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Table S1. List of training datasets used for the parameterization of ERH in organic-inorganic

aerosol systems. The datasets include OIR (molar ratio of organic compounds to inorganic salts,

excluding water), oxygen-to-carbon ratios calculated from OIR (O:C), Xorg, Te(®org), ®org,

viscosity, the estimated sensitivity/uncertainty of the viscosity, and ERH. All viscosity values

were computed using the AIOMFAC model. The following data are reported under room

temperature conditions (298 + 10 K). The relative humidity decreasing at a rate of less than 0.1%

sl

ERH logio(y/| +logio(n
Compound OIR  Xorg Worg 0:C  Ty(worg) Reference
(%) Pa.s]) sens./[Pa.s])
0.25 0.2 0.19 1.00 146.09 37 -1.56 0.02
Glucose Chang(Chang,
033 025 024 1.00 149.41 345 -1.31 0.03
(CsH1206)/AS 2020)
050 033 033 1.00 155.49 315 -0.83 0.05
0.25 0.2 0.32 0.92 169.80 323 -0.74 0.03 Xu et al.(Xu
Sucrose 0.50 033 0.50 0.92 197.97 24.4 0.80 0.18 et al., 2022)
(Ci2H220n)/A 0.25 0.2 0.33 0.92 171.79 25.4 -0.44 0.05 Wang et
S 033 025 041 0.92 182.97 21.2 0.05 0.14 al.(Wang et
050 033 0.51 0.92 199.51 21.1 1.28 0.28 al., 2017a)
0.25 0.2 0.10 1.00 137.87 51.20 -2.12 0.01
050 033 0.18 1.00 139.56  49.50 -2.00 0.01
1.00 0.5 0.30 1.00 142.61 45.60 -1.77 0.02 Xu et al.(Xu
200 0.67 050 1.00 149.00  29.70 -1.03 0.05 et al., 2022)
Glycerol
300 075 0.61 1.00 153.53 22.80 -0.67 0.08
(CsHg03)/AS
0.14 0.13  0.09 1.00 137.81 30.5 -1.78 0.02
0.5 033 0.19 1.00 139.83 41.00 -1.85 0.01
Cai et al.(Cai
033 025 0.13 1.00 138.64  42.00 -1.94 0.01
etal., 2017)
0.25 0.2 0.10 1.00 138.02  43.00 -1.98 0.01
0.25 0.2 0.18 1.33 141.65 36.70 -1.09 0.04
050 033 025 1.33 14432 26.50 -0.38 0.09 Xu et al.(Xu
1.00 0.5 0.41 1.33 151.11 21.50 0.34 0.19 et al., 2022)
200 0.67 0.55 1.33 159.03 28.7 0.23 0.15
0.428
p 0.3 0.23 1.33 143.45 22.6 -0.25 0.11
Malonic acid 0.142 Braban et
C3H404/AS .8 0.125  0.09 1.33 138.60 28 -0.99 0.05 al.(Braban and
Abbatt, 2004)
0.083
3 0.077  0.05 1.33 137.50 31 -1.27 0.04
0.6 0375 0.17 1.33 141.41 24.3 -0.51 0.08 Parsons et
al.(Parsons et
033 025 0.18 1.33 141.64 30.3 -0.74 0.06
al., 2004)
025 025 0.21 1.17 148.97 37.30 -1.05 0.04
Xu et al’.
Citric acid 050 033 036 1.17 161.31 24.80 0.73 0.23
CsHsO7/AS Shi et al.(Shi
033 025 029 1.17 155.60 23 0.19 0.18
etal., 2017)
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Table S2. The validation dataset for predicting ERH in mixed aerosol systems consists of 12
organic compounds and 4 inorganic salts. The following data are calculated at room temperature
condition 298 K.

