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S1 Relationship between the Sigmoid model and the Eberhart model

The Sigmoid model was derived by Kleinheins et al.* as

d
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When plotting 058 on a logarithmic zp-axis, the function has its inflection point at a mole fraction of zo = 10P. The
parameter d is related to the distance of the CMC from the inflection point (more details see in Kleinheins et al.'l'). If

d =1 is chosen, the Sigmoid model simplifies to a function that is mathematically equivalent to the Eberhart model

since:
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Under the assumption of 10P =1/(S12 — 1), we get
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which can be rearranged to
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Thus, the Sigmoid model reduces to the Eberhart model, with d =1 and 10P =1/(S12 —1).

To verify if 1/(S12 —1) is also related to the inflection point of the Eberhart model, we derive the inflection point

of the Eberhart model on a logarithmic xs-axis as follows. The Eberhart model can be written as
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Since the inflection point is defined for a logarithmic xo-scale, we introduce a new variable y defined as
y =logyg 2, (S9)
which leads to
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The first derivative of Equation is
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The inflection point p of the Eberhart model is given by
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and finally
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showing that the inflection point of the Eberhart model is given by 1/(S12 — 1) and equal to the inflection point of the

Sigmoid model.

S2 Derivation of the multi-component Eberhart model

Through analogy to the Connors-Wright model“* and the Chunxi model®, the multi-component Eberhart model was

derived. The relationship between these models and their main assumptions in the derivation are summarized in
Fig. [ST] and described in the following.
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Figure S1: Overview of the four models discussed in Section (columns) and an illustration of their relationships. The first row
summarizes some basic assumptions in the derivation of the binary models. The second and third row show the fit parameters
and the reference to the first publication of the binary and multi-component versions of the models, respectively. Equal signs
indicate that the two respective models are mathematically equivalent.

In 2000, a multi-component model was derived by Chunxi et al.* by assuming that the Gibbs free energy in the
surface G* is proportional to the one in the bulk G®. The surface tension was defined as the change of G* with area

A at constant temperature T, pressure P and mole number n;:

0G*
o= ( 94 )T7P’ni. (S17)

For the molar excess Gibbs energy, the Wilson equation® was assumed to be valid. The resulting model is written as
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where A;; and (8(;\ I;j ) are fit parameters for the binary surface tension of substances i and j, with A;; =1, and
b 7w

(8A”>T e 0. Analyzing the equations given in Chunxi et al.? for a binary system, the following conversion rules
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can be derived:
By comparison of the binary surface tension equations of the Chunxi and Connors-Wright models, it has been

found that the models are mathematically equivalent®, with
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where a;; and b;; replace the original fit parameters a and b of the Connors-Wright model?. By combination of
Equations and a multi-component Connors-Wright model has been derived”, which, following the

naming conventions in this paper, reads as

e = ijbl,(%i—l)(oj—ai) : (S21)
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The binary Eberhart model was found to be a simplified version of the binary Connors-Wright model®. Setting
the two fit parameters a and b in the Connors-Wright model equal, the model reduces to the Eberhart model and its

fit parameter S relates to a and b as
a=b=1-1/S. (522)

Analogously, by setting a;; equal to b;; in Equation the multi-component Eberhart model (Equation |§| in the
main paper) was derived.
The Shereshefsky model is mathematically equivalent to the Eberhart modell with S = exp (AFs/RT). As such,

a multi-component Shereshefsky model could be formulated as well by simple conversion of the fit parameters.



S3 Experimental surface tension data of multi-component systems
S3.1 Ternary mixtures

Table S1: Experimental surface tension data of inorganic—inorganic—water systems in the literature: Sources, components,
measurement temperature 7', and number of measured data points Np

No. Source Components T (°C) N,
1 Belton!™ NaCl, KCI, water 25 12
2 Belton'” HCI, NaCl, water 25 15
3 Belton® NaCl, HCI, water 25 5
4  Belton® KCI1, HCl, water 25 4
5  Boyer et al.” NH,NOs, (NH,),SO,, water 4
6  Dutcher et al.10 KNOj, NH,CI, water 18 10
7 Dutcher et al. 1V NaNOg, (NH,),S0,, water 18 9
8  Dutcher et al.™V NH,Cl, (NH,)5S0,, water 18 10
9  Dutcher et al.™V HNOg3, KNO3, water 20-80 244
10 Dutcher et al.10 KNOj3, NH NO3, water 20-80 143
11 Hyvérinen et al.l H,S0,, NH;, water 25 42
12 Martin et al12 H,S0,, HNOs, water 20.15 20
13 Martin et al12 H,S50,, HNOs, water 20.15 20
14 Matubayasi et al.’™®  NaCl, Na,SO,, water 15-35 12
15  Matubayasi et al.’¥ NaCl, Nal, water 15-35 9
16  Nehma et al.4 NH,NO3,NaNO;, water 25 6



