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Use safer solvents and auxiliaries



LIQUID POLYMERS
INTRODUCTION
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Low molecular weight polymers or those with 
low glass-transition temperatures can be used as
nonvolatile solvents. 

Poly(ethyleneglycols) – PEGs
Poly(propyleneglycols) – PPGs

have been used in a range of applications



Properties
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They• show interes/ng phase behaviour and allow
the benefits of a heterogeneous and homogeneous
system to be employed by adjus/ng an external
variable such as temperature. 
PEGs• are available in a wide range of molecular
weights and complete toxicity profiles are 
available.
PEGs• and PPGs are water soluble and, therefore, 
many of their applica/ons involve aqueous
solu/ons. The higher the molecular weight of the 
polymer, the lower its solubility in aqueous
solu/on. 
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• PPG is less hydrophilic than PEG of a comparable
molecular weight. 

• PEG has low flammability and low (to zero) vapour
pressure. 

• In contrast to many other alternative solvents, PEG is
known to be biodegradable, biocompatible and, 
therefore, nontoxic. 

• PEG can be recovered and recycled from solutions by 
extraction or direct distillation of the volatile 
component. 
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PEG acts as a cosolvent and imparts an apparent
decrease in solution polarity and/or hydrogen-bond 
donating (HBD) acidity , which leads to an increase in 
solubility of organic molecules
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TUNABLE AND SWITCHABLE 
SOLVENT SYSTEMS 

INTRODUCTION
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A significant advantage that these solvents have over 
many other media is that they can be tailor-made for a 
par:cular process and par:cular proper:es can be 
turned on and off as desired. Unfortunately, this means 
that in most cases they are going to be considerably 
more expensive than simple alterna:ves such as water. 
OBen, the switch in these systems is the introduc:on of 
a gas such as carbon dioxide, although, the pressures 
involved are typically lower than those used for 
supercri:cal condi:ons, many users would s:ll be wary 
about using and containing these gases. 



Gas-Expanded Liquids
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• Gas-expanded liquids (GXLs) and particularly carbon-dioxide-
expanded liquids (CXLs) are relatively new and promising
alternative reaction media.

• They offer several advantages over traditional solvents and 
compared with supercritical carbon dioxide, lower pressures
and therefore, less energy is needed to utilise them. 

• However, clearly another liquid is needed when CXLs are used
and this is usually a petroleum-sourced VOC. Due to the 
safety advantages of carbon dioxide over other compressible
gases that are used in this field, e.g. ethane, this discussion
focuses on CXLs. 
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Solvents of Switchable Polarity
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Switchable-polarity solvents such as this
have the potential to remove the 
requirement for changing solvents after
each step of a reaction and therefore, 
they could significantly reduce the 
amount of solvent needed in a chemical
process. 
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Switchable Surfactants
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Switchable Hydrophilicity
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Solvents of Switchable Volatility
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WATER
INTRODUCTION
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Beyond using no added solvent in a reaction 
or process, water is probably the greenest 
alternative we have.



Properties
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• For homogeneous aqueous systems, the 
improvements are generally attributed to some 
combination of polarity effects, hydrophobic 
interactions, and hydrogen bonding. 

• In heterogeneous systems, hydrogen bonding 
interactions across the water-organic phase 
boundary become important.
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• A reaction that proceeds via a transition state that 
is more polar than its initial state will be faster in 
polar solvents that can stabilize the developing 
charges (e.g., an SN1 reaction of t-butyl bromide). 

• Conversely, a reaction that passes through a less 
polar transition state will be slower in polar 
solvents owing to preferential stabilization of the 
initial state (e.g., an SN2 reaction with an anionic 
nucleophile).

• Water is a highly polar solvent with a dielectric 
constant (ɛr) of 80.1 .

Polarity Effect
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Water is a protic polar solvent but the results observed in organic protic
polar solvents (ethanol, methanol) were close to the hydrocarbon 
solutions, so these observations were attributed to a particular property 
of water, the hydrophobic effect

This effect stems from the repulsive interactions between hydrophobic 
molecules and water, which lead to the formation of hydrophobic 
aggregates that allow the reduction of the contact surface with water. In 
the meantime, in order to maintain the network of hydrogen bonds, which 
is responsible for its high cohesive energy density, water wraps itself 
around this aggregate.

This organization acts as an internal pressure and thus accelerates 
reactions with negative activation volume, like cycloadditions

Hydrophobic Effect
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Hydrophobic Effect

A common test for the hydrophobic effect involves addi9on 
of different salts to aqueous reac9ons. Salts with small 
ca9ons and anions (e.g., LiCl, NaCl) are known to decrease 
the solubility of organic species in water (an effect known as 
sal9ng out). An explana9on for this behavior is believed to be 
contrac9on of the solvent volume accompanying dissolu9on 
of these salts. As water molecules rearrange themselves to 
surround the dissolved ions, the network of hydrogen bonds 
contracts, leaving less empty space to accommodate the 
dissolved hydrocarbons.
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Hydrophobic Effect

The end result is an effective increase in the hydrophobic 
effect. Conversely, salts where one or both of the ions are 
large (e.g., C(NH2)3Cl, LiClO4, C(NH2)3ClO4) have the opposite 
effect. These salts increase the water solubility of nonpolar 
species and are said to act as “salting in” agents. The 
molecular cause of this effect is not fully understood. One 
explanation is that the larger ions of these salting in agents 
break up the hydrogen bonding network, making it easier to 
form a cavity for the nonpolar substance. Alternatively, the 
large ions could be directly improving the solubility of 
nonpolar substances by acting as a bridge between the 
hydrocarbon and water molecules. 
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Microwave Assisted Reac7on
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Microwave Assisted Reaction



Chemical Synthesis

Green Chemistry – Prof. Rossi – AA 2017-2018

Organic Aqueous Tunable Solvents (OATS) 
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Industrial Applica/on
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