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Hourly concentration of PM2.5 in China on December 20, 2016 



Hourly variation of sulfate in Xi’an and Beijing: Significant 
aqueous sulfate production

(1) Clean period ：OM (organic matter) dominant   Polluted period：inorganic SNA 

dominant

(2) OM in Xi’an more abundant than in Beijing

(3) Sulfate increased exponentially with RH

(4) Rapid conversion of SO2 to SO42- in Beijing under lower RH compared to that in 

Xi’an

(5) High levels of SO2,NOx and NH3 in haze periods along with high RH

(Wang et al., PNAS 2016)



Weak photochemical activity on hazy day: low ozone, reduced 
visibility



Aqueous phase  

Gas-phase 

Formation mechanisms of atmospheric sulfate in models



Wang et al., JGR 2014



Acidity is key to SO2 oxidation in aerosol aqueous phase

(1) When pH>3.0, SO2 almost entirely exists as HSO3-, SO32-, solubility enhanced

(2) Oxidation rate also sharply increased



(Y. N. Lee et al, 1983)

SO2≠HSO3
-

Classic Textbook：SO2 oxidation by NO2 is unimportant



Transition metal ions (Fe/Mn)  are negligible



Experimental simulation：SO2 (g) oxidation by NO2 (g) in bulk solution

Results and conclusion:

(1)SO2 can rapidly be oxidized by NO2 into SO4
2-

(2)NH3 could promote the reaction

(3) O2 does not take an important role in the SO2 conversion process 

Lab experiment: in a reaction cell covered with aluminum foil (20oC)

(1) SO2 (g) + NO2 (g)  + H2O 

(2) SO2 (g) + NO2 (g)  + NH3·H2O (3%)   



Using 1 m3 PTFE chamber covered  completely with 
aluminium foil: 
(1) 45 nm seed (oxalic acid)
(2)100 ppm SO2/NO2/NH3 under different RH 
conditions for 1 hour 
Measure the dry particle size before and after the 
reaction/ detect the chemical composition

Size growth and sulfate signal can only be seen when 
seeds, SO2,NO2, NH3 and high RH are all available 
for the reaction 

Smog chamber simulation：SO2+NO2 



1952 London

2016 Beijing

London Fog vs Chinese Haze

SO2(g) + 2NO2(g) + 2H2O(aq)  2H+(aq) + SO4
2-(aq) + 2HONO(g)          (A)

2NH3(g) + SO2(g) + 2NO2(g) + 2H2O(aq)  2NH4
+(aq) + SO4

2-(aq) + 2HONO(g) ( B)



2NH3(g) + SO2(g) + 2NO2(g) + 2H2O(aq)  2NH4
+(aq) + SO4

2-(aq) + 2HONO(g) (1)

SO2(g) + 2NO2(g) + 2H2O(aq)  2H+(aq) + SO4
2-(aq) + 2HONO(g) (2)

Wang et al., PNAS 2016 

“Persistent sulfate formation from Lodon fog to Chinese haze”





Cheng et al., Science Advances (2016)
Max Plank Institute of Chemistry: Dr. Chen et al using WRF-CMAQ model to simulate 

the aqueous production of SO42-, demonstrating the most important role of SO2 

oxidation by NO2 in Beijing haze formation process



Thank you for your attention！


