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Section SM.1 – Chemicals list and properties 

Table S1. Name, chemical structure, supplier, boiling point (Tb),a,b and purityc of the studied terpenes. 

Compound Chemical structure Compound Chemical structure 

p-cymene 

Aldrich 
Tb = 450.28 Ka 

wt ≥ 0.990 
 

(1R)-(+)-camphor 

Aldrich 

Tb = 480.55 Kb 

wt ≥ 0.980  

R-(+)-limonene 

Aldrich 

Tb = 449.65 Ka 

wt ≥ 0.970  

S-(+)-carvone 

Merck 

Tb = 503.65 Kb 

wt ≥ 0.980  

α-pinene 

Aldrich 

Tb = 430.00 Ka 

wt ≥ 0.980 
 

citronellal 

Acros 

Tb = 479.15 Kb 

wt ≥ 0.930 
 

β-pinene 

Aldrich 

Tb = 439.20 Ka 

wt ≥ 0.990 
 

(−)-borneol 

Fluka 

Tb = 485.15 Kb 

wt ≥ 0.990  

γ-terpinene 

Acros 

Tb = 456.20 Ka 

wt ≥ 0.970 
 

(−)-isopulegol 

SAFC 

Tb = 470.15 Kb 

wt ≥ 0.980  

myrcene 

Acros 

Tb = 440.15 Kb 

wt ≥ 0.990 

 

L-(−)-menthol 

Acros 

Tb = 488.55 Kb 

wt ≥ 0.997  

(1R)-(−)-fenchone 

Aldrich 

Tb = 466.65 Kb 

wt ≥ 0.980  

β-citronellol 

Aldrich 

Tb = 497.65 Kb 

wt ≥ 0.950 
 

(−)-menthone 

Fluka 

Tb = 490.79 Ka 

wt ≥ 0.990  

geraniol 

Aldrich 

Tb = 502.15 Kb 

wt ≥ 0.980 
 

α-pinene oxide 

Aldrich 

Tb = 447.15 Kb 

wt ≥ 0.970 
 

linalool 

Aldrich 

Tb = 471.65 Kb 

wt ≥ 0.970 
 

eucalyptol 

Aldrich 

Tb = 449.55 Kb 

wt ≥ 0.990  

  

aThe boiling temperature was obtained from Yaws.1 
bThe boiling temperature was obtained from ChemSpider.2  
cAs declared by the supplier. 
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Table S2. Chemical structure of the cation, and name, source, molar mass, melting temperature and mass 

fraction purity of the studied ionic liquids. 

 

1-butyl-3-methylimidazolium chloride, [C4mim]Cl 

(Mw = 174.671 g∙mol-1; Tm = 341.95 K3,a) 

Acquired from Iolitec; wt ≥ 0.99 

 

1-octyl-3-methylimidazolium chloride, [C8mim]Cl 

(Mw = 230.777 g∙mol-1; Tm = 285.41 K3,b) 

Acquired from Iolitec; wt ≥ 0.99 

 

1-dodecyl-3-methylimidazolium chloride [C12mim]Cl 

(Mw = 286.884 g∙mol-1; Tm = 369.78 K3,c) 

Acquired from Iolitec; wt ≥ 0.98 

aThe IL presents a glass transition at 197.35 K.3 

bThe IL presents a glass transition at 210.85 K.3 

cThe IL presents a liquid crystal transition at 310.15 K.3 

dAs declared by the supplier.  
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Section SM.2 – Detailed experimental procedure  

The experiments were performed in a Varian 3380 gas chromatograph (GC) equipped with 

a thermal conductivity detector (TCD) and a 1041 on-column injector in the temperature 

range between (373.2-453.2) K. Before the experiments, each column was kept at 393.2 K 

for at least 6 hours under a continuous helium flow to remove any remaining residual 

contaminant. During the experiments, the injector and detector temperatures were set at 

553.2 K and 573.2 K, respectively, and the column temperature was controlled by the GC 

oven (±0.1 K), varying between (373.2-453.2) K. The atmospheric pressure, the outlet 

temperature, and the exit flow rate were measured by an Agilent Precision Gas Flow Meter 

(model 5067-0223), and a Swagelok S model pressure transducer (accuracy of 0.25% 

BFSL) was used to determine the inlet pressure. To ensure that the terpenes were at infinite 

dilution state, injection volumes between (0.2-0.4) μL were introduced into the GC column. 

For α-pinene and eucalyptol, the activity coefficients were independently measured in two 

columns for the three stationary phases, achieving an average coefficient of variation of 

2.1% between different runs. To ensure the reliability of the results, at least two 

independent measurements were carried out for each solute.  
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Section SM.3 – Thermodynamic background 

Table S3. Summary of all the parameters used in the calculations of the vapor pressures and densities of the 

pure terpenes. 