Table S2: Experimental surface tension data of surfactant—surfactant—water systems in the literature: Sources, components,
measurement temperature 7', and number of measured data points Np

No. Source Components T (°C) N,
1 Alam et al2® SDS, CTAB, water 25 38
2 Bagheri and Abolhasani'® C14PC, TX100, water 25 >180
3 Bagheri and Abolhasanit® C16PC, TX100, water 25 >180
4  Das et all1T CPC, TTAB, water 29.85 13
5 Das et al.l7 DPC, TTAB, water 29.85 11
6 Das et al.l* CPC, DPC, water 29.85 8
7  El Haber et al.18 SDS, CTAC, water 24 41
8 El Haber et al.1® Triton-X-114, SDS, water 24 73
9  Fainerman et al.*? SdeS, SDS, water 12
10  Funasaki and Hada'?! DeMS, De7, water 30 50
11 Janczuk et al. 2 SDDS, SDS, water 20 72
12 Janczuk et al.2L SDDS, TX100, water 20 59
13 Mulqueen and Blankschtein®?  SDS, C12E6, water 25 28
14  Mulqueen and Blankschtein®? ~ SDS, C12Maltoside, water 25 45
15  Mulqueen and Blankschtein?® C12Maltoside, C12Betaine, water 25 13
16  Mulqueen and Blankschtein23  SDS, C12Betaine, water 25 7
17  Siddiqui and Franses4 TritonX100 C12EO5, water 25 33
18  Siddiqui and Franses* SDS, C12ES, water 35
19  Szymczyk et al.%> CTAB, CPyB, water 20 61
20  Szymeczyk and Janczuk® CTAB, TX100, water 20 55
21 Szymeczyk and Janczuk2? TX100, TX165, water 20 64
22 Szymczyk and Janczuk2® CTAB, TX165, water 20 15
23 Szymczyk? Zonyl FSN-100, TX100, water 20 18
24  Szymczyk4? Zonyl FSO-100, TX100, water 20 18
25  Szymeczyk4? Zonyl FSN-100, TX165, water 20 18
26  Szymczyk2? Zonyl FSO-100, TX165, water 20 18
27  Szymeczyk et al.3Y CTAB, TX-100, water 20 15
28  Taraba and Szymczyk=! Zonyl FSN-100, Zonyl FSO-100, water 20 64
29  Tyagi et al.* SDS, DDAO, water 25 53
30  Zakharova et al.®3 Brij35, SDS, water 25 60
31  Zhang and Zhao* C8PyBr, C8SNa, water 30 34
32  Zhang and Zhao®4 C6PyBr, C7TFNa, water 30 17
33 Zhang and Zhao% C6PyBr, C10SNa, water 30 11



Table S3: Experimental surface tension data of organic—organic—water systems in the literature: Sources, components,

measurement temperature 7', and number of measured data points N

No. Source Components T (°C) N,
1 Bartovska et al.3° MTBE, ethanol, water 25 8
2 Bartovska et al.132 MTBE, tert-butanol, water 25 10
3 Bartovska et al.%? MTBE, 1-butanol, water 25 12
4 Bosgkovié et al.136 ethanol, octanol, water 25 15
5 Costa et al.* n-butyl acetate, 1-propanol, water 50 29
6 Dzhambulatov et al.38 1,4-dioxane, acetone, water 20 10
7 Dzhambulatov et al.38 glycerol, ethanol, water 20 30
8  El Haber et al.1® glutaric acid, oxalic acid, water 24 39
9  Enders et al.%? acetone, toluene, water 15 32
10  Enders et al.? acetone, toluene, water 25 32
11  Enders et al.8? acetone, toluene, water 35 32
12 Enders et al.3? acetone, toluene, water 45 32
13 Enders et al.32 acetone, toluene, water 55 31
14  Ernst et al.20 glycerol, ethanol, water 25 36
15  Fainerman et al.1? 1-heptanol, 1-octanol, water 51
16  Golmaghani-Ebrahimi et al.*!  acetonitrile, methanol, water 25 44
17  Golmaghani-Ebrahimi et al.2!! acetonitrile, ethanol, water 25 45
18  Goémez-Diaz and Navaza42 hexamethylenetetramine, ethanol, water 20 22
19  Goémez-Diaz and Navaza®2 hexamethylenetetramine, ethanol, water 30 22
20  Goémez-Diaz and Navaza42 hexamethylenetetramine, ethanol, water 40 22
21  Gémez-Diaz and Navaza4? hexamethylenetetramine, ethanol, water 50 22
22  Hey and Kippax®3 n-pentanol, tert-butanol, water 25 >100
23  Johnson et al.?4 n-butyl acetate, 1-propanol, water 30 43
24  Kharin et al.%2 ethanol, methanol, water 5 28
25  Kharin et al.42 ethanol, methanol, water 10 28
26  Kharin et al.%> ethanol, methanol, water 20 28
27  Kharin et .42 ethanol, methanol, water 30 28
28  Kharin et al.%° ethanol, methanol, water 40 28
29  Kharin et al%2 ethanol, methanol, water 50 28
30 Kharin et al.42 ethanol, methanol, water 60 28
31 Kijevcanin et al.49 ethyl butyrate, methanol, water 30 33
32  Kijevcanin et al.%7 ethyl propionate, methanol, water 30 33
33  Lamperski®® acetone, propionic acid, water 23
34  Rafati et al.22 acetonitrile, 2-propanol, water 25 32
35 Rafati et al.”Y acetonitrile, 1,2-ethandiol, water 25 52
36  Santos et al.>L n-butyl acetate, methanol, water 30 48
37  Santos et al.>L n-pentyl acetate, methanol, water 30 26



