Table S1: Number of dicarboxylic acid conformers in the COSMObase and ob-

tained using systematic sampling and COSMO conf. The number of conformers
in the COSMObase is limited to 10.

Acid | COSMObase Syfeéngg&sgggjng
Oxalic 3 4
Malonic 8 6
Succinic 10 8
Glutaric 10 25
Adipic 10 44
Pimelic 10 75
Suberic 10 132
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Conversion of experimental activity coefficients

Experimentally determined activity coefficients are commonly given in a molality basis using
a 1 molal solution as the reference state (convention IT1151). To switch from the molality basis

to the mole fraction basis (used by COSMOtherm) in convention III:

111 T my;
ML) = Zin 1
W) = ol ) (1)

i i

where 27 is the mole fraction of compound i at the reference state (z; = 0.0177 when m{ = 1

mol kg=1). Molality m relates to the mole fraction x with:

" ?

where M, is the molar mass of the solvent water. The reference state composition of con-
vention III can be used in the COSMOtherm calculation (as opposed to the pure compound

reference state) to obtain directly comparable activity coefficients.
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Clustering interaction parameters

We tested the COSMO-RS-DARE method implemented in COSMOtherm and compared the
activity coefficients of the water—acetic acid system with experimentally determined values.
The activity coefficients calculated using different reaction products in the acetic acid—water
system are shown in Figure S1. We added the acetic acid dimer formation, the acetic acid
hydrate formation and the water dimer formation separately. Additionally, we tested adding
the water dimer and the hydrated acid. Note that the water activity coefficient is calculated

only up to 0.95 mole fraction of acetic acid.

7 T T 5
— COSMO-RS
l‘ Experimental 45 b
6F l‘ = = Acid dimer 1
I . Hydrate 4t
1 v = Water dimer
Yo o )
5} \ Water dimer and hydrate 35k 4

o
o
)
o
o
o
o
N
o
-
o
o
)
o
o
o
o
~
o
-

Figure S1: Activity coefficients of acetic acid (left panel) and water (right panel) in the
binary water—acetic acid system, at 298.15K. The activity coefficients were estimated in
COSMOtherm using the monomers of both compounds (normal COSMOtherm) and the
COSMO-RS-DARE method using different reaction products to describe acetic acid and
water in the binary system. The experimental activity coefficients were derived by Hansen
et al. 52

Based on the comparison with the experimental activity coefficients, the hydrated acid
and water dimer are needed to describe the activity coefficient of water in the binary system.
However, acetic acid activity coefficients are described quite well with COSMO-RS.

The enthalpic parameters used for each of the calculations of acetic, malonic, glutaric

and succinic acid are shown in Table S2.
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Figure S2: Activity coefficients of malonic acid (left panel) and water (right panel) in the bi-
nary mixtures at 298.15 K calculated using different clustering reactions in the COSMOtherm
calculation. As a comparison are experimentally determined activity coefficients of malonic
acid by Davies and Thomas®? (at 298.15 K given in convention III) and Soonsin et al.5*
(particle measurements at various temperatures given in convention I) and of water by Maffia

and Meirelles®®, Choi and Chan®® and Wise et al.5”
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Figure S3: Activity coefficients of glutaric acid (left panel) and water (right panel) in the
binary mixtures at 298.15 K calculated using different clustering reactions in COSMOtherm
calculation. As a comparison are experimentally determined activity coefficients of malonic

——COSMO-RS
= Acid dimer
Hydrate
—— Water dimer
% Davies and Thomas (1956)
O Soonsin et al .(2010)
¢ Pengetal. (2001)
+ Choi and Chan (2002)
O Wise et al. (2003)

..... v=1

acid by Davies and Thomas®? (at 298.15 K given in convention III) and Soonsin et a

