Supplementary Information:
Correlating multicomponent surface tension data

with Padé approximants. Part I. Surface tension

S1. Padé-type expressions for surface tension modelling

In this document it is shown that several mixture models, which were originally developed
for the description of the surface tension of binary systems, can be recast in forms that have
consistent multicomponent extensions. Specifically, these models can be interpreted as

special Padé approximations.
S1.1 Eberhard surface tension mixture model

Eberhart (1966) developed an equation for the surface tension of binary liquid mixtures based
on the assumption that the surface tension, o, is a linear function of the surface layer mole
fractions:
0 =0Y,t0,Y,
The equilibrium surface compositions (Vi) were linked to the bulk concentrations (Xi) via a
distribution coefficient S. For binary mixtures, this resulted in an equation of the form:
o= Sx,0, +X,0,

SX, + X,
where o1 and o2 are the surface tensions of the two pure components, X1 and X2 are the bulk
liquid mole fractions, and S defines the extent of surface layer enrichment in the component

of lower surface tension. Setting S = i//% yields the B'(f, x,6) Padé-type approximant for a

binary mixture defined by:

o= B0, + B%,0,

ﬂl Xl + ﬂZ X2
The multicomponent version is:

o= Pll (/)’,x,c) ZZﬂiXiai/ZﬂiXi




S1.2 Connors and Wright model

Connors and Wright (1989) considered binary aqueous-organic solutions. Their analysis also
starts with the Eberhart (1966) postulate that
o=0Y,+0,Y,
Their model assumes that, in the surface phase, the organic component (component 2) can
exists in two states namely a free and a bound (adsorbed) state. They postulated that the
number of binding sites in the surface available to component 2 is proportional to the number
of water molecules (component 1) in the surface phase. They adopt a Langmuir adsorption
isotherm to develop a link between the surface concentrations (yi) and the bulk concentrations
(xi). Key expressions in their analysis are:

_ K,P, b kK,P,

1+ K,P, 1+ K,P,

Where Kb is the binding site constant for component 2 and the Pi are the partition coefficients
linking the surface and bulk concentrations. In this way they derived a semi-theoretical
equation for the variation of the surface tension with composition. The final equation for
binary mixtures has just two adjustable constants, both of which they claim, carry physical
meaning:

o=0, —[1+1bx1 }(2 (0,-0,)

1

where o and o are the surface tensions of mixture and of component i respectively and the
parameters a and b carry physical meaning as defined by the equations above. An equivalent,
more convenient form of this equation for binary mixtures is:
oo BX 0o [ X + K% [+ BoXo 0y [ Ky X + X, ]

B+ BoX,

This shows that the Connors and Wright model is a Padé approximant. It also suggests that a

rational extension of the expression to deal with multicomponent mixtures is:

oc=PR’ (I:Kij:"B’x’G):Zﬂixio-iZKijxj/Zk:ﬂkxk



Derivations for the Connors and Wright model:

Start with the following, more general, expression for a binary mixture:

[1-(a-b)x
O':Gl—_f_—axl)l:|X2(O'l—O'2)
[(1—a—b)x +Xx
G:O-I_—( (l_a))zl_:_xzz:|x2(o-l_o-2)
1— A
0:01[( a)x1+x2]_ (1-a-b)x +x, «(01-0,)
(1-a)x +X, (1-a)x +X,

o o-l(xl+x2)[(1—a)x1+x2]—[(1—a)x1 —bx1+x2]x2(01—02)
(1-a)x +Xx,

O [(1-a)x +x, |+o%,[(1-a)X +X2]+

(1-a)x +X,
—o %, [ (1-a)x —bx, +X, [+, [ (1-a) X, —bx, +X, ]
(1-a)x +Xx,
o [(1-2) %+ %, [+ oibx X, + 0% [ (1-a) x —bx, +X, |
- (1-a)x +x,
o (1-a) X0, +(0y +ob+(1-a) o, —bo, ) X, X, +0,%3
- (1-a)x +X,
oe (1-a)x{o, +(1+b)x X0, +(1—a—h)x,x,0, + 7,%
(1-a)x +X,
6:[(l—a)xl+(1+b)x2}xlo-l+[(1—a—b)xl+x2}x20'2
(1-a)x +x,
[xl+(t2jx2}(l—a)xlo-1 +[(1-a-b)x +X, |%,0,
o=
(1-a)x +X%,
Let I-a=4/p8,
1+b
ﬂlxlff{xﬁr(:sz}rﬂzxﬁz [(l—a—b)xl+x2]
O =
BX + pX
o= B0 [Xl +K12X2]+ﬂ2X20'2 [K21X1 + Xz]
Bx+ frX