? calculated using the AIOMFAC model

b experimentally measured

Compound OIR ERH(%) logio(n/[Pa.s]) Reference
1:1:0 46 -1.702
1:1:0.1 46.8 -1.532
HXT/AS/SUS 1:1:0.25 41 -0.982
1:1:0.5 25 0.782
1:1:0.75 25 143
1:1:0 45 -1.682
1:1:0.1 46 -1.662
1:1:0.25 48 -1.672
HXT/AS/GLY 1105 48 |sge Ye et al.(Ye et al., 2025)
1:1:0.75 46 -1.462
1:1:1 42 -1.272
1:1:0 45 -1.682
1:1:0.1 40 -1.252
HXT/AS/CA 1:1:0.25 37.5 -0.732
1:1:0.5 35 -0.019*
1:1:0.75 35 0.45%
0.34 40.3 -1.572
HMMA/AS 0.92 39.8 -0.99*
2.06 37.8 -0.0572
0.21 33.6 -0.762
0.39 36.7 -0.822
DHBA/AS
0.63 342 -0.842 Bertram et al.(Bertram et al., 2011)
0.95 329 -0.832
0.35 329 -1.352
0.61 339 -1.072
DMSAAS 1.12 40.3 -0.822
1.38 32.1 -0.122
1: 3 0 3.752
Maleic acid/ NaNO; I: 1 0 3.732 Chang(Chang, 2020)
3: 1 0 3.722
Glutaric acid/NaCl 301 0 3.382 Pant et al.(Pant et al., 2004)
Malonic acid /KCI 301 0 3.512 Wang(Wang, 2018)
Raffinose/AS 11 0 6.00° Ushijima et al.(Ushijima et al., 2021)
101 0 7.54°
Citric acid
2.1 0 7.54° Sheldon et al.(S. Sheldon et al., 2023)
/AS 301 0 7.70°




Table S3. Functional group decomposition of organic compounds in AIOMFAC.

Compound Subgroup Quantity
CH,_hydroxy 3
Sucrose CH_hydroxy 5
OH 8

(Ci2H22011)

CHO(ether) 3
C 1
CH,_hydroxy 1
Glucose CH_hydroxy 4
(CsH120¢) OH 5
CHO(ether) 1
CHyJ[alc] 3
1,2,6-Hexanetriol CH 1
(CsH1403) CH, 2
OH 3
C 1
DMSA CH; 2
2,2-Dimethyl succinic acid CH, 1
COOH 2
CH; 2
DMGA CH, 2
3,3-Dimethyl glutaric acid C 1
COOH 2
C 1
DEMA CH; 2
Diethyl malonic acid CH, 2
COOH 2
ACH 3
DHBA AC 1
2,5-Dihydroxybenzoic acid ACOH 2
COOH 1
ACH 3
ACOH 1
HMMA CH;0 1
DL-4-Hydroxy-3-methoxymandelic acid CH-[OH] 1
OH 1

COOH




Table S4. Input parameters employed for the calculation of glass transition temperatures 7
using the model developed by Armeli et al.

Compo
FG Mode Optional* SMILES Mode
und
i i i i i T = DB
C c C Cc O o o E Tm/K SMILES String
H H H - H -
glucose 0 1 4 1 5 0 1 1 420 C(C1C(C(C(C(01)0)0)0)0)0
C(C1C(C(Cc(c(onocz(c(c(co2)e
sucrose 0 3 8 1 8 3 0 2 457 ( (cecon (CEC02)
0)0)0)C0)0)0)0)0
glycerol 0 2 1 0 3 0 0 0 291 OCC(0)CO
citric
y 0 2 0O 4 4 0 3 3 432 C(C(=0)0)C(CC(=0)0)(C(=0)O0)O
aci
1,2,6-
hexanetr 0 5 1 0 3 0 0 0 300 C(CCO)CC(CO)O
iol
Malonic
0 1 o 2 2 0 2 2 408 C(C(=0)O)C(=0)O
acid
Oxalic
0 0 o 2 2 0 2 0 462.5 C(=0)(C(=0)0)O
acid
Glutaric
0 3 o 2 2 0 2 2 371 C(CC(=0)0)CC(=0)O
acid
Maleic
0 0 2 2 2 0 2 3 403.5 C(=C\C(=0)O)\C(=0)O
acid
DEMA 2 2 o 3 2 0 2 2 395 CCC(CCY(C(=0)O)C(=0)O
DMSA 2 1 o 3 2 0 2 2 413.5 CC(O)(CC(=0)0)C(=0)O
DMGA 2 2 o 3 2 0 2 2 376.5 CC(O)(CC(=0)0O)CC(=0)O
HMMA 1 0 4 4 3 1 1 5 405 COCI1=C(C=CC(=C1)C(C(=0)0)0)O

