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S1. Detailed description of the measurement and calculation of y(N20s)

The Aerosol Flow Tube System (AFTS) can be divided into three main modules:
the sampling control module, the reaction module, and the detection module. The
sampling of the flow tube is facilitated by a vacuum pump located at the end of the
system. In the sampling control module, ambient air is directly introduced into the
reaction pathway. The sampling gas passes through a 1-in/2-out solenoid valve that
directs the sample either through a HEPA filter to remove aerosols or bypasses it,
thereby controlling the presence of aerosols in the reaction module. The sampling gas
is then mixed with a high concentration of N2Os generated from a N>Os source before
entering the reaction module. At the top of the reaction module, two stainless steel static
mixers are installed to ensure that the gas is thoroughly mixed. The aerosol flow tube
is the primary site for N>Os uptake reactions.

During detection, concentrations of NOx and O3 are continuously measured at the
top of the flow tube to facilitate subsequent simulation of gas-phase reactions within
the flow tube using a box model. The measurement of N2Os concentration is conducted
through two separate 20-minute processes: one to determine the N2Os loss rate in the
absence of aerosols (kwai) and another in the presence of aerosols (kwalitKaerosol). The
only difference between the two processes is the presence or absence of aerosols. Each
process includes two steps: measuring N>Os concentrations at both the top and bottom
of the flow tube, each step maintains 10 min. Throughout the measurement process, the
aerosol surface area (Sa) is continuously measured at the bottom of the flow tube,
followed by size-resolved Sa correction based on previously determined particle loss
coefficients(Chen et al., 2022).

By inputting the measured concentrations of NOx, O3, and N2Os at the top of the
flow tube under both aerosol-free and aerosol-present conditions into the box model,
the NO3-N>Os chemical reactions and related gas-phase reactions in the flow tube are
simulated until the model's output N>Os concentration matches the measured value at
the tube's bottom. This process yields kwan and KwaiitKaerosol, from which the N2Os loss
rate on aerosols (Kaerosol) 1S derived by subtraction. The y(N2Os) can then be calculated
using established formulas (EqS1).

kn2os = 0.25%SaxyxC (EqS1)

The uncertainty in y(N20s) is relevant to the measurement uncertainties of each

instrument and the rapid fluctuations of various parameters. To ensure accurate

measurements, a rigorous data screening process was implemented. A 10% cutoff for
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N2Os variation was applied to exclude air masses that were too unstable for valid
analysis according to our data screening criteria. Cases showing more than a 2%
variation in relative humidity (RH) between HEPA inline and bypass modes were
excluded due to RH's significant influence on kwan of N2Os in the aerosol flow tube. To
ensure significant N>Os concentration differences due to heterogeneous uptake
reactions between the top and bottom of the flow tube, periods with low Sa conditions
(<100 pm? cm™) were filtered out. Additionally, cases where NO concentration
exceeded 7 ppbv were excluded to avoid significant changes in NO3-N>Os
concentration due to NO titration in the flow tube.

Therefore, the system may introduce a 2% measurement bias in y(N2Os) due to
N2Os concentration fluctuations, a bias of +8x10™* to +2x10~* due to RH fluctuations, a
16% uncertainty from Sa measurement and particle loss in the flow tube, a 4%
measurement fluctuation from Monte Carlo simulations, up to a 9% uncertainty from
ambient temperature variations, and a 5% uncertainty from NOy and O3 concentration
fluctuations. In summary, considering all the factors and their corresponding varying
ranges discussed above, the overall uncertainty of y(N20Os) determined from Monte

Carlo simulations ranges from 16% to 43%.

Sampling Control Module Reaction Module 0, Analyzer
(Teledyne T265)
Sampling Gas
1in/2 out NO, Analyzer
Solenoid - (Thermo 42i trace level)

Valve ¢ 1in/2 out
HEPA Solenoid Valve
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Tube = RH&T Sensor
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N02+Iamp Bypass

Zero Air
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Detection Module

Figure S1. Overall schematic of aerosol flow tube system. Bold arrows indicate

the main lines of the sampling gas.



102 S2. Calculate of organic wet mass fraction.
103 The organic wet mass fraction is defined as the mass fraction of organics within
104  the aerosol containing water. The calculation of organic wet mass fraction is presented

105 as follows.