Table S4: Experimental surface tension data of surfactant—organic—water systems in the literature: Sources, components,

measurement temperature 7', and number of measured data points Np

No. Source Components T(°C) N,
1 Beiranvand et al.22 PEG 300, Triton CG-110, water 20 8

2 Beiranvand et al.2 PEG 300, DDAB, water 20 9

3 Beiranvand et al."? PEG 300, SDS, water 20 8

4  Bielawska et al.23 CTAB, methanol 19.85  >200
5 Bielawska et al.®3 CTAB, ethanol 19.85  >200
6  Bielawska et al.23 CTAB, 1-propanol 19.85  >200
7 Buzdek et al.®* Triton-X-100, glutaric acid, water 27
8  El Haber et al.1® TritonX100, glutaric acid, water 24 101
9 El Haber et al.1® TritonX114, glutaric acid, water 24 27
10  EIl Haber et al.1® Brij35, glutaric acid, water 24 80
11  El Haber et al.1® TritonX100, oxalic acid, water 24 63
12  El Haber et al.1® Brij35, oxalic acid, water 24 49
13 El Haber et al.1® CTAC, oxalic acid, water 24 56
14  El Haber et al.1® SDS, oxalic acid, water 24 45
15  Khosharay et al.®> CTAB, 1-propanol, water 25 46
16  Khosharay et al.®> CTAB, 2-propanol, water 25 46
17  Khosharay et al.2® CTAB, 1-butanol, water 25 47
18 Kwasniewska and Kiewlicz®% SDS, ascorbic acid, water 24.35 28
19  Kwasniewska and Kiewlicz®® SDS, 3-O-ethyl ascorbate, water 24.35 33
20 Kwaséniewska and Kiewlicz®® SDS, ascorbyl glucoside, water 24.35 25
21  Kwaéniewska and Kiewlicz®? CTAB, ascorbic acid, water 25.85 15
22  Kwaéniewska and Kiewlicz®? CTAB, 3-O-ethyl ascorbate, water  25.85 17
23  Kwaséniewska and Kiewlicz®? CTAB, ascorbyl glucoside, water 25.85 15
24  Wiistneck and Miller®® SDS, n-butanol, water 29
25  Wiistneck and Miller®® SDS, n-hexanol, water 9
26 Wiistneck and Miller®® SDS, n-nonanol, water 23

Table S5: Experimental surface tension data of surfactant—salt—water systems in the literature:
measurement temperature 7', and number of measured data points Np

Sources, components,

No. Source Components T(°C) N,
1 Bzdek et al.P® Triton-X-100, NaCl, water 24
2 Dar et al.®? C16Br, NaCl, water 25 16
3 Dar et al.b? C16BzCl, NaCl, water 25 14
4 Dar et al.®? Brij58, NaCl, water 16
5  El Haber et al.'® Triton-X-100, NaCl, water 24 37
6  El Haber et al.1® Triton-X-100, (NH,)5SO,, water 24 11
7  El Haber et al.'8 Brij35, (NH,),S0,, water 24 16
8  El Haber et al.1® Brij35, NaCl, water 24 43
9  Helvaci et al.®® Rhamnolipid 1, NaCl, water 25 45
10  Helvaci et al.®V Rhamnolipid 2, NaCl, water 25 45
11  Matijevié¢ and Pethica®! SDS, NaCl, water 20 50
12 Matijevi¢ and Pethica® SDS, NaCl, water 40 40
13 Matijevi¢ and Pethica® SDS, NaCl, water 60 43
14  Nakahara et al.'92 CTAB, NaBr, water 25.05 74
15  Nakahara et al.©2 SDS, NaCl, water 25.05 100
16  Para et al.03 CTAB, KCl, water 21.85 149
17  Para et al.'03 CTAB, KBr, water 21.85 57
18 Para et al.03 CTAC, KBr, water 21.85 33
19  Para et al.'03 CTAC, KCl, water 21.85 25
20 Qazi et al.* CTAB, NaCl, water >450
21  Qazi et al.%% Tween 80, NaCl, water >240
22  Reid et ol 165 CTAC, NaCl, water 19 6
23 Reid et al.02 sodium oleate, NaCl, water 19 6
24 Soule et al.%® hexanoic acid, NaCl, water 25 10
25  Soule et al.%® hexanoic acid, NaySO,, water 25 10