Where the following definitions were used:




Klzs(r—b) and «, =(1-a-h)

. K,P, kK, P
Link to the model parameters a=—22— and b=—2>1-:
1+K,P, 1+K,P,
l—a-= and  14p =1t KP +KKR
1+K,P, 1+ K,P,

K, =1+ K,P, +kK,P,

K2IE(1—a—b)=l— K;P, - kKR
1+K,P, 1+K,P,
1-kK,PR,
K =~ 5
1+K,P,
A1
b 1+K,P

Links between the three parameters:

Kp =L
B

1

K, =1+ K,P, +kK,P, :&-F KK, R
B

1

1—KK,P 1_'(“% Y
Ky = " 21— L=1+2(1-x,)
+K2P2 & ﬂZ
B
ﬁ:KZI—l
B 1-k,

Boic, + Bk, = B+ B,
Bk, + Bk, = B+ B

The implication is that, for binary systems, the original Connors and Wright (1989) model

has only two freely adjustable parameters.




S1.3 Belda’s mixture rule proposals

Belda (2009) introduced a nonlinear expression to fit binary experimental data for the
physical property of a mixture. Here it will be denoted by the symbol c. It will be shown that
it also leads to Padé-type expressions. Belda (2009) started from the linear blending rule:
C=CX +C,X,
Where Ci and xi respectively represent the property value for pure component i and Xi is the
mole fraction of the component in the binary mixture.
Next, Belda (2009) considered deviations from the LBR:

AC=C—CX —C,)X,
The deviations can be expressed in two different ways:

c=c,+(c,—¢c,)x or c=c+(c,—¢)X,
From these, Belda (2009) proposed two alternative corrections for the two separate
expressions:

c=c,+(c,—¢,)X [%} and c=c +(c,—C )X, {%}

These corrections are not identical. However, irrespective of which one is selected, ultimately

a Padé-like expression is obtained:

c= ﬂlxlcl [Xl +KI2X2]+ﬂ2XZCZ [KZIXI + XZ]
ﬁlxl +IBZX2

The multicomponent extension is:
y= ZZﬂijCinin/Zﬂka
i k

If, however, both of his proposals are forced to hold simultaneously, the governing mixing
rule reduces to the model proposed by Eberhart (1966):

C= BXC + Py %6,

IBIXI +182X2



Derivations related to Belda’s models:
(1) Consider one of the Belda model equations in isolation:

1+m1(1—x1)}

c=c,+(c, —cz)x[ler =3
2 1

G (xHx)[1myX, |+ (6 = ¢, ) % [T+ mx, |
1+m,X,

ol 0% [1+m,x, [+ c,x [1+m,x, |+ ¢ x [1+mX, | —c,x [1+mx, ]
- 1+ m,X,

o2 SX HCMXX, +6MX X, +C X +CGMX X, —CM XX,
1+m,X,

C,X, (xl + x2)+c2m2x2x2 +C,M,X X, +C,X, (xl + x2)+clmlx1x2 —C,MX X,
I+ m,X,

Cc=

e CX; +¢ (1+m) XX, +C, (1+m, —m ) X X, + ¢, (1+m,)x;
- X, +(1+m,) X,

clxl[x1 +(1+m1)x2]+(1+m2)c;2)(2 Hlvtszr;mlel +x2}
2
Cc=

X +(1+m,)x,

Let 1 + m2 = /[, substitute and simplify:
I+m,—m
BxC [ X +(1+m)x, [+ B,xc, KZIJ X, + xz}

1+m,
ﬂlxl +ﬁ2X2

Let ki, =1+m, and x, =1-m/(1+m,)

Cc=

c= ﬂlxlcl [Xl +K12X2]+182X2C2 [KZIXI + XZ]

ﬂlxl +IBZX2

This expression is identical to the Connors and Wright (1989) expressions for ¢ = o.

Note however, that Belda (2009) claimed that it is useful for other physical properties too.

