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S1: The reaction and reference chambers.
1.1 Schematic diagram

The specifications of the reaction and reference chambers are basically the same, which are composed of
a quartz glass cylinder, two O rings, two PTFE plates, and PTFE joint connections. Both inlet and outlet
of the quartz cylinder are connected to the PTFE plates and sealed by the O rings, the PTFE plates were
then fixed by the stainless-steel plates on a stainless-steel shelf. The length and inner diameter of the
quartz glass cylinder are 700 mm and 190.5 mm, respectively. The PTFE plate has a PTFE tube (outer
diameter of 12.7 mm) for air intake and outflow. For air inject, an PTFE tube passes through one PTFE
plate and is bent as “L-shape” at the inner surface side of the PTFE plate. The other PTFE plate on the

other side is equipped with a straight PTFE tube for air outflow (see Fig. S1).
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Figure S1: Schematic diagram of the reaction and reference chambers.

1.2 Residence time of air in the reaction and reference chambers

The residence time of air in the two chambers ((z}) are critical for calculating P(O3)ner. The air flow rate
through the reaction and reference chambers can be set at 1.3, 2, 3, 4, and 5 L min"', respectively,
depending on the measurement environment, therefore the residence time of air in these two chambers
under different air flow rates were also varied. The experimental schematic diagram and results of other
air flow rates are shown in the Supplement (Figs. S2 and S3).

We first measured (z) by introducing a short pulse of NO» gas at 5 L min™! (obtained by mixing 0.2
L min"! of 2.08 ppmv NO; standard gas with 5.2 L min"! ultrapure) into the reaction and reference
chambers at 7 = 0, the airflow rates in the reaction and reference chambers were controlled by the flow
rate of the CAPS-NO, monitor (1.11 L min'") and pump (3.89 L min™), the time profile of NO, mixing

ratios (C(7)) at the exit of the chamber was measured using the CAPS-NO; monitor. The pulse width of
2
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the introduced NO, gas was approximately 20 s and sufficiently shorter than (z). C(7) is normalized by

Eq. (S1), which converts C(7) to a probability density function (E(7)) (Sadanaga et al., 2017).

C(o)

E(o)= Jo C@de 5D
(7) is an expectation value and was calculated using Eq. (S2).

= )
(1) fo E{(r)dr fo oo dt (S2)

Three sets of experiments of (z) of NO, in the reaction and reference chambers were carried out,
and the average () of NO; in the reaction and reference chambers were both 0.063 h, indicating that
there was no difference in the average (z) of the sampled air in these two chambers. We also investigated
(z) of NO; at the flow rate of 1.3, 2, 3, and 4 L min"!, the measured average (r) were all closed to the
theoretical values. Figure S2 shows the schematic diagram of the experiments. We described the results

at the flow rates of 1.3, 2, 3, 4, and 5 L min"! in Fig. S3 and Table S1.

Over flow Pump
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Figure S2: Schematic diagram for measuring average residence time (MFC: Mass Flow Controller).
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Figure S3: Average E(7) time profiles in (a) the reaction and (b) the reference chambers at the sampling flow

rates of 1.3, 2, 3, 4, and 5 L min"!, respectively. The related residence time of NO: in the reaction and reference

chambers of each air flow rate is shown in Table S1.

Table S1. Average residence time of air in the reaction and reference chambers.

Flow rate of air (L min™")

Average residence time (h)

Reaction

chamber

Reference

chamber

1.3

0.350+0.0020
0.160+0.0015
0.111+0.0004
0.067+0.0003

0.063+0.0007

0.321+0.0026
0.164+0.0022
0.142+0.0002
0.074+0.0003

0.063+0.0005

1.3 Wall losses of NO:z and O3 in the reaction and reference chambers

In order to investigate the wall loss of O3 or NO», we injected several steams of Oz or NO, with different

mixing ratios into the reaction and reference chambers, and measured the O3 or NO, mixing ratios at the
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inlet and outlet of the chambers. The O3z used here were generated by injecting the ultrapure air into an
O3 generator (P/N 97-0067-02, Analytic Jena, USA), O3 mixing ratios were measured by a 2B O3 monitor
based on a dual-channel UV-absorption technique (Model 205, 2B Technology, USA), and NO, mixing

ratios was monitored by the CAPS-NO; monitor. The wall losses of O3 and NO; can be calculated as:

_ _ [O3]out o

0, loss (1 —[Oﬂm)xloo % (S3)
_ [NO7Jout

NO, 1oss = (1-—[Noz]m) <100 % (S4)

where [O3]ou and [NOz]ou represent the mixing ratio of gas passing through the reaction and reference
chambers, [Os]in and [NO,J;, represent the mixing ratio of gas passing through then bypass.

