Supplementary material

e Physical properties computations

Critical properties of the pure compounds (Modified Lydersen and Joback-Reld model) 12:
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Where Ty is the normal boiling temperature (K), Tc,i, Pci and V¢, are the critical temperature (K),
pressure (bar) and molar volume (cm®mol) of the component i, n is the number of each functional
group in the compound, My, is the molecular weight of compound i (g/mol), and wi is the acentric
factor. ATom,i, ATwm,i, APwm,i and AV,iare the contribution to the critical properties in the modified
Lydersen-Joback-Reid method of compound i and they are computed based on the chemical groups
present in each compound, according to the data in Table S1 2.

The critical properties of the eutectic mixtures are obtained based on the Lee-Kesler mixing rules

3
Teij = /T X T (Eq. S6)
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Where Tej and V.j are the critical temperature (K) and volume (cm®/mol) of the compounds i and
J. yi and y; are the molar ratio of compounds i and j, respectively, in the eutectic mixture. R is the
gas constant (83.14 cm3-bar/g mole-K). Tcm, Pem and Vem are the critical temperature (K), pressure



(bar) and molar volume (cm®/mol) of the eutectic mixtures and are used to compute the theoretical
physical properties (density, surface tension and refractive index) of the eutectic mixtures. Tables
S2 and S3 displays the computed values of the each parameter.

Table S 1: The contribution to the critical properties in the modified Lydersen-Joback-Reid method

Groups AT () ATu(K) AP (ban) nf;,’r“rqol)
-CH3 23.58 0.0275 0.3031 66.81
-CH2- 22.88 0.0159 0.2165 57.11
>CH- 21.74 0.0002 0.114 45.7
>C< 18.18 -0.0206 0.0539 21.78
-CH2 24.96 0.017 0.2493 60.37
-CH- 18.25 0.0182 0.1866 49.92
-C< 24.14 -0.0003 0.0832 34.9
-C- 26.15 -0.0029 0.0934 33.85
=CH 0 0.0078 0.1429 43.97
=C- 0 0.0078 0.1429 43.97
-OH (alcohol) 92.88 0.0723 0.1343 30.4
-0- 22.42 0.0051 0.13 15.61
é >C=0 94.97 0.0247 0.2341 69.76
= -CHO 72.24 0.0294 0.3128 77.46
2 -COOH 169.06 0.0853 0.4537 88.6
2 -COO- 81.1 0.0377 0.4139 84.76
HCOO- 0 0.036 0.4752 97.77
-O (others) -10.5 0.0273 0.2042 44.03
-NH2 73.23 0.0364 0.1692 49.1
>NH 50.17 0.0119 0.0322 78.96
>N- 11.74 -0.0028 0.0304 26.7
-N- 74.6 0.0172 0.1541 45.54
-CN 125.66 0.0506 0.3697 89.32
-NO2 152.54 0.0448 0.4529 123.62
-F -0.03 0.0228 0.2912 31.47
-Cl 38.13 0.0188 0.3738 62.08
-Br 66.86 0.0124 0.5799 76.6
- 93.84 0.0148 0.9174 100.79
" -CH2- 27.15 0.0116 0.1982 51.64
2 >CH- 21.78 0.0081 0.1773 30.56
e -CH- 26.73 0.0114 0.1693 42.55
= >C< 21.32 -0.018 0.0139 17.62
-C< 31.01 0.0051 0.0955 31.28




-0- 31.22 0.0138 0.1371 17.41
_OH (phenol) 76.34 0.0291 0.0493 -17.44
>C=0 94.97 0.0343 0.2751 59.32
>NH 52.82 0.0244 0.0724 27.61
>N- 0 0.0063 0.0538 25.17
-N- 57.55 -0.0011 0.0559 42.15

Table S 2: Critical properties of the pure compounds

. ATbm;i ATwm;i AP AV, Pe,i Vi
Compound i |~y K | ar) | cm¥moty | T | Tei) | pany | cm¥moly | @
Menthol 315.61 0.1709 2.1991 475.29 513.81 719.56 25.90 482.04 0.509
Borneol 292.95 0.1185 1.7583 403.71 491.15 726.35 37.97 410.46 0.404
Thymol 327.19 0.1514 1.8910 414.21 525.39 749.90 32.55 420.96 0.511
Camphor 311.58 0.1237 1.9841 480.47 509.78 749.46 30.30 487.22 0.342