Solute 

Vapor pressure (Pa)a,b  Density (kmol m-3)c 

A B (K) C (K) References  A B C References 

p-cymene 19.730 2993.090 -95.570 4,d  -7.333E-07 -6.876E-03 8.358 5,6 

R-(+)-limonene 9.346 1712.777 -55.513 7–13  -8.224E-07 -5.293E-03 7.822 6 

α-pinene 8.645 1305.402 -74.866 14–20  -2.001E-06 -4.866E-03 7.905 6 

β-pinene 9.216 1627.341 -52.110 14,15,20  -1.446E-06 -5.050E-03 7.996 6 

γ-terpinene 6.782 1514.772 205.190 16,e  2.788E-01 2.682E-01 661.0 1,f 

myrcene 7.930 927.238 -134.859 21–23  -3.768E-05 -6.876E-03 8.358 1,f 

(1R)-(−)-

fenchone 
9.075 1738.336 -53.341 7,9,12,24  -5.096E-07 5.228E-03 7.784 6 

(−)-menthone 19.740 3299.840 -93.310 4,d  -4.033E-07 4.810E-03 7.240 6 

α-pinene oxide 7.758 975.321 -127.321 25  -9.571E-07 -4.906E-03 7.861 6 

eucalyptol 10.473 2436.986 1.234 9,12,26  -9.128E-07 -5.033E-03 7.550 6 

(1R)-(+)-

camphor 
18.990 2962.560 -103.930 4,d  3.015E-01 2.960E-01 709.0 1,f 

S-(+)-carvone 20.000 3543.190 -94.020 4,d  -4.877E-07 -5.046E-03 7.922 6 

cironellal 9.151 1593.743 -96.274 27,28  2.502E-01 2.421E-01 740.1 1,f 

(−)-borneol 10.062 201.721 -88.396 29,30  1.171E-06 -1.308E-03 6.566 - g 

(−)-isopulegol 9.313 1739.916 -79.371 24,31  -9.100E-07 -4.831E-03 7.393 6 

L-(−)-menthol  8.562 1259.270  -139.635 9,17,32  -5.486E-06 -1.239E-03 6.578 6 

β-citronellol 9.900 1947.591 -93.817 27,29,33  -3.210E-06 -2.545E-03 6.512 6 

geraniol 9.934 2008.731 -90.052 27,29,33  -3.161E-06 -2.790E-03 6.796 6 

linalool 9.247 1582.231  -97.507 18,34–36  -3.680E-06 -3.230E-03 6.852 6 

aThe vapor pressures were calculated using the Antoine equation:  𝑝 =  10
(𝐴−

𝐵

(𝑇+𝐶)
)
, 𝑝/Pa, 𝑇/K. 

bThe constants of the Antoine equation were obtained by multilinear regression (Origin 8.5) of vapor pressure data available in the 

literature.  
cThe literature density data were fitted using the following second order polynomial equation:  𝜌 =  𝐴𝑇2 + 𝐵𝑇 + 𝐶, ρ/kmol⸱ 𝑚−3, 

𝑇/K. 

dThe vapor pressures were calculated using the following modified form of the Antoine equation:  𝑝 =  𝑒𝑥𝑝
(𝐴−

𝐵

(𝑇−𝐶)
)
, 𝑝/Pa, 𝑇/𝐾. 

eThe vapor pressures of γ-terpinene were calculated using the following modified form of Antoine equation:  𝑝 =  10
(𝐴−

𝐵

(𝑇−𝐶)
)
, 

𝑝/mmHg, 𝑇/°C. 

f The density data were calculated by the following equation: 𝜌 =  𝐴𝐵−(1−
𝑇

𝐶
)

𝑛
,
 ρ/g⸱ cm−3, 𝑇/K  (n = 0.286). 

gThe density data were predicted using COSMO-RS with BP_TZVP_C30_1701 parametrization in the temperature range between 

(378.15-478.15) K. The input COSMO file was generated using the TmoleX 3.3 program package with the COSMO-BP-TZVP 

template.  
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Table S4. Summary of the critical properties, acentric factor, and dipole moments of the pure terpenes. 