(i1) Consider the second Belda equation:

1+m1xl}

c:cl+(c2—cl)x{l+m .
2™




¢ (x, +x2)((1+m2)xl +x2)+(cz—cl)x2[(1+ml)x, +x2]

€= (I+m,) X +X,

_ (14+m, ) e, X} +C,X X, +(1+m, )¢ XX, +(1+m,)C, %X, —(1+Mm, )¢ X X, +C,X; +C,X; —C,X;

(1+m,)x +X,

(1+m,)e X +(1+m, —m, )X X, +(1+m,)c,X X, +C,X;
(1+m,)x +X,

(1+m2)clxl{x1 +(1+mz_mle2}+czx2 [(1+m)x +X, |

I+m,
Cc=

(1+m,)x +X,
Now set b5 =1+m,, substitute and simplify:

2
_ BXC [ X +(1+m,—m)x, |+ Bx,c, [(1+m, )X, +X, |
ﬂlxl—'—ﬁZXZ

Define x, =1-m, /(1+m,) and &, =1+m,

This yields the same composition dependence as the expression above:
_ Bxc [Xl + Kip%, ] + /%G, [K21X1 + Xz]

ﬂlxl +182X2

(iii) The result when both equations are forced to hold simultaneously:
1% {H m, (1-x, )}

1+m,(1-x)
c=c +(c,—¢)X, {Hmil 2))}

I+m,(1-X,

c=c,+(c, —c,
1

c(1+m,x,)=c, (1+m,x,)+(c,—¢,)x (1+mx,)
c(1+myx)=c, (1+m,x)+(c,—c )X, (1+mx)
c(1+m,%, ) =X (1+mx,)+¢, [ T+m,x, —x (1+mx,)]
c(l+myx ) =c [1+mx =X, (1+mx ) ]+c,x, (1+mx,)

Make use of the fact that X +X, =1:

C(X %, +M,X, ) =C,X (1+MX, ) +C, [ X + X, +M,X, — X —M XX, ]

C(X, + X, +M,X ) =C [ X + X, +MX, =X, =M X X, | +C,%, (1+mx,)




c[x +(1+m,)X, [=cx (1+mx,)+¢,[X, +m,X, —-mxX,]
c[(1+m,) X +X%, |=¢[X +mx —mxx,]+¢,x, (1+mx)
Add the two equations:
C X+ (14 m, )X, + (1M, ) X+, | =% (14 M, ) +C, [X, +MX, —mxx, ]
+C, [ X +MyX, —m X X, |+ C,%, (1+mX, )

c[(2+m,) %, +(2+m, )X |=C [X +mXX, +X +M,X, —mXX, ]

+Cy [ X, +MyX, =M X X, + X, + M X X, |
c[(2+m,)x +(2+m,)x, |=(2+m,)xc +(2+m,)x,c,

:(2+mz)xlcl+(2+m2)xzc2
(2+m,)x +(2+m,)x,

Let B =2+m;:

o BXC+fxe

ﬂlxl + IBZ X2
This recovers the model proposed by Eberhart (1966) for ¢c = o




S1.4 Extended Langmuir model (EL model)

Pifieiro et al. (2001) derived the Extended Langmuir model for the surface tension of liquid mixtures.
In their analysis, they consider a binary mixture for which o; > o». In the analysis presented by
Pifieiro et al. (2001), the parameter  was defined as the ratio of the absorption (k») to desorption (ki)
rate constants, i.e.

,szz/kl

In their analysis they also postulated a Margules interaction term as a correction for equation 2 albeit
using volume fractions instead of mole fraction. The correction term was assumed proportional to

A=a—1.

This means that the two adjustable parameters, i.e. @ and £ have physical meaning.

Their model for binary mixtures can be expressed into the following way:
0,-0 _ ﬂ[ﬂ+a(¢’1/(ﬂz)]
6,70, |::B+((/’1/(/)2)]2
Expressed in canonical form using mole fractions instead of volume fractions, this equation reads:
oo Bxo, (X +K,% )+ B,%0, (i, % + X, )

,lelz + 2\/ﬂ1ﬁ2 XX, + ﬁ2X22

or
o= ﬁlxlo-l (Xl +KI2X2)+ﬂ2X20-2 (KZIXI + XZ)
2
(\/ﬁlxl + ﬂZXZ)

Note the similarity of this equation to the one due to Connors and Wright (1989). Both are Padé-type

expressions. However, whereas the latter used mole fractions, the original EL model used volume
fractions to define the mixture composition. While the Connors and Wright (1989) model features a
first order polynomial as the denominator polynomial, a quadratic K-polynomial is used in the EL

model (Pifieiro et al., 2001). The most general extension to multicomponent mixtures is given by:
o= ZﬂnxiffiZ'ﬁij/ZZﬂu X X;
i j i

However, the original derivation also pointed to a geometric combining rule as follows:

IBij :\/ﬂiﬂj

With this combining rule the original EL model expression for multicomponent systems is actually:

o [3)
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Reformulation of the EL model:

Pifieiro et al. (2001) defined:
n°=0,-0,, 1=0,—c and 7 =7/ 7°
The final model form for binary mixtures is stated as follows:
o Bl B+a(p/p,)]
[ﬂ + ((01/(02 ):|2

The following manipulations are executed in order to obtain the Padé-type expression:

* O-I_O-
v =—-
0,-0,

0,-0 _ ﬁl:ﬂ+a(¢l/¢2)]

o-o  [p+(n/e.)]