* T is an optional input parameter for both modes



Table S5. T, of pure organic compounds calculated using the method of Armeli et al.

Compound T, (FGM with T, (FGM no T, (SM with T, (SM no
Tw) Tm) Tw) Tw)
Glucose 295.8 300.2 2753 282.3
(C6H120¢)
Sucrose 344 3424 342.5 339.1
(Ci2H22011)
Glycerol 187.4 187.5 187.4 187.7
(C3Hs03)
Malonic acid 258.9 231.3 259 234.9
C3H404
Citric acid 284.4 284.4 283.6 283.2
CsHsO7
1,2,6-Hexanetriol 202.3 201.5 203.6 202.7
CsH1405
Oxalic acid 276 226.8 271.9 224.9
C2Hy04
Glutaric acid 261.9 242.4 250.1 252.5
CsHgO4
DEMA 274.8 266.2 271.1 270.5
Diethyl malonic acid
DMSA 282 262.5 277.9 269.5
2,2-Dimethyl succinic acid
DMGA 267.5 266.2 265.6 261.5
3,3-Dimethyl glutaric acid
HMMA 276.1 296.2 276.1 284
DL-4-Hydroxy-3-methoxymandelic
acid
Maleic acid 264.1 242.6 261.6 251.8

C4H4O4




Table S6. Ty(wqrg) of the mixed aqueous systems derived via the Gordon—Taylor equation
assuming a kgt of 2.5 and using the 7} of the pure compound calculated from Armeli et al.
using the model.

T, g(worg) (FGM T, g(worg) (FGM T, g(worg) (SM T, g(worg) (SM

Compound Worg
with Ty,) no 7y) with Ty,) no 7y)
0.19 149.74 150.12 147.98 148.58
Glucose
0.24 154.27 154.88 152.04 152.84
(CsH1206)/AS
0.33 162.55 163.61 159.48 160.64
0.32 168.70 168.45 168.47 167.93
0.50 195.96 195.50 195.53 194.55
Sucrose
0.33 170.63 170.37 170.38 169.82
(C12H22011)/AS
0.41 181.45 181.10 181.12 180.38
0.51 197.45 196.98 197.01 196.01
0.10 138.12 138.12 138.12 138.13
0.18 140.03 140.04 140.03 140.06
0.30 143.48 143.50 143.48 143.53
0.50 150.73 150.76 150.73 150.81
Glycerol
0.61 155.86 155.89 155.86 155.97
(CsHg03)/AS
0.09 138.05 138.06 138.05 138.06
0.19 140.34 140.34 140.34 140.36
0.13 138.99 138.99 138.99 139.00
0.10 138.29 138.29 138.29 138.30
0.18 145.86 143.65 145.87 143.94
0.25 150.51 147.25 150.52 147.67
0.41 162.36 156.44 162.38 157.21
0.55 176.16 167.14 176.20 168.32
Malonic acid
0.23 149.00 146.08 149.01 146.46
C3H404/AS
0.09 140.53 139.52 140.54 139.65
0.05 138.61 138.03 138.62 138.10
0.17 145.43 143.31 145.43 143.59
0.18 145.84 143.63 145.84 143.91
0.21 149.89 149.89 149.82 149.78
Citric acid
0.36 163.11 163.11 162.97 162.89
CsHsO7/AS
0.29 157.00 157.00 156.88 156.83
0.37 148.78 148.62 149.03 148.86
1,2,6-Hexanetriol
0.13 139.91 139.86 139.98 139.93
CsH1405/AS
0.56 158.11 157.84 158.54 158.24
0.34 159.55 151.28 158.86 150.96
Oxalic acid
0.45 170.60 158.44 169.59 157.97
CoH,04/AS
0.17 146.36 142.72 146.06 142.58
Glutaric acid 0.24 150.04 147.86 148.72 148.99
CsHgO4/AS 0.02 137.14 136.96 137.03 137.05