106 Organic wet mass fraction=0Organic mass/(Organic mass+NO3 mass+CI
107 mass+S04>” mass+NH4" mass+H,O mass)
108
109
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111  Figure S2. Time series of measured concentrations of NO2, O3, NO, PM2 5 and N2Os,
112 the values of y(N2Os), and meteorological parameters of RH and T during the campaign.
113  The blue line and the purple line represent Chinese national air quality standards for O3
114  and PMz s, respectively.
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129
130 Table S1. Summary of field observation results of nocturnal NO3 and N>Os
131  concentrations, P(NO3), and 1(N20Os) from various regions around the world in recent
132 years.
Location  Site type Period  NOs (pptv) N20s (pptv) P(NOs) T(N20s) Reference
(night) (night) (ppbv/h) (s)
Kunming, Suburban  2021.04 5.743.2 33.4£75.2 0.6+ 0.1 185+294 This work
China (395.1)
Beijing, Rural 2016.05 27 73£90 (937) 1.2+0.9 270+240 (Wanget
China al., 2018)
Bejing, Urban 2016.09 - 36.7 (Wang et
) 1.4+1.7 -
China al., 2017a)
Bejing, Suburban  2016.02 - ~1400 (Wang et
China al., 2020Db)
Wangdu, Rural 2014.07 - ~200(430) 1.7£0.6  76.9 (Tham et
China al., 2016)
Mountain ~ Suburban  2014.07 - 6.8+£7.7 0.5£04 74 (Wang et
Tai, China al., 2017¢c)
Jinan, Urban 2014.08 - 22412 (278) (Wang et
China al., 2017b)
Shanghai,  Urban 2011.08 1649 310+380 1.1£1.1 - (Wang et
China al., 2013)
Taizhou, Rural 2018.05 4.4+£2.2 26.0£35.7 1.0x0.5 43+£52 (Wanget
China (492) al., 2020a)
Taizhou, Suburban  2018.05  4.442.2 26.0+£35.7 12404  55+68 (Lietal.,
China 2020)
Changzho Suburban  2019.05 - 61.0+63.1 28+16 - (Zhai et al.,
u, China (477.2) 2023)
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2012.08
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2002.06
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~11800
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1.3

0~2

7661

~13h

30+42

1800

15~120

min

~30 min

(Yan et al.,
2019)
(Brown et
al., 2016)
(Niu et al.,
2022)
(Wang et
al., 2022)
(Wang et
al., 2024)
(Brown et
al., 2017)

(Crowley et
al., 2011)
(Morgan et
al., 2015)

(Phillips et
al., 2016)

(Brown et
al., 2004)
(Wood et
al., 2005)
(McDuffie
etal., 2019)

(Osthoff et
al., 2018)

133
134

135
136
137
138
139

The values in brackets are the maximum of N2Os concentration.
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Table S2. Summary of global field observation results of y(N2Os).

Location Period Site type  y(N205) Method Reference
Kunming, 2021.04  Suburban  0.0018~0.12 AFTS This work
China (0.23+0.21)
Beijing, China  2016.02 Suburban  0.001-0.02 (0.0046) Box model (Wang et
al., 2020b)
Beijing, China  2016.05 Rural 0.012-0.055 (0.034) Products (Wang et
al., 2018)
Beijing, China  2016.09 Urban 0.025-0.072 (0.048) Steady-state (Wang et
al., 2017a)
Beijing, China  2018.1 Urban 0.0075-0.0149 Steady-state (Xia et al.,
2021)
Beijing, China  2019.01 Tower 0.0005-0.2 (0.05) Box model (Chen et
al., 2020)
Beijing, China  2020.12 Urban 0.0045-0.12 AFTS (Chen et
(0.042+0.026) al., 2022)
Wangdu, China 2014.06  Rural 0.005-0.039 Products (Tham et
al., 2018)
Wangdu, China 2014.06  Rural 0.0012-0.072 Steady-state (Lu et al.,
2022)
Wangdu, China 2017.12  Rural 0.006-0.015 Steady-state (Xia et al.,
2021)
Mountain Tai, 2014.07 Suburban  0.021-0.102 (0.061) Steady-state (Wang et
China al., 2017¢)
Mountain Tai,  2018.03 Suburban  0.001-0.019 (0.01) AFTS (Yu et al.,
China 2020)
Jinan, China 2014.08  Urban 0.042-0.092 (0.069) Steady-state (Wang et
al., 2017b)
Taizhou, China  2018.06 Suburban  0.027-0.107 (0.08) Steady-state (Li et al.,
2020)
Changzhou, 2019.06 Suburban  0.057-0.123 Steady-state (Zhai et
China 0.001-0.024 Parameterization al., 2023)
Hongkong, 2013.11 Suburban  0.004-0.029 (0.014) Steady-state (Brown et
China al., 2016)
Hongkong, 2013.11 Suburban  0.0005-0.016 (0.004) Box model (Yun et al.,
China 2018)
Heshan, China  2017.03 Suburban  0.002-0.067 (0.02) AFTS (Yu et al.,
2020)
Heshan, China  2019.10  Urban 0.0019-0.077 (0.0317) Products (Wang et
al., 2022)
Shenzhen, 2019.10 Coastal 0.002-0.068 Products (Niu et al.,
China (0.027+0.02) 2022)