Expand the square and multiply numerator and denominator with ¢?.
o-o __ Bl +afpp,

o,-0, @ +2P00, + e,

_o(9f + 2800, + B9l ) -0, (B0 + aBop, )+ o, (B0 + apog,)

o= 2 2 2
@+ 200, + 0,
a
0,0, ((01 +2p¢, _aﬁ(Dz)"' ﬂ2¢20'2 ((02 +'B¢1j
O =
o +2800,+ B0,
ViX; . —
Recall that ¢ = ————— . Substitute and simplify
VX +V,X,
a
VIXIO-I (lel +2ﬂ\/2X2 _aﬂ\/ZXZ)-l_ﬁzVZXZO-Z (VZXZ +lBVlXIJ
O =
V12X12 +2PV VXX, + ﬂzvzz Xz2
Vixo,| % +(2—0¢)ﬂv—2x2 + BV, x,0, a—lel +X,
\ A,
o= 22 N722
VITX] +£2PVVL XX, + BV
V. V) aV,
X0, | X +(2—-a)B2x j+ﬂ22x o (‘x +X ]
oo 1 1( 1 V1 2 V12 22 ﬂ\/z 1 2

2
X} +2ﬂ\\$2X1X2 +ﬂ2x22x§

1 1

10
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2
k,V.

22 | Substitute and simplify
KV,

X0, [xl +(2—0¢)\/§x2J+'szzo-2 [a\/gxl - XZJ

2
Define &zﬂzv—zzz[
B Vi

o=
xf+2\/ﬁjxlx2+ﬁ2 X
A b
) ﬁIXIO'l[X1 +(2—a)\/'ﬁjfx2}+ﬂzxzaz (a\/gxl +x2]
o=
BX;+ 2 BB XX, + B X
Define x,, 2(2—a),/ﬂ2/ﬂ1 :(1_/1) izzz and £, Zam=(1+ﬂ)%

171 272

o= ﬂlxlo-l (Xl +K12X2)+132X20-2 (KZIXI + XZ)

ﬂlxl2 +2\/ﬂ1ﬂ2 X1X2 +ﬂ2X22

— ﬂlxlo-l (Xl +K12X2)+ﬂ2X20-2 (KZIXI + XZ)

(\/lel + 5% )2

Connection between the parameters in the original model expression:

K K

21 = 2
JB.IB. BIP

Link between the “old” and the new parameters:

gt [E
Ny VR )

11
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S1.5 Das and Bhattacharyya model

Das and Bhattacharyya (2003) proposed the following expression for the surface tension of

binary mixtures:

c—0, X+ PX; X,
- 2
0, =0, 1+qlxl +0,X

In this equation, o, o1 and o2 are the surface tensions of the mixture and those of the two pure
components respectively. This equation has three adjustable parameters p, i1 and gz. It can be

shown that their proposal is in fact equivalent to the following Padé P} form:

o= B0, [Xl + K12X2]+ﬁ2X20'2 [KZIXI + Xz]
ﬂ1X12 +28,%%, +ﬂ2X22

The multicomponent version is:
o= Z'B“Xigizkﬁxi/zzﬂii XX;
i ] ! J

with i = 1 and Sj = Si.

When 24 = i + £, the Das and Bhattacharyya (2003) expression reduces to the Connors and
Wright (1989) model. Furthermore, it is mathematically equivalent to the EL model. This is
because, for Padé-type models, changing from mole fractions to volume fractions, mass
fractions and even -fractions does change the values assumed by the adjustable parameters

but it does not affect the outcome predicted by the model itself.

12
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Derivation (Das and Bhattacharyya, 2003):

Note: the original paper used the symbol “S” for the surface tension. Here “c” is used
instead.
o—0; X+t PXX,

2
0, =0, 1+qlxl +0, X

(%, + P, ) (0, —0,) + 0, (1+0, +0,% )

