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Figure S1. Molar volume (blue triangles) and total Hansen solubility parameter (&, black
cricles) vs. the number of carbons in n-alkane backbone. The black, filled circles are tabulated
values, while the open black circles and blue triangles were calculated by group contribution
method.!
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Figure S2. Light intensity changes of (a and b) 12HSA/decane and (c and d) 12HSA/octadecane
mixtures measured by cloud point apparatus at a heating rate of 2°C/min. The transition from (c)
around 32°C is related with the melting of octadecane crystals. (b and d) highlight the light

insensitivity at low concentration
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Stearic Acid/Dodecane Liquidus Line

The melting point T,,, s, Vvs. volume fraction of stearic acid (SA, ¢sa) for stearic acid in dodecane

was fit to the following equation assuming stearic acid forms a carboxylic acid dimer at all
measured concentrations,

AH;)“,SA—dimer 2
R +7sa-dimerPsA

Tm,SA = TsA—d AH?sA dimer (Sl)
SA-di 2p4— 1222 RET
Psa—1-Indsa+ lmer(l)s—TSA—dimerd’sB"' 0
rs RTm,sA

where AHP g5 gimer= 2AHZ 5, = 128,560 J/mol based on the reported value of AHP ? 754_gimer 1
the ratio of the molar volume of the SA-dimer to the reference volume (octane), ¢ = 1 — g, IS
the molar volume of the solvent, rs is the ratio of the molar volume of dodecane to the reference
volume (octane), A and B are the coefficient of the Flory-Huggins interaction parameter, R is the
gas constant, and Ty, s, is the melting point of pure stearic acid, taken as 344.2 K from cloud
point measurements. The resulting fit is shown in Figure S3.
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Figure S3. Fit of the liquidus line in stearic acid/dodecane solution using equation 12 with B =0
and the other fitting constants given in Table 1 of the manuscript. The data points were
previously reported in ref. 3. Adapted with permission from ref. 3 Copyright 2018 American
Chemical Society.
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Derivation of Attenuated Associated Solution Model

The following derivation follows derivations previously presented by Flory,* Acree,® and Painter
et al.® ” The results for the free energy of mixing and the attenuated association model are
identical to those presented by Painter et al. and the derivation steps are presented here for
completeness. The general equations for the free energy of mixing and liquidus line are derived
first followed by specific equations using the attenuated association model. This would allow the
reader to adapt this model to other associated solute models. The main idea is that the free energy
of mixing expression for mixing an associated compound A and a solvent B is divided into a
chemical contribution describing the free energy contributions due to the variation in the degree
of association of compound A when mixing with solvent B and a physical contribution
describing the non-specific interactions in mixtures compound A and solvent B.

The chemical contribution to the free energy change between the mixture of the associated
compound A and solvent B from the pure liquid, where the pure liquid A has the same
composition (i.e. molecular weight distribution) of associated species as the mixed phase is,

AGm,Ch

= Ding;Ing,, + nplngy (S2)

where ny,, and ng are the mole fractions of the associated compound of degree of association i,
where i=1 is the monomer, and the solvent, respectively, and ¢,, and ¢ are the volume
fractions of associated compound and solvent, respectively.

RT

To compare systems using solvents of different sizes, the molar volume of each solvent, V,, and
Vg, is normalized by a reference volume V, where,

=1, and Z=ry (S3-4)
The volume fractions of each component are given by,

TAinAi d)B _ TrBNpB (85_6)

XTana;+TENE

¢A,i =

Xrana;+renp

Plugging equations S5 and S6 into equation S2 gives the chemical contribution to the free energy
of mixing as,

AGMCh TANA.
=S.n, In———-++
RT Zl Aj ZrAinAi+an3

ngln —22 (S7)

XTana;+TENE

The chemical potential of component A; is given by,

m,ch
ch 0 (AGRT )

RT T Ong,

14

(S8)

Where . is the chemical potential of the pure liquid A with the some composition as in the
mixed phase.

Writing out equation S7 with a separate term for component A; gives,
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AGm,Ch rAinAi ra.Na.