Table S6: Experimental surface tension data of organic—salt—water systems in the literature: Sources, components, measure-

ment temperature 7', and number of measured data points Np

No. Source Components T (°C) N,
1 Belton“” ethyl alcohol, salts(10 different), water 25 1-5
2 Belton®’ acetic acid, salts(5 different), water 25 1-5
3 Belton'® NaCl, sucrose, water 25 21
4 Booth et al.ts oxalic acid, (NH,),SO,, water 25 7
5  Booth et al.® malonic acid, (NH,),SO,, water 25 16
6  Booth et al.%® succinic acid, (NH,),SO,, water 25 9
7  Booth et al.©® glutaric acid, (NH,)5SO,, water 25 9
8  Booth et al.® adipic acid, (NH4)5SO,, water 25 3
9  Booth et al.® glutaric acid, salts(4 different), water 25 1
10  Boyer et al.” NaCl, glutaric acid, water 10
11 Ekstrém et al.'%? (NH,)5S0O,/NaCl, mannitol, water 9
12 Ekstrém et al.%” (NH,)5SO0,/NaCl, methylerythritol, water 9
13 Ekstrom et al.%? (NH,),S0,/NaCl, methylthreitol, water 9
14  Ekstrém et al.®” (NH,),S0,/NaCl, adipic acid, water 6
15  El Haber et al.1® glutaric acid, NaCl, water 24 36
16  El Haber et al.*®  glutaric acid, (NH,)5S0,, water 24 22
17 Frosch et al.™ (NH4) S0O,, oxalic acid, water room T. 4
18  Frosch et al."™ (NH,)5SO,, succinic acid, water room T. 6
19 Frosch et al."™@ (NH,)5S0y, adipic acid, water room T. 5
20  Frosch et al."™@ (NH,)4S0y, citric acid, water room T. 6
21 Frosch et al.™@ (NH4)5S0,4, NRFA, water room T. 7
22 Frosch et al.™ (NH,)5S0,, cis-pinonic acid, water room T. 9
23  Hyvirinen et al."™  sulfuric acid, dimethylamine, water 25 98
24 Kiss et al.'’2 humic acid, (NH,),SO,, water 25 19
25 Kiss et al.™= NRFA/SRFA, (NH,),S0,, water 25 12
26  Lee et al.™® NaCl, glucose, water room T. 8
27  Lietal™ acetaldehyde, (NH,),SO,, water 13
28  Liet al™ formaldehyde, (NH,)5SO,, water 13
29  Miles et al.™ glutaric acid, NaCl, water room T. 30
30 Nehma et al.'4 NaNOg, propylene glycol, water 25 5
31  Nehma et al.1% NH,4NOg, propylene glycol, water 25 5
32  Rublova et al. @ ethylene glycol, choline chloride, water 25 14
33  Rublova et al. ethylene glycol, choline chloride, water 30 14
34  Rublova et al.'®® ethylene glycol, choline chloride, water 40 14
35  Rublova et al.™® ethylene glycol, choline chloride, water 50 14
36  Rublova et al.®® ethylene glycol, choline chloride, water 60 14
37  Rublova et al.'™® ethylene glycol, choline chloride, water 70 14
38  Sahu et al." 4-hydroxyacetophenone, NaCl, water 22 12
39  Sareen et al.® methylglyoxal, NaCl, water 10
40  Sareen et al.™® methylglyoxal, (NH,),SO,, water 10
41 Shulman et al."™ cis-pinonic acid, (NH4),SO,, water room T. 13
42 Topping et al.®V (NH,)5SOy, pinonic acid, water 7
43  Topping et al.®V (NH,)5S0,, succinic acid, water 5
44 Topping et al.®V NaCl, oxalic acid, water 4
45  Tuckermann®! cis-pinonic acid, NaCl, water 20 45
46  Tuckermann®! cis-pinonic acid, MgCl,, water 20 51
47  Tuckermann'®t cis-pinonic acid, AlICl;, water 20 30
48  Tuckermann®l cis-pinonic acid, NH,Cl, water 20 20
49  Tuckermann®t cis-pinonic acid, Nay,SO,, water 20 16
50  Tuckermann®l azelaic acid, NaCl, water 20 7
51  Vanhanen et al.®2  succinic acid, NaCl, water 10.3 10
52  Vanhanen et al.®2  succinic acid, NaCl, water 15.2 11
53  Vanhanen et al.®?  succinic acid, NaCl, water 20.2 14
54  Vanhanen et al.82  succinic acid, NaCl, water 25.15 16
55  Vanhanen et al.®2  succinic acid, NaCl, water 30.15 16
56 Werner et al.®3 succinic acid, (NH,),S0,, water 10 18



