Table S1. Reaction rate expressions, rate constants (k) and ionic strength (1) effects for sulfate production in aerosol water.

Oxidants  Sulfate formation rate (M s™) Notes References
Os (k1[H2S03]+kz[HSO3]+ks[SOs2])[0s(aq)] (Hoffmann and  Calvert,
ki=2.4x10*M1s? 1985)

kz =37 ><|_05>Q(—5530><(1IT -1/298)) M—l 5—1

k3 = 1.5><|_09>Q(—5280>‘(1/T—1/298)) M—l S—l

H20; ka[H*][HSO3][H202(aq)J/(1+K[H*]) (Mcardle and Hoffmann,
Kg = 7.45X107>@4430UT-1/298) \f-1 gL 1983)
K=13M*
EF 2=10(3.055log(l5)-1.919) Is max = 145 M (Liu et al., 2020)

NO; ks[S(IV)][NO2(aq)] (Clifton et al., 1988; Lee and
Ksiow = 210 M st Schwartz, 1982)

kshigh = (1.24—2.95) ><|.O7 M1 571
0, ke[H*]274[SAV)][Mn(II)][Fe(I11)] (pH < 4.2) (Ibusuki and Takeuchi, 1987)
k6 =3.72 ><|_07)Q(—8431.6><(1/T—1/297)) M—Z S—l
kz[HT 127 [SAW)][Mn(ID][Fe(11D] (pH > 4.2)
k7 =251 ><|_013>Q(—8431.6><(1/T—1/297)) M—Z S—l

k by4/1. = i
logl()(kls=0) — 1-1\/‘/1:55 Isy max 23 M (LIU et al, 2020)

b; =-3.02

& Enhancement factor accounts for the overall effects of ionic strength on the reaction rate constant k, Henry’s law constants

of H20 and SO, and the first-order dissociation constant of H,SOs. The expression was got by personal communication.



Table S2. The mean and ranges of surface PM;s pH at sampling site in each scenario during clean, light pollution, moderate

pollution, heavy pollution periods as well as the entire period.

Scenarios Clean Light Moderate Heavy Entire period
range mean range mean range mean range mean range mean
ORIG 1.10-7.12 3.20 1.06-6.77 212 0.98-2.63 1.58 0.93-2.54 141 0.93-7.12 2.33
CTL1 1.71-751 468 1.37-7.34 268 127-3.12 218 1.21-3.01 191 1.21-7.51 3.22
CTL2 2.35-754 504 224-735 360 2.25-380 3.29 2.09-3.81 3.13 2.09-7.54 3.93
CTL3 2.35-754 490 2.25-7.35 353 2.38-3.75 3.26 1.97-3.76 3.06 1.97-7.54 3.85
CTL3meta 2.36-7.67 477 2.25-7.33 341 2.39-3.60 3.19 2.10-3.64 3.02 2.10-7.67 3.75
CTL3het_Nols 1.84-763 523 1.21-7.36 3.48 1.05-3.46 2.56 0.64-3.21 1.73 0.64-7.63 3.07
CTL3het_Is 2.28-7.70 489 219-735 348 242-3.70 3.18 1.92-3.71 2.96 1.92-7.70 3.78




Table S3. The concentrations (in unit of pmol m®) of major PM.s components for each bin (01-06) averaged over the pH-

decreasing regions in CTL3meta scenario.

Size bin Ca? Na* S04 NH.* NOs Cl
bin 01 0.0001 0.0003 0.0006 0.0009 0.0001 0.0001
bin 02 0.0001 0.0003 0.0012 0.0020 0.0001 0
bin 03 0.0005 0.0006 0.0025 0.0036 0.0001 0.0001
bin 04 0.0032 0.0017 0.0025 0.0013 0.0006 0.0012
bin 05 0.0135 0.0053 0.0009 0 0.0035 0.0053

bin 06 0.0426 0.0164 0.0006 0 0.0061 0.0164
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Figure S1. Simulation domain. The color shading represents the topography height (m).
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Figure S2. Boxplots of surface PM2s pH simulated by each scenarios over (a) TD, (b) GD, (c) NEP, (d) NCP, (e) YR, (f) SC.
The boxes represent, from top to bottom, the 75th, 50th, and 25th percentiles of statistical data. The whiskers represent, from

top to bottom, the minimum and the maximum, and the solid circles represent the mean values.
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Figure S3. Comparison of simulated (a) Ca?* concentration (ug m) and (b) Na* concentration (mEq m) with observations
(OBS; black line) for ORIG (blue line) and CTL1 (green line) scenarios at Beijing site during the study period of 15 October
2014 - 02 November 2014, with the mean bias (MB), normalized mean bias (NMB) and average value (avg) given insert. MB

Ne o
and NMB are defined as MB = %Z’l\’ Cym —C, and NMB = % where Cp, is the modeled value, C, is the observed value,
1 *~0

and N is the number of paired model and observation data. Mg?* and K* are treated as charge-equivalent Na*. “D” and “N” on

the x-axis indicate day and night sampling periods, respectively. Dates without “D” and “N” indicate 24-h samples.
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Figure S4. Spatial distribution of mean surface relative humidity [%] from WRF-Chem during the study period of 15 October

2014 - 02 November 2014.
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Figure S5. Spatial distributions of mean surface aerosol pH during the study period of 15 October 2014 - 02 November 2014
predicted by (top panel) CTL3 scenario and (bottom panel) CTL3meta scenario for six size bins. (a) Bin 1 for 0.039-0.078 um
diameter, (b) Bin 2 for 0.078-0.156 um diameter, (c) Bin 3 for 0.156-0.312 um diameter, (d) Bin 4 for 0.312-0.625 um diameter,

(e) Bin 5 for 0.625-1.25 pum diameter, (f) Bin 6 for 1.25-2.5 um diameter.
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Figure S6. Spatial distributions of AWC (ug m®) during the study period of 15 October 2014 - 02 November 2014 predicted

by CTL3meta scenario for six size bins. (a) Bin 1 for 0.039-0.078 um diameter, (b) Bin 2 for 0.078-0.156 um diameter, (c)
Bin 3 for 0.156-0.312 um diameter, (d) Bin 4 for 0.312-0.625 um diameter, (¢) Bin 5 for 0.625-1.25 um diameter, (f) Bin 6 for

1.25-2.5 um diameter.
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Figure S7. Scatter plots of modeled surface PM s pH vs. AWC (ug m®) colored with NV Cs mass fraction (%) from CTL3meta

scenario for data at Beijing site during the study period of 15 October 2014 - 02 November 2014.
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Figure S8. Modeled (a) mass fractions [%] of PM_s ionic species and (b) AWC (ug m) from CTL3meta scenario in each

haze stage.
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Figure S9. Time series of aerosol pH (bin01-bin06) calculated by WRF-Chem (CTL3meta, green line) and ISORROPIA 1I
(black line) at the surface in Beijing. ISORROPIA Il (“forward” mode, assuming metastable) was run with WRF-Chem

simulated hourly chemical concentrations along with T and RH.
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Figure S10. PM2s pH predicted by WRF-Chem against the corresponding pH predicted using ISORROPIA 11 for the data
presented in Fig. S9. PM. 5 pH is calculated using LWC-weighted average from bin 01~bin 06. The dashed line denotes the 1:

1 line. Linear regression fit is shown.
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Figure S11. Same as Fig. S9, but for AWC (ug m®).
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