9
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142
143
144
145

146
147
148

Location Period Site type  y(N205) Method Reference
0.005-0.08 Box model
(0.031£0.02)
New England,  2002.08  Ship 0.03-0.04 Steady-state (Aldener
USA et al.,
2006)
New England,  2004.02  Airborne  0.0016-0.02 Steady-state (Brown et
USA al., 2006)
Texas, USA 2006.10  Airborne  0.0005-0.006 (0.0039) Steady-state (Brown et
al., 2009)
Boulder, USA  2008.07  Tower 0.0009-0.012 (0.003) AFTS (Bertram
et al.,
2009)
Seattle, USA 2008.08  Coastal 0.005-0.04 AFTS (Bertram
et al.,
2009)
California, 2009.09  Coastal 0.00003-0.029 (0.0054)  AFTS (Riedel et
USA al., 2012)
Los Angeles, 2010.05 . 0.001-0.01 Steady-state (Chang et
USA Alrborne al., 2016)
Colorade, USA  2011.02 Tower 0.002-0.1 (0.04) Box model (Wagner et
al., 2013)
Eastern, USA  2015.02 0.00002-0.175 (0.014) Box model (McDuffie
Airborne et al.,
2018)
Salt Lake 2017.01 0.001-0.1 (0.076) Box model (McDuffie
Valley, USA Airborne et al.,
2019)
NW 2010.06 0.0076-0.03 Steady-state (Morgan
Europe/UK Airborne et al.,
2015)
SW Germany 2011.08 Suburban  0.004-0.11 (0.028) Products, (Phillips et
Steady-state al., 2016)

The values in brackets are mean values of y(N2Os).

AFTS: aerosol flow tube system;

Steady-state: steady state approximation;

Products: products formation rate analysis;

Box model: inverse iterative box model simulation.

10



149

Table S3. Pearson Correlation Coefficient (r) among factors affecting y(N205),

150 the statistical data are limited to the period in which measured y(N2Os) is available.
Factors Temp | RH Aerosol | Aerosol | HO/NOs | Aerosol | CI/NOs | Org dry | Org wet | Org/SO4*
Water | Nitrate | Molar Chloride | Molar mass mass
ratio ratio fraction | fraction
Temp 1.00 | -0.85 {-0.45 -0.27 0.09 -0.30 -0.12 0.15 0.24 0.09
RH - 1.00 | 0.49 0.45 -0.27 0.24 -0.09 -0.12 -0.23 -0.08
Aerosol - - 1.00 -0.40 0.62 -0.10 0.19 -0.66 -0.79 -0.68
Water
Aerosol - - - 1.00 -0.80 0.24 -0.39 0.34 0.38 0.43
Nitrate
H,O/NO; | - - - - 1.00 -0.21 0.45 -0.64 -0.67 -0.67
Molar ratio
Aerosol - - - - - 1.00 0.69 -0.02 0.01 0.06
Chloride
CI/NOs - - - - - - 1.00 -0.37 -0.35 -0.33
Molar ratio
Org dry | - - - - - - - 1.00 0.98 0.97
mass
fraction
Org  wet | - - - - - - - - 1.00 0.96
mass
fraction
Org/SO4* | - - - - - - - - - 1.00
151

11



Table S4. Summary of the details and performances of the parameterizations discussed in this study.

Parameterization Factors Parameterization Reference R? RMSE Median
name considered
RIEO3 Mass v=fxri+(1-f)>xrz (Riemer et |0 0.0223 0.017
concentration | where, al., 2003)
of aerosol r1=0.02
sulfate and 11=0.002
nitrate /= mass SO4*/(mass SO4*+ mass NO3")
(ng/m’)
DAVO08 [SO4*], Y=X1XY1 XXy XXy (Davis et al., | 0.02 00317 0.034
[NOs], where, 2008)
[NH4+ ], RH, | A=-4.10612+0.02386xRH—-0.23771xmax((T-291),0)
T yi=1/(1+e™)

y1"=min(y1, 0.08585)
Ja=(-4.10612—0.80570)+0.02386 X RH-+(-
0.23771+0.10225) xmax((T—291),0)

y=1/(1+e7)

v2"=min(y>, 0.053)

A3=-8.10774+0.04902xRH

yi=1/(1+e7)

v3 =min(ys, 0.0154)

x;3=[NO3J/([NOsT+[SO4*])

x2=max(0, min(1—x3, [NH4J/([NO3]+[SO4*])-1))