S3.2 Higher order mixtures

Table S7: Experimental surface tension data of higher order mixtures in the literature: Sources, number of components N¢,
components, category, temperature 7', and number of measured data points Np. The categories (cat.) refer to the type of
solutes: 1: all salts, 2: all organics, 3: all surfactants, 4: organics + salts, 5: surfactants + salts, 6: surfactants + organics

No. Source N. Components cat. T (°C) Np
1 Svenningsson et al. 84 4 levoglucosan, succinic acid, fulvic acid, water 2 5
2 Chen et al.® 4 SDS, STS, NaCl, water 3 30-50 13
3 Das et al.lf 4 CPC, DPC, TTAB, water 3 30 11
4 Jafczuk et al.*t 4 FCl, FC2, SDDS, water 320 16
5 Janiczuk et al.2l 4 CTAB, TX100, FC1, water 3 20 16
6 Janiczuk et al. 4 CTAB, TX100, FC1, water 320 32
7 Jafczuk et al. S0 4 CTAB, TX100, FC2, water 320 32
8 Mulqueen and Blankschtein'®® 4 Cl2Maltoside, C12Betaine, SDS, water 3 25 10
9  Szymeczyk and Jaficzuk?® 4 CTAB, TX100, TX165, water 3 20 >100
10 Szymeczyk et al.3Y 4 CTAB, TX-100, TX-114, water 3 20 45
11 Szymeczyk et al.®? 4 CTAB, TX165, FC1, water 3 20 25
12 Szymczyk et al.®7 4 CTAB, TX165, FC2, water 3 20 25
13 Henning et al. 88 4 adipic acid, succinic acid, NaCl, water 4 0-34 36
14 Li et al."™ 4 formaldehyde, methylglyoxal, (NH,),SO,, water 4 3
15 Li et al. ™ 4 acetaldehyde, methylglyoxal, (NH,)5SO,, water 4 6
16 Schwier et al.®? 4 methylglyoxal, glyoxal, (NH,)5SO,, water 4 30
17 Schwier et al.™" 4 acetaldehyde, (NH,)9SOy,, leucine, water 4 7
18 Schwier et al.! 4 glyoxal, (NH,)9SOy,, serine, water 4 5
19 Schwier et al.?Y 4  methylglyoxal, (NH,)5SOy, leucine, water 4 6
20 Schwier et al.”V 4 methylglyoxal, (NH4)5SO,, acetaldehyde, water 4 3
21 Dar et al.”” 4 CBr, CBzCl, NaCl, water 5 25 >50
22 Dar et al.?” 4 CBr, Brij58, NaCl, water 5 25 >50
23 Dar et al.”” 4 CBzCl, Brij58, NaCl, water 5 25 >50
24 Funasaki and Hada'?V 4 dodecylmethylsulfoxid, CTAB, NaBr, water 5 25 39
25 Funasaki and Hada'?! 4 dodecylmethylsulfoxid, CTAB, KBr, water 5 30 22
26 Goéralezyk et al. 4 R10PyCl, R5SO3Na, NaCl, water 5 25 30
27 Goralezyk et al. L 4 RI12PyCl, R5SO3Na, NaCl, water 5 25 30
28  Goralezyk et al. 4 RI10PyCl, R7SO3Na, NaCl, water 5 25 26
29 Goralezyk et al. 4 RI2PyCl, R7SO3Na, NaCl, water 5 25 21
30 Goralezyk et al. ™t 4 R10PyCl, R5SO3Na, NaBr, water 5 25 11
31 Géralczyk et al.t 4 RI10PyCl, R5SO3Na, Nal, water 5 25 10
32 Géralezyk et al.?t 4 RI12PyCl, R5SO3Na, NaBr, water 5 25 8
33 Goéralezyk et al.L 4 RI12PyCl, R5SO3Na, Nal, water 5 25 8
34 Goéralezyk et al. 4 RI10PyCl, R7SO3Na, NaBr, water 5 25 8
35 Goéralezyk et al. 4 RI10PyCl, R7SO3Na, Nal, water 5 25 8
36 Goralezyk et al. 4 R12PyCl, R7SO3Na, NaBr, water 5 25 8
37 Goralezyk et al. 4 R12PyCl, R7SO3Na, Nal, water 5 25 6
38 Zhang and Zhao®* 4 C8PyBr, C8SNa, NaBr, water 5 30 30
39 Zhang and Zhao%? 4 C6PyBr, C7FNa, NaBr, water 5 30 18
40 Zhang and Zhao3* 4 C6PyBr, C10SNa, NaBr, water 5 30 16
41 Li et ol."™ 5 formaldehyde, acetaldehyde, methylglyoxal, (NH,),SOy, 4 7

