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A. 1H-NMR composition analysis  

Compositional analysis of liquid-liquid equilibrium and extraction experiments was 

carried out by 1H NMR spectroscopy. Peaks in the spectra were identified and their 

integrated area was used to quantify the molar fraction of each component. Figure S1 

shows a representative spectrum with all components involved in the study, and the 

identification of the peaks used for quantification: (a) linalyl acetate, 1H; (b) linalool, 1H; 

(c) limonene, 2H; (d) 1-ethyl-3-methylimidazolium acetate ([C2mim][OAc]), 3H. 

 

 
Figure S1: Structures and 1H NMR spectrum for a mixture of linalyl acetate, linalool, limonene and 1-ethyl-
3-methylimidazolium acetate. Peaks used in quantification are identified as (a) linalyl acetate: 1H, (b) 
linalool: 1H, (c) limonene: 2H, (d) 1-ethyl-3-methylimidazolium acetate: 3H. 
 

 

 

B. Complementary information for the process simulation is Aspen Plus®  

The ionic liquid [C2mim][OAc] was introduced as User-Defined component in the Aspen 

Plus® software, and the requested parameters supplied are listed in Table S1. For 

limonene, linalool, and linalyl acetate the required thermophysical properties were 

directly collected from the property database of Aspen Plus®. The NRTL model1 was used 
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as the thermodynamic model to describe the non-ideality of the liquid phase, with its 

parameters fitted from experimental liquid-liquid equilibrium data to ensure that the 

phase equilibrium was described accurately. The rigorous two-phase fractionation unit 

(“Extract” unit) was selected to simulate the liquid-liqud extractor, operating at 

101.3 kPa and 298.15 K, using [C2mim][OAc] as the solvent. A scheme of the flowsheet 

is provided in Figure 1 in the main manuscript. The number of equilibrium stages (N) and 

the solvent-to-feed flow rate ratio (S/F) in the liquid-liquid extractor were selected as 

variables in this study. 

 

Table S1: Parameters used in the definition of the ionic liquid [C2mim][OAc] as user-defined compound in 
the simulation software Aspen Plus®. 

Parameter Value 

Molar mass (g‧mol-1) 170.21 

Critical properties2  

Critical temperature, TC (K) 807.1 
Critical molar volume, VC (cm3‧mol-1) 544.0 
Critical pressure, PC (bar) 29.2 
Critical compressibility factor, ZC 0.2367 
Acentric factor, ω 0.5889 

Vapour pressure constantsa,3 

C1 76.00 
C2 -16353.03 
C3 0 
C4 0 
C5 -6.81 
C6 7.56 ∙ 10-20 
C7 6.00 

Heat capacity constantsb,4  

C1 272.15 
C2 0.00048415 
C3 0.00058156 
C4 0 
C5 0 
C6 0 
C7 (lower end of valid temperature range, K) 273 
C8 (upper end of valid temperature range, K) 600 

a Vapour pressures were fitted to the LOGVP1 Aspen Plus equation format: 𝑙𝑙𝑙𝑙(𝑃𝑃𝑣𝑣 Pa⁄ ) = 𝐶𝐶1 −
𝐶𝐶2

(𝑇𝑇 𝐾𝐾⁄ )+𝐶𝐶3
+ 𝐶𝐶4 · (𝑇𝑇 𝐾𝐾⁄ ) + 𝐶𝐶5 ·

𝑙𝑙𝑙𝑙(𝑇𝑇 𝐾𝐾⁄ ) + 𝐶𝐶6 · (𝑇𝑇 𝐾𝐾⁄ )𝐶𝐶7; 𝑇𝑇 ≤ 103 K    
b Heat capacities were fitted to the CPIG Aspen Plus equation format: �𝐶𝐶𝑝𝑝 𝐽𝐽 · 𝑚𝑚𝑚𝑚𝑚𝑚−1 · 𝐾𝐾−1⁄ � = ∑ [𝐶𝐶𝑖𝑖 · (𝑇𝑇 𝐾𝐾⁄ )𝑖𝑖−1]6

𝑖𝑖=1 ; 𝐶𝐶7 ≤ 𝑇𝑇 ≤ 𝐶𝐶8  
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C. Extraction process simulation: alternative visualisation of the results 

Figure S2 shows the terpenoids content (%wt) of the extracted product in a solvent-free 

basis. Limonene and linalyl acetate basically remain in the raffinate. The mass fraction 

of limonene in the raffinate is shown in the right axis. Figure S3 presents the fraction of 

original linalool (left) and linalyl acetate (right) recovered in the extract. 

 

 
Figure S2: Effect of number of stages (𝑁𝑁) and solvent/BEO feed ratio (𝑆𝑆/𝐹𝐹) on the purity of the 
deterpenated BEO (bars, left axis) and mass fraction of limonene in the raffinate (circles, right axis). 
Dashed lines are guide for the eyes. 
 

 

  

 
Figure S3: Effect of the number of stages (𝑁𝑁) and the solvent/BEO feed ratio (𝑆𝑆/𝐹𝐹) on the recovery of 
linalool (left) and linalyl acetate (right) in the extract stream.  
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