(particle measurements at various temperatures given in convention I) and of water by Choi

and Chan®%, Peng et al.%® and Wise et al. 57
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Figure S4: Activity coefficients of succinic acid (left panel) and water (right panel) in binary
mixtures at 298.15 K calculated using different clustering reactions in COSMO¢therm calcu-
lations. As a comparison are experimentally determined activity coefficients of malonic acid
by Davies and Thomas®?® (at 298.15 K given in convention I1I) and Soonsin et al.5* (particle
measurements at various temperatures given in convention I) and of water by Maffia and
Meirelles >, Peng et al.®® and Wise et al.57

Table S2: The enthalpic parameters (kcal mol™!) of the clustering reactions used
in the COSMO-RS-DARE calculation. A = acid dimer, H = acid hydrate and W
= water dimer. The value in parenthesis was used with conformers containing
no intramolecular H-bonds.

Reactions | acetic | malonic | glutaric | succinic
A 0.0 0.0 0.0
H -4.0 | -3.5 (-6.0) -8.0
W -4.0 0.0 0.0
W+H 0.0 0.0
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Table S3: Natural logarithm of COSMOtherm (COSMO-RS-CARE) estimated
acid activity coefficients (In~!_.,) in binary acid—water solutions, at 298.15 K.

Tacid formic acetic propanoic butanoic pentanoic hexanoic
1.00E-06 | 0.58711339 | 0.98392293 | 2.31317841 | 3.42829066 | 4.05194158 | 5.16411499
0.025 0.54306177 | 0.89236732 | 1.90249404 | 2.68958718 | 3.45079596 | 4.31954159
0.05 0.50332373 | 0.8096863 | 1.64934125 | 2.30607734 | 2.97255997 | 3.65850591
0.075 0.46731327 | 0.73534001 | 1.46094509 | 2.02958375 | 2.58562041 | 3.13281444
0.1 0.434569 | 0.66867114 | 1.31152646 | 1.81252307 | 2.26829997 | 2.70863213
0.125 0.4047397 | 0.60900203 | 1.18891182 | 1.63463471 | 2.00493149 | 2.36173115
0.15 0.37749182 | 0.5556545 | 1.08591572 | 1.48469703 | 1.78389375 | 2.07454091
0.175 0.35259059 | 0.50797919 | 0.9977602 | 1.35565429 | 1.5964182 | 1.83408597
0.2 0.32977124 | 0.46539521 | 0.9210704 | 1.24278385 | 1.43584441 | 1.63069033
0.225 0.30884161 | 0.42738104 | 0.85338982 | 1.14273196 | 1.29703622 | 1.45701288
0.25 0.28963087 | 0.39343659 | 0.79288278 | 1.0530592 | 1.17599883 | 1.30739072
0.275 0.27196141 | 0.36311586 | 0.73816836 | 0.97197488 | 1.06960048 | 1.17748078
