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1. Thermodynamic model validation: comparisons of predicted and measured NH3z, HNO3,

HCI, NH4*, NOs, CI', ¢(NHys"), €¢(NO3"), and g(CI) in four seasons in Beijing.
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Figure S1. Comparisons of predicted and measured NH3, HNO;, HCI, NH4*, NOs", CI', e(NH4"),

€(NO3"), and &(CI") coloured by RH in spring.
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Figure S2. Comparisons of predicted and measured NH3z, HNO;, HCI, NH4*, NOs", CI', e(NH4"),

€(NO3"), and &(CI") coloured by RH in winter.
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Figure S3. Comparisons of predicted and measured NH3z, HNO;, HCI, NH4*, NOs", CI', e(NH4"),

€(NO3"), and &(CI") coloured by RH in summer.



Autumn

@ ’1;1 %) L1 as, © 1:1
) Y ot 0 E ) e ) 3
% y—?Xosbo+o 003 g 20{Y72%0 E|ymeb ’
o |a=1.080+0. 27 |a=2752+0116 - 9 | as1,280+0.041 - 100
I;,,“O' b§-0-107i0-0 & 15 b=-1.11640.099, 5“" b=-0.019+0.007 0 o
Z 30{R™=0.99 Z  |R=029 .7 I 42, .7 60 <.
S < o ’ w0 L
5 - 10 F ) , 4 > ’ x
kst 204 % , k3] 0.5 ‘ 20
? 104 g5 .7 8 °
a 2 a
a
0 T T T T T 1 0 T T T T 1 00 T T 1
0 10 20 30 40 50 60 0 5 10 15 20 25 0.0 05 1.0 15
Measured NH,, pg m3 Measured HNO,, ug m Measured HCI, pg m
50 - 11 100 .11 61 .
o 7@ L0 L1 % !
i 40 - y=ax+b e g) 80 4 y=ax+b £ |y=ax+b 100
= a=0.914+0.002 ‘ 3 a=1.012+0.003 24_ a=1.026£0.006 80 0\_
+:Er 304 b=-0.528+0.03 Om 604b .- |b=-0.040%£0.0 60 T
Z  |R2=0.99 z O |R*=0.96 w
o 20+ T 40+ 9] 20
5 § % 24 0
3 104 B 204 o
o < a
a a
0 = T T T T 1 0 T T T T 1 0 T 1
0 10 20 30 40 50 0 20 40 60 80 100 0 2 4 6
Measured NH,*, ug m* Measured NOj', pg m* Measured CI', uyg m 11
1'0_(g)y=ax+b 1L L0y e 1:1 1.0 W - L1
og{ a=0963+£0004 <~ gg y=axtb ~ 0.8 y=ax+b ";‘(;,
z =-0.035+0.001, 2 a=0.69210.031 O |a=1.214+0.034 % 100
064 R*=0.97 S 064 506 b=-0.208+0.028 ¥ oS
3 8 & |R=047 ¢ o
S 0.4+ S 0.4 g 0.4 1 4
S S , ¢ D 20
] o , et
& 024 & 024 ¢ o . Q0.2 0
0.0 T T T T 1 0.0 . .I — T T T = 1 0.0 1
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

Measured €(NH,")

Measured g(NO;)

Measured ¢(CI)

Figure S4. Comparisons of predicted and measured NH3, HNO;, HCI, NH4*, NOs", CI', e(NH4"),

€(NO3"), and &(CI") coloured by RH in autumn.



2. Relationship between PM, s pH and mass concentrations of PM,.s, SO4*, and NO3’
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Figure S5. Relationship between PM, s mass concentration and PM» s pH (data at RH<30% were

excluded).
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Figure S6. Relationship between mass concentrations of SO42 and NO3™ and PM s pH at different

ALWC levels.



3. Sensitivity tests of Hai*, aerosol liquid water content, and PMazs pH to SO+, TNOs, TNH3,

Ca?*, and meteorological parameters (RH and T) in all four seasons

Table S1. Average value and range of input variables for sensitivity tests over four seasons.

S04* TNH;3 TNO;3, RH T Ca?* TCl Na* K* Mg?*
Spring

g m3 g m3 g m3 % 1C g m3 g m3 gm?  pgmd pgmsd
Average input 8.4 25.7 135 52 20.9 2.2 11 0.2 0.34 0.3
Ranges 3.0~414 0.1~33.9 0.4~77.6 30~92 10.0~33.3 0.1~11.2
Winter
Averaged 7.3 12.2 14.3 52 2.7 0.2 3.0 0.4 1.0 0.2
Ranges 2.0~346 1.3~46.7 0.8~49.3 30~94 -8.7~16.2  0.01~0.7
Summer
Averaged 8.6 26.8 10.2 74 26.1 0.5 0.6 0.6 0.2 0.1
Ranges 0.6~40.1 1.2~69.6 0.3~59.8 30~97 14.2~38.1 0.02~2.9
Autumn
Averaged 9.3 27.8 20.3 72 16.4 0.4 1.0 0.3 0.2 0.1
Ranges 0.3~54.7  3.2~67.5 0.2~90.5 30~97 -1.1~33.3  0.02~2.3

Table S2. Sensitivity of ALWC and Hair* to SO+, TNOs, TNHs, Ca?*, RH, and T. A larger

magnitude of the relative standard deviation (RSD) represents a larger impact derived from

variations in variables.

