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Do we need a solvent?

What matters? Kinetics or thermodynamics?

What are acceptable (green?) solvents?
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Monograph Green Extraction of Natural Products
Wiley-VCH, 2014 (Chemat, Strube, Eds.).

Chapter 6: Panorama of sustainable solvents for green extraction processes

- aqueous media

- organic solvents

- aqueous two-phase systems

- supercritical fluids

- lonic liquids or Deep Eutectic Solvents
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A good solvent must

e ensure a sufficient solubility

* must be stable (chemically inert, not flammable,
temperature stable, and of low or best negligible corrosiveness)

* must fulfil economic requirements
 must have a good HSE (health, safety, environment) profile

* must be easily removable
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A green solvent can be

biogenic or not:
the bio-based furfuraldehyde is toxic and carcinogenic,

the petrol-based MMB (3-methoxy-3-methyl-butan-1-ol)
is ecofriendly
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Fig. 4 Plots showing (a) green aprotic solvents and (b) green protic
solvents as a function of their #* (polarity and polarizability) and
(basicity or hydrogen-bond accepting ability) values. Solvents requiring
pressure and/or elevated temperatures are shown as hollow symbols.
Data was obtained for common solvents,* glycerol ethers,” liquid
polymers,' valerolactone,' ethyl lactate,” cyclopentyl methyl ether,'®
2-methyltetrahydrofuran,™ scCO,," CXLs (CO,-expanded liquids at 50
bar, 25 °C)* and superheated water*' from the specified references. The
B values for CXLs and glycerol ethers, and the position of isopropyl
acetate, are estimates because published data is unavailable. The 7*
of heptane is slightly negative. The position of scCO, depends on the
conditions.
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P. G. Jessop,

Searching for green solvents,
Green Chemistry (2011) 13,
1391-1398.
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General Green Solvent ranking

Laurianne Moity, Morgan Durand, Adrien
Benazzouz, Christel Pierlot, Valérie Molinier
and Jean-Marie Aubry, Panorama of
sustainable solvents using the COSMO-RS
approach, Green Chem. 2012, 14, 1132-1145
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Like dissolves (mixes with) Like
(Qui se ressemble s'assemble)

What is like? -> From experiment to
theory
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Theoretical approaches:

* UNIFAC
* Hildebrand 1950: O = (Ecoth)rA‘

Cohesion energy density Econ = AHMQQ - RT

Gibbs energy of mixing AGwm

AGy = ®,®,V,, (5,3, ) — A(TS)**
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Theoretical approaches:

 Hansen Solubility Parameters (HSP)
02 = O%p + 0% + 0%

D: Dispersion P: Permanent Dipole H: Hydrogen Bonding

Ra2 =4 (Op2 - Op1)? + (Op2 — Op1)? + (BHz — OH1)?

Many Experiments = R,
the Relative Energy Difference (RED) RED = Ra/Ro

For RED < 1 the compound is alike and will dissolve, for RED = 1, a partial

solubility is predicted and for RED > 1 “no” solubility should exist.
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Hansen Solubility Parameters

5D 5P SH R,

Lignin 219 14.1 16.9 13.7

Polar 15 15 Hydrogen
Solubility 10 Bonding
Parameter, 3P Solubility

Parameter, H

Fig. 1. Sketch of spherical Hansen type correlation for the solu-
bility of lignin, whose parameters must be lower than those of
cellulose but perhaps not too different.
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TABLE 15.1
Hansen Solubility Parameter Correlations for Biologically Interesting
Materials, MPa'*

Material d,, a, 8, Ro FIT GiT
IMA 190 200 0.0 1.0 (I 0nil2
Chalesteral solubility 2004 T8 0.4 1260 1Mk 2540
Lard 37°C solubility 159 1.2 54 120 1.EMk M5
Lard 23°C solubility 7.7 27 44 A 1.0k 2155
Olive o1l solubility 159 1.2 34 120 Lo 209450
Psortasis scales swelling 46 1LY 1209 190 0927 35/50
Human skin — permeation 176 125 110 50 Lo 413

Micotine — caleulation 188 7.8 6.4 — — —

Skatole — caleulation 200 Tl 0.2 — — —
Chlorophyll — solubility 202 1560 182 111 (kE64 i35

Sinapyl alcohal caleulation 19.2 T3 16 —_ —_ —

Conifery] alcohel calculation 15,0 00163 — —_ —

- p-Coumary] alcohol calculation 190 70 173 = = =
| Lignin - solubilily LLO 14l 16.9 ___13.1 (Y990 16/82

Sucrose solubility 234 184 R 160 098] /3]
Memethy -morpholine-N-oxide calculation 190 160 102

Blood serum — swelling 255 103 120 ITE (L9ED 451
Zein — solubility 224 a8 194 11e eed 47
Llrea — salubiliry 229 149 I3 sl (e84 14/50
‘Water — =1% soluble in 15.1 204 165 1.1 (&S50 BEGT
Water — todally miscible 18,1 17.1 6.0 1300 [LERD AT 166
Water — single molecule 133 1640 423 — — —

More: The units for the solubility parameters and Ro are MPa', GIT represents the number of good
liguida (G and the total pumber of liguida (T) in the correlation, 1 1
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The best: COSMO-RS

hexane
=—=Dbenzene
—water
=—=methanol

- acetone
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Fig. 2.1.1: o-surfaces and c-profiles of 6 representative molecules
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Fig. 2.1.2: Graphical visualization of the COSMOtherm workflow and results for 3
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solubility. %-

Rank solvent wdat.
1 H;S0, 100.0000
2 dimethylsulfoxide 11.9093
3 phenol 10.4013
4 propanone 6.5225
5 pyridine. 4.3329
6 pyrole 4.1934
7 choralhydrate 2.9799

n-cyclohexyl-2-

8 pyrrolidone 2.1431
9 aniline 1.7467
10 chloroform. 1.6337
11 diethylether 1.4813
12 Acetic acid 1.2209
13 nitrobenzene 0.6988
14 benzene 0.5339
15 camphor. 0.4953
16 ethanol 0.4694
17 liquid indigo 0.3500
18 1-pentanol 0.1523
19 1-octanol 0.0742
20 hexane 0.0140
21 n-hexadecane. 0.0037
22 water 0.0001

1.1: Results of COSMO-RS solubility screening for indigo