The experiments were conducted under dark conditions, the experimental schematic diagram is
shown in Fig. S4, and the results at the air flow rate of 1.3, 2, 3, 4, and 5 L min"' are shown in Figs. S5-
S6 and Tables S2-S5. From Figs. S5-S6, at the air flow rate of 5 L min™!, wall losses of O3 in the reaction
and reference chambers were found to be approximately 0 % and 0.7 %, respectively, wall losses of NO»
were found to be approximately less than 1.0 % for both chambers, which were smaller than the wall loss
of Ox in previous studies (as shown in Table S6), this indicates the small effects of Ox loss to P(O3)net
measurements in our NPOPR detection system. To investigate the influence of different flow rates to the
Ox wall losses, we also tested the wall loss of Ox at flow rates of 1.3, 2, 3, and 4 L min™!, respectively,
we found that with the increase of the flow rate, the Ox wall losses decreased, but even with the flow rate
of 1.3 L min"!, the wall loses were still smaller than 4 % and 2 % in the reaction chamber and the reference
chambers, respectively, more details are shown in Table S2. At the air flow rates of 1.3, 2, 3, and 4 L min
!, the wall losses of Oj in the reaction chamber were found to be approximately 2 %, 0 %, 0 %, and 0 %,
respectively, the wall losses of O3 in the reference chamber was found to be approximately 2 %, 1 %,
1 %, and 0 %, respectively. While the wall losses of NO; in the reaction chamber at the air flow rates of
1.3, 2, 3, and 4 L min™! were found to be approximately 4 %, 4 %, 2 %, and 0 %, respectively, the wall
losses of NO; in the reference chamber were found to be approximately 2 %, 1 %, 0 %, and 0 %,
respectively. The regression lines have non-zero intercepts but not significant. We added the regression
fittings without intercept, and compared the regression fitting results with and without intercept (as
shown in Figs. S5 and S6). We found that the O3 and NO2 wall losses were not much different (as shown
in Tables S2 and S3), and the wall loss affected by the fitting intercepts for NO; (at ambient mixing ratios

of 0-100 ppbv) and O (at ambient mixing ratios of 0-200 ppbv) at the air flow rate of 5 L min-*were all
5
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below 4 % (as shown in Tables S4 and S5). We found that when the O3 have negative intercepts, the O3
wall losses are still below 4 %, which is not significant.

Sklaveniti et al. (2018) found that the wall loss of NO is significantly less than that of O3 at higher
humidity levels. However, in our O3 photo-enhanced uptake experiments, the wall loss of O3 was almost
unaffected by humidity at a flow rate of 5 L mint. We also tested the wall losses of NO; and Os in the
chamber at a 5 L min™* flow rate at different humidities of 35-75 %, the detailed results are shown in Fig.
S7 and S8, which shows that the variation in humidity effected the wall loss of NO and O3 by 0.03-
0.12 % and 1.06-1.19 %, respectively, which is much smaller than the instrument detection error (which
is 2 % at ambient NO, mixing ratios of 0-100 ppb), thus we didn’t count this interference during the data

analysis.
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Figure S4: Schematic diagram for testing (a) O3 and (b) NO:z wall loss in the reaction and reference chambers

(MFC: Mass Flow Controller).
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Figure S6: Relationship between (a, b) [Os]in and [O3]out and (¢,d) [NO:z]in and [NO2]out in the reaction and
reference chambers without intercepts at the flow rates of 1.3, 2, 3, 4, and 5 L min’l, respectively, the solid

lines represent the linear fitting of the O3 or NO: mixing ratios at the inlet and outlet of the chambers.

Table S2. Wall losses of O3 and NO: of the reaction and reference chambers with intercepts.

Wall losses of O3 (%) Wall losses of NO2 (%)
Flow rate of air

(L min™!) Reaction Reference Reaction Reference
chamber chamber chamber chamber

1.3 2.0 2.0 4.0 2.0

2 0.0 1.0 4.0 1.0

3 0.0 1.0 2.0 0.0

4 0.0 0.0 0.0 0.0

5 0 0.7 0.3 0.6




108 Table S3. Wall losses of O3 and NO; of the reaction and reference chambers without intercepts.

Wall losses of O3 (%) Wall losses of NO2 (%)
Flow rate of air

(L min™") Reaction Reference Reaction Reference
chamber chamber chamber chamber

1.3 3.0 3.0 3.0 2.0

2 1.0 1.0 3.0 2.0

3 0.0 2.0 2.0 0.0

4 1.0 1.0 0.0 0.0

5 2.0 2.0 0.0 1.0

109

110 Table S4. NO: wall loss affected by the intercept.

Wall loss affected by the intercept (NO2, %)

Ambient NO2 mixing ratios

(ppbv) Reaction Reference
chamber chamber
20 2.0 2.0
40 1.0 1.5
60 0.7 1.3
80 0.5 1.2
100 0.4 1.2

111

112 Table S5. O3 wall loss affected by the intercept.

Wall loss affected by the intercept (O3, %)

Ambient O3 mixing ratios

(ppbv) Reaction Reference
chamber chamber
50 3.9 2.9
80 2.1 22
120 1.1 1.8
160 0.5 1.6
200 0.2 1.5
113
114
115
116



117 Table S6. Oz and NO: wall loss from this study (at air flow rate of 5 L min™') and literatures (variable air flow
118 rate).

Reaction chamber Reference chamber Literatures / air flow rate
O3 loss rate <3% <3% Cazorlaetal.,2010/ 1.5 L min
1.3% 1.4% Sadanaga et al.,2017 / 0.5 L min!
5-15% 5-13% Sklaveniti et al., 2018 / 2.3 L min!
0% 0.7% This study /5.0 L min
NO:2 loss rate <1% <1% Cazorlaetal.,2010/ 1.5 L min?
insignificant insignificant Sadanaga et al.,2017 / 0.5 L min!
<3% <3 % Sklaveniti et al., 2018 / 2.3 L min!
0.3% 0.6 % This study /5.0 L min
119
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121 Figure. S7 (a) and (c) represent the NO2 wall loss at different humidities for the reaction and reference
122 chambers, respectively, (b) and (d) represent the points fitted to all humidities, respectively. Uncertainty in

123 the regression formula was one standard deviation (10).

124
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Figure. S8 (a) and (c) represent the Oz wall loss at different humidities for the reaction and reference chambers,
respectively, (b) and (d) represent the points fitted to all humidities, respectively. Uncertainty in the regression

formula was one standard deviation (10).

