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Performance characterization of the developed optical instruments

The developed LED-IBBCEAS and EC-QCL MPC setups (as shown in Figure S1) were
evaluated by simultaneous optical tracing of NOs, NO> and N2Os concentrations. First, NO>
with concentrations varying from 100 ppbv (part per billion by volume) to 2 ppmv (part per
million by volume) was injected into the simulation chamber. The corresponding NO>
concentrations measured by a Thermo 42i NOx analyzer were used to determine the cavity
mirror reflectivity R(A) (Figure S2), as described in [1]. The reference absorption cross-sections
(in [ecm?.molecule!]) of NO> [2] and NOs [3] (Figure S2) used for concentration retrievals,
associated with the LED emission spectrum, are also given in Figure S2. Approximately 1.1
ppmv of O3 generated from a corona discharge ozone generator (C-L010-DTI, C-Lasky) was
introduced into the chamber after a prior injection of 2 ppm NO: to produce NOs. In the
presence of an excess of NO, the NO; reaction with NO> to produce N2Os also occurs once
NOs is formed. Time-series measurements of NO;, NOsz and N»Os concentrations were
simultaneously performed using the LED-IBBCEAS and EC-QCL MPC instruments. Typical
broadband absorption spectra of NOs3, NOz, N2Os and the corresponding fits for their
concentration retrievals are given in Figures S3 and S4. Figure S3(a) shows
LED-IBBCEAS-based simultaneous measurement of broadband absorption spectra of ~1.7
ppbv NO3 and ~260 ppbv NO». Figure S3(b) presents the decomposed fitted absorption
spectrum of each species. 1-c detection limits (DL) of 2.2 (1.0) pptv for NO; and 1.6 (0.8)
ppbv for NO; in 25 s (120 s) integration time were deduced based on the fit residual shown in
Figure S3(c). EC-QCL MPC measurement of ~30 ppbv N2Os absorption and the corresponding
fit residual are given in Figures S4(a) and S4(b), respectively. The corresponding DL for N>Os
was ~12 (2.6) ppbv in a 25 (600) s integration time. Using the estimation methods given in [1]
for NO; and NOj; and in [4] for N2Os, the overall uncertainties in the retrieved concentrations
are 9.1% for NOz, 11% for NOs, ~10% for N»Os, and 3.2% for O3 measured with an Os
photometric analyzer.
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Allan variance analysis [4-5] was carried out to determine the optimum integration time
and the corresponding DL, and the results are shown in Figures S5(a, b). The system
stabilization times for the LED-IBBCEAS and the EC-QCL MPC apparatus were
approximately 500 s and 600 s, respectively, which resulted in DLs of 0.4 pptv for NOs, 0.4
ppbv for NO; and 2.1 ppbv for N2Os. Although a higher DL could be obtained with longer
integration times of 500 s for NO; and 600 s for N>Os, a 25 s integration time is a good
compromise between DL and the time response required to measure real-time concentrations
of N2Os in our study.

In the present work, the measurement precision and DL at an integration time of 25 s were
investigated by measuring residual NO3, NO», N2Os and O3 mixing, which is similar with the
method reported in [6]. All measurements were committed to a clean chamber after flushing
with synthetic clean air overnight (“zero air” data). In Figures S6(a-d), the frequency
distributions of zero-NOs3, zero-NOa,, zero-N»Os and zero-O3; measurements are shown. A
Gaussian distribution was fitted to the histograms to visualize the mean of the zero
measurements and their standard deviation (the measure of the actual instrumental
measurement precision). Measurement precisions of 1.8 pptv, 1.8 ppbv, 11.7 ppbv and 0.3
ppbv were found for NO3z, NO2, N>Os, and O3, respectively. The calculated mean NO3z, NO»
and N>Os mixing ratios are very close to the deduced DL from the spectral fit in Figs. 2 and 3.
The fitted mean O3 mixing ratios deviate no more than + 0.2 ppbv from zero.

Figure S1. Picture of the LED-IBBCEAS and EC-QCL MPC setups installed in the present
atmospheric simulation chamber for simultaneous measurements of NO3z, NOz and N>Os
concentrations.
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Figure S2. NO> and NOs3 absorption cross sections, mirror reflectivity and LED emission
spectrum in the wavelength range 610 - 690 nm.
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Figure S3. Comparison between the NO; concentrations measured by LED-IBBCEAS and
chemiluminescence (CL) NOx analyzer without interferences (i.e., before ozone introduction;
0-1200 s in Fig. 2(a)).
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Figure S4. Broadband absorption spectra of 257 ppbv NO» and 1.683 ppbv NOs in association
with the corresponding fit spectra: (a) Recorded IBBCEAS spectrum (black) and its fit (red)
leading to 257 ppbv NO> and 1.683 ppbv NOs3; (b) The corresponding decomposed spectra; (¢)
The fit residual in the spectral region of 640-672 nm (chosen for simultaneous measurement of
NO; and NO:s3), used for evaluation of detection limits.
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Figure SS. (a): Measured (in 25 s) and fitted EC-QCL MPC direct absorption spectra of 30
ppbv N2Os from 1223 to 1263 cm’. (b): Fit residual with 25 s and 600 s integration time (used

