and Oz +



143 NOs; + mixing (green) as described in-text. Grey lines show the resulting predictions for
144  MVK+MACR. Dashed black lines show the predictions for MVK+MACR based solely
145  on atmospheric mixing.
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150  Figure S6 (continued).
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