1.4 HONO production in the reaction and reference chambers with variations of temperature and

humidities

We tested the HONO production in the reaction and reference chambers under weather conditions similar
to those during the SZMGT observations (humidities of 60-90% at a temperature of ~ 20 T and J(NO2)
of ~ 0-8 x102s?) at a 5 L min* sampling flow rate. We found that the HONO mixing ratios in the
reaction and reference chambers were almost the same and not statistically different from that in the
ambient air within the standard deviation, as shown in Fig. S9; therefore, we assumed that the HONO
production in the reaction and reference chambers would not cause a significant difference in P(O3)net in

the two chambers.

11



138
139

140

141

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

159

2.0 0.6 1
(b)

1.5+ 044 — HONO,,,-HONO
Z 1.0 ~ 3 02-
g -
S 05- s g 0.0 +I+H
% Reaction chamber ~ %
T 0.0 — Reference chamber S L 02

—— Ambient 2 N
0.5 Ino, 0.4
-1.0 T T T 0 0.6 T T T T
18:00 0:00 6:00 12:00  18:00 18:00 0:00 6:00 12:00 18:00
Hour of day Hour of day

Figure. S9 (a) The mixing ratios of HONO in the reaction and reference chambers and (b) the difference of

HONO mixing ratios the reaction and reference chambers.

1.5 The light transmittance in the reaction and reference chambers

We measured the transmittivities of all species as follows: we simulated the illumination by adjusting
the sun light (SERIC XG-500B) to provide different intensities of illumination to study the solar UV
transmittance through the reaction and reference chambers. The photolysis frequencies of the species
NO;, O3, and HONO, etc. were measured using the Actinic flux spectrometer (PFS-100; Focused
Photonics Inc). Measurements are performed in laboratory. The UV blocking of the reference chamber
coated with UV protection film was evaluated by comparing the radiation measurements outside the
reference chamber with the measurements inside the reference chamber. Similar measurements and
comparisons were made for transparent reaction chambers. The results for the reaction and reference
chambers are shown in Table S7.

According to the working theory of the actinic flux spectrometer, the measurement error may rise
from the angular response deviation of the quartz receiver head. According to Bohn et al. (2017), the
measurement error of the actinic flux spectrometer can reach5 %. According to this, we re-evaluated
the transmittivity error listed in Table 1 and Table S7 as follows:(Dcalculate the absolute measurement
error of all measured J values inside and outside the reaction and reference chambers based on the 25 %
instrument measurement error; @calculate the average values of all the measured J values (including
(J(NO2), J(01D), J(HONO), J(H207), J(NO;_M), J(NO3s_R), J(HCHO_M), and J(HCHO_R)) inside and
outside the chambers; ®calculate the propagated error of transmittivity, using the following error

propagation equation:

12
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where  Orransmittivity Tepresents the transmittivity error; 07 yae;, @nd O yajue o, Tepresent the
measurement error of J value inside and outside the chambers, respectively; A; vae,, ad A; value gy

represent the average J values measured inside and outside the chambers, respectively.

Table S7. Photolysis frequency J (s!) of different species and the transmittivities of J values in the reaction
and reference chambers. The normal and bold fonts correspond to the transmittivities of J values in the
reaction (clear) and reference (Ultem coated) chambers, respectively. The “transmittivities” column shows the
transmittivities of the tested species from the measurements conducted with the set photolysis frequencies
using SERIC XG-500B sunlight (this study) and ambient (literature). It should be noted that the errors listed
here are relatively large and may not reliable due to a limited number of measurement points (three points
for each species). The calculated transmittivity errors are 0.07 for all species based on the £5 % measurement

error of the instrument.

Outside Inside Transmittivities
Chamb hamb
amoer chamber Each
-1 -1
) S experiment Averaged
J(NO») 6.068E-03 5.744E-03 0.947
8.418E-03 8.598E-03 1.021 0.985
+0.037
1.360E-02 1.344E-02 0.988
5.996E-03 4.700E-04 0.078
1.064E-02 1.134E-03 0.107 0.094
£0.014
1.382E-02 1.324E-03 0.095
J(O'D) 5.609E-05 5.484E-05 0.978
1.088E-04 1.151E-04 1.050 1.020
+0.04
1.240E-04 1.240E-04 1.000
7.005E-05 6.750E-07 0.010
9.825E-05 3.016E-06 0.031 0.019
£0.011
1.243E-04 2.205E-06 0.018
J(HONO) 1.058E-03 9.994E-04 0.944
0.983
1.468E-03 1.494E-03 1.018 10,037
2.376E-03 2.344E-03 0.986
1.047E-03 2.154E-06 0.002
1.281E-03 2.588E-06 0.002 0.002
+0.0002
2.417E-03 5.596E-06 0.002
J(H202) 6.157E-06 5.818E-06 0.944 1.000

13
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JINO;_M)

J(NOs_R)

J(HCHO M)

J(HCHO R)

1.370E-05
1.200E-05
6.145E-06
1.080E-05
1.393E-05
1.314E-02
2.983E-02
1.849E-02
1.284E-02
2.342E-02
3.040E-02
9.881E-02
2.224E-01
1.386E-01
9.669E-02
1.751E-01
2.268E-01
2.645E-05
5.927E-05
5.188E-05
2.626E-05
4.643E-05
6.026E-05
5.800E-05
5.081E-05
3.594E-05
3.174E-05
4.561E-05

