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Solubility of drugs

Solubility Expressions

Solubility is a fundamental concept in physical pharmaceutics that influences the formulation,
efficacy, and bioavailability of drugs.

Understanding the solubility of drugs is crucial for developing effective pharmaceutical
products.

Solubility can be expressed in various ways:

1. Qualitative Expressions:

» Very Soluble: Less than 1 part solvent needed to dissolve 1 part solute.
Freely Soluble: From 1 to 10 parts solvent.
Soluble: From 10 to 30 parts solvent.
Sparingly Soluble: From 30 to 100 parts solvent.
Slightly Soluble: From 100 to 1,000 parts solvent.
Very Slightly Soluble: From 1,000 to 10,000 parts solvent.
» Practically Insoluble (or Insoluble): More than 10,000 parts solvent.
2. QuantitativesExpressions:

» Molar Solubility: The number of moles of solute that can dissolve in a liter of solution
(mol/L).

» Mass/Volume Solubility: The mass of solute that can dissolve in a given volume of
solvent (mg/mL).

» Percentage: The amount of solute per 100 parts of solution, expressed as a percentage
(W/v, wiw, v/v).

Mechanisms of Solute-Solvent Interactions

e Solubility is largely determined by the interactions between solute and solvent molecules.

Steps Involved in the Dissolution of a Solute

1. Detachment of Solute Particles:

» Solute particles separate from the bulk solute.

» Requires energy to overcome intermolecular forces.

2. Formation of Vacant Sites in Solvent:

» Solvent molecules rearrange to create vacant sites.

» These sites willaccommodate solute particles.
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3. Insertion of Solute Particles into Solvent:

» Detached solute particles fit into the vacant sites in the solvent.

» Results in the formation of a homogeneous solution.
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Types of Solute-Solvent Interactions
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1. lonic Interactions:

» lon-Dipole Interactions: lonic solutes (e.g., salts) dissolve in polar solvents (e.g.,
water) by interacting with solvent dipoles.

» lon Pairing: High solute concentrations may form ion pairs, affecting solubility.

2. Polar Interactions:

» Hydrogen Bonding: Hydrogen bonds form between solute and solvent molecules,
enhancing solubility for substances like alcohols and carboxylic acids.
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> Dipole-Dipole Interactions: Weaker than hydrogen bonds but contribute to solubility in
polar molecules.

3. Non-Polar Interactions:

» Van der Waals Forces: Weak forces in non-polar solvents (e.g., hexane) due to
temporary dipoles.

» Hydrophobic Interactions: Non-polar solutes aggregate in water, resulting in low
solubility.

4. Amphiphilic Interactions:

» Micelle Formation: Amphiphilic molecules (e.g., surfactants) form micelles in water,
trapping hydrophobic solutes and increasing apparent solubility.

Ideal Solubility Parameters

Ideal solubility parameters provide a quantitative measure of the solubility of substances.

They are based on the concept that similar intermolecular forces between solute and solvent
lead to better solubility.

The most common parameter is the Hildebrand solubility parameter (3), which is defined as:

Where:
o AHv=Enthalpy of vaporization
o R=Universal gas constant
o T=Temperature in Kelvin

o Vm = Molarvolume

Ideal Solubility Concept:

e Forasolute to dissolve ideally in a solvent, their solubility parameters should be similar.
e This is often summarized by the "like dissolves like" principle:
o Polar solutes dissolve better in polar solvents.

o Non-polar solutes dissolve better in non-polar solvents.

Solvation

e Solvationis the process of surrounding solute particles with solvent molecules, leading to the
formation of a solution.
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