+ Zj#i TLAJ. In — + (89)

TAi"Ai+E rAjnAj+anB

TAl-nAl-+Z rA].nAj+anB

Ny
TAl-nAl-"‘E rA].nAj+anB

ngln

Differentiating equation S9 with respect to dny, gives,

ch
”Ai_”;‘i . rAinAi+ZrAjnAj+anB rAi(rAinAi+ZrAjnAj+anB)_rAi(rAinAi)
—r ) T Ingu +ny, — z
A" A (rAinAi+ZrAjnAj+anB)
TANA+0TA.N4.+TBN —14.(Ta.ng.
ana;tETA A +TRNE 4;(rana;)
YiziNa, +
JFUIMA; ram 2
Aj Aj (rAinAi-l_ErAjnAj-l_anB)
TanA;+ETA A +TRNE ~74;(rBnB)
ng . (S10.1)
[8:20:] (rAinAi+ZrAjnAj+anB)

Through a series of algebraic manipulations equation S10.1 is reduced to equation S10.6,

o ch
Ma;—Ha, _ (ZTAjnAj+TBnB) 14,
)" e S

TAinAi+ZTAjnAj+TBnB iTLAi+ZT'AjTlAj+T'BTlB

—Ta
npg (rAinAi+ZrAjnA.+anB> (8102)

J

ch

MAi _I'L:Qi
RT

YTANA.ATBNB—TA.NA.+T 4. N4, —MNA.TA.
:ln¢Ai+<( j A4j iA4q i l)>+2j¢i< jAi >+

rAinAi+2rAjnAj+anB rAinAi+ZrAjnAj+anB

—T4,
B (TAinAi+ZTAJ.nAJ.+anB> (8103)
. h
na =i\ =Ing, +1—py —11. %, .&_ﬁd) (510.4)
RT - Aj A Aj Laj#i rAj . B .
MA,:_#:QL- ch _ l 1 TAi ¢A] ‘l"Ai Slo 5
RT = Ina, + _r_Ai(pAi_rAizj*ia_Ed)B (S10.5)
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AN ba; T4
(TA) =ngy +1-1, 557 — s (510.6)

A
TA].
The volume of 1 true mole of solution, V, is given by,

R (519)

TAin rgVr

Equation S11 may be rearranged to,

Yoy P4 | Tads (S12)
T‘Ai

14 B

Plugging equation S12 into equation S10.6 gives

ch

Ha;=Ha raVr
(TA) = Inga, +1-=L (S13)

When mixing pure compound A with solvent B, the molecular weight distribution shifts to
minimize the free energy. To correctly describe the free energy of these mixtures, the chemical
potential of component Ai needs to be in reference to the pure liquid of compound A, where the
volume fraction of component Ai is not equal to its volume fraction in the mixed phase (i.e.
standard state). For the pure liquid in the standard state, the solution volume is,
P2,

rAiVT

==X (S14)

Where the superscript © represents the standard state.

The chemical potential change of the liquid going from the pure liquid with the same
composition in the mixture to the pure liquid in the standard state is,

ch
T'Ain

) = Ingg, +1 - (S15)

Ha,~Ha,
RT

Subtracting equation S15 from equation S13 gives the chemical potential change for component
A from the standard state to the mixture as,

_,,0 ch
<uAi #Ai) Cn (%) _ra¥e | Tar (516)

RT b2, 14 ve

Equation S16 describes the chemical contribution to the chemical potential. The physical
contribution to the chemical potential can be added using a composition independent interaction
parameter, such that overall free energy of mixing is given by

AG™

RT 2i nAiln¢Ai + nglngp + npdax (S17)

The physical contribution of the chemical potential of component A, is given by,
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—ul ph TANA.+2T4.N4.;
(HAL #AL) _ 0(mppax) _ 9 <nB Ai AT A A X) (518.1)

RT aTlAi a‘l’lAl. rAinAi+ZrAjnAj+anB

rAi(rAinAi-l-Z TAJ.TLA].+TBTLB)—TAi(T'AiTlAi+Z TAJ.TLA )

~ o, - j (S18.2)
(rAl.nAl. +Y rAjnA]-"'anB)
2
=7, i X (518.3)
(rAinAi+Z rAJ.nAJ.+anB)
= dRX (518.4)

Following equations 13-16, the chemical potential change of component A on mixing from the
standard state including both the chemical and physical contributions is,

