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 A fundamental understanding of factors affecting solubility 

 is important to the pharmacist, 

 not only because many drugs are formulated as 

solution dosage forms, 

 but also because, regardless of dosage form a drug 

must be in solution form to be biologically active.

Introduction



 Solute: is the dissolved agent (less abundant part of the solution ),

It can be a gas, liquid or a solid.

 Solvent : is the component in which the solute is dissolved (more 

abundant part of the solution). 



 Solubility: amount of solute that dissolves in a solvent to
form a saturated solution under specified conditions of
temperature and pressure.

USP Chart of Descriptive Solubility Terms
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 Solution: a homogeneous mixture of two or more substances.

 Saturated Solution: a solution containing the
maximum conc. of a solute dissolved in the solvent.

 Unsaturated or Subsaturated Solution: a solution
containing the solute in a conc. below that necessary for
complete saturation.

 Supersaturated Solution: a solution that contains more
solute than what the solvent can dissolve.
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Types of Solutions



Any solution can be made saturated,
unsaturated, or supersaturated by changing the
temp.
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Importance of Solubility
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• Solubility of a substance serves as a standard test for purity.

• Select the best solvent for a drug or a mixture of drugs

• Overcome problems arising during preparation of 
pharmaceutical solutions.

• Drug molecules are required to present in dissolved form, 

• in order to be transported across biological membranes.

• When direct administration of drug into the blood stream is 
desired.

• Development of analytical methods for drug
– Reverse phase liquid chromatography

• Development of sustained release products, taste masking
and enhancement of chemical stability Solubility reduction 





Solubility Expressions
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• The solubility of a substance can be expressed in a number of 
ways:
– Percentage, molarity and molality

• In the pharmaceutical field, three concentration terms are often 
used these are:

• Percent weight by weight (%w/w): 

which is the number of grams of solute dissolved in 100 grams 
of solution.

• Percent volume by volume (%v/v) :

which is the number of mL of solute dissolved in 100 mL of 
solution.

• Percent weight by volume (%w/v): 

which is the number of grams of solute dissolved in 100 mL 
of solution.
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• Molarity: 

• is defined as the number of moles (or gram molecular 
weight) of solute dissolved in 1liter(1000ml) of solution.

• Molality: 

• is defined as the number of moles of solute dissolved in 
1kg (1000g) of solvent. 

The USP lists the solubility of drugs as: 

• the number of ml of solvent in which 1g of solute will 
dissolve.

E.g. 1g of boric acid dissolves in 18 mL of water and in 4 mL 
of glycerin. 



1. Non-electrolyte solutes:
a. Do not form ions when dissolved in water.
b. Do not conduct electric current.
Example: urea, sucrose and glycerin.

2. Electrolyte Solutes:
a. Do form ions in solution. 
b. Conduct electric current. 

Types of Electrolyte Solutes:

a. Strong electrolytes: completely ionized in water 
(Example: Sodium chloride).

b. Weak electrolytes: partially ionized in water 
(Example: Aspirin and Atropine).
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Types of Solutes According to their 

Ionization



Selection of the most suitable solvent is based on the principle 
of “Like dissolves Like”.

 That is, a solute dissolves best in a solvent with similar 

chemical properties. Or 

 two substances with similar intermolecular forces are 

likely to be soluble in each others.

 Polar solutes dissolve in polar solvents. 

E.g salts & sugar dissolve in water .

 Non polar solutes dissolve in non polar solvents. 

Eg. Naphtalene dissolves in benzene.
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Solute –Solvent Interactions



Types of Solvents

 Polar

 Nonpolar

 Semi-polar



• Polar solvents are liquids having large dipole moments
(partial charges); they contain bonds between atoms with
very different electronegativity, such as oxygen and
hydrogen.

• Polar solvents dissolve ionic solutes and polar substances.

• Polar solvents (water, glycols, methyl and ethyl alcohol).
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Polar Solvents



1. Polarity of both solutes and solvents.

2. Ability of solutes to form hydrogen bonding.
Water dissolves phenols, alcohols and other oxygen-and
nitrogen-containing compounds that can form hydrogen
bond with water.
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Factors Affecting Solubility of Solutes in 

Polar Solvents



Factors Affecting Solubility of Solutes in 
Polar Solvents

3. Ratio of polar to nonpolar groups of the molecule:

The more polar groups in a molecule (e.g. propylene glycol, glycerin,
and tartaric acid), the more water solubility.



Aliphatic straight  chain monohydroxy alcohols with 4 
carbons and up have slightly water solubility because they 
cannot enter into a hydrogen- bonded structure of water.

n-butyl  alcohol 

Branching of the carbon chain reduces the nonpolar effect 
and leads to increased water solubility.

Tertiary butyl alcohol 
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4. Structural features of the solvent

Dielectric constant: because of the high dielectric constant (its ability to 
store electrical energy) of polar solvents, they reduce the force of attraction 
between oppositely charged ions in crystals. 

Example: water’s dielectric constant (> = 80) can dissolve  NaCl, while:
chloroform dielectric constant (> = 5) cannot dissolve NaCl.
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Factors Affecting Solubility of Solutes in 
Polar Solvents



1) Non-Polar Solvents (e.g. hydrocarbons) can not dissolve
ionic and polar substances.

2) They can not reduce attraction between ions of crystals
(low dielectric constants).

3) Non-polar solvents are unable to form hydrogen bonds
with non-electrolytes.

