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	Oxidant
	The reaction rate expression and constant a
	References

	OH
	RSO2+OH = k0[SO2(g)][OH(g)]
k0low = 3.3×10–31×(T/300K)–4.3 cm6 s–1
k0high = 1.6×10–12 cm3 s–1
Fc = 0.6
	(Burkholder et al., 2015)


a We report the low and high pressure limit of k for SO2 oxidation by OH. Fc is used to calculate the dependence of k on pressure and temperature (details see the reference (Burkholder et al., 2015)).
Table S2. The daytime average OH concentration.
	Cases a
	Daytime OH concentration (×106 cm–3) b
	References

	PD of Case I and II
	3.5
	(Rao et al., 2016)

	NPD of Case I and II
	4.9
	

	PD of Case III to V
	0.34
	

	NPD of Case III to V
	0.99
	


a PD refers to polluted days (PM2.5 ≥ 75 μg m–3), NPD refers to non-polluted days (PM2.5 < 75 μg m–3).
b The daytime (08:00–20:00 LT) OH concentration in PD of Case I and II in October 2014 was taken from the value reported in summer haze in Beijing, and the daytime OH concentration in NPD of Case I and II was taken from the value reported in summer non-haze in Beijing (Rao et al., 2016). The daytime OH concentration in PD of Case III to V in November 2014 to January 2015 was taken from the value reported in winter haze in Beijing, and the daytime OH concentration in NPD of Case III to V was taken from the value reported in winter non-haze in Beijing (Rao et al., 2016).
Table S3. Aqueous-phase reaction rate expressions, rate constants (k) and influence of ionic strength (Is) on k for sulfate production in aerosol and cloud water.
	Oxidants
	The reaction rate expressions (RS(IV)+oxi), constants (k) and influence of Is (in unit of M) on k a
	Notes
	References

	O3
	(k1[H2SO3]+k2[HSO3–]+k3[SO32–])[O3(aq)]
k1 = 2.4×104 M–1 s–1
k2 = 3.7×105×e(–5530×(1/T–1/298)) M–1 s–1
k3 = 1.5×109×e(–5280×(1/T–1/298)) M–1 s–1
	
	(Hoffmann and Calvert, 1985)

	
	 
b1 is in range of 0.7 to 1.3 b
	Is, max = 0.94 M
	(Maahs, 1983)

	
	 
b2 is in range of 0.8 to 3.7 b
	Is, max = 1.2 M
	(Lagrange et al., 1994)

	H2O2
	k4[H+][HSO3–][H2O2(aq)]/(1+K[H+])
k4 = 7.45×107×e(–4430×(1/T–1/298)) M–1 s–1
K = 13 M–1
	
	(McArdle and Hoffmann, 1983)

	
	 
	Is, max = 5 M
	(Maaß et al., 1999)

	NO2
	k5[S(IV)][NO2(aq)] c
k5low = 2×106 M–1 s–1
k5high = (1.24–2.95)×107 M–1 s–1
	
	(Clifton et al., 1988; Lee and Schwartz, 1982)

	
	 
b3 > 0 d
	Theoretical prediction
	(Cheng et al., 2016)

	O2 e
	k6[H+]–0.74[S(IV)][Mn(II)][Fe(III)] (pH ≤ 4.2)
k6 = 3.72×107×e(–8431.6×(1/T–1/297)) M–2 s–1
k7[H+]0.67[S(IV)][Mn(II)][Fe(III)] (pH > 4.2)
k7 = 2.51×1013×e(–8431.6×(1/T–1/297)) M–2 s–1
	
	(Ibusuki and Takeuchi, 1987)

	
	 
b4 is in range of –4 to –2 
	Is, max = 2 M
	(Martin and Hill, 1967; Martin et al., 1991)

	
	k8 = 1.5×106[S(IV)] (M s–1, pH ≤ 3, microdroplets) f
	
	(Hung and Hoffmann, 2015)