X1=1-X—X3

12



Parameterization Factors Parameterization Reference R? RMSE Median
name considered
(1=NH4HSO4, 2=(NH4)>SO4, 3=NH4NO3)
BT09 ALWC, n (Bertram 0.06 0.0228 0.034
[NOs ], [CL], | ¥ = ES—ZKHk'Zf 1 and
Va, Sa Thornton,
2009)
1
 (_ks[H,0] ) ( ky[CI7] )
(kzb[NOS 1 k,,[NO3 ]
where,
Ky=51, Henry’s Law Coefficient (Fried et al., 1994)
klzf:B _ Be(_‘s[HZO])
B=1.15x10° (s
8=0.13 M)
% 0.06
kap
K29
kap
BT09 w/o Cl ALWC, AV L (Bertram 0.07 0.0202 0.020
a
) a. = __K k’ 1 -
[NO3 ]9 V ) y c Sa H Zf ( k3 [Hzo] ) + 1 and
Sa ke, [NO3™] Thornton,
parameters are same as BT09. 2009)
GRI09 ALWC, AV L (Griffiths et | 0.06 0.0533 0.063
a
R =— YK K 1—
[NOs], Ve, |V cs, uk'of ( T [,0] ) " al., 2009)
Sa kop[NO5 ]

13



Parameterization

name

Factors

considered

Parameterization

Reference

R2

RMSE

Median

Where,

YU20

ALWC,
[NO57, [CL],
Va, Sa

1

[ _ks[H,0] ) ( ky[Cl] )
(kzb[NOB ] k,,[NO; ]
where,
Ky=51
k', =[H20]x3x10
s 0.033

k2p

Ky
k2p

(Yu et al.,
2020)

0.09

0.02

0.019

EJO5

Mass
fraction of
aerosol
sulfate and

organic, RH,

y=mass SO4>/dry massxy;+mass organic/dry massxy,
where,

yi=ax10P
0=2.79%104+1.3x10*xRH-3.43x100xRH?*+7.52x108
xRH3

(Evans and
Jacob, 2005)

0.0228

0.019

14



Parameterization

name

Factors

considered

Parameterization

Reference

R2

RMSE

Median

T

B=4x102x(T-294), (T>282K)
B=-0.48, (T<<282K)
y=RHx5.2x10, (RH<57%)
2=0.03, (RH>57%)

BT09+Rie09

ALWC,
[NOs7], [CI],
Va, S,
organic

coating

1 1 1
+

Y Ycore VYorg.coat

where,

Yeore=BT09
4RTDorgHorgRc

yorg.coat_ ClRp

R, gas constant (atm*m?/mol-K)

T, temperature (K)

DorgHorg=€DagHagq

€=0.03

Haq=5000, Henry’s Law Coefficient in aqueous core (mol
m atm')

Dag=1x10", N2Os Liquid Diffusion Coefficient (m? s!)
R;, median particle total radius, (m)

R=R,-l, particle core radius (m)

1=R,*(1— B'?), organic coating thickness (m)
B=Vinorganic/(V organict Vinorganic)

(Bertram
and
Thornton,
2009;Anttila
et al.,
2006;Riemer
et al., 2009)

0.03

0.0278

0.012

BT09+Rie09(wG14)

ALWC,
[NO3_]7 [Cl_]a

1 1 1

y Vcore yorg.coat

(Gaston et
al., 2014)

0.07
(0/C=0.8);

0.0201
(0/C=0.8);

0.019
(0/C=0.8);

15



Parameterization Factors Parameterization Reference R? RMSE Median
name considered
Va, Sa, same as BT09+Rie09 except, 0.07 0.0248 0.006
organic £=0.06, (RH<:30% and O/C=0.7) (0/C=0.5) | (O/C=0.5) | (O/C=0.5)
coating, O/C, | €=0.008, (RH<:30% and O/C<:0.7)
RH £=0.3, (30%<RH=<70% and O/C=0.7)
£=0.05, (30%<RH<70% and O/C<:0.7)
£=1.0, (70%<RH and O/C=0.7)
€=0.8, (70%<RH and O/C<0.7)
MD18 ALWC, 1 _ 1 4 1 (McDuffie et | 0.05 0.0205 0.022
[NOsL [CI], | ¥ Ycore Yorg.coat al., 2018) (0/C=0.8); | (O/C=0.8); | (O/C=0.8);
Va, Sa, same as BT09+Rie09 except, 0.04 0.0208 0.018
organic Yeore=BT09 w/o Cl (0/C=0.5) | (O/C=0.5) | (O/C=0.5)

coating, O/C,
RH

k', =[H20]x2.14x10°

X3 0.04

k2p

€=0.15x0/C+0.0016xRH

16
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