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The most common way to dry (remove the water from) an organic liquid is to add an anhydrous (dry) drying agent that binds with water. Anhydrous drying agents react with water to form crystalline hydrates, which are insoluble in the organic phase and can be removed by filtration.
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Drying agents for organic liquids are usually anhydrous inorganic salts.

Following are the factors that need to be considered in selecting a drying agent:

   • Capacity	           • Efficiency		• Speed		  • Chemical inertness

Capacity for removing water. The maximum number of moles of water bound in the hydrated form of the salt is called its capacity; the capacity is the amount of water that can be taken up per unit weight of drying agent.

Efficiency. The efficiency expresses how much water the drying agent leaves behind in the organic liquid. The lower the efficiency value, the smaller the amount of water left in the organic liquid; thus, the drying agent is more efficient.

Speed. The speed with which the hydrate forms determines how long the drying agent needs to be in contact with the organic solution. A good general drying agent, such as MgSO4, usually requires 5–10 minutes to remove water from an organic liquid. CaCl2 and Na2SO4 usually require 15–30 minutes.

Chemical inertness. Drying agents must be chemically inert (unreactive) to both the organic solvent and any organic compound dissolved in the solvent. For example, bases such as K2CO3 and KOH are not suitable for drying acidic organic compounds because they undergo chemical reactions with these compounds. MgSO4 is generally considered to be a neutral salt, but in the presence of water it is slightly acidic. Therefore, MgSO4 is not suitable for drying solutions containing compounds that are especially acid sensitive.

Table 1. Suitable drying agents to use with various classes of organic compounds.
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Table 2.  Common Drying Agents, Their Properties, and Their Uses
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Class of compounds

Alkanes and alkyl halides
Hydrocarbons and ethers
Aldehydes, ketones, and esters
Alcohols

Amines

Acidic compounds

Recommended drying agents

MgSO,, CaCl,, CaSO,

CaCl,, MgSO,, CaSO,

Na,50,, MgS0,, CaS0,, K,CO;
MgSO,, K,CO,, CaSO,

KOH

Na,50,, MgSO,, CaSO,
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High capacity and fast action with reasonable efficiency; good preliminary drying
agent; readily separated from dried solution bocause CaCly is available as large gran-
ules; cannol be used to dry cither aleohols and amines (because of compound forma-
tion) or phenols, esters, and acids (because drying agent contains some Ca(O11),).

Inexpensive, high capacity; relatively slow action and low efficiency; good general
preliminary drying agent; preferred physical form is that of small granules, which
may be easily separated from the dry solution by decantation or filtration.

Tnexpensive, high capacity, rapid drying agent with moderate efficiency; excellent
preliminary drying agent; requires filtration to remove drying agent from solution.

Good for alkyl halides and aliphatic hydrocarbons; cannot be used with even such

weak bases as alkenes and ethers; high efficiency.

See comments under H,80y; also good for ethers, aryl halides, and aromatic hydro-
carbons; generally high efficiency; preliminary drying of solution recommended;
dried solution can be distilled from drying agent.

High efficicncy with both polar and nonpolar solvents, although inexplicably it fails
with acetonitrile; somewhal slow action; good for basic, neutral, or weakly acidic com-
pounds; cannot be used for base-sensitive substances; preliminary drying of solution
is recommended; dried solution can be distilled from drying agent. Cantion: Hydrogen
gas is evolved with this drying agent.

TTigh efficiency; cannot be used on compounds sensitive to alkali metals or to base;
special precautions and great care must be exercised in destroying excess drying
agent in order to avoid fires; preliminary drying required; dried solution can be dis-
tilled [rom drying agent. Caulion: Hydrogen gas is evolved with this drying agenl.

Slow action but high efficiency; good for alcohols and amines; cannot be used with
compounds sensitive to base; dried solution can be distilled from drying agent.

Rapid and highly efficient; preliminary drying recommended; dried solution can be
distilled from drying agent if desired. Molecular sieves are aluminosilicates, whose
cryslal struclure contains a netwaork of pores of uniform diameler; the pore sizes of
sieves 3A and 4A are such that only water and other small molecules such as ammo-
nia can pass into the sieve; water is strongly adsorbed as water of hydration;
hydrated sieves can be reactivated by heating at 300-320 °C under vacuum or at
atmospheric pressure.

“Capacity, as used in this table, refers to the amount of water that can be removed by a given weight of drying agent; efficiency refers to
the amount of water, if any, in cquilibrium with the hydrated desiccant

Fhe numbers refer to the nominal pore size, in Angstris

units, of the sieve,