a The influence of Is was not considered for in-cloud calculation due to the estimated Is of cloud water being negligible (around 3×10–3 M) in North China Plain (NCP) (Guo et al., 2012; Wang et al., 2011). The cloud pH was set to be 4.6 in the present study, which is the mean value observed in NCP with typical range of 3–5 (Guo et al., 2012; Shen et al., 2012; Wang et al., 2011).
b The values of b1 and b2 are different for different solutions (Maahs, 1983; Lagrange et al., 1994). Since these values vary largely and have a significant impact on the estimated reaction rate at high Is in aerosol water, the relative importance of heterogeneous sulfate production via S(IV) + O3 in aerosol water was not estimated by chemical reaction kinetics calculation but estimated with the constraint of Δ17O(SO42–).
c The k5low was taken from Lee and Schwartz (1982). They reported a lower-limit value of k5low = 2×106 M–1 s–1 at pH of 5.8 and 6.4. The k5high is in the pH range of 5.3–13 as reported by Clifton et al. (1988) and it increases with increasing pH. We used the value k5high = 1.24×107 M–1 s–1 for pH < 5.3, and k5high = (0.1239pH+0.5954)×107 M–1 s–1 derived from Clifton et al. (1988) for pH in 5.3–7.8 in this study.
d The b3 was predicted theoretically to be positive (Cheng et al., 2016), however, no specific value of b3 was determined from laboratory work. Thus we didn’t consider the influence of Is on S(IV) + NO2 in aerosol water in our calculation, which is consistent with Cheng et al., (2016).
e S(IV) oxidation by O2, which is via a radical chain mechanism, can be initiated by transition metal ions (TMIs) in bulk water (k6 and k7) or initiated on acidic microdroplets (k8). Thus in our calculation, the reaction rate k6 and k7 was used for in-cloud sulfate production via S(IV) + O2, while k8 was used for heterogeneous sulfate production.
f This mechanism is not well studied so far, e.g., the influence of Is on k8 remains unknown, and the value of k8 is not reported when pH is > 3 even though it decreases with increasing pH when pH is > 3 (Hung and Hoffmann, 2015). To be not speculative, this mechanism was used at pH ≤ 3 with Is being not considered.
Table S4. Summary for the input and output of ISORROPIA II model.
	
	Non-polluted days
	Polluted days
	Total

	
	mean
	range
	mean
	range
	mean
	range

	Observed inorganic ion concentrations (μg m–3)

	SO42–
	3.9±1.8
	1.5–6.6
	28.4±12.5
	8.2–56.4
	21.2±15.4
	1.5–56.4

	NO3–
	6.1±5.3
	0.3–14.8
	48.4±24.7
	7.7–106.7
	35.9±28.5
	0.3–106.7

	NH4+
	3.6±3.8
	0.0–10.0
	28.6±8.7
	11.0–43.0
	21.3±13.8
	0.0–43.0

	Cl–
	1.5±1.8
	0.0–5.3
	5.5±4.1
	0.5–15.0
	4.3±4.0
	0.0–15.0

	K+
	1.5±1.7
	0.1–5.9
	2.9±1.2
	1.5–7.3
	2.5±1.5
	0.1–7.3

	Na+
	0.2±0.2
	0.0–0.5
	0.7±0.2
	0.4–1.2
	0.6±0.3
	0.0–1.2

	Ca2+
	3.3±2.0
	0.5–6.2
	1.3±1.1
	0.0–4.7
	1.9±1.7
	0.0–6.2

	Mg2+
	0.2±0.1
	0.0–0.4
	0.2±0.1
	0.0–0.6
	0.2±0.1
	0.0–0.6

	Calculated NH3 (nmol mol–1)
	6.9±3.3
	2.1–10.7
	13.1±3.1
	5.7–18.0
	11.3±4.2
	2.1–18.0