water

42 Schwier et al.?V 5 formaldehyde, acetaldehyde, methylglyoxal, (NH4)5SO,, 4 3

water

43 Svenningsson et al.®* 5 (NH,4)5SOy, levoglucosan, succinic acid, fulvic acid, wa- 4 7

ter

44 Svenningsson et al.®* 5 (NH,),SO,, NaCl, succinic acid, fulvic acid, water 4 6
45 Dar et al.”” 5 CBr, CBzCl, Brij58, NaCl, water 5 25 >50
46 Tuckermann and Cammenga 92 6 humic acid, azelaic acid, 3-hydroxybutanoic acid, 3- 2 20 10

hydroxybenzoic acid, levoglucosan, water

47 Svenningsson et al.®% 6 NHyNOg3, (NH4)5SOy, levoglucosan, succinic acid, fulvic 4 6

acid, water

48 Tuckermann and Cammenga 5 7 humic acid, pinonic acid, azelaic acid, 3-hydroxybutanoic 2 20 10

acid, 3-hydroxybenzoic acid, levoglucosan, water

49  Schwier et al.?0 8 (NH,)5SO,4, acctaldehyde, formaldehyde, glyoxal, 4 6

methylglyoxal, oxalic acid, succinic acid, water
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S4 Comparison of the Eberhart and Connors-Wright models

In previous studies, the Connors-Wright model has been found to be slightly more accurate than the Eberhart or
Shereshefsky model for the fitting of the surface tension of aqueous solutions of soluble small organic substances®0.
Here, we tested if the Connors-Wright model also performs better in reproducing the ternary data of the two systems

shown in Section [4.1] in the main paper.

S4.1 Water—acetonitrile—1,2-ethanediol

Table S8: Fit parameters of the Connors-Wright model® for water (1) 4+ acetonitrile (2) + 1,2-ethanediol (3) at 25°C™Y

a2 b12 a3 bi3 a3 ba3
Fitted value 0.95278 0.96922 0.83014 0.77771 -0.88234 -1.6155
95 % confidence interval + 0.0077168 =4+ 0.042106 4+ 0.005978 + 0.011714 + 0.69770 4+ 0.34344

In Fig. [S2] the performance of the Eberhart model and the Connors-Wright model for the ternary data of this
system is shown as well as a direct comparison of the predicted values of the two models (right plot). It can be seen
that the Connors-Wright model has a slightly better performance (RMSE = 1.0mNm™!) than the Eberhart model
(RMSE = 1.14mNm™!), but the differences are very small (maximum difference of the modelled surface tension
between the two models Aomax = 0.67 mNm_l). The differences in the prediction of the surface tension of ternary
mixtures originate partly from the fit quality of the water-free mixture acetonitrile (2) 4 1,2-ethanediol (3) which
is shown in Fig. The slightly improved fit quality arises from the presence of an extra fitting parameter in the
Connors—Wright model.

Eberhart model Connors-Wright model Comparison
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=2 =2 =
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c c S
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5 5 S e
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R k9] =
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E T T T T T E T T T T T T T T T T
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Measured surface tension (mN/m) Measured surface tension (mN/m) Eberhart
Figure S2: Ternary system water (1) + acetonitrile (2) + 1,2-ethanediol (3): Comparison of the performance of the Eberhart

model and the Connors-Wright model.
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Figure S3: Binary system acetonitrile (2) 4+ 1,2-ethanediol (3)
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S4.2 Water—n-butyl acetate—methanol

Table S9: Fit parameters of the Connors-Wright model” for water (1) + n-butyl acetate (2) + methanol (3) at 25°C®!

a2 b12 a3 b1z a23 ba3
Fitted value 0.9980 0.9584 0.90565 0.751048 -0.07133 -1.00715
95 % confidence interval 4 0.00099 =+ 0.0121597 =+ 0.0043085 =+ 0.01076 =+ 0.3465 =+ 0.1756

In Fig. [S4] the performance of the Eberhart model and the Connors-Wright model for the ternary data of this
system is shown as well as a direct comparison of the predicted values of the two models (right plot). It can be
seen that the Connors-Wright model has a better performance (RMSE = 0.33mNm™!) than the Eberhart model
(RMSE = 0.41 mNm_l) with a maximum difference of the modelled surface tension between the two models Aoax
= 04mNm~1!). The differences in the prediction of the surface tension of ternary mixtures originates partly in
differences in the fit of the binary mixture water (1) + methanol (3) which is shown in Fig.