Solute 
Critical propertiesa Acentric factora Dipole momentc 

Tc (K) pc (MPa) Vc  (cm-3 mol-1) ω μ (C m-1) 

p-cymene 652.0b 2.80b 497.0b 0.374b 2.64E-31d 

R-(+)-limonene 658.9 2.76 496.5 0.318 2.23E-30 

α-pinene 630.8 2.89 484.5 0.326 1.16E-30 

β-pinene 646.0 2.88 482.5 0.320 4.02E-30 

γ-terpinene 661.0b 2.84b 448.6b 0.399b 6.50E-31d 

myrcene 630.6e 2.45e 539.5e 0.381e 1.22E-29e 

(1R)-(−)-fenchone 679.2 3.08 503.5 0.388 1.47E-29 

(−)-menthone 689.7 2.60 528.5 0.412 1.45E-29 

α-pinene oxide 716.4 3.09 489.5 0.369 9.76E-30 

eucalyptol 661.1 2.45 509.5 0.339 8.03E-30 

(1R)-(+)-camphor 700.2 3.08 503.5 0.388 1.53E-29 

S-(+)-carvone 724.8 2.86 503.5 0.419 1.78E-29 

citronellal 740.1b 2.38b 616.5b 0.786b 9.07E-30d 

(−)-borneol 670.2 3.17 514.5 0.698 7.21E-30 

(−)-isopulegol 656.8 2.77 527.5 0.698 9.70E-30 

L-(−)-menthol 661.6 2.66 539.5 0.716 7.84E-30 

β-citronellol 657.9 2.45 589.5 0.848 7.86E-30 

geraniol 671.7 2.57 576.5 0.820 1.18E-29 

linalool 633.3 2.58 565.4 0.755 9.67E-30 

aUnless otherwise stated, the critical properties and the acentric factors were reported by Martins and co-authors,37 where they were 

calculated using the Joback group contribution approach.38 
bThe acentric factors and the critical properties of p-cymene, γ-terpinene, and citronellal used in this work were reported by Yaws.1 
cFor most of the terpenes, the dipole moments were estimated using TURBOMOLE 6.1 program in our previous work.39  
dThe dipole moments of γ-terpinene and citronellal were also collected from Yaws,1 and μ of p-cymene was collected from the work of 

Martins and co-authors.37 
eFor myrcene, the critical properties and the acentric factor were estimated by Kolicheski et al.40 using the Joback group contribution 

approach,38 while the dipole moment was retrieved from Riechert et al.22  
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Section SM.4 – Results and discussion  

 

Activity coefficients at infinite dilution  

Table S5. Activity coefficients at infinite dilution of the monoterpenes investigated in [C8mim]Cl, [C4mim]Cl/[C12mim]Cl equimolar mixture, and [C12mim]Cl.a 

Solute 

 [C8mim]Cl  [C4mim]Cl /[C12mim]Cl equimolar mixture  [C12mim]Cl 

𝑻/𝐊 373.2 383.2 393.2 403.2 413.2 423.2  373.2 383.2 393.2 403.2 413.2 423.2  373.2 383.2 393.2 403.2 413.2 423.2 

p-cymene  8.50 8.54 8.57 8.61 8.73 8.82  7.42 7.43 7.46 7.47 7.50   3.84 3.92 3.95 4.00 4.03 4.08 

R-(+)-limonene  12.10  11.68 11.51 11.49 11.19  9.35 9.30 9.25 9.14 9.05 9.12  4.13 4.17 4.24 4.25 4.21 4.25 

α-pinene  18.27 18.13 17.36 16.92 16.68   13.41 13.25 13.14 13.15 13.11 13.30  4.88 4.97 5.09 5.21 5.24 5.36 

β-pinene  13.17 12.89 12.62 12.36 12.28 12.19  9.91 9.79 9.66 9.53 9.39 9.30  4.12 4.15 4.18 4.20 4.21 4.23 

γ-terpinene  9.66 9.84 9.94 10.07 10.17 10.24  7.67 7.82 7.99 8.14 8.28 8.67  3.38 3.59 3.75 3.91 4.01 4.04 

myrcene  12.26 12.81 12.96 13.31 13.64 14.16  10.20 10.41 10.62 10.93 11.18 11.41  4.56 4.77 5.01 5.14 5.40 5.50 

(1R)-(−)-fenchone  6.94 6.99 7.01 7.04 7.06 7.09  6.66 6.68 6.64 6.60 6.57 6.73  4.06 4.06 4.06 4.02 3.97 3.93 

(−)-menthone  6.38 6.46 6.51 6.61 6.76 6.83  5.98 5.98 5.97 5.99 6.03   3.50 3.52 3.54 3.55 3.56 3.58 

α-pinene oxide  2.76 2.96 3.13 3.30 3.54 3.32  2.29 2.40 2.61 2.59 2.95 3.39  2.73 2.86 3.04 3.18 3.39 3.92 

eucalyptol  11.14 10.71 10.40 10.16 9.92 9.74  9.19 8.92 8.57 8.29 8.01 7.78  4.21 4.14 4.07 3.89 3.79 3.73 

 𝑻/𝐊 413.2 423.2 433.2 443.2 453.2   413.2 423.2 433.2 443.2 453.2   413.2 423.2 433.2 443.2 453.2  

(R)-(+)-camphor  5.53 5.63 5.73 6.19 6.79   5.64 5.72 5.83 5.93 6.85   3.13 3.15 3.17 3.20 3.21  