DEMA/AS
Diethyl malonic acid
DMSA/AS

2,2-Dimethyl succinic acid

DMGA/AS

3,3-Dimethyl glutaric acid

HMMA/AS
DL-4-Hydroxy-3-

methoxymandelic acid

Oxalic acid/KCl
C2H204

Malonic acid/KCl
C3H404

Maleic acid/KCl
C4H404

Glutaric acid/NaCl
C5H804

Malonic acid /NaCl
C3H404

Glycerol /NaNOs
(C3Hs03)

Sucrose/NaNOs3
(Ci2H22011)

0.07

0.63

0.60

0.63

0.65

0.12
0.27
0.40
0.19
0.03
0.22
0.51
0.72
0.18
0.01
0.20
0.64
0.75
0.56
0.63
0.43
0.27
0.07
0.14
0.52
0.42
0.64
0.45
0.28

139.41

191.78

191.16

188.84

195.10

143.47
154.35
165.60
146.47
137.31
149.26
173.15
201.50
146.34
136.44
147.14
188.06
204.92
177.21
186.36
147.91
142.62
137.55
139.11
151.57
147.54
157.50
187.29
163.85

138.88

188.32

183.79

188.32

203.58

140.85
147.90
155.20
144.12
137.02
147.04
166.92
190.51
144.74
136.37
145.42
180.00
194.24
167.95
175.05
147.93
142.63
137.55
139.12
151.60
147.56
157.54
314.83
307.44

139.09

190.29

189.61

188.08

195.10

143.25
153.81
164.73
146.48
137.31
149.00
172.43
200.22
145.37
136.40
146.10
183.18
198.46
177.24
186.40
147.91
142.62
137.55
139.11
151.57
147.54
157.50
183.84
161.98

139.16

190.05

186.44

186.43

198.44

140.74
147.65
154.80
144.42
137.05
147.99
169.59
195.21
145.57
136.41
146.31
184.18
199.77
169.16
176.52
147.98
142.65
137.56
139.13
151.66
147.60
157.63
186.08
163.20

10



Table S7. Comparison of the experimentally measured 7 of organic compounds with values
predicted using the method of Li et al. and the method of Armeli et al.

T,/ K
T armeii(Armeli et al., 2023)
Compound T iiterature(Armeli Iapichino et Ty i(Li et al., FGM SM
FGM SM
al., 2023) 2020) with with
no Tm no T
Tm Tm
Glucose 303 253.32 295.8 3002 2753 2823
Sucrose 334 350.97 3440 3424 3425 339.1
Glycerol 186 181.38 187.4  187.5 187.4  187.7
Citric acid 284.35 274.53 2844 2844 283.6 2832
1,2,6-
204.15 192.25 202.3  201.5 203.6 2027
Hexanetriol
Mean Absolute Error / K 18.6 4.0. 3.1 7.8 6.0

11



Table S8. The equation obtained after linearly regressing various physicochemical parameters

with ERH and the R
Parameter R? Fitting equation
0:C 0.09 y=26.58+11.1x
Worg 0.06 y=44.00-17.042x
To(@org) 0.14 y=89.79-0.34x
Viscosity 0.65 y=27.40-10.23x

12



Table S9. Prediction model for ERH using multivariate function fitting with O:C, @erg, and T,

as input variables.