5.892E-05

1.356E-05
1.279E-05
3.451E-08
4.942E-08
6.160E-08
1.277E-02
2.993E-02
1.906E-02
9.929E-03
2.437E-02
2.839E-02
9.575E-02
2.226E-01
1.425E-01
7.461E-02
1.814E-01
2.113E-01
2.492E-05
5.845E-05
5.514E-05
1.017E-07
1.810E-08
1.620E-08
5.737E-05
5.394E-05
3.617E-05
2.670E-09
1.800E-07

2.290E-07

0.990
1.065
0.006
0.005
0.004
0.971
1.003
1.086
0.773
1.041
0.934
0.970
1.001
1.028
0.772
1.036
0.932
0.942
0.986
1.063
0.0038
0.0004
0.0003
0.989
1.062
1.007

0.0039

0.0039

+0.060

0.005
+0.0006

1.002
+0.030

0.916
+0.134

0.999
+0.030

0.913
+0.030

0.997
+0.006

0.0015
+0.002

1.021
+0.004

0.0026
+0.002
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176 Figure S10. Air temperature in the reaction and reference chambers during the ambient field observation on
177 Panyu campus of Jinan University.
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178
179 Figure S11. Time series of CAPS baseline and RH when measuring ambient air (a), and when injecting wet

180 (b) and dry (c) pure air in the laboratory, respectively.
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1.5 The quantitative conversion efficiency of Os to NO: () in the NO-reaction chamber

Over flow
NO-reaction chamber

(PFA)
B ICAPS NO, Monitor|

i MFC —
Zeroair | 03 generator — -

MFC

NO standard gas
(~100 ppmv)

Figure S12: Schematic diagram for measuring O3 to NO: conversion efficiency in the NO-reaction chamber

(MFC: Mass Flow Controller).

0.6
0.4 1
0.2

0.0—/1\!/./1\_/1—1/l

-0.2

Measured NO, (ppbv)

0.4

'0-6_| T T T T T T

13:30 13:35 13:40 13:45 13:50 13:55 14:00
2021/12/18

Figure S13 Time series of NO2 when injecting NO into CAPS-NO2 monitor.

1.6 The airtightness of the reaction and reference chambers

—MFC1 Chamber MFC2— —

Figure S14. Schematic diagram for investigating the airtightness of the reaction and reference chambers,

where MFC1 could measure air flow rate and pressure at the chamber inlet, MFC2 could measure air flow

rate and pressure at the chamber outlet.
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Table S8: Airtightness estimate of the reaction and reference chambers by testing the differences of (air flow

rate x gas pressure) at the inlet and outlet of the reaction and reference chambers.

A (Air flow rate
X
Inlet flow Outlet flow Pressure)
Inlet Inlet rate Outlet flow Outlet rate (Difference at
flow rate pressure x rate pressure X inlet and outlet)/
(L min'") (PSIA) Inlet (L min™") (PSIA) Outlet (Inlet flow rate
pressure pressure x
Inlet pressure)
(%)
Reaction 3.80 14.67 55.74 3.81 14.63 55.74 0.00
chamber
3.46 13.48 46.64 3.51 13.43 47.14 1.07
3.19 12.51 39.90 3.22 12.42 39.99 0.22
2.93 11.54 33.81 3.00 11.53 34.59 2.33
Reference 3.80 14.68 55.78 3.80 14.61 55.52 0.47
chamber
3.33 13.04 4342 3.38 13.00 43.94 1.20
3.12 12.3 38.37 3.16 12.14 38.36 0.03
2.83 11.25 31.84 291 11.24 32.71 2.73

S2: The LOD and measurement error of the NPOPR detection system.

Table S9. The upper limit values of LODs of the CAPS-NO2 monitor for the reaction chamber, reference

chamber, and P(O3)net at different flow rates.

Flow rate of air LOD (30)
(L mint) Reaction chamber Reference chamber P(O3)net
(ppbv) (ppbv) (ppbv h')
13 0.02 0.02 0.07
3 0.10 0.10 1.4
5 0.13 0.07 2.3

The P(O3)net error was calculated according the instrumental error of the CAPS-NO» monitor and
the O; light-enhanced loss in the reaction and reference chambers. More details are described as follows:
Calibration of CAPS NO: monitor CAPS NO, monitor was used to measure the NO, standard gas
after we have calibrated it using the gas-phase titration method using NO and Os. We used the CAPS-
NO, monitor reading as a transition value between the two to obtain the NO, standard gas and NO+Os3
mixing ratios corresponding to the same CAPS-NO; monitor reading. Results showed the purification of

NO, standard gas was good enough to calibrate CAPS-NO, monitor, as shown in Fig. S15
18
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Figure. S15 Correlation between NO:2 standard gas and the NO: generated using the gas-phase titration
method (NO + O3).

The instrumental error of CAPS-NO: monitor ((O error) Was calculated from the fluctuation

XcApPs

range of the 68.3 % confidence interval of the calibration curve as shown in Fig. 4, the relationship

between the (OXCAPS)em)r and the measured Ox value (fiueasured) can be expressed as a power function
curve, as shown in Eq. (S6):

XCAPS)em)r:g72fmeasured_1 0024 (56)