2
1+q1X1 + q2xl

O =

2
o, (1+qlx1 F X =X, — pxlx2)+02(x2 + PX,X, )
1—i_qlxl +q2X12

O =

Invoke X, +X, =1

2
0, (Xl X A OX A OX =X, — pX1X2)+02 (Xz + leXZ)

o= > .
(X1+X2) +qu1(Xl+X2)+q2Xl
:xlal[(1+q,+q2)xl+(1+ql—p)x2]+x202[(1+ P)X +X, ]
(I+0,+0,) X +(240,) XX, +X;
(1+q,+0,)x0 x+wx +%,0, [ (14 p) X, +X, |
1 2 11 1 1+q1+q2 2 272 1 2
0= 2 2
(140, +0,) X +(2+0,) X X, + X;
o2
8 B0, X1+(1+q1 p)ﬂ X +ﬂ2X20'2|:(1+p)X1+X2]
Define = =1+, +0, then o = > . 5
ﬁZ ﬂlxl +(2+ql)ﬂlex2+ﬂ2x2

Define 2/3, =2+4,. K12=(1+q1—p)% and K, =14 p
1
_ Bxo [ + K% |+ ByX0, [k X + X, |
ﬂ1X12+2ﬂ12X1X2+ﬂ2X22

Connection between the “new” model parameters:

Ki2 = (2512 K )ﬁ Bk, + Boic, =258, 2P, = ﬁ_l

2

K, + By,

The link between the new and “old” parameters:

p=r, -1
o :2(1812_1)
a, Z%_l_ql =%+1—2ﬂ12

13
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S1.6 FLW model (Fu et al., 1986)

Fu et al. (1986) applied Wilson’s local composition concept to the Hildebrandt-Scott equation
and obtained the following expression for binary mixtures:

___oX 5%, |O_1 _02|X1X2
o=
X+ f,% 0 fx 4% (X1+ f12X2)(f21XI+X2)

For a binary mixture, this expression can also be rewritten in the format of a Padé form:

o +(0,+0, +|oy — o) X%, + f,0,0

2 2
0+ (14 £, 6, ) X%, + £,%

S1.7 Alternative model forms for isothermal data

The general expression P(2,2) Padé form for an isothermal mixture is:
oz(Zﬂiaixf +2)° 3 Bioy %X, j/[z,ﬁle +2)°3" BiXX j

i i j<i i i j<i
with 2,6’”0'ij = ﬂilcijcri +ﬂjicjicrj

For example, for a binary system the expression is

2 2
o= ﬂlxl O, +(ﬂ10-1’(12 +:320-2K21 ) X X, +:32X20-2
- 2 2
ﬂl X+ 2ﬂ12X1 X, + ﬁzxz

An alternative form is:

c=P ([Gij]’[ﬁij]’x) =2 Bioyx X [ 2 By

with fi = £, and fj = S, and agijj = aji

14
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S1.8 Invariance of Padé-type models with respect to the composition descriptors

It is possible to write the equations detailed above in slightly more compact forms:
o=FR (G,ﬂ,x) = Zﬂiaixi/ZﬁiXi

o=R’ ([Gii]’ﬂ’x) =2 BoxX; [ 2 B

o= PZZ ([Gij ]’I:ﬁil' ]’x) = Zﬁijo-ijxixj/Zﬁinij

The reason for this suggestion is that changing the mole fractions to mass, volume or even (-

fractions does not change the value of the property predicted by the model. The only effect is

to change the values of the adjustable parameters.

Proof for Padé-type P(2,2) models:

The canonical Padé form (Type I) is defined as follows for a binary mixture:

2 2

_p? _PuoiX +28,0,%% + BponX
o=P\|oy |,| B |:x)= 25 2
BiX +2B,XX, + B, X

This form employs mole fractions as the composition descriptors.

Padé Type II form:

This form employs generalised g-fractions as the composition variables. For a binary
mixture the expression is:

o= 7/110-11q|2 +2y,0,4.9, +7220-22q§
7/11(112 +27,,9,9, +7’22qz2

Where the g-fractions are definition as follows: ¢, =Q,/(Q,X, +Q,X,)

Multiplying numerator and denominator with (Q1 X, +Q,X, )2 and simplifying results in:

2 2 2 2

o= 7/11Q110-11X1 + 27/12Q11Q220-12X1X2 +}/22Q22622X2
22 2 2
}/IIQIIXI +27/12Q11Q22X1X2 +722Q22X2

The canonical Padé form is recovered by defining: B, = ,Q; and 2 By =7;QQ;

The same result is obtained when using M or Vi instead of Qi. The implication is that
changing the composition descriptor from mole fractions to mass- or volume fractions will
not affect the predictions obtained when using canonical Padé approximants. This holds
even when the denominator or numerator polynomials in the equation are linear as either of
them is readily transformed into a quadratic polynomial by multiplying with qi+q2 = 1.
This shows that the two equations are mathematically identical irrespective of whether we

use volume-, mass- or mole fractions as the composition descriptors.

