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5 Table S1. List of substances and their relevant properties investigated in this study.

Molar Kmeasured
Molecular Compounds | Chemical ) Density | Solubility (90% RH)
weight 3 1 o/C
Structure formula (¢ mol) (gem™) | (gmL7)
*This work
0 o Malonic acid' | C:H:Os | 104.06° | 1.62° 0763 | 133 0.28*
JA 026
HO (0]
0.39¢
0.52¢
i H Succinic acid' | CaHeOs | 118.09* | 1.19° 0.083° 1 0.01%
)Lﬁ(e 0.0022
L. Adipic acid' | CeH1004 | 146.14* | 1.36° 0.03° 0.67 0.001*
Y -0.003¢
M Pimelic acid' | C;H1,0s | 160.17° | 1.33° 0.05° 0.57 0.01%
. ! 0.03¢
Suberic acid' | CsH14Os | 174.19° 1.3 0.0006* | 0.5 0.01%
4o ’ -0.03¢
OH
OH [o] d
© Tartaric acid! | CsHeO 150.09° 1.79° - 1.5 Bulli-
oH artaric acl 4R6Usg . . . 0.20¢
Maleic acid' | C4HsOs | 116.07° | 1.59° 0.79° 1 0.19%
ﬂ;g: 0.30¢
1 0.23¢
HO o]
o o Tricarballyli
/U\I)l\ ricarballylic |~ yos | 176120 | 137 005 | 1.33 0.12%
HO OH aCld
(@]
-0 OH | Vanillic acid' | CsHgOs | 168.12° 1.4° 0.01° 0.66 0.01*
HO
/\)Oi/ 037°
OH Meso- H 122.12¢ | 1.45° I *
HO _ Erythritoll C4H1004 . 45 33 0.07
OH
0.642°
Xylitol! CsHiOs | 152.15° | 1.520 1 0.11%




1.,4-

H 120 1.01° L.o17¢ . 03%
Butanediol! C4H100: 90 0 0.66 0.03
1.334¢ 0.16%*

L 1 f
CYORHCOSIN T CoH0s | 162.14* | 1.69° 111 0.18
0.165

3

0.909 o130

Glucose! CeH12056 180.15% 1.542 1.33 0.152
0.13¢

3.75°

D(-)fructose! | Ce¢H20 180.16° 1.592 1 0.09%
A ‘ ' 0.23¢

) 2.48? .
D(+)mannose 0.08

H 180.16* 1.54% 1
: CsH 1205 80.16 5 0.148
2,3-

Butanedione! C4HeO2 86.09% 0.001? 0.9812 0.5 0.01%*
227177 1.777 0.01? 0.8 0.07*

. .
Humic acid CoHoNOg

Ei‘j 4Hydir(‘:’lbenzo O, 138.12° | 146* | 0005 | 0.57 0.01*
?I) Methane
HaC—S—OH | Sulfonic acid' | py 5.9 96.11* | 1.48° 1.47° - 0.21%
o)
(@) Tetrahydrofur
an’ 72110 | 0.89° 088 | 033 0.01*

C4Hs0

Naphtalene!
128.17% 1.16% 0.000032 0 0.17*
CioHs

Supplier purity, 'Sigma Aldrich, > 99 %, *Fluka, 98%. *https://www.chemicalbook.com/ (last access: 05 December 2025).
“https://pubchem.ncbi.nlm.nih.gov/ (last access: 05 December 2025). °https://www.chemspider.com/ (last access: 05
December 2025). “Peng et al. (2001). Lei et al. (2023). ‘Chan et al. (2008). #Previous literature x values used from reference

Table 2, S. Han et al. (2022). "Koehler et al. (2006). ‘Mochida et al. (2004)
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Figure S1: The family groups (Cx, CH, CHO, CHOgt1) mass fractions and hygroscopic growth values of straight-chain dicarboxylic

Diameter (nm)

acid particles for different diameters were measured in this study, and their comparison with previous studies
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Figure S2: The family groups (Cx, CH, CHO, CHOgt1) mass fractions and hygroscopic growth values of straight-chain dicarboxylic
acid particles for different diameters were measured in this study, and their comparison with previous studies.
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20  Figure S3: The hygroscopic growth (Korg) variation of organic compounds for different diameters, measured in this study, and
compared with previous literature (a-f). korg's relation to the measured O:C ratio from AMS and comparison for CHO and CH
structures for 200nm with other diameters in Fig S7 and the supplementary supporting files.
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Figure S4: Estimation of korg using Monte Carlo for laboratory standard organic compounds using family group kappa
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classifications, Monte Carlo, and ML models at different diameters.
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Figure SS: Estimation of Korg using the RF model with pre-test laboratory standard organic compound using family group kappa
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Figure S6: Comparison of k from ZSR and ML output (RF) for 200nm with variation of korg in both methods at Paris measurement.
Shaded regions indicate events with high organic-mass fractions. For other diameters, the outputs are in supplementary files.
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Figure S7: Comparison of k from ZSR and ML output (RF) for 200nm with variation of korg in both methods at Goldlauter
35 measurement. Shaded regions indicate events with high organic-mass fractions. For other diameters, the outputs are in
supplementary files.
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Figure S8: Comparison of Kmeasurea from this study to the Literature with the O:C ratio and Carbon number. Here, Kmean is the
average of all diameters (100, 150, 200, and 250nm), with the standard deviation for this work, referred to as bulk Kmeasured. This is
similar to Kmean-it, Which is the average of all previous studies' measurements for available compounds. For Kmean-it data points, refer

to Table S1.
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Figure S9: Model interpretability was analysed using permutation importance and Shapley additive explanations value diagnostics,
confirming that oxygenation level (O:C), CHOgt, CH family groups, and inorganic fractions are the dominant predictors for Korg
and Kmeasured, respectively. (a & c) The laboratory SHAP interpretation, similarly using ambient data (b & d), is shown for the
Goldlauter and Paris sides in the top and bottom panels, respectively.