©

The light-enhanced loss of Osin the reaction and reference chambers at 5 L min™! (the ambient
observation used flow rate in this study) were investigated by carrying out the following experiment:
injecting the O3 with a mixing ratio of about 130 ppbv generated by the O3 generator (P/N 97-0067-02,
Analytic Jena US, USA) to ensure that no photochemical O3 was produced during the outdoor experiment.
The J(O'D), T, RH, P, and O mixing ratios at the inlet and outlet of the reaction and reference chambers
were measured simultaneously. The 7 and RH were measured by the thermometer (Vaisala, HMP110,
USA). The light-enhanced loss coefficient of O (y) was calculated using Eq. (S7), the relationship of
J(O'D) with y is shown in Fig. S16a. The obtained y -J(O'D) equation listed in Eq. (S7) was used to

correct the light-enhanced loss of O; in the reaction and reference chambers during the daytime to

excluded the influence of light-enhanced loss.
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_ d[05] %D
= wx[05]xe

(S7)

where d[Os] represents the difference between the O3 mixing ratios at the inlet and outlet of the reaction
and reference chambers, D is the diameter of the chambers, ® is the average velocity of O3z molecules,
[O3] is the injected O3 mixing ratio at the inlet of the reaction and reference chambers, and 7 is the

average residence time of the air in the reaction and reference chambers.

10x10° {(c)m v -rea 1.59(d)0  reaction chamber
@ v-ref 1.0 O reference chamber
9 y——256E—8 eXp(-?.32E+4X)+?.59E'8 . d[OS]=[O.’:\]mlet'[03]corr_J01 o
8 E‘ 0.5
Q fe) (o]
. 7- < 00 80&330 622 08@
S co @
o (o] (0]
6 T -05
54 -1.0
44 y=-1.63E-8*exp(-7.93E+4x)+6.50E-8 154
T T T T T T T T T T T
0 5 10 15 20 25 30 40 50 60 70
J0'D) (10°s™) RH (%)

Figure S16: The relationship of (a) y and J(O'D) and (b) RH and d[O3] in the reaction and reference
chambers, which is calculated from the 68.3 % confidence interval of the fitting lines between y and J(O'D),

the shaded areas represented the maximum fluctuation range under this confidence level.

When quantifying the light-enhanced O3 loss (d[Os]) during ambient air measurement, we first
calculate y using the measured J(O'D) and the y -J(O'D) equations listed in Fig. S16a in the reaction
and reference chambers, then using the measured [Os] and Eq. (S7) to calculate d[Os].

The O3 mixing ratio change after the correction of the light-enhanced loss of O3 (d[O3]) showed no
clear correlation with RH for both reaction and reference chambers, as shown in Fig. S16b, which
indicates that the RH had no influence to the O3 mixing ratio change during the observation period. It
should be noted that the final error of Ox of the reaction and reference chambers includes the
measurement error of CAPS-NO, monitor (calculated by Eq. (S6)) and the error caused by y, so the

measured P(O3)qet error can be calculated according to Eq. (7) in manuscript.

(OX)emr :\/ (OXY)eH0r2+(OXCAPs)enor2 (58)

where (OXY)error represents the error of the Ox of the reaction and reference chambers corrected by y.
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S3: Supplement materials for the field observations.

Figure S17 shows the measurement site of the observation campaign, conducted at the Shenzhen

Meteorological Gradient Tower (SZMGT), which is located in Shenzhen, Pearl River Delta (PRD) region

in China.

7 s

GUANGXI F I‘“\‘V?{,\./\/u.uu

0100 200300 400 [ /\/1389%
mi=—¢ LN/ 19.44%
S, v /N\/ B61%

MAAwxL HENAN \ K SZMGT
J lANGS\i
L &
i

N
A ANHUI

(b) CHENGDU HUBEI
CHONGQING

GUIZHOU

75€ 80E 85E 90E 95E 100€ 1056 110E  115E 1206 125 130E  135E

105E 110 15€ 1206 125€

Figure S17: (a)The geographic location of the measurement site and (b) the integrated ambient air backward

trajectories during sampling period from 7 December, 00:00 to 10 December 2021, 00:00 in Shenzhen (China).

The above figures were obtained by using the Meteolnfo

weather mapping software in the TrajStat plugin

(Deshpande et al., 2016; Hao et al., 2020). Figure S17b was obtained by the Internet-based Hybrid-Single

Particle Lagrangian Integrated Trajectory (HYSPLIT)

Model, the required data was downloaded via

ftp://arlftp.arlhq.noaa.gov/pub/archives/gdasl (NOAA). Frequency grid resolution: 5.0° x 5.0°, trajectory

duration: 72 h. The air mass during the campaign were mainly from Jiangxi and Fujian, which had a 23.61 %

probability, followed by Zhejiang, Anhui, east coast, and East China Sea, which had 19.44 %, 13.89 %,

11.11 %, and 8.33 % probability, respectively.
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Table S10a: Summary of maximum P(O3)net of field measurements in literatures.

Measurement site

The type of site

Time

P(O})net (ppr h_l)

Reference

Wakayama, Kyoto,

27 July to 8 August

Sadanaga et al.,

-1

Japan remote area 2014 10.5 ppbv h 2017
State College, 30 poby h! Cazorla et al.,
Pennsylvania, U.S.A.  urban area Summer 2008 ~>0 ppoV 2010
Houston, Texas, Baier et al.,
US.A. urban area October 2013 40-50 ppbv h! 2015

a site 2.5 km

northeast of the
Bloomington, Indiana, Indiana Sklaveniti et al.,
US.A. University 30 May 2010 ~30 ppbv h! 2018

Bloomington

campus

15 April to 31 May
Houston, Texas, urban area 2009 100 ppbv h! Ren et al., 2013
US.A.
Shenzhen, avillage in Bao'an 7109 December
34.1 ppbv h! i

district ppov This study

Guangdong, China 2021
Table S10b: Summary of maximum P(O3)net of model simulation in literatures.
Site The type of site Time P(O3)net (ppbv h1) Reference
?;i(;)e Island, a remote area May to June 2009 1-2 ppbv h'! Kanaya et al., 2016
a site 2 miles west of
Chelmsford, Chelmsford in Essex 1 Emmerson et al.,
Essex, U.K. and 25 miles north Summer 2003 7-2ppbvh 2007
east of London