15
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Consider the full quadratic canonical form

2 2
o= Buou X +25,01,%% + £,05,%
2 2
ﬁllxl +2ﬁ12XIX2+IB22X2
This form readily reduces to the simpler forms under certain conditions. Furthermore, this

model is fully defined by binary interactions.

Shardt and Elliott (2017) and Shardt et al. (2021) considered extensions to the Connors and
Wright (1989) model. Interestingly, they suggested that the temperature dependence of the
surface tension might be fully accounted for by the temperature dependence of the pure
components present in the mixture. The implication of this assumption is that all the other
model parameters in the canonical Padé approximant should be temperature independent.
Their role is to define an interpolation procedure that accounts for the temperature
dependence of a mixture of fixed composition on the basis of the limiting values defined by
the pure components. This interesting idea can be incorporated in the canonical Padé model.
Since the model only considers binary interactions, it is sufficient to show the development

for binary mixtures. First, we modify equation a as follows:

2 2
o= 5o X+ (ﬂno-lz + S0y, ) XX, + 35,0, %
ﬁuxlz +2B,XX, + ﬂ22X22

O Oy
ﬂllgllxl[xl+o_ X2]+ﬁ22o-22x2(xl+ X,

11 22
ﬁllxl2 +20,%%, + ﬂzzxz2

o= B0 X% (Xl +K12X2)+ﬁ22022)(2 (Xl +K21X2)
:6’11)(12 +28,% X%, +:Bzzxz2

The assumption made is that the /ijand x;; are temperature-independent parameters. If

o =

successful, this modification increased the number of adjustable parameters of the EL model

to four but this allows data correlation over a range of temperatures.

16
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S1.9 Summary

Two Padé-type models appear to dominate in the literature concerned with the modelling of
the surface tension of binary mixtures:
Connors and Wright (1989) model
o Bo X +2B,0,XX, + B,0,%
BiX + By,
The Extended Langmuir model (Pifieiro et al., 2001)

2 2
o= Buon X +25,0,X%% + ,05,%
BuX + 285X %, + BoyX;

Several models proposed by other investigators were found to have the same mathematical

form. The differences relate mostly to the combining rules that arose from theoretical

considerations or which were applied to reduce the number of adjustable parameters.

Table S1.1 Combining rules proposed for the Connors and Wright (1989) model in its

compact form

Expression for 24,0, Reference

B,(1+b)o, +(B - B.b)o, (Connors and Wright, 1989)
Bo, (1+m)+o, (B, - m,) (Belda, 2009)

(B -pm)o +(1+m) B0, (Belda, 2009)
(28,-B)o,+(2B,-B,)o, (Belda, 2009)

Table S1.2 Combining rules for the compact form of the Extended Langmuir model (Pifieiro

etal., 2001)

28, 25,0, Reference

2BB, [(2 ~a)o, + a%]m (Pifieiro et al., 2001)

28, (1+p)B,o, + [zﬁlz -, (1+ p)] o, (Das and Bhattacharyya, 2003)
1+ 8.5, o, +0, +|Jl _02| (Fu et al., 1986)

17
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S2. Data analysis

The data plots shown, in the Figures to follow, reflect data fits obtained with the P(2,2) Padé model using all the available information.

Table S2.1 Monoethanolamine (1) — 2-amino-2-methyl-1-propanol (2) — H,O (3)

P(1,1) P(1,2) P(2,1) P2,2)
# Parameters 2 2 5 5 6 8 9 11
Objective Binary All Binary All Binary All Binary All
MEA P 7.27 7.52 23.46 22.23 18.65 17.41 19.11 19.52
AMP Jiz2) 29.57 26.98 60.41 62.36 48.57 49.70 45.41 46.17
water B3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P2 18.42 17.25 41.93 45.70 33.61 33.56 32.26 155.82
pis 4.14 4.26 10.50 10.03 9.82 9.21 9.90 9.98
3 15.28 13.99 25.43 26.03 24.79 25.35 24.58 24.66
K2 1.00  -106.42 1.00 -95.23
K13 0.60 0.74 0.59 0.65
K21 1.00 59.94 1.00 72.46
K23 0.57 0.49 0.62 0.54
K31 7.99 5.81 8.11 7.30
K32 13.92 16.12 13.55 14.95
MAD,% 9.02 7.59 4.35 3.12 4.71 3.06 4.94 1.55
AAD, % 3.28 3.15 0.47 0.43 0.30 0.34 0.31 0.18
AAIC 0 11 490 546 519 587 495 779
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Table S2.2 Water (1) — acetone (2) — toluene (3)