Parameter R? Fitting equation
ERH=75.26+8.035 (O:C)-
0:C, Ty(@org), Worg 0.18
0.30(Te(®org)) -2.22(@org)
Value Std. Error t-value Prob>t

Constant 75.26 20.99 3.586 0.001

"O:C" 8.035 4397 1.828 0.072

" To(@org)" -0.303 0.142 -2.136 0.037

"Worg" -2.217 10..848 0.204 0.839

13



Table S10. Comparison of multivariate ERH prediction models incorporating viscosity, O:C,
Worg, and Ty with the viscosity-ERH model.

Parameter R? Fitting equation Sig F change
Viscosity 0.65 y=-10.23(viscosity)+27.40 0.000
Viscosity, O:C, y=-0.887(0:C)+0.246(Tx(®org))
Ty @org), Worg 0.69 +0.516(worg)-12.7(viscosity)-11.91 0.041
Parameter Value Std. Error t-value Prob>|t|

Constant 27.390 1.439 19.029 0.000
"Viscosity" -10.230 0.946 -10.833 0.000
Constant -11.908 15.654 -0.761 0.450
"0:C" -0.887 2.867 -0.309 0.758
"Viscosity" -12.70 1.268 -10.017 0.000
"To(wWorg)" 0.246 0.104 2.374 0.021
"@org" 0.516 6.727 0.077 0.939

14



Table S11. Comparison and parameter analysis of the multivariate ERH prediction model
(using viscosity, O:C, weg, and T; as input variables) versus the bivariate viscosity-7; model.

Parameter R? Fitting equation Sig F change

y=0.251(To(@org))-
Viscosity, Te(@org) 0.691 e 0.000

12.579(Viscosity)-13.284
¥=3.569(0:C)+0.25 (To(@org)) —

Viscosity, O:C, Ty(@org),

0.695 2.621(worg)-12.157(Viscosity)- 0.949
o 13.428
Parameter Value Std. Error t-value Prob>[t|
Constant -13.284 13.700 -0.970 0.336
"Viscosity" -12.579 1.187 -10.598 0.000
"To(@org)" 0.251 0.084 2.984 0.004
Intercept -11.908 15.654 -0.761 0.450
"O:C" -0.887 2.867 -0.309 0.758
"Viscosity" -12.70 1.268 -10.017 0.000
"To(@org)" 0.246 0.104 2.374 0.021
"@org" -0.516 6.727 0.077 0.939

15



Table S12. Viscosity changes for representative fixed chemical systems across an RH of 20%-
60%, including the slopes of the viscosity-RH relationships (ranging from approximately -10
to -60) and the correlation between viscosity at a fixed RH and ERH.

Compound OIR 20 30 40 50 60 Fitting equation
Glutaric acid/NaCl 1:4 -1.54 -1.79 -1.99 -2.14 -2.31 y =-52.20x-62.11
Glycerol/NaNO3 1:4 -0.28 -0.93 -1.33 -2.21 -2.38 y =-22.94x+11.17
Sucrose/NaNO; 1:4 2.12 0.71 -0.066  -0.69 -1.18 y =-11.87x+42.15
Citric acid /AS 1:4 0.05 -0.7 -1.12 -1.48 -1.78 y=-21.69x+18.14