Houston, Texas, 1 Mazzuca et al.,
US.A. suburban area the September 2013 10 ppbv h 2016
Houston, Texas, from 15 April to 31 1
US.A. urban area May 2009 15-20 ppbv h Ren et al., 2013
Houston, Texas, rban arca from August to 45 poby bl Chen et al., 2010;
U.S.A. 4 September 2006 ppov Chen et al., 2012
Houston, Texas, urban area September 2013 ~30 ppbv h! Mazzuca et al.,

U.S.A.

2016
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286 S4: Supplement materials for the MCM modeling.

287 Table S11. VOCs mixing ratios during 7- 9 December 2021 in SZMGT (units: pptv) used by the model.

=+

Chemicals Classification Né;;lv)SD Chemicals Classification Né;;lsj)SD
Alkanes 30516+27079 | Aromatics 709845855
n-butane NMHC 880346422 toluene NMHC 3684+2688
propane NMHC 7086+5169 m/p-Xylene NMHC 1392+1370
isobutane NMHC 498343635 ethylbenzene NMHC 591+582
cthane NMHC 346142525 | Oo-Xylene NMHC 3724363
isopentane NMHC 171241249 | benzene NMHC 528+336
n-pentane NMHC 15701146 styrene NMHC 159£191
n-hexane NMHC 633462 1.2.4- NMHC 39+29

trimethylbenzene
2-methylpentane NMHC 4734345 m-ethyltoluene NMHC 38+28
3-methylpentane NMHC 4234308 p-ethyltoluene NMHC 21+15
3-methylhexane NMHC 2524184 n-propylbenzene NMHC 2115
2-methylhexane NMHC 1954142 o-ethyltoluene NMHC 20+15
n-heptane NMHC 178+130 isopropylbenzene NMHC/ 13£10

1,2,3- NMHC 1249
methylcyclopentane ~ NMHC 125491 trimethylbenzene

1,3,5- NMHC 7+5
2,3-dimethylbutane =~ NMHC 122+89 trimethylbenzene
n-octane NMHC 109+80 OvOCs 30695i271 8
methylcyclohexane =~ NMHC 102+74 formaldehyde OVOCs 10558+5113
2,2-dimethylbutane ~ NMHC 71252 ethanol OVOCs 105377136
n-dodecane NMHC 68+50 methanol OVOCs 10320+6944
n-decane NMHC 49435 acetone OVOCs 5701+4024
n-nonane NMHC 47434 hydrOXyaCetOne OVOCs 4542+3227
n-undecane NMHC 41+30 acetaldehyde OVOCs 3010+1939
Alkenes 241942086 methyl ethyl ketone ~ OVOCs 271442277
ethylene NMHC 1493+1089 acrolein OVOCs 605+244
propylene NMHC 4114300 methyl vinyl ketone  OVOCs 185+101
isoprene BVOCs 351+182 methacrylaldehyde OVOCs 128+70
1-butene NMHC 163119 m-cresol OVOCs 46+43
1-pentene NMHC 29+21 phenol OVOCs 26+26
1-hexene NMHC 15+11
trans-2-butene NMHC 11+8
cis-2-butene NMHC 11£8
trans-2-pentene NMHC 543
cis-2-pentene NMHC 3+2
Acetylene 1858+1356
Acetylene NMHC 1858+1356

288 *NMHC: non-methane hydrocarbon, BVOCs: biogenic volatile organic compounds, OVOCs: oxygenated
289  volatile organic compounds.
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4.1 J values used in the MCM model simulation

The J values obtained from two methods (labeled as method I and IT) were used in the 3"-stage 4-
min simulation. The Tropospheric Ultraviolet and Visible (TUV) radiation model (version 5.3) (Lantz et
al., 1996; Madronich and Flocke, 1999) was used to provide a representative spectral actinic flux in these
two methods. The photolysis frequencies of each measured species used in TUV model (Jyaiue 1y ) WeTe

calculated by numerical summation over wavelength (Calvert et al., 2002):

Ji [ 6,40 <F; Ay (S9)

alue Ty~
where a and b represent the range of the set wavelength, Ji, ¢i, and F; stand for the absorption cross
section, quantum yield, and spectral actinic flux of the species i, respectively. The spectral actinic flux
was obtained from the TUV model, detailed information of these two methods is described in Tables S12

and S13.

Table S12. J values used in the model simulation in reaction and reference chambers.

J values used in the model simulation

Measured J values: J(NOz), J(O'D), JJHONO), Unmeasured J values: J(HNOs), J(CHsCHO),
J(H202), JNO3_M), J(NOs_R), JHCHO M),  J(MACR), J(MEK), J(HOCH.CHO),

J(HCHO R) J(C2HsCHO), J(C3H7CHO), J(C4HsCHO), etc.
Method
1 J trans megsurea Valte measured J trans 1170 *INO2 peasured!NO2 1y *value ryy
Method
I Jtrans TUV ><Jvalue TUV J trans tyy ><JNOZ 1neasured/JN02TUV ><Jvalue TUV

* Jralue measurea @04 Jvalue 1y TEPTEsent the measured and TUV modeled J values of different species, respectively.