P(1,1) P(1,2) P2,1) P(2,2)
# Parameters 2 2 5 5 6 8 9 11
Objective Binary  All Binary All Binary All Binary All
Water(1) B 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Acetone(2) P2 18.92 18.74 34.59 31.58 27.07 27.06 36.15 36.50
toluene(3) B3 17.39 19.86 61.18 197.32 101.06  44530.50 153.86 31818.64
P2 9.96 9.87 14.31 13.54 14.03 14.03 14.66 14.68
Bis 9.20 10.43 107.75 107.75 51.03  22265.75 1.00  16400.05
o3 18.16 19.30 51.18 132.23 64.07  22278.78 62.98 12348.80
K12 5.95 5.95 6.98 7.00
K13 1.00  -8734.50 1.00  -6110.88
K21 0.63 0.63 0.46 0.45
K23 1.00 1113.73 1.00 483.41
K31 1.00 1.54 1.00 1.54
K32 0.85 0.25 0.48 0.16
MAD,% 9.58 9.95 15.59 10.75 14.41 10.85 38.76 10.91
AAD, % 1.70 1.64 3.74 1.21 1.34 0.83 4.47 0.80
AAIC 0.00 4.76 -377 240 190 387 -541 400
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Table S2.3 2-Propanol (1) — 1,2-propanediol (2) — water (3)

P(1,1) P(1,2) P(2,2) P(3,2)
# Parameters 2 2 5 5 8 8 11 11
Objective Binary  All Binary Al Binary  All Binary  All
2-propanol(1) Su 45.13 41.45 82.87 65.36 73.97 60.01 28.03 20.74
1,2-
propanediol(2) yizz 13.44 13.52 15.42 17.29 14.42 15.76  160.45  930.51
water yi: 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2 29.28 27.49 41.47 37.66 44.20 37.89  260.13 1428.91
s 23.06 21.23 37.44 30.46 37.48 30.51 34.37 33.56
P3 7.22 7.26 7.82 8.51 7.71 8.38 17.09 60.78
K12 -0.39 0.22 6.76 81.52
K13 -0.22 1.10 -0.03 -0.04
K1 5.68 3.00 1.26 0.77
K23 0.66 0.25 0.01 -0.04
K31 29.20 0.78 21.72 20.97
K32 3.85 7.55 2429  121.89
MAD,% 8.21 11.06 11.47 8.30 12.50 8.28 11.47 4.88
AAD, % 2.29 2.03 1.23 1.34 1.05 1.17 3.61 0.83
AAIC 0 24 164 230 124 254 -468 502
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Table S2.4 Tetrahydrofuran (1) — 2-propanol (2) — 2,2,4-trimethylpentane

P(1,1) P(1,2) P(2,1) P(2,2)
# Parameters 2 2 5 5 8 8 11 11
Objective Binary All Binary All Binary All Binary All
Tetrahydrofuran P 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2-propanol P2 1.03 1.02 0.94 1.33 1.22 1.73 0.15 0.20
2,2 4-trimethylpentane D3 4.07 4.08 5.01 4.55 4.98 4.81 2.11 2.88
b2 1.02 1.01 0.99 1.13 1.11 1.37 0.73 0.77
Pz 2.54 2.54 2.89 271 2.99 2.90 2.52 2.56
Pos 2.55 2.55 2.99 3.00 3.10 3.27 0.48 0.60
K12 0.06 0.03 -0.29 -0.37
K13 9.53 9.58 6.46 7.56
K21 2.03 1.84 13.12 10.74
K23 -1.14 -1.61 -0.46 -0.62
K31 -1.49 -1.60 -1.98 -1.97
K32 1.58 2.02 0.51 0.48
MAD,% 1.85 1.85 227 1.92 2.17 1.54 1.71 1.61
AAD, % 0.55 0.55 0.45 0.45 0.36 0.38 0.25 0.26
AAIC 0.00 0.33 20.54 57.12 94.93 151.25 252.37 263.01

25

25



30 30
Tetrahydrofuran (1) { Tetrahydrofuran(1) (b)
,g | 2-propanol(2) 28 T 2.2,4-trimethyl pentane (3)
T °C 26 T I.°C
i 26 PAs 425 03 T 2 015 425 o35
E E i Lo
=z =
£ 224 g 22
& -
20
22
18
20 T T T T T T T T T T 16 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
X - X -
23 30
2-Propafnc>| ) (© 28 o Binaries
22 4 2,2,4-trimethylpentane (3) T
] . A Ternary
o 26 +
21 1 L,°C 5 ] A
TE 015425035 = o1 4 Fy o
20 5 1
pd
= o 22 -+ The five data pointsin
. _3 red were not included in
b 19 v 20 + the regression analysis
-
g
18 o 18 +
7 16 +—+—+——+—+——+—+—++——+— 1+
0.0 0.2 0.4 0.6 0.8 1.0 16 18 20 22 24 26 28 30
Xy, - Experimental ; mNm™!