Table S 3: Critical properties of the eutectic mixtures

Eutectic Vem
mixture i:j (cm®mol) Tem (K) Pem (b21) @m
Men:Bor 460.16 721.39 32.57 0.48
Men:Cam 484.11 731.46 31.77 0.44
Thy: Bor 425.98 740.58 35.45 0.53
Thy:Cam 453.69 749.49 34.92 0.43

e SLE phase diagram simulation

UNIFAC is computed as a function of the combinatorial and residual activity coefficients y© and
YR, The coefficient y< is computed based on the Flory-Huggins expression and the Staverman-

Guggenheim correction term #° as shown in Eq. S12:

Inyf =1~J;+Inj; =5, (Ing!+1-) (Eq. $12)

6;

Where the quantity J;, the molecule volume and surface area fractions ¢; and 6;, respectively are

computed as following:




J =% (Eq. S13)

Xi

bi =51t (Eq. S14)
_ Xiq;
i~ Y, %4; (Eq 815)

Where q; and ri are the molecular surface area and volume, respectively, and they are obtained as
shown in Eqg. S16 and S17:

qi = L Ry (Eq. S16)

=20 (Eq. S17)

Where vk corresponds to the number of subgroups of type k in the component i, Rk and Qx are the
subgroup parameters defined as the Van der Waals group volumes and surface areas, respectively.

These values are obtained from a database (Dortmund Data Bank) °.

The coefficient yR is computed based on the Eq. S18:
InyR = 3v¥ (In L = In L) (Eq. S18)

Where [} and Fk(i) are the group activity coefficients of the subgroup k in the mixture and in the
pure substance i, respectively and they can be computed using Eq. S19 by calculating the sums
over all the different groups:

In fic = Qi1 = IN(Xm Ot — Tmzomk™]  (Eq. S19)

n inpnm

Where ywm and @ correspond to the group interaction parameter and the area fraction of the group
m, respectively. They are computed based on Eqg. S20 and S22. ®n is obtained similarly to the 6;
factor calculated in the combinatorial coefficient.

= ZmOm_ (Eq. S20)

m Y XnQn

Where Xm corresponds to the molar fraction of the group m in the mixture and can be obtained as
shown in Eq. 17:



X = % Vi %
m- o o0,
ZjZnVn xj

(Eq. S21)
The group interaction parameter ym depends on the temperature of the system and it is given by:
P = exp(— 1) (Eq. S22)

The parameter amn is the binary group interaction parameter and it does not depend on the
temperature and it is not symmetric ’. Therefore, amn has a different value than anm. These binary

interaction parameters are obtained by fitting a wide range of experimental phase equilibrium data
6

¢ NMR analysis

Table S 4: Chemical shifts (0) of the proton as a function of temperature for each terpene and eutectic system

Chemical shift 6 (ppm)

T (K) Menthol* | Borneol* | Thymol* | Camphor* | Men:Bor | Men:Cam | Thy:Bor | Thy:Cam
298 1.4705 1.505 4.8375 1.7442 4.28 3.7 2.5 35
303 1.4442 1.4922 4.8032 1.7201 4.18 3.6 2.44 3.41
308 1.4198 1.4702 4.7705 1.6959 4.08 3.51 2.38 3.33
313 1.3966 1.4493 4.7401 1.6711 3.98 3.42 2.32 3.24
318 1.3751 1.4301 4.7111 1.6487 3.86 3.32 2.26 3.16
323 n.d. n.d. n.d. n.d. 3.75 3.22 2.2 3.07

*n.d.: not determined

Table S 5: The temperature coefficient Tc of each terpene and eutectic system

Compound T (K)
Menthol -0.005
Borneol -0.004
Thymol -0.006
Camphor -0.005
Men:Bor -0.021

Men:Cam -0.019
Thy:Bor -0.012
Thy:Cam -0.017
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