Eberhart model Connors-Wright model Comparison
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o
0
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N
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I
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30 1 30 1

w
S
1
o
[N
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N
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1
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20 1

20 30 40 50 60 20 30 40 50 60 20 30 40 50 60
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Figure S4: Ternary system water (1) 4+ n-butyl acetate (2) + 1,2-ethanediol (3): Comparison of the performance of the Eberhart
model and the Connors-Wright model.
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Figure S5: Binary system water (1) + methanol (3)
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S5 Binary Eberhart model fits

S5.1 Binary fits for water—organic—-organic systems
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Figure S6: Binary fits with the Eberhart model for the ternary systems water (1) + acetonitrile (2) + 1,2-ethanediol (3) from

Rafati et al.®Y and water (1) + n-butyl acetate (2) + methanol (3) from Santos et al.Bl!

. Light green shading shows the 95%

confidence interval of the fit. No fit was made for the binary system water + n-butyl acetate due to the little coverage of the
data space by the measurements because of the miscibility gap of this system. The red data point in the water + methanol
plot was considered an outlier and therefore not included for the fitting.
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S5.2 Binary fits for water—surfactant—surfactant systems
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Figure S7: Binary fits with the Eberhart model for the water—surfactant—surfactant systems. Light orange shading shows the
95% confidence interval.
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S5.3 Binary fits for water—organic—salt systems
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Figure S8: Binary fits with the Eberhart model for the water—organic—salt systems. Light green and blue shading shows the
95% confidence interval.
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S5.4 Binary fits for water—surfactant—salt systems
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Figure S9: Binary fits with the Eberhart model for the water—surfactant—salt systems. Light orange and blue shading shows

the 95% confidence interval.
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S5.5 Binary fits for water—surfactant—organic systems
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Figure S10: Binary fits with the Eberhart model for the water—surfactant—organic systems. Light orange and green shading
shows the 95% confidence interval.
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S5.6 Binary fits for a quaternary system
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Figure S11: Binary fits with the Eberhart model for the quaternary system containing three surfactants. Light orange shading
shows the 95% confidence interval.
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S6 Additional tables and figures for ternary systems
S6.1 Ternary system properties tables

Table S10: Temperature (T'), number of ternary datapoints (np), and measurement method of the ternary systems and the
source data format. For data provided as figures in the original source, data was obtained with the help from digitisation
software

System Reference T Np method source
water (1) + °C

acetonitrile (2)4 1,2-ethanediol (3) - 25 52 du Noiiy ring table

n-butyl acetate (2)+ methanol (3) ol 30 48 du Noiiy ring table

Brij35 (2)+ SDS (3) 33 25 60 du Noiiy ring figure
TX100 (2)+ CTAB (3) <l 19 55 du Noiiy ring figure
CTAC (2)+ SDS (3) 12 24 41 pendant drop table

DDAO (2)+ SDS (3) i 25 53 pendant drop figure
TX114 (2)+ SDS (3) = 24 73 pendant drop table

. . 75 microdroplet dispenser

glutaric acid (2)+ NaCl (3) 25 30 + optical tweezer figure
succinic acid (2)4 NaCl (3) 52 25 16 capillary rise table

glutaric acid (2)+ (NH4)9SO, (3) 12 24 22 pendant drop table

malonic acid (2)+ (NH,)5SO4 (3) Lo 21 16 pendant drop table

TX100 (2)4 NaCl (3) Lo 24 60 pendant drop table

SDS (2)+ NaCl (3) 02 25 100 drop volume method figure
CTAB (2)+ NaCl (3) 0d 21 453 du Noiiy ring table

CTAB (2)+ KCI (3) o3 21 149 pendant drop figure
TX100 (2)+ (NH,)5S0, (3) 12 24 33 pendant drop table

TX100 (2)+ glutaric acid (3) 15 24 101 pendant drop table

TX100 (2)+ oxalic acid (3) 1o 24 63 pendant drop table

SDS (2)+ oxalic acid (3) Lo 24 45 pendant drop table

CTAB (2)+ ethanol (3) il 19 243 du Noiiy ring figure
Brij35 (2)+ glutaric acid (3) 18 24 80 pendant drop table