S-(+)-carvone  3.56 3.64 3.87 4.04 4.23   3.43 3.55 3.78 4.30 4.90   2.37 2.38 2.41 2.43 2.44  

citronellal  6.61 6.49 6.42 6.29     6.06 6.48 7.08 7.76   3.48 3.43 3.36 3.27 3.20  

(−)-borneol    0.52 0.60 0.71     0.51 0.60 0.70     0.31 0.36 0.36  

(−)-isopulegol  0.79 0.88 0.99 1.18 1.46   0.75 0.82 0.94 1.12 1.32   0.50 0.54 0.59 0.64 0.71  

L-(−)-menthol   0.75 0.86 1.05 1.32     0.83 1.02 1.23   0.41 0.45 0.50 0.56   

β-citronellol    0.53 0.62 0.73     0.54 0.61 0.72     0.31 0.35 0.46  

geraniol    0.50 0.55 0.69     0.50 0.58 0.70     0.28 0.35 0.44  

linalool  0.71 0.78 0.87 0.98    0.65 0.73 0.84  1.20   0.42 0.47 0.52 0.59 0.66  

aThe estimated uncertainties in the pressure, temperature and 𝛾13
∞  are u(T) = 0.1 K , u(p) = 0.05·p, and u( 

13 ) = 0.04· 

13 .  
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Gas-liquid partition coefficients 

Table S6. Gas-liquid partition coefficients of the monoterpenes studied in [C8mim]Cl, [C4mim]Cl/[C12mim]Cl equimolar mixture, and [C12mim]Cl.a 

Solute 

 [C8mim]Cl  [C4mim]Cl /[C12mim]Cl equimolar mixture  [C12mim]Cl 

𝑻/𝐊 373.2 383.2 393.2 403.2 413.2 423.2  373.2 383.2 393.2 403.2 413.2 423.2  373.2 383.2 393.2 403.2 413.2 423.2 

p-cymene  200.6 140.4 100.9 74.1 55.0 41.8  230.0 161.6 116.0 85.4 64.1   340.8 235.1 168.3 122.3 91.4 69.3 

R-(+)-limonene  120.8  62.8 46.7 34.9 27.2  156.4 110.2 79.4 58.8 44.3 33.4  271.7 188.6 132.9 96.9 72.9 55.0 

α-pinene  38.9 29.1 22.8 18.0 14.3   53.0 39.7 30.2 23.2 18.2 14.2  111.9 81.2 59.8 44.9 34.9 27.0 

β-pinene  71.9 53.0 39.8 30.6 23.5 18.4  95.5 69.8 52.1 39.7 30.8 24.1  176.6 126.3 92.5 69.0 52.6 40.6 

γ-terpinene  154.8 108.2 78.1 57.3 42.9 32.9  195.0 136.2 97.2 70.9 52.9 38.8  339.4 228.1 158.8 113.2 83.5 63.8 

myrcene  98.1 67.0 48.6 35.7 26.8 20.2  118.0 82.5 59.4 43.4 32.7 25.1  202.5 138.2 96.6 70.9 51.8 39.9 

(1R)-(−)-fenchone  432.7 300.9 214.5 155.9 115.6 87.2  450.0 316.0 226.6 166.5 124.4 91.9  568.1 397.3 284.7 209.4 157.7 120.5 

(−)-menthone  724.5 487.0 337.8 238.4 170.7 126.3  773.2 526.3 368.7 263.4 191.5   1014.2 685.7 477.2 340.4 248.4 184.5 

α-pinene oxide  781.1 521.5 361.8 258.3 185.0 138.9  941.5 643.5 434.9 329.4 222.6 155.0  606.6 414.4 285.9 205.8 148.5  

eucalyptol  128.1 92.5 67.3 49.7 37.3 28.3  155.3 111.1 81.8 61.0 46.3 35.5  260.9 183.5 132.0 99.8 74.8 56.7 

 𝑻/𝐊 413.2 423.2 433.2 443.2 453.2   413.2 423.2 433.2 443.2 453.2   413.2 423.2 433.2 443.2 453.2  

(R)-(+)-camphor  211.4 157.2 118.9 86.1 60.7   207.5 154.8 117.0 90.1 62.0   286.5 215.4 164.6 127.6 100.9  

S-(+)-carvone  546.9 389.0 272.2 197.7 145.0   568.4 400.3 279.1 185.9 125.5   630.4 456.1 335.5 251.9 192.3  

citronellal  165.7 121.5 90.3 69.2     130.3 89.6 61.6 43.0   241.5 176.0 132.1 101.9 79.7  