Impact Factor SO+ TNOs3 TNH3 Ca* RH T

RSD-ALWC 50.5% 53.4% 2.9% 31.7% 122% 13.1%
Spring

RSD-Hair* 223% 34.4% 26.8% 72.3% 115% 49.5%
Wi RSD-ALWC 33.8% 28.7% 14.2% 1.9% 103% 3.5%

inter

RSD-Hair* 431% 431% 187.4% 11.3% 136% 74.1%

RSD-ALWC 49.4% 46.0% 6.9% 9.0% 104% 10.8%
Summer

RSD-Hair* 131% 29.9% 78.1% 18.1% 44.6% 33.9%

RSD-ALWC 32.8% 58.1% 9.9% 3.3% 77.6% 5.5%
Autumn

RSD-Hair* 171% 126.7% 333.1% 9.3% 106% 59.6%
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Figure S7. Sensitivity tests of Hair* t0 SO42~, TNO3, TNH3, Ca?*, and meteorological parameters

(RH and T) in summer and winter.
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Figure S8. Sensitivity tests of ALWC to SO.>~, TNO3;, TNH3, Ca?*, and meteorological parameters

(RH and T) in summer and winter.
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Figure S9. Sensitivity tests of Hair* to SO4*-, TNO3, TNH3, Ca?*, and meteorological parameters

(RH and T) in spring. For the sensitivity of Hair* to Ca®*, in ISORROPIA-II, subroutine O7 was

automatically called when the Ca?" mass concentration was low and the subroutine P13 was

automatically called when the Ca?" mass concentration was high.
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parameters (RH and T) in spring. For the sensitivity of ALWC to Ca?’, in ISORROPIA-II,

subroutine O7 was automatically called when the Ca’" mass concentration was low and the

subroutine P13 was automatically called when the Ca?* mass concentration was high.
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Figure S11. Sensitivity tests of PMzs pH to SO.>-, TNOs;, TNH;, Ca?*, and meteorological

parameters (RH and T) in spring. For the sensitivity of PMzs pH to Ca®', in ISORROPIA-II,

subroutine O7 was automatically called when the Ca’** mass concentration was low while the

subroutine P13 was automatically called when the Ca?" mass concentration was high.
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Figure S12. Sensitivity tests of Hair™ t0 SO42~, TNO3, TNH3, Ca?', and meteorological parameters

(RH and T) in autumn.
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4. Rich-ammonia in the North China Plain
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Sensitivity tests of PMas pH to SO+, TNOs, TNH3, Ca*', and meteorological

The ratio of [TA]/2[TS] provides a qualitative description for the ammonia abundance, where

[TA] and [TS] are the total (gas + aqueous + solid) molar concentrations of ammonia and sulfate.

The rich-ammonia is defined as [TA] > 2[TS], while if the [TA] < 2[TS], then it is defined as

poor-ammonia (Seinfeld and Pandis, 2016). In this work, the ratio of [TA]/2[TS] was much higher

than 1 and belonged to rich-ammonia conditions (Figure S15). Figure S15 shows that the nitrate

mass concentration did not always increase with elevated ammonia, demonstrating that the nitrate

formation is limited by nitric acid in the North China Plain rather than ammonia.
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Figure S15. Predicted PM, s pH colored by NO3” mass concentration versus measured TA/2TS

12

100.0

10.0

NOy, ug m*



ratio (mole mole™") over four seasons (data at RH<30% were excluded).
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5. Sensitivity tests of gas-particle partitioning to TNO3, TNH3, RH, and T in spring and
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Figure S16. Sensitivity tests of e(NH4"), &(NOs"), and &(Cl") to TNO3, TNH3, RH and T coloured

by PM. s pH in spring (S) and autumn (A).
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6. Size-resolved aerosol pH in the daytime and nighttime.
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Figure S17. Size-resolved aerosol pH and all analyzed chemical components in daytime (a, c, €)
and (b, d, f) nighttime in summer, autumn, and winter.

6. Sensitivity tests of size-resolved aerosol pH to Ca?**.
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Figure S18. Size-resolved aerosol pH with and without Ca?" in summer, winter, and autumn.
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