J trans peasureaFEPTESENLS the measured transmittivities of each measured species in the reaction and reference chambers,

which are listed in Table S7;J s 1, TePresents the transmittivities of each measured species used in TUV model

in the reaction and reference chambers, where the /ans 1, 10 the reaction chamber is regarded as 100 % J rans 15

in the reference chamber is calculated as 22w , where [, equals to the J value at the wavelength of 390—

790 nm, /. quals to the J value at the wavelength of 290-790 nm, the detailed J rans ., values of different

species are shown in Table S13; N0z easureq @09 /No24yy TEPTesent the measured and TUV modeled Jyoz.

Table S13. The transmittivities of J values used in TUV model (/aps ,,,,) described in Table S12.

Transmittivities
JINO2)  J(O'D) JHONO)  J(H:02) J(NO3; M) J(NO; R) J(HCHO M) JHCHO R)
Reaction
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
chamber
Reference
0.30 0.00 0.01 0.00 1.00 1.00 0.01 0.01

chamber
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4.2 The modeling results by using J values obtained from method II

The variations in the radical mixing ratios (i.e., HO», OH, RO,) and NO3, NO, NO,, and O3 mixing
ratios obtained from method I and method II during the 3™-stage 4-min model simulation are shown in
Fig. 8 and Fig. S18, respectively. The production and destruction reactions of HO,, OH, RO,, and NO3
in the reaction and reference chambers obtained from methods I and II are shown in Fig. 9 and Fig. S19,
respectively, the production and destruction reactions of ROx in the reaction and reference chambers
obtained from methods I and II are shown in Fig. S20, the detailed ROx production pathways of
NO3+VOCs are shown in Fig. S21, and the final modeling results are shown in Fig. 10 and Fig. S22.

From Fig. S18, in the reaction chamber, HO,, OH, RO, and NO3 mixing ratios increased slightly
in the first few seconds and then became stable, their final concentrations were 1.97x10%, 7.61x10°,
1.06x108, and 8.36x10° molecules cm, respectively. In the reference chamber, HO,, OH, and RO»
concentrations declined in the 1% 20 seconds and then gradually became stable, their final concentrations
were 8.11x107, 1.08x10°, and 5.68x107 molecules cm™, respectively. On the contrary, the NO; mixing

ratio slightly increased at the 1% 1-2 min and then became stable at 1.88x107 molecules cm™.

2 20 10
(a) /_.__-————-——'__" (b) Method II (c) Method I
o Method IT o —— RO, _reaction chamber 8
g 'E 15-— — RO, _reference chamber “?’E‘
2 \ o o
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N A 3 104 3 1 —— OH _reaction chamber
E ____________________ E 9 %’ o = = OH _reference chamber
mE "o \ ,aE \
= A =4 \
(o] = HO, _reaction chamber d“ ;I:’ 2 A
= = == HO, _reference chamber x O | @ Teememmeeee-a--
0 T T T T T T 0 T T T T T 0 T T T T T T
0 40 80 120 160 200 240 0 40 80 120 160 200 240 0 40 80 120 160 200 240
Time (s) Time (s) Time (s)
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oF .- - g = = NO, _reference chamber o8 N e e e e e e - - -
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Figure S18: The variations of (a) HO2, (b) RO, (¢) OH, (d) NOs and (e) NO, NOz, and (f) O3 mixing ratios

during the 3"4-stage 4-min model simulation using method II.

OH, HO», RO,, and NO; concentrations greatly impact the O3 production and destruction rate. To
better understand the factors that drive the OH, HO,, RO,, and NO3 concentration changes in method II,

we have added their production and destruction pathways in Fig. S19. We found that the decrease in HO,
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and RO; concentrations in the reference chamber in the 1% half minute was mainly due to NO titration
effects, as high NO mixing ratios existed during the 15 half minute. The HO, and RO, concentrations
were became stable afterwards, the main production pathway for HO, was RO+O; reaction/RO
decomposition, followed by OH+VOCs reaction, OVOCs photolysis (i.e., C3H4O,, C:H20,, C4HO»),
and NOs;+VOCs reaction; while the main production pathway for RO, was OH+ VOCs reaction, followed
by OVOCs photolysis (i.e., C3H40,, C:H0,, C4Hs0,), OH+CO, NO3+VOCs reaction, etc.; the main
destruction pathways for HO, and RO, were HO2+NO and RO»+NO, respectively. The main OH
production and destruction pathways in the reference chamber was HO,+NO reaction and OH+ VOCs
reaction, respectively. Due to sufficiently high J(NO3) (~ 100 % of that in the reaction chamber) and NO;
concentrations in the reference chamber, the NO; photolysis and NO,+NOs reaction consumed NOs in
the reference chamber, but the NO;3 concentrations were still high due to high production rates of NO3 at
the same time. Similar with the results obtained from method I as described in the main manuscript, for
method II, the main NOj source in the reference chamber was the NO»+Oj reaction, followed by N>Os
decomposition. The NO concentrations were relatively high in the 1% minute and consumed NOs very
quickly, but due to continuous NOs3 sources, the net NO; production rates (P(NO3)ne() Were positive (as
shown in Fig. S19b4), which caused the NO; concentration to continue to increase (as shown in Fig.
S18d). The main difference in NO3 production in the reference chamber compared to that in the reaction
chamber was the much higher N>Os decomposition, which was mainly due to the high NO;
concentrations in the reference chamber. On the other hand, although the NO+NOs reaction was also one
of the dominant NOj; destruction pathways, NO3 consumed by the NO+NOj3 reaction was significantly
smaller than NO3 produced by the NO,+Os reaction. The integrated production and destruction rates of

ROx are shown in Fig. S20.
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Figure S19: Production and destruction pathways of OH(ai, b1), HOz(az, bz2), RO2(a3, b3), and NOs3(a4, bs)

during the 3"9-stag 4-min model simulation in the reaction and reference chambers in method II.
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Figure S20: Production and destruction pathways of ROx during the 3"9-stage 4-min model simulation in the
reaction and reference chambers (PAN: Peroxyacetyl Nitrate; PNs: formations of all peroxynitrate (including

CH30:NO:2 and PAN; X: PAN and the net loss of OH+NO to form HONO (usually small)).
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Figure S21: The P(ROx) pathways related to NO3+VOCs reactions during the 3'-stage 4-minute model

simulation in the reaction and reference chambers in method I (a)-(b) and method II (c¢)-(d).