(−)-borneol    1564.7 955.1 579.0     1602.4 958.4 590.6     2008.2 1270.6 869.5  

(−)-isopulegol   929.1 602.9 379.9 233.8   1506.5 1000.0 637.0 401.3 258.6   1736.6 1149.0 775.1 535.5 369.5  

L-(−)-menthol   1457.5 916.4 553.6 334.2     960.7 573.1 357.3   2940.5 1890.0 1224.9 803.3   

β-citronellol    1920.1 1149.7 699.2     1904.9 1174.1 715.7     2507.2 1399.3 844.3  

geraniol    2460.9 1556.0 878.0     2451.8 1482.7 876.9     3363.6 1865.9 1050.3  

linalool  1178.0 770.9 515.3 333.8    1286.9 823.8 522.3  208.9   1503.5 972.7 643.5 426.7 357.5  

aThe estimated uncertainties in the pressure, temperature and 𝐾𝐿 are u(T) = 0.1 K, u(p) = 0.05·p, and u(𝐾𝐿) = 0.04·𝐾𝐿.   
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Separation factors 

Table S7. Experimental selectivities (𝑆𝑖𝑗
∞) and capacities (𝑘𝑗

∞) of the terpene mixtures in [C8mim]Cl, at 373.15 K.  
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α-pinenea 0.05                   

myrcenea 0.08 1.39                  

β-pinenea 0.08 1.49 1.07                 

R-(+)-limonenea 0.08 1.51 1.09 1.01                

eucalyptola 0.09 1.64 1.18 1.10 1.09               

γ-terpinenea 0.10 1.89 1.36 1.27 1.25 1.15              

p-cymenea 0.12 2.15 1.55 1.44 1.42 1.31 1.14             

(1R)-(−)-fenchonea 0.14 2.63 1.90 1.77 1.74 1.61 1.39 1.22            

(−)-menthonea 0.15 2.65 1.91 1.78 1.76 1.62 1.40 1.23 1.01           

(R)-(+)-camphorb 0.16 2.86 2.06 1.92 1.90 1.75 1.51 1.33 1.09 1.08          

citronellalb 0.24 4.33 3.12 2.91 2.87 2.64 2.29 2.02 1.65 1.63 1.51         

α-pinene oxidea 0.36 6.50 4.68 4.36 4.30 3.96 3.44 3.02 2.47 2.45 2.27 1.50        

S-(+)-carvoneb 0.36 6.62 4.77 4.44 4.38 4.04 3.50 3.08 2.51 2.50 2.31 1.53 1.02       

(−)-isopulegolb 2.35 42.84 30.88 28.75 28.37 26.12 22.65 19.93 16.27 16.16 14.96 9.89 6.59 6.47      

linaloolb 2.76 50.48 36.39 33.87 33.43 30.78 26.69 23.48 19.17 19.04 17.63 11.65 7.77 7.63 1.18     

L-(−)-mentholb 4.32 78.99 56.94 53.00 52.31 48.16 41.76 36.75 30.00 29.80 27.58 18.23 12.16 11.93 1.84 1.56    

β-citronellolb 5.33 97.43 70.23 65.38 64.53 59.41 51.51 45.33 37.01 36.75 34.02 22.48 14.99 14.72 2.27 1.93 1.23   

(−)-borneolb 6.01 109.77 79.13 73.66 72.70 66.93 58.04 51.07 41.70 41.41 38.33 25.33 16.89 16.58 2.56 2.17 1.39 1.13  

geraniolb 6.64 121.31 87.45 81.40 80.34 73.97 64.14 56.44 46.08 45.76 42.36 28.00 18.67 18.33 2.83 2.40 1.54 1.25 1.11 
aThe estimated uncertainty in the capacity and selectivity are u(𝑘𝑗

∞) = 0.04·𝑘𝑗
∞ and u(𝑆𝑖𝑗

∞) = 0.08·𝑆𝑖𝑗
∞, respectively. 

bThe selectivity and capacity values were calculated using the extrapolated infinite dilution activity coefficients (at 373.15 K) using data obtained in the temperature interval between (413.15 – 453.15) K; The estimated 

uncertainty in the capacity and selectivity are  u(𝑘𝑗
∞) = 0.1·𝑘𝑗

∞ and u(𝑆𝑖𝑗
∞) = 0.2·𝑆𝑖𝑗

∞, respectively. 
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Table S8. Experimental selectivities (𝑆𝑖𝑗
∞) and capacities (𝑘𝑗

∞) of the terpene mixtures in [C4mim]Cl/[C12mim]Cl equimolar mixture, at 373.15 K. 