#Ai_ﬂfli ba; raVe  TaVr
T:ln<¢—2‘l‘>— v + Vlo +T'Ai(l)§)( (819)

The chemical potential of component A may be written using the result of Prigogine,®

Ha = Ha, (S20)

Using equations S19 and S20, the chemical potential change of component A from the pure
liquid to the mixture is,

ﬂA_ﬂg _ ¢A1 _ rA1VT rA1VT 2
= In (‘1’31) — Tt Ta, PBX (S21)

The liquidus line is given by,

#A_#z — _AHI?.A 1 _ 1 (822)
RTm.a R Tm.a T,‘,’L A

Where T,,, 4 and T, 4 are the melting points of component A of the mixture and the pure
compounds, respectively.

Substituting in equation S22 into equation S21 gives a relationship for the melting temperature of
component A as a function ¢ as,

1 1 _-_ R (ln (ﬂ) _ T Th rA1¢123X) (S27)

Tma Toa AHP , b2, 4 ve

This is a general equation for the liquidus line. To fit experimental data either additional data or a
model for molecular weight distribution of ¢, vs. composition is needed for the values of
$a,Vs. dp and @3 . An attenuated association model is presented that is a modification of a

continuous association model.

The reaction equilibrium for a continuous association model in terms of concentration is,
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Cay + Ca, = Cap,, (S28)

The associated equilibrium constant is,

Ly (S29)

CAiCAl

[

This can be expressed in terms of volume fraction using
nVi

¢ = =GV (S30)

Substituting in C4, = ¢4, /V,, into equation S29 gives,

ba;, . /Va; b4, Va,Va,i ba; i
KI — i+1 i+1 — i+1 1 1 — i+1 - l
(D4;/Va)(Pa;/Vay)  da;ba;Va, ((+1)  da,da, i+1 A1 (S31)
Normalizing K’ by the molar volume of the monomer gives,
K/ ba;, i
= — —_—tr1 2
Va, ¢Ai¢A1 i+1 (83 )
An attenuated association model is given by
Kk _ Pajsq i
i+1 paba, i+1 (S33)
Solving for different concentrations gives,
ba, = K7, (S34)
Kopa,da K¢
pa, =——2=— (S35)
Kpa, K3¢%
b, = ¢A;¢A3 _ (:Al (S36)
By inspection of equations S34-S36 the general expression may be written,
K19y
bai = ~or (S37)
The overall composition of component A, ¢,, is given by the summation of ¢, as,
K=t bay(Kpa) ™t ba, Kpay)'
s = Xi=1 ¢Ai = Zi=1—A1 = Zi=1% =Zi=0u (S38)

(i-1)! (i-1)! !

The summation in equation S38 may be rewritten using the Taylor series expansion for the
exponential function,

e = Fino (539)
Applying this to equation S38 gives gives,
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ba = ¢A1exp (K ¢A1) (S40)

Returning to the Flory-Huggins model, the main equations to use are equations S11 and S27

11 R b4\ TV rA1VT
T T8, T ang, (ln ( ¢311) —~ + =4 1(]53 )() (S27)
1 _ ¢Ai E
v = Zivy (S11)

Using equations S38 and S11, equation S11 may be rewritten as,

Ta,Vr _ ¢Az a8 _ K 1¢A1 ¢ _ 1 Kid’ill T4, 9B
vV - Zl 1 + B - Zl 1 l(l 1)' + B - KZi:l i! + B (8411)
) ¢A1 — 1482 = 2 (exp(Ksy,) — 1) + T2 (541.2)

Similarly, equation S11 in the case of ¢p5 = 1 is,
v K13, K95,) k93, )

LS YIRS i o = e Lis 0] “‘1) == %) “1) ~1 (S42.1)
— 1 o 2 2
= ;(exp(chAl) - 1) (S42.2)

Plugging equations S41 and S42 into equation S27 gives an expression for the liquidus line as,

Lol oo (1 () - Zexp(Kba,) - 224 Lexp(Ksg,) + madh)  (S43)

Tma Tma AHZ 4 b2,

Using y = §+ B and rearranging gives,

AHf
< +rA1 ¢BA>

Tna = (S44)
%exp(K(ﬁAl)—%exp(K(]bzl) <z‘gl>T A::’B 1¢BBTRTJA
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