Table S11: Molar mass (M) and density (p) used for conversion of molar concentration or mass fraction to mole fractions for
the ternary systems where needed

System My Moy M3 1 02 p3
water (1) + gmol ! gmol ! gmol ! kgLt kgL ™! kgLt
glutaric acid (2)+ NaCl (3) 132.12 58.44

succinic acid (2)+ NaCl (3) 118.09 58.44

glutaric acid (2)+ (NH,)»SO, (3) 18.00 132.12 132.14 1.00 1.43 177
TX100 (2)+ NaCl (3) 18.00 625.00 58.44 1.00 1.06 2.16
SDS (2)+ NaCl (3) 18.00 288.38 58.44 1.00 1.01 2.16
CTAB (2)+ NaCl (3) 18.00 364.45 58.44 1.00 1.23 2.16
CTAB (2)+ KCI (3) 18.00 364.45 74.55 0.99 1.23 1.98
TX100 (2)+ (NH,)2S0, (3) 18.00 625.00 132.14 1.00 1.06 177
TX100 (2)+ glutaric acid (3) 18.00 625.00 132.12 1.00 1.06 1.43
TX100 (2)+ oxalic acid (3) 18.00 625.00 90.03 1.00 1.06 1.90
SDS (2)+ oxalic acid (3) 18.00 288.38 90.03 1.00 1.01 1.90
CTAB (2)+ ethanol (3) 18.00 364.45 46.07 1.00 1.23 0.79
Brij35 (2)+ glutaric acid (3) 18.00 1199.54 132.12 1.00 1.05 1.43
CTAC (2)+ oxalic acid (3) 18.00 320.00 90.03 1.00 0.97 1.90
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S6.2 Water—surfactant—surfactant
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Figure S12: Surface tension of the system water (1) + TX114 (2) + SDS (3). The upper left panel shows experimental data
at T'=24°C (symbols) and model results (solid lines) from Equationsﬁ
shows the error in predicted surface tension for all ternary data points. The dry mole fraction ag is defined as z3/(z2 + z3).
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and |8} The upper right panel

The lower panels show the binary water—surfactant fits. Light orange shading shows the 95% confidence interval.
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Figure S13: Same as Fig. El in the main paper but using the model in its fully predictive form (Equation |8} Ag3 =0, Bag =0,
So3 = 1).
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S6.3 Water—organic—salt
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Figure S14: Surface tension of the s%sltem water (1) + glutaric acid (2) + NaCl (3) with Sp3 =1x 1073, The left panel shows
experimental data from Miles et al."” at T' = 25 C (symbols) and model results (solid lines) from Equatlons@ and @ The
upper right panel shows the error in predicted surface tension for all ternary data points. The dry mass fraction B2 is defined
as ma/(mg +ms3) where m is the mass.
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Figure S15: Same plot as Fig. [5|but without the salting-out factor (F»3 =0).
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S6.4 Water—surfactant—salt
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Figure S16: Surface tension of the system water (1) + CTAB (2) + KCI (3) shown on two different x-axes. Symbols show
experimental data from Para et al.”® at T'=22°C and lines show model results from Equations @ and EI C; is the molar

concentration of substance ¢ in mol L;O}ution (M).
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Figure S17: Same plot as in the third panel of the left column in Fig. |§|with different colors.
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Figure S18: Surface tension of the system water (1) + TX100 (2) + (NH4)2SO4 (3). The upper left panel shows experimental
data from El Haber et al.™® at T =24°C (symbols) and model results (solid lines) from Equations and@ The upper right
panel shows the error in predicted surface tension for all ternary data points. C3 is the molar concentration of substance (3)
in mOlL;ﬁution (M). The lower panels show the binary water—surfactant fits. Light orange and blue shading shows the 95%
confidence interval.
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Figure S19: Same as Fig. I§| but using the model in its fully predictive form (Equation |8 A3 =0, Bag =0, S23 =1).
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Figure S20: Same as Fig. I§| but without surface non-ideality (A23 =0).
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S6.5 Water—surfactant—organic
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Figure S21: Surface tension of the system water (1) + TX100 (2) + glutaric acid (3) shown on two different x-axes. Symbols
show experimental data from El Haber et alB¥ at T = 24°C and lines show model results from Equations E and |8 The dry

. . . . . 21
mole fraction ag is defined as x3/(x2 +x3). C3 is the molar concentration of substance (3) in molL_ ...~ (M).
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Figure S25: Same as the second and third row in Fig. and the first row in Fig. but using the model in its fully predictive
form (Equation Ag3 =0, Bag =0, So3=1).
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