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Use safer solvents and auxiliaries



RENEWABLE SOLVENTS AND OTHER 
‘GREEN’ VOCS 

INTRODUCTION
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Many solvents can be obtained from 
renewable feedstocks and they can be 
used as ‘slot-in’ alternatives for current 
VOCs without any need for modification 
of equipment or procedure. 
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Due to the large number of oxygens in 
biomass-sourced materials such as 
cellulose and starch, most renewable 
solvents have oxygen-containing 
functional groups: alcohols, esters and 
ethers being the most common. 
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The most extensively used group of VOC 
solvents that cannot be biosourced are 
chlorinated hydrocarbons such as 
methylene chloride. However, blends of 
biosolvents can be made and used in 
many applications where these are 
normally used. 
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Hydrocarbons including aromatics could 
potentially be biosourced through 
transformations of cellulose and 
lignocellulose.
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Although biosourced solvents are 
nominally green through a life-cycle 
analysis, they are not perfect. They are 
still VOCs and have associated risks 
including atmospheric pollution, 
flammability and user exposure. 

Significant amount of energy are used in 
their production. 
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Chemicals from natural carbohydrate feedstocks
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Chemicals from natural carbohydrate feedstocks
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• Ethanol is generally produced through 
fermentation of starch crops or cellulose

• Ethanol has widespread use as a solvent of 
substances intended for human contact or 
consumption, including scents, flavourings, 
colourings, and medicines. 

• Ethanol is widely used in the food industry 
and in the extraction of natural products.

• Ethanol is also used in thermometers. 

Alcohols
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• Methanol can be produced from synthesis 
gas that can be obtained through biomass 
gasification. 

• It is toxic!!

• In synthetic procedures methanol is more 
commonly used due to its greater volatility 
and ease of removal under vacuum. 

Alcohols
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• Glycerol, is a byproduct of biodiesel 
production and other processes, is nontoxic 
and has promising physical and chemical 
properties as an alternative solvent.

• It has a very high boiling point and negligible 
vapour pressure and can dissolve many 
organic and inorganic compounds. 

Alcohols
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• It is poorly miscible with water and some 
ethers and hydrocarbons. 

• Simple extractions with solvents such as 
ether and ethyl acetate are also possible. 

• It can be converted to methanol, ethanol, 1-
propanol and propanediols through 
hydrogenolysis reactions, and is therefore a 
potential feedstock for other solvents. 

Alcohols
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Alcohols
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Esters
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Ethyl Lactate

• Ethyl lactate has a boiling point of 154 °C and 
melting point of –26 °C. 

• It has the potential to replace many toxic 
halogenated solvents.

• It is biodegradable, renewable, 
noncarcinogenic, noncorrosive, stable in water, 
has a low vapour pressure and high solvency 
power.
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γ-Valerolactone

It has a low melting point (–31 °C), high boiling point (207 
°C) and high open cup flash point (96 °C). 
Its density is 1.05 g/cm3. It is miscible with water and 
biodegradable.
Its vapour pressure is very low even at high temperatures, 
only 3.5 kPa at 80 °C. 
It does not form an azeotrope with water, and therefore 
water can be removed by distillation, as can volatile organic 
components because of GVL’s low volatility and high boiling 
point. 
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γ-Valerolactone
Its high boiling point may also be advantageous in some 
reaction chemistry by allowing increased rates of reaction. 
It is stable in air (no peroxides could be detected after 35 
days) and it did not hydrolyze in water. 
However, it can be hydrolyzed and ring-opens in the 
presence of acid to give γ-hydroxy-pentanoic acid and with 
aqueous sodium hydroxide, it forms γ-hydroxylpentanoate. 
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Biodiesel
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Biodiesel
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Biodiesel
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2-Methyltetrahydrofuran (2-MeTHF) 
2-MeTHF can be made through a two-step hydrogenation 
of 2-furaldehyde, which can be produced using 
agricultural waste such as corncobs and bagasse.