16
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Figure S1. Calculated dry T of glycerol/NaNOQOs and sucrose/ NaNQOs systems at various mixing
ratios, plotted against their respective efflorescence points. The calculations are based on the
reported 73 of 290 K for NaNOs.
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Figure S2. Relationships between the ERH of organic-inorganic mixed aerosols. (a) To(FGM with Ty,), (b)
To(FGM no Ty), (¢) Te(SM with Ty), and (d) 7,(SM no Tp), T, of organic compounds calculated using the
methodology and online predictor of Armeli et al. (Armeli et al., 2023), and the resulting 7 of organic-
inorganic mixtures derived via the Gordon-Taylor equation. All empirical ERH values were measured within

a temperature range of 298 + 10 K.
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Figure S3. Linear fitting of aerosol normalized ERH for different organic-inorganic aerosols by using
viscosity (log;, M) as the predictor. The ERH of the organic-inorganic mixture systems was normalized
according to ERHIng, which represents the ERH of the corresponding pure binary aqueous inorganic salt
system at the same temperature (i.e., ERH/ERHing. Data points are color- and shape-coded to distinguish
between different organic and inorganic aerosol species. The red solid line represents the linear regression
fit between viscosity and ERH. The dark pink band indicates the 95% confidence interval, while the light
pink band shows the prediction interval. DEMA represents Diethyl malonic acid, DMSA represents 2,2-
Dimethyl succinic acid, DMGA represents 3,3-Dimethyl glutaric acid, HMMA represents DL-4-
Hydroxy-3-methoxymandelic acid and DHBA represents 2,5-Dihydroxybenzoic acid. All empirical ERH
values were measured within a temperature range of 298 + 10 K, and all viscosity values were calculated

at 298 K.
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Figure S4. Linear fitting of aerosol ERH for different organic-ammonium sulfate aerosols by using
viscosity (log,om) as the predictor. Data points are color- and shape-coded to distinguish between
different organic and inorganic aerosol species. The red solid line represents the linear regression fit
between viscosity and ERH. The dark pink band indicates the 95% confidence interval, while the light
pink band shows the prediction interval. DEMA represents Diethyl malonic acid, DMSA represents 2,2-
Dimethyl succinic acid, DMGA represents 3,3-Dimethyl glutaric acid, HMMA represents DL-4-
Hydroxy-3-methoxymandelic acid and DHBA represents 2,5-Dihydroxybenzoic acid. All empirical ERH
values were measured within a temperature range of 298 + 10 K, and all viscosity values were calculated
at 298 K.
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Figure S5. Comparison of measured ERH values versus model predicted ERH values based on the
viscosity-ERH model by excluding the datapoints that are not effloresced (i.e., (0,0) data in Figure 3).
The red line representing the linear regression fit to the data, along with the corresponding coefficient of
determination (R?). The fitted equation is y = 1.06x - 4.89, with slope close to unity and R? = 0.68. The

pale pink shading represents the 95% confidence interval.
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Figure S6. Comparison of measured ERH values versus model predicted ERH values based on the
viscosity-7Te-ERH model. The black dashed line denotes the y=x, and the red line representing the linear
regression fit to the data, along with the corresponding coefficient of determination (R?), R*=0.978. The

pale pink shading represents the 95% confidence interval.
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Figure S7. Relationship between relative humidity (RH) and aerosol viscosity for organic—inorganic
mixed aerosol systems. Data points represent modeled viscosities for all aerosol systems listed in Table
S1, including variations in both chemical composition and organic-to-inorganic mass ratio (OIR) over
an RH range of 20% to 60%. Solid lines show linear fits for four representative systems: Glutaric
acid/NaCl (OIR = 0.25, purple), Glycerol/NaNOs (OIR = 0.25, black), Citric acid/AS (OIR = 0.25, red),
and Sucrose/NaNOs (OIR = 0.25, blue). Details of these representative systems are provided in Table
S12. All viscosity values were calculated at 298 K.
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Figure S8. Relationships between ERH and aerosol viscosity calculated at fixed RH conditions. Panels
(a—h) show ERH plotted against (logio(#/[Pa‘s])), where # represents the aerosol viscosity calculated at
fixed RH values of 20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90%, respectively.All empirical ERH

values were measured within a temperature range of 298 + 10 K, and all viscosity values were calculated
at 298 K.
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