	Observed meteorological parameters a

	Temperature (°C)
	2.6±6.2
	–4.5–11.1
	6.8±6.9
	–4.3–17.7
	5.6±6.9
	–4.5–17.7

	Relative humidity (%)
	37±12
	21–58
	62±12
	35–80
	54±17
	21–80

	Modelled aerosol parameters

	Stable mode

	AWC (μg m–3)
	5.3±7.4
	0.0–16.3
	63.5±54.6
	0.9–196.1
	54.6±54.5
	0.0–196.1

	Aerosol pH
	7.5±0.1
	7.5–7.6
	7.6±0.1
	7.5–7.8
	7.6±0.1
	7.5–7.8

	Is (M)
	26.5±9.5
	17.5–36.4
	27.6±12.2
	11.3–51.6
	27.4±11.8
	11.3–51.6

	Metastable mode

	AWC (μg m–3)
	9.6±6.0
	2.6–16.3
	84.2±49.2
	9.2–198.1
	72.7±52.8
	2.6–198.1

	Aerosol pH
	6.5±1.3
	4.9–7.6
	4.4±0.6
	3.4–5.4
	4.7±1.1
	3.4–7.6

	Is (M)
	29.3±11.2
	17.5–44.1
	26.4±10.6
	11.4–46.1
	26.8±10.5
	11.4–46.1


a Data used here are 12h-averaged values, corresponding with filter samples. And samples with relative humidity < 40 % were not analysed for aerosol liquid water content (AWC), aerosol pH and ionic strength (Is) due to that ISORROPIA II underestimates AWC at low relative humidity (Bian et al., 2014).
Table S5. Calculations of aqueous-phase concentrations, equilibrium constants and influence of ionic strength.
	Gas species
	Aqueous concentration expressions, constants
and the influence of Is a
	Notes
	References

	SO2
	 
 
 
 
 
 
	
	(Seinfeld and Pandis, 2006)

	
	 
 
 
	Is, max = 6 M
	(Millero et al., 1989)

	O3
	 
 
	Is, max = 0.6 M
	(Kosak-Channing and Helz, 1983)

	H2O2 b
	 
 
	
	(Seinfeld and Pandis, 2006; Chung et al., 2005)

	
	 
 
 
	[(NH4)2SO4]max = 4M
[NH4NO3]max = 10M
[NH4Cl]max = 4M
	(Chung et al., 2005)

	NO2 c
	 
 
	
	(Seinfeld and Pandis, 2006)


a The influence of Is was not considered for in-cloud calculation due to the estimated Is of cloud water being negligible (around 3×10–3 M) in North China Plain (NCP) (Guo et al., 2012; Wang et al., 2011). The cloud pH was set to be 4.6 in the present study, which is the mean value observed in NCP with typical range of 3–5 (Guo et al., 2012; Shen et al., 2012; Wang et al., 2011).
b Different salt solutions were found to have different effects on HH2O2, the reported relationships between HH2O2 and different salts ((NH4)2SO4, NH4NO3 and NH4Cl) were measured at 292K (Chung et al., 2005). In the mixture of salt solutions, HH2O2 can be estimated as: H(mixture) = HIs=0 + (H(Salt 1)–HIs=0) + (H(Salt 2)–HIs=0) + (H(Salt 3)–HIs=0) (Chung et al., 2005).
c We didn’t consider the influence of Is on HNO2 in our calculation due to the lack of relevant laboratory data.
Table S6. Observed Δ17O(SO42–) in aerosols or rainwater in mid-latitude areas.
	Δ17O(SO42–) range (‰)
	Sample
	Locations
	Time
	References

	0.1–1.6 (0.9±0.3)
	Aerosol
	Beijing, China
	October 2014 to January 2015
	This study

	1.24±0.15
	Aerosol
	Mount Wuyi, China
	March 2014 to February 2015
	(Lin et al., 2017)

	0.47–1.50 (0.92)
	Aerosol
	La Jolla, USA
	February 2009 to August 2010
	(Hill‐Falkenthal et al., 2012)

	1.19–3.00
	Aerosol
	Bakersfield, USA
	December 1998 to January 1999
	(Romero and Thiemens, 2003)

	1.0–1.6
	Aerosol
	Mount Barcroft, USA
	August 1996 to March 1997
	(Lee and Thiemens, 2001)

	0.2–1.6
	Aerosol
	La Jolla, USA
	May 1996 to December 1997
	(Lee and Thiemens, 2001)

	0.14–1.02 (0.53±0.19)
	Rainwater
	Wuhan, China
	April 2009 to September 2011
	(Li et al., 2013)

	0.26–1.43 (0.62±0.32)
	Rainwater
	Baton Rouge, USA
	August 2003 to March 2005
	(Jenkins and Bao, 2006)

	0.2–1.4
	Rainwater
	La Jolla, USA
	November 1997 to February 1998
	(Lee and Thiemens, 2001)

	0.02–4.23 (1.0±0.6)
	Aerosol, dust, rainwater
	Southwestern USA
	November 1998 to April 1999
	(Bao and Reheis, 2003)

	0.80–1.62 (1.30)
	Snowpack
	The Rocky Mountains, USA
	1994 to 2000
	(Johnson et al., 2001)
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