Figures S22a—d show the modeled P(O3)qet and the source and sink of various species during the
3"_stage 4-min simulation in method II. Figure S22a shows the steady state of P(Os)netand the various
species in the ambient atmosphere achieved in the last 1 s of the 2™-stage simulation; Figs. S22b-c show
the modeled P(O;3)net and the O3 chemical budgets in the reaction and reference chambers during the
model simulation period; Figure S22d summarized the modeled P(O3)ye in the ambient atmosphere, and
that in the reaction and reference chambers, in order to compare the modeled results with our
measurement results, we calculated the integral mean of the modeled P(O3)nee in the reaction and
reference chambers and appended the related measured P(O3)net Value during this 4-min simulation time
onto Fig. S22d. Further, the reaction weights of different production and destruction reactions process of

O; are shown in Figs. S22e-h.
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Figure S22: (a)-(c) Modeled P(O3)net and O3 chemical budgets in (a) the ambient air when injected into the
reaction and reference chambers and (b—c) the reaction and reference chambers during the 4-min model
simulation; (d) P(O3)net, where P(Os)net_modeled_ambient represent the modeled P(O3)net in ambient air at
the time before (blue marker) and after (orange marker) the sampled ambient air was injected into the dual-
channel reaction chamber. P(O3)net_modeled_reaction chamber and P(O3)net_modeled_reference chamber
represent the P(O3)net change trends during the 4-min photochemical reactions in the reaction and reference
chambers, respectively.  P(O3)net_modeled_chamber = P(O3)net_modeled_reaction  chamber—
P(O3)net_modeled_reference chamber, and P(O3)net_modeled_integral mean represents the integral mean of
the P(O3)net_modeled_chamber. Moreover, P(O3)net_measured_NPOPR is the P(O3)net measured by NPOPR
detection system. (e)—(h) Reaction weights of each production and destruction reaction process of Os in the

reaction and reference chambers in method II.
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Figure S23: P(O3)net changing in the reaction and reference chambers in method I with £ 5 % of measured

NOz.
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Figure S24: P(O3)net changing in the reaction and reference chambers in method I with =5 % of measured J

values.

From Fig. S22, the P(O3) and D(O3) were almost the same within the 4-min reaction in the reaction
chamber (all species reached a steady state condition), while the P(O3) and D(O3) in the reference
chamber decreased significantly within the 1% minute, and kept stable in the following minutes. In the
reaction chamber, the HO»+NO reaction contributed most to P(O3), accounting for 62.5 % of the total
P(03), with the integral mean value of 17.5 ppbv h'! in the reaction chamber. The second important
pathway of P(O3) was RO»+NO (occupied 37.5 % of the total P(O3)). The reaction of RO>+NO contained
more than 1200 types of RO» radicals, and the pathway of CH30,+NO contributed 7.5 % of the total
P(03). The most important contributor of D(O3) was OH+NO; (49.1 %), followed by RO»+NO> (33.2 %),
O3 photolysis (12.9 %), O3+OH (2.3 %), O3+HO: (1.6 %), CsHs+O3 (0.4 %), C3Hs+O3 (0.3 %), and
CoHs+05 (0.2 %). In the reference chamber, the integral mean value of P(O;) was 3.7 ppbv h™!, the
HO»+NO contributed most to P(O3) (accounting for 58.2 % of the total P(O3)), followed by RO»+NO
(occupied 41.8 % of the total P(O3)), in which the CH30,+NO contributed 8.0 % of the total P(O3). The
most important contributor of D(O3) was OH+NO, (46.9 %), followed by RO>+NO; (44.1 %), O3+HO,
(3.2 %), CsHgt+O3 (1.9 %), Os+OH (1.9 %), CsHes+O3 (1.3 %), Co:H4tO3 (0.7 %), and O3 photolysis
(0.0 %). For all P(O3) reactions, the weight of RO>+NO reaction in the reference chamber was 4.3 %
higher than that in the reaction chamber, however, for all D(O3) reactions, the weight of RO,+NO;
reaction in the reference chamber was 10.9 % higher than that in the reaction chamber, which will
somehow mitigate the high P(O3) caused by RO»+NO in the reference chamber. Figure S22d shows that
the P(O3)net (26.0 ppbv h'!) measured by the NPOPR detection system was 9.3 ppbv h™! higher than the

modeled value (16.7 ppbv h™'). This difference was much larger than 7.5 ppbv h™! obtained from method
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I, this may be due to the transmittance of J(NO,) in the reference chamber in method II (~ 30 %) was
much higher than that in method I (~ 9 %), NO; photolysis products NO, it involved in the main O3
production reactions HO,+NO and RO»+NO, so the modeled P(O3)net in the reference chamber was

slightly overestimated in method I, thus leading to an underestimation of total P(O3)net.
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