for estimation of detection limit).
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Figure S6. Allan deviation for performance evaluation of the developed (a) LED-IBBCEAS
and (b) EC-QCL MPC apparatus.
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Figure S7. Frequency distribution of zero-NOs, zero-NO, zero-N>Os and zero-O3 mixing
ratios measured by IBBCEAS, EC-QCL MPC and photometric analyzer with an integration
time of 25 s. A normal distribution (red line) was fitted to the histograms. # is the number of
statistically available data points; the 1o standard deviation, d is a measure of the instrumental
precision; m denotes the mean retrieved NOs3, NO2, N2Os and O3 mixing ratios (standarding for

the detection limit) from zero air spectra.
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Table S1. Rate constants (kcsueo in 10> cm?® molecule™ s!) for the reaction of NO; with
propanal (C3HsO) determined at 29342 K and atmospheric pressure and literature data for
comparison.

Ref. No. (m) kcsneo Temperature (K) Measurement technique® References*
3 8.9416.18 298 Eq. calculation [7] (Cabaiias et al., 2001)
4 6.040.6 29842 AR (DF-LIF)
5 5.8+1.0 30043 AR (DOAS and GC) [8] (Bossmeyer et al., 2006)
6 5.80+0.48 298+2 RR [7] (D’ Anna and Nielsen, et al., 1997)
7 7.28+0.41 29642 RR [7] (Papagni et al., 2000)
8 6.18+0.57 29842 RR [7] (D’ Anna et al.,2001)

2DF-LIF: Discharge flow tube reactor with laser-induced fluorescence; DOAS: Differential Optical Absorption
Spectroscopy GC: dual-column gas—chromatograph with cryo—focus module and two flame ionization detectors
RR-relative rate method; AR.: Absolute Rate method. Here, [7] stands for the citation from page 3804 of review

reference 7.

Table S2. Rate constants (kcsus in 10713 cm? molecule™ s™!) for reactions of NOs with isoprene
(CsHg), determined at 293+2 K and atmospheric pressure, and literature data.

Ref. No. (m) kcsus Temperature (K) Measurement technique® References
3 13.0£1.4 298 AR (DF-MS) [7] (Benter and Schindler, 1988)
4 6.69+1.59 298 Eq. calculation [7] (Dlugokencky and Howard, 1989)
5 6.52+0.31 293 AR (F-LIF)
6 7.30+0.44 298 AR (DF-MS) [7] (Wille et al., 1991)
7 8.26+0.60 298 AR (DF-MS) [7] (Wille et al., 1991; Lancar et al., 1991)
8 10.7£2.0 29542 AR (PR-A) [7] (Ellermann et al., 1992)
9 7.3£0.2 29842 AR (F-CIMS) [7] (Suh et al., 1992)
10 5.94+0.16 295+1 RR [7] (Atkinson et al., 1984)
11 12.142.0 29842 RR [7] (Barnes et al., 1990)
12 6.86£0.55 298 RR [7] (Berndt and Boge, 1997)
13 5.331£0.21 29612 RR
[7] (Stabel et al., 2004)
14 7.0+0.6 296+2 RR
15 6.131£0.12 29542 RR [7] (Zhao et al., 2011)

3DF-MS: Discharge flow-mass spectrometer; PR-A: pulse radiolysis combined with kinetic ultraviolet visible
absorption spectroscopy; F-LIF: Flow tube reactor with laser-induced fluorescence; F-CIMS: Fast-flow
reactor coupled to chemical ionization mass spectrometry. RR-Relative Rate method; AR: Absolute Rate
method. Here, [7] stands for the citation from page 3796 of review reference 7.
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Table S3. Rate constant (kczo in 107'¢ cm?® molecule™ s) for reactions between NOs and
formaldehyde (CH20) determined at 29312 K and atmospheric pressure and literature data.

Ref. No. (m) kch20 Temperature (K) Measurement technique References
3 5.8+0.4 3001 (AR) N;Os decay-FTIR® [7] (Cantrell et al., 1985)
4 5.2+0.9 298+£2 (AR) NOj; absorption-FTIR [7] (Doussin et al., 2003)
5 4.75+0.39 298:+1 RR [9] (Atkinson et al., 1984c)
6 7.241.1 298+2 RR [7] Cantrell et al., 1985
7 11.5£2.4 29542 RR [7] (Hjorth, 1988)

FTIR: Fourier transform infrared spectroscopy; AR: absolute rate method; RR-relative rate method. Here, [7]

stands for the citation from page 3800 of review reference 7.
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