Solute 𝒌𝒋
∞ α
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(−
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α-pinenea 0.07                   

Myrcenea 0.10 1.31                  

β-pinenea 0.10 1.35 1.03                 

R-(+)-limonenea 0.11 1.43 1.09 1.06                

eucalyptola 0.11 1.46 1.11 1.08 1.02               

γ-terpinenea 0.13 1.75 1.33 1.29 1.22 1.20              

p-cymenea 0.13 1.81 1.37 1.34 1.26 1.24 1.03             

(1R)-(−)-fenchonea 0.15 2.01 1.53 1.49 1.40 1.38 1.15 1.11            

(−)-menthonea 0.17 2.24 1.71 1.66 1.56 1.54 1.28 1.24 1.11           

(R)-(+)-camphorb 0.22 2.99 2.28 2.21 2.09 2.05 1.71 1.66 1.49 1.34          

citronellalb 0.28 3.69 2.81 2.73 2.57 2.53 2.11 2.04 1.83 1.65 1.23         

α-pinene oxidea 0.44 5.86 4.45 4.33 4.08 4.01 3.35 3.24 2.91 2.61 1.96 1.59        

S-(+)-carvoneb 0.47 6.30 4.79 4.66 4.39 4.32 3.60 3.49 3.13 2.81 2.10 1.71 1.08       

(−)-isopulegolb 2.48 33.22 25.27 24.55 23.16 22.76 19.00 18.38 16.50 14.81 11.09 8.99 5.67 5.27      

linaloolb 2.78 37.33 28.39 27.59 26.03 25.58 21.35 20.65 18.54 16.65 12.46 10.11 6.37 5.92 1.12     

L-(−)-mentholb 3.56 47.69 36.27 35.24 33.25 32.68 27.28 26.39 23.68 21.27 15.92 12.91 8.14 7.57 1.44 1.28    

β-citronellolb 5.32 71.31 54.24 52.70 49.72 48.87 40.79 39.46 35.42 31.80 23.81 19.31 12.18 11.31 2.15 1.91 1.50   

(−)-borneolb 6.21 83.33 63.39 61.58 58.10 57.11 47.66 46.11 41.39 37.16 27.83 22.57 14.23 13.22 2.51 2.23 1.75 1.17  

geraniolb 6.86 91.96 69.95 67.96 64.12 63.02 52.60 50.88 45.67 41.01 30.71 24.90 15.70 14.59 2.77 2.46 1.93 1.29 1.10 
aThe estimated uncertainty in the capacity and selectivity are u(𝑘𝑗

∞) = 0.04·𝑘𝑗
∞ and u(𝑆𝑖𝑗

∞) = 0.08·𝑆𝑖𝑗
∞, respectively. 

bThe selectivity and capacity values were calculated using the extrapolated infinite dilution activity coefficients (at 373.15 K) using data obtained in the temperature interval between (413.15 – 453.15) K; The estimated 

uncertainty in the capacity and selectivity are  u(𝑘𝑗
∞) = 0.1·𝑘𝑗

∞ and u(𝑆𝑖𝑗
∞) = 0.2·𝑆𝑖𝑗

∞, respectively. 
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Table S9. Experimental selectivities (𝑆𝑖𝑗
∞) and capacities (𝑘𝑗

∞) of the terpene mixtures in [C12mim]Cl, at 373.15 K. 

Solute 𝒌𝒋
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α-pinenea 0.20                   

myrcenea 0.22 1.07                  

eucalyptola 0.24 1.16 1.08                 

R-(+)-limonenea 0.24 1.18 1.10 1.02                

β-pinenea 0.24 1.18 1.11 1.02 1.00               

(1R)-(−)-fenchonea  0.25 1.20 1.12 1.04 1.02 1.01              

citronellalb  0.26 1.26 1.17 1.08 1.06 1.06 1.05             

p-cymenea 0.26 1.27 1.19 1.10 1.08 1.07 1.06 1.01            

(−)-menthonea 0.29 1.39 1.30 1.20 1.18 1.18 1.16 1.11 1.10           

γ-terpinenea 0.30 1.44 1.35 1.25 1.22 1.22 1.20 1.15 1.14 1.04          

(R)-(+)-camphorb 0.33 1.61 1.50 1.39 1.36 1.36 1.34 1.28 1.27 1.16 1.12         

α-pinene oxidea 0.37 1.79 1.67 1.54 1.51 1.51 1.49 1.42 1.41 1.28 1.24 1.11        

S-(+)-carvoneb 0.44 2.14 2.00 1.85 1.81 1.81 1.78 1.70 1.69 1.54 1.48 1.33 1.20       

(−)-isopulegolb 2.85 14.19 13.26 12.24 12.01 11.98 11.81 11.29 11.17 10.18 9.83 8.81 7.94 6.62      