Figure S2.4 Tetrahydrofuran (1) — 2-propanol (2) — 2,2,4-trimethylpentane

26

26



Table 2.5 2-Propanol (1) — tetrahydropyran (2) — 2,2,4-trimethylpentane

P(1,1) P(1,2) P(2,1) P(2,2)
# Parameters 2 2 5 5 8 8 11 11
Objective Binary  All Binary  All Binary  All Binary  All
2-propanol P 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tetrahydropyran i) 1.00 1.02 0.65 0.59 0.90 0.67 1.61 1.24
"Zl"fiiethylpentane B3 2.97 3.09 2.13 1.86 2.82 2.08 2.82 6.09
Pz 1.00 1.01 0.78 0.75 0.95 0.84 1.10 0.94
Pz 1.99 2.04 1.65 1.52 1.91 1.54 1.76 1.47
Pos 1.98 2.05 1.36 1.21 1.86 1.38 2.95 2.95
K12 0.27 0.04 0.49 0.25
K13 -0.72 -0.82 -0.05 -0.06
K21 1.65 2.21 0.94 1.17
K23 5.81 5.44 4.47 7.25
K31 1.64 1.91 1.26 0.50
K32 -1.23 -1.09 -1.47 -1.03
MAD,% 2.77 2.66 1.15 1.17 1.17 1.15 1.11 1.17
AAD, % 0.56 0.56 0.34 0.34 0.31 0.30 0.26 0.23

AAIC 0 6 278 286 312 352 359 454
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Table 2.6 Ethanol (1) — benzyl acetate (2) — benzyl alcohol (3)

P(,1) P(1,2) P2,1) P(2,2)
# Parameters 2 2 5 5 8 8 11 11
Objective Binary All Binary All Binary  All Binary  All
Ethanol (1) P 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Benzyl Acetate (2) P2 0.86 0.86 3.06 1.42 0.34 0.30 3.12 1.52
Benzyl alcohol (3) B3 1.23 1.23 0.78 0.77 0.31 0.31 2.01 2.03
Pz 0.93 0.93 2.65 1.36 0.67 0.65 -0.13 1.47
Pi3 1.11 1.12 0.77 0.77 0.65 0.66 1.60 1.19
B3 1.04 1.05 1.83 1.06 0.32 0.31 0.92 1.77
K12 -1.47 -1.27 2.21 -1.42
K13 0.75 0.83 1.54 2.78
K21 5.97 6.33 0.21 1.97
K23 3.14 3.55 1.52 4.29
K31 2.65 2.48 0.33 0.11
K32 -1.21 -1.28 -1.29 -1.30
MAD,% 2.61 2.64 2.59 241 2.19 2.29 2.61 2.25
AAD, % 0.67 0.68 0.57 0.46 0.45 0.43 0.43 0.40

AAIC 0 1 6 128 170 179 112 197
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Table 2.7 2-Propanol (1) — benzyl alcohol (2) — 2-phenylethanol (3)

P(1,1) P(1,2) P(2,1) PQ2,2)
# Parameters 2 2 5 5 8 8 11 11
Objective Binary All Binary All Binary All Binary All
2-propanol pu 1.25 1.26 1.10 1.14 1.28 1.28 0.35 0.39
benzyl alcohol P2 1.00 1.00 1.00 1.00 1.00 1.00 1.15 1.00
2-phenylethanol P53 0.94 0.95 0.72 0.72 1.60 1.57 1.00 0.43
Pz 1.13 1.13 1.09 1.10 1.14 1.14 0.88 0.80
pis 1.10 1.10 0.87 0.88 1.44 1.43 0.75 0.40
o3 0.97 0.97 0.87 0.87 1.30 1.28 1.11 0.72
K12 -1.36 -1.36 0.00 -1.38
K13 -0.75 -0.75 0.00 -0.79
K21 2.62 2.62 0.94 1.29
K23 1.05 1.05 0.50 0.11
K31 1.50 1.53 0.88 1.62
K32 0.93 0.93 1.60 3.00
MAD,% 1.57 1.54 1.52 1.55 0.81 0.76 0.82 0.83
AAD, % 0.42 0.41 0.32 0.32 0.19 0.19 0.18 0.17
AAIC 0 1 93 96 332 334 320 348
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