0.3 0.25566778 | 0.3360208 | 0.68818099 | 0.89810215 | 0.97537331 | 1.0638511
0.325 0.24056269 | 0.31178433 | 0.6421236 | 0.83038045 | 0.89132991 | 0.96376444
0.35 0.22653098 | 0.29006508 | 0.59937391 | 0.76797473 | 0.81587872 | 0.87503351
0.375 0.2133948 | 0.27057018 | 0.55944627 | 0.7102203 | 0.74773737 | 0.79589953
0.4 0.20107795 | 0.25302578 | 0.52196564 | 0.65657718 | 0.68586123 | 0.72493063
0.425 0.18948401 | 0.23718293 | 0.4866354 | 0.60660369 | 0.62940233 | 0.66095305
0.45 0.17853837 | 0.2228179 | 0.45321946 | 0.55993203 | 0.57765162 | 0.60299791
0.475 0.1682009 | 0.20971166 | 0.42153494 | 0.51623973 | 0.5300164 | 0.55026302
0.5 0.15843619 | 0.19767164 | 0.39142472 | 0.47526402 | 0.4859993 | 0.50206269
0.525 0.14922683 | 0.18653103 | 0.36275696 | 0.43677485 | 0.44518533 | 0.45783904
0.55 0.14054248 | 0.17613174 | 0.33542649 | 0.40056219 | 0.40722672 | 0.41711193
0.575 0.13233649 | 0.16631693 | 0.30933932 | 0.3664547 | 0.37182437 | 0.37948709
0.6 0.12459371 | 0.15694515 | 0.28441342 | 0.33429643 | 0.33871859 | 0.34461105
0.625 0.11725594 | 0.14789019 | 0.26057911 | 0.30394537 | 0.30768746 | 0.31218399
0.65 0.11026062 | 0.1390434 | 0.2377726 | 0.2752809 | 0.2785398 | 0.28195327
0.675 0.10351528 | 0.13030554 | 0.21594159 | 0.24818717 | 0.25110952 | 0.25368934
0.7 0.09694731 | 0.12159215 | 0.19503017 | 0.22255982 | 0.22524549 | 0.22719742
0.725 0.0904611 | 0.11282353 | 0.17498985 | 0.19830468 | 0.20082069 | 0.20230645
0.75 0.0839854 | 0.10393196 | 0.15577502 | 0.17533129 | 0.17771128 | 0.17886555
0.775 0.07742878 | 0.09486058 | 0.13734462 | 0.15355996 | 0.15582024 | 0.15675354
0.8 0.0706814 | 0.08556259 | 0.11965481 | 0.13291147 | 0.13505208 | 0.13581851
0.825 0.06364838 | 0.07600082 | 0.1026639 | 0.11331201 | 0.11531497 | 0.11596991
0.85 0.05624226 | 0.06615389 | 0.0863318 | 0.09469547 | 0.09653572 | 0.09710858
0.875 0.04838156 | 0.0559908 | 0.0706215 | 0.07699158 | 0.07863617 | 0.07915037
0.9 0.04000893 | 0.04549554 | 0.05549405 | 0.06013436 | 0.06154661 | 0.06200374
0.925 0.03104436 | 0.03466039 | 0.04090928 | 0.04406603 | 0.04520168 | 0.04559182
0.95 0.02142662 | 0.02348012 | 0.0268257 | 0.02872479 | 0.02953624 | 0.02983746
0.975 0.01109837 | 0.011936 | 0.01320409 | 0.01405402 | 0.01449056 | 0.01466692

1 4.6E-07 4.9E-07 5.2E-07 5.5E-07 5.7TE-07 5.8E-07
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Table S4: Natural logarithm of COSMOtherm (COSMO-RS-CARE) estimated
water activity coefficients (Inv}) in binary acid—water solutions, at 298.15 K.

T formic acetic propanoic butanoic pentanoic hexanoic
1 0 -5E-08 1.7E-07 2.8E-07 2.1E-07 2.1E-07
0.975 | 0.00019972 | -7.392E-05 | 0.00847335 | 0.01381594 | 0.01200194 | 0.014972
0.95 0.00147804 | 0.00217264 | 0.02158323 | 0.03350339 | 0.03446216 | 0.04438665
0.925 | 0.00368102 | 0.00638856 | 0.03710701 | 0.05593732 | 0.06357085 | 0.08256988
0.9 0.00668606 | 0.01225051 | 0.05407727 | 0.07998413 | 0.09683614 | 0.12594266
0.875 | 0.01039222 | 0.01947113 | 0.07193617 | 0.10507107 | 0.13263293 | 0.17225418
0.85 0.01471747 | 0.02780006 | 0.09035854 | 0.13091114 | 0.16991068 | 0.22008405
0.825 0.0195955 | 0.03702253 | 0.10917322 | 0.15738393 | 0.20800891 | 0.26855251
0.8 0.02497682 | 0.04695596 | 0.12831939 | 0.18444308 | 0.24652012 | 0.31711846
0.775 | 0.03080987 | 0.05744642 | 0.14780159 | 0.21211272 | 0.28521225 | 0.36546483
0.75 0.03705543 | 0.06836862 | 0.16766966 | 0.24044703 | 0.32397327 | 0.41344492
0.725 | 0.04368744 | 0.0796164 | 0.18800211 | 0.26949323 | 0.36276201 | 0.46098104
0.7 0.05068866 | 0.09110543 | 0.20889734 | 0.29931689 | 0.4015883 | 0.5080698
0.675 | 0.05805941 | 0.10277171 | 0.23045247 | 0.3299853 | 0.44050528 | 0.55475684
0.65 0.06579615 | 0.1145722 | 0.25277235 | 0.3615663 | 0.47959089 | 0.60112139
0.625 0.0739233 | 0.12647749 | 0.27596512 | 0.39412395 | 0.51893249 | 0.64725614
0.6 0.08245107 | 0.13847875 | 0.30013231 | 0.42772737 | 0.55862787 | 0.69327117
0.575 1 0.09139246 | 0.1505833 | 0.32537733 | 0.46244295 | 0.59878266 | 0.7392832
0.55 0.10076756 | 0.16281585 | 0.35180603 | 0.49833879 | 0.63950824 | 0.78542266
0.525 | 0.11059325 | 0.17522915 | 0.37951643 | 0.53550894 | 0.6809327 | 0.8318258
0.5 0.12088797 | 0.18789156 | 0.40862535 | 0.5740386 | 0.72319431 | 0.8786577
0.475 | 0.13166451 | 0.20089586 | 0.43925515 | 0.61403017 | 0.76643969 | 0.92607043
0.45 0.14295802 | 0.21436386 | 0.47154549 | 0.65561727 | 0.81082333 | 0.97424313
0.425 | 0.15482644 | 0.2284508 | 0.50565166 | 0.69893124 | 0.85652184 | 1.02335857
0.4 0.16733277 | 0.24335175 | 0.54175093 | 0.7441356 | 0.90374532 | 1.07364085
0.375 | 0.18060018 | 0.2593055 | 0.58005241 | 0.79143454 | 0.95273103 | 1.12533813
0.35 0.19479999 | 0.27660253 | 0.62081019 | 0.84106044 | 1.00374062 | 1.17874354
0.325 | 0.21018319 | 0.29560159 | 0.66432233 | 0.89331643 | 1.057102 | 1.23420316
0.3 0.22707471 | 0.31674589 | 0.71097728 | 0.94857781 | 1.1132397 | 1.2921322
0.275 | 0.24596267 | 0.3405945 | 0.76125276 | 1.00732473 | 1.17264919 | 1.35305112
0.25 0.26745595 | 0.3678594 | 0.81579887 | 1.07018006 | 1.23600175 | 1.41762407
0.225 | 0.29239808 | 0.3994669 | 0.87546045 | 1.13797741 | 1.30413792 | 1.48667799
0.2 0.32199823 | 0.43665748 | 0.94138704 | 1.2118609 | 1.3782254 | 1.56148125
0.175 | 0.35794539 | 0.48115331 | 1.01520312 | 1.29344976 | 1.45991644 | 1.64363407
0.15 0.40271088 | 0.5354436 | 1.09930642 | 1.38514025 | 1.55161844 | 1.73555565
0.125 | 0.46012377 | 0.60336201 | 1.1974348 | 1.49066134 | 1.6570733 | 1.8409844
0.1 0.53656974 | 0.69129094 | 1.31586668 | 1.61629194 | 1.78257075 | 1.96623056
0.075 | 0.64398355 | 0.81113089 | 1.46642437 | 1.77384717 | 1.9399234 | 2.123098
0.05 0.80906523 | 0.98952938 | 1.67566726 | 1.98989995 | 2.15568352 | 2.33817684
0.025 1.11685083 | 1.31146564 | 2.02844528 | 2.34935174 | 2.5147199 | 2.69633977
1.00E-06 | 6.14037385 | 6.34972347 | 7.09744323 | 7.42506865 | 7.58978369 | 7.77038825
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