• 2-MeTHF has similar properties to conventional THF, which 
is used in many organometallic reactions;

• as THF is miscible with water this complicates the 
quenching process in many of these reactions and other 
organic solvents have to be introduced to aid in the 
separation of organic and aqueous phases.
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2-Methyltetrahydrofuran (2-MeTHF) 

• It forms an azeotrope rich with water and can be 
more easily dried than THF or dichloromethane;

• It is stable to bases and in degradation studies it
has been shown to be more stable towards acids
than THF;

• In common with THF and Et2O, 2-MeTHF is a 
Lewis base and its polarity (dielectric constant
and Hildebrand solubility parameter) is
intermediate of these two conventional solvents;
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2-Methyltetrahydrofuran (2-MeTHF) 

• It has a higher boiling point than THF and 
therefore higher reaction temperatures can be 
used that reduce overall reaction times.

• It has a low heat of vaporization, which means 
less solvent is lost during reaction reflux and this 
saves energy during distillation and recovery

• 2-MeTHF will form peroxides when exposed to 
air if no stabilizer is present.  
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2-Methyltetrahydrofuran (2-MeTHF) 
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2-Methyltetrahydrofuran (2-MeTHF) 

Green Chemistry 06.03



Biosolvents

Green Chemistry – Prof. Rossi – AA 2017-2018

Carbonates

This class of solvent has several favorable features 
including:
• low cost and wide availability;
• their polarity;
• a broad liquid temperature range (e.g., for 

propylene carbonate, m.p. –49 °C, b.p. 243 °C);
• low (eco)toxicity;
• biodegradability. 
Unfortunately, at present, industrial routes to linear 
carbonates use phosgene as a starting material, and 
cyclic carbonates are made using propylene oxide. 
These two reagents are highly toxic chemicals
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Terpenes and Plant Oils

Turpentine is composed of terpenes, mainly the monoterpenes alpha-pinene and 
beta-pinene with lesser amounts of carene, camphene, dipentene, and terpinolene.
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Terpenes and Plant Oils
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Renewable Alkanes
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Ionic Liquids
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• Ionic liquids are defined as salts with 
melting points below 100 °C. 

• They are of interest to green chemists as 
alternative solvents because of their 
inherent low volatility.

• It should be noted that there has been 
some debate surrounding the green 
credentials or otherwise of RTILs, 
particularly regarding their toxicity, 
environmental persistence 
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• They have no (or exceedingly low) vapor pressure, so 

volatile organic reaction products can be separated 

easily by distillation or under vacuum. 

• They are thermally stable and can be used over a wide 

temperature range compared with conventional 

solvents Their properties can be readily adjusted by 

varying the anion and cation. (1-butyl-3-methyl-

imidazolium (Bmim) tetrafluoroborate (BF4) is a 

hydrophilic solvent whereas its hexafluorophosphate

(PF6) analogue is hydrophobic. 

• The melting points of the ionic liquids are usually lower 

for more unsymmetrical cations (e.g. [Mmim][BF4], 103 

°C; [Emim][BF4], 6 °C and [Bmim][BF4], –81 °C ([Mmim] 

is 1,3-dimethyl-imidazolium and [Emim] is 1-ethyl-3-

methyl-imidazolium).
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Deep eutectic solvents or mixtures

A series of these materials based on choline chloride 
(HOCH2CH2NMe3Cl) and metal chlorides, polyols, 
carboxylic acids or urea have been reported.
The urea–choline chloride material has many of the 
advantages of better-known ionic liquids (e.g. low 
volatility) but can be sourced from renewable 
feedstocks, is nontoxic and readily biodegradable.

It is not an inert solvent
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Hydroformylation
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Hydrogenation
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Hydrogenation
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Epoxidation
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Epoxidation
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Mizoroki–Heck reaction
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Mizoroki–Heck reaction
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Mizoroki–Heck reaction
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Suzuki–Miyaura cross-coupling reaction
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Diels-Alder Reaction
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Diels-Alder Reaction
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very high molecular weight polymers

• free-radical polymerizations (including styrene and 
alkyl methacrylates)

• cationic polymerization of styrene; 
• cationic ring-opening polymerization of oxazolines
• reverse atom-transfer radical polymerizations 

(including methyl methacrylate (MMA) and 
acrylonitrile) 

• ruthenium-catalyzed ring-opening metathesis 
polymerization of norbornenes; 

• palladium-catalyzed copolymerization of propene 
with carbon monoxide. 
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