L-(−)-mentholb  3.06 15.04 14.05 12.98 12.73 12.70 12.51 11.96 11.84 10.79 10.42 9.34 8.41 7.02 1.06     

linaloolb 3.06 15.46 14.44 13.34 13.08 13.05 12.86 12.30 12.16 11.09 10.71 9.60 8.65 7.22 1.09 1.03    

(−)-borneolb  5.35 26.61 24.87 22.96 22.52 22.47 22.14 21.17 20.94 19.09 18.43 16.52 14.89 12.42 1.88 1.77 1.72   

β-citronellolb 13.44 65.57 61.27 56.57 55.49 55.36 54.55 52.16 51.60 47.03 45.42 40.71 36.68 30.61 4.62 4.36 4.24 2.46  

geraniolb 19.34 90.64 84.70 78.20 76.71 76.53 75.41 72.10 71.33 65.01 62.78 56.28 50.71 42.31 6.39 6.03 5.86 3.41 1.38 
aThe estimated uncertainty in the capacity and selectivity are u(𝑘𝑗

∞) = 0.04·𝑘𝑗
∞ and u(𝑆𝑖𝑗

∞) = 0.08·𝑆𝑖𝑗
∞, respectively. 

bThe selectivity and capacity values were calculated using the extrapolated infinite dilution activity coefficients (at 373.15 K) using data obtained in the temperature interval between (413.15 – 453.15) K; The estimated 

uncertainty in the capacity and selectivity are  u(𝑘𝑗
∞) = 0.1·𝑘𝑗

∞ and u(𝑆𝑖𝑗
∞) = 0.2·𝑆𝑖𝑗

∞, respectively. 
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Figure S1. Predicted 𝑄𝑖𝑗

∞ values, at 373.2 K, for the binary mixtures of terpenes in [C4mim][BF4],  

[C8mim][BF4], and [C12mim][BF4] or [C4mim][BF4]/[C12mim][BF4] equimolar mixture.  
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Figure S2. Predicted 𝑄𝑖𝑗
∞ values for the terpene mixtures in pure [C8mim][C2H5SO4], [C8mim][C4H9SO4], 

[C8mim][C8H17SO4], and equimolar mixtures of [C4mim][C2H5SO4]/[C12mim][C2H5SO4], 

[C4mim][C4H9SO4]/[C12mim][C4H9SO4], and [C4mim][C8H17SO4]/[C12mim][C8H17SO4], at 373.15 K.



15 

 

Table S10. Overview of the terpene mixture distribution through the different 𝑄𝑖𝑗
∞ interval scales, for the ILs studied in this work. 

Ionic liquid Data source NT
a 

 Percentage of mixtures in each 𝑸𝒊𝒋
∞ interval scale 

Scale 1 2 3 4 5 6 7 8 9 

𝑸𝒊𝒋
∞ interval <0.5 0.5-1 1-5 5-10 10-50 50-100 100-500 500-1000 >1000 

[C4mim]Cl 
Experimentalb 91  50.5 7.7 28.6 7.7 5.5 0 0 0 0 

COSMO-RS 231  12.1 17.7 19.5 13.4 14.7 3.9 2.6 3.9 12.1 

[C8mim]Cl 
Experimental 171  29.2 7.6 9.4 4.1 10.5 10.5 25.1 3.5 0 

COSMO-RS 231  17.7 16.5 27.3 13.9 6.9 0.9 5.2 5.6 6.1 

[C4mim]Cl/[C12mim]Cl mixture 
Experimental 171  26.3 8.2 11.7 5.3 7.6 11.1 28.7 1.2 0 

COSMO-RS 231  17.7 16.5 27.3 13.9 6.9 0.9 5.2 5.6 6.1 

[C12mim]Cl 
Experimental 171  33.3 12.3 1.8 1.8 18.7 11.1 7.0 7.6 6.4 

COSMO-RS 231  10.4 19.0 31.2 13.4 8.7 0.4 6.9 6.9 3.0 

[C4mim][BF4] COSMO-RS 231  62.3 10.4 16.9 7.4 3.0 0 0 0 0 

[C8mim][BF4] or  

[C4mim][BF4]/[C12mim][BF4] mixture 
COSMO-RS 231  26.8 25.1 32.9 10.0 5.2 0 0 0 0 

[C12mim][BF4] COSMO-RS 231  4.3 23.4 53.2 12.6 6.5 0 0 0 0 

[C4mim][C2H5SO4] COSMO-RS 231  37.7 22.9 16.9 3.9 13.0 5.2 0.4 0 0 

[C8mim][C2H5SO4] or 

[C4mim][C2H5SO4]/[C12mim][C2H5SO4] mixture 
COSMO-RS 231  13.0 29.9 34.6 3.9 13.0 5.2 0.4 0 0 

[C12mim][C2H5SO4] COSMO-RS 231  4.3 16.0 56.7 3.5 13.9 5.2 0.4 0 0 

[C4mim][C4H9SO4] COSMO-RS 231  22.5 29.9 25.1 3.9 13.0 5.2 0.4 0 0 

[C8mim][C4H9SO4] or 

[C4mim][C4H9SO4]/[C12mim][C4H9SO4] mixture 
COSMO-RS 231  7.8 24.7 45.0 3.5 13.4 5.2 0.4 0 0 

C12mim][C4H9SO4] COSMO-RS 231  2.6 10.8 63.6 3.5 13.9 5.2 0.4 0 0 

[C4mim][C8H17SO4] COSMO-RS 231  7.8 24.7 45.0 3.5 13.4 5.2 0.4 0 0 

[C8mim][C8H17SO4] or 

[C4mim][C8H17SO4]/C12mim][C8H17SO4] mixture 
COSMO-RS 231  2.6 10.8 63.6 3.5 13.9 5.2 0.4 0 0 

[C12mim][C8H17SO4] COSMO-RS 231  0 6.5 70.1 4.3 13.4 5.6 0 0 0 
aTotal number of binary mixtures. b𝑄𝑖𝑗

∞ calculated from the 𝛾13
∞  collected from reference.37
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Table S11. Overview of the relevant monoterpene mixtures, their correspondent essential oil source, and 

experimental 𝑄𝑖𝑗
∞ values obtained with different solvents, at 373.2 K. 

Terpene mixture Essential oil Separating agent 𝑸𝒊𝒋
∞ Reference 

α-pinene/β-pinene Pinus5,41,42 

[C4mim][CH3CO2] 0.06 39 

[C4mim][CH3SO3] 0.03 37 

[C4mim][(CH3)2PO4] 0.05 37 

[C4mim][CF3SO3] 0.07 37 

[C4mim]Cl 0.01 37 

[C8mim]Cl 0.11 this work 

[C4mim]Cl/[C12mim]Cl 0.17 this work 

[C12mim]Cl 0.29 this work 

[P6,6,6,14]Cl 1.10 39 

[P6,6,6,14][(C8H17)2PO2] 1.60 39 

Amine 220 (A-220) 1.03 43 

Carbowax 1500 (C-

1500 
1.45 43 

Carbowax 6000 (C-

6000) 
7.00 43 

Dinonyl phthalate 

(DNP) 
1.40 43 

Ethylene glycol 

phthalate (EGP) 
0.58 43 

limonene/linalool Citrus44,45 

[C4mim][CH3CO2] 56.65 39 

[C8mim]Cl 66.68 this work 

[C4mim]Cl/[C12mim]Cl 106.00 this work 

[C12mim]Cl 71.11 this work 

[P6,6,6,14]Cl 244.33 39 

limonene/carvone Spearmint40,46–48 

[C4mim][CH3CO2] 1.17 39 

[C8mim]Cl 1.51 this work 

[C4mim]Cl/[C12mim]Cl 2.06 this work 

[C12mim]Cl 1.81 this work 

[P6,6,6,14]Cl 1.64 39 

[P6,6,6,14][(C8H17)2PO2] 1.73 39 

eucalyptol/linalool Basil49,50 

[C4mim][CH3CO2] 0.10 39 

[C4mim][CH3SO3] 0.12 37 

[C4mim][(CH3)2PO4] 1.38 37 

[C4mim][CF3SO3] 0.16 37 

[C4mim]Cl 0.14 37 

[C8mim]Cl 61.39 this work 
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[C4mim]Cl/[C12mim]Cl 104.18 this work 

[C12mim]Cl 72.48 this work 

[P6,6,6,14]Cl 218.40 39 

camphor/borneol 
flowers from Asteraceae50,51 and 

Lamiaceae52–54 families 

[C4mim][CF3SO3] 0.26 37 

[C4mim]Cl 0.01 37 

[C8mim]Cl 146.02 this work 

[C4mim]Cl/[C12mim]Cl 175.00 this work 

[C12mim]Cl 93.52 this work 

[P6,6,6,14]Cl 320.69 39 

menthone/menthol Mentha30,55 

[C4mim][CH3SO3] 0.43 37 

[C4mim][CF3SO3] 0.20 37 

[C4mim]Cl 1.05 37 

[C8mim]Cl 119.56 this work 

[C4mim]Cl/[C12mim]Cl 152.54 this work 

[C12mim]Cl 56.91 this work 

[P6,6,6,14]Cl 301.00 39 

citronellal/geraniol Citronella13,56 

[C8mim]Cl 308.60 this work 

[C4mim]Cl/[C12mim]Cl 167.95 this work 

[C12mim]Cl 1434.91 this work 

eugenol/linalool Cinnamon57–59 [C4mim][CF3SO3] 21.72 37 
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