4) Non-polar solvents dissolve non-polar substances with
similar internal pressures (attractive forces) through
induced dipole interactions.

Example: carbon tetrachloride or benzene can dissolve
oils & fats .
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Non-Polar Solvents
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Semi-Polar Solvents

•Semi-polar solvents induce certain degree of polarity 
in non-polar solvents

•Semi-polar solvents act as intermediate solvents that 
generate miscibility between polar and nonpolar liquids.

e.g. Acetone increases the solubility of ether in water.



Types of solubility
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i. Solubility of Gases in liquids

ii. Solubility of Liquids in liquids

iii. Solubility of Solids in liquids 



Solubility of Gases in liquids
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• The solubility of a gas in a liquid :

• is the concentration of the dissolved gas when it is in 
equilibrium with some of the pure gas above the solution. 

• Pharmaceutical solutions of gases include: 

• hydrochloric acid and effervescent preparations containing 
carbon dioxide that are dissolved & maintained in solution 
under positive pressure. 

• Aerosol products in which the propellant (liquefied gas) is 
either carbon dioxide or nitrogen,

• some of which is dissolved under pressure.



Factors affecting the solubility of gases in 
liquids
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The solubility of gases in liquids depends on:

1. The mass of gas molecules (Molecular size)

2. Pressure

3. Temperature

4. Presence of salt

5. Chemical reactions with solvent 
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1. The Mass of Gas Molecules

• The solubility of gas molecules typically increases with 
increasing mass of the gas molecules.

• The larger the mass of gas molecules: 

the stronger London forces between gas and solvent 
molecules.
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2. Pressure

•When the pressure above the solution is released 
(decreases), the solubility of the gas decreases. 

• Increasing the pressure results in more collisions of the 
gas molecules with the surface of the solvent (more 
solvation); and 

=> hence greater solubility. 







Henry's law
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•The effect of the pressure on the solubility of a gas is 
expressed by Henry's law

•Henry's law states, ‘Solubility is directly proportional 
to partial pressure of gas at a constant temperature’. 
S= KP , k solubility coefficient 



# Solubility of gases decreases as temp increases.
# Temp. increases kinetic energy of gas molecules and breaks
down of intermolecular bonds causing gas to scape from
solution.

#Example: CO2 gas escape carbonated drink as the temp
increases.
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• Solutions of gases are potentially dangerous when exposed to 
warm temperature 

• because of the liberation and expansion of dissolved gas 

• which may cause the container to burst. 

• The pharmacist exercise caution in opening containers of 
gaseous solutions in warm climates.

• A vessel containing a gaseous solution or a liquid with a 
high vapor pressure such as ethyl nitrite and strong ammonia 
solution :
 should be immersed in ice or cold water for some time 

 to reduce the temperature & pressure of the gas before opening the 
container. 
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4. Presence of Salts

• Dissolved gases are often liberated from solutions

• by the introduction of an electrolyte (e.g. NaCl)
and 

• sometimes by a non-electrolyte (e.g. sucrose)

• This phenomenon is known as SALTING OUT.

• The salting out effect can be demonstrated by adding a 
small amount of salt to a “carbonated” solution, 

• Example: add salt in soft drinks like coca cola.
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• The resultant escape of gas is due to the attraction of salt ions or 
the highly polar non-electrolyte like sucrose for the water 
molecules which reduces the density, structure and dynamics of 
the aqueous environment adjacent to the gas molecules and 
therefore, 

Reduce the solubility of the gas.
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5. Effect of chemical reaction

• Henry’s law applies strictly to gases that are only slightly 
soluble in solution & do not react in any way in the solvent. 

• Gases such as hydrogen chloride, ammonia & carbon 
dioxide show deviations as a result of chemical reaction 
between the gas & solvent, 

=> increase in solubility.

• Accordingly, hydrogen chloride is about 10,000 times 
more soluble in water than is oxygen. 



Applications
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• Dissolved gases are removed by heating the solution. 

• Distilled water is maintained at 80°C in order to make it 

convenient for parenteral use, 

• because gases cannot dissolve in water at that temp.

• Dissolved air influences boiling of liquids.

• Dissolution of gaseous anesthesia in blood influenced by 

factors mentioned.



Solubility of liquids in liquids
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Frequently two or more liquids are mixed together in the 
preparation of pharmaceutical solutions. 

For example: 

• Alcohol is added to water to form hydroalcoholic solutions 

• Volatile oils are mixed with water to form dilute solutions 
known as aromatic waters 

• Volatile oil are added to alcohol to yield spirits and elixirs 

• Various fixed oils are blended into lotions, sprays and 
medicated oils. 



Ideal and Real solution
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Ideal solutions 
• An ideal solution is a solution in which:

• there is no attraction between solute and solvent molecules.

• there is no change in the properties of the components, 
other than dilution, when they are mixed to form the solution. 

• No heat is evolved or absorbed during the mixing process. 

• Stated another way, no shrinkage or expansion occurs when 
the substances are mixed. 



Ideal solutions 

• we can also say that it is the solution of two components A and 
B in which the A---B interactions are of same magnitude as A---
A and B----B interaction

•
Only solutions with low conc of solute behave ideally.

•
Ex. benzene+toluene
chlorobenzene+ bromobenzen
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Real (Non ideal) solutions
• It is the solution in which solute and solvent molecules 

interact with one another with a different force than 
forces of interaction between the molecules of the pure 
compounds

• the "cohesive“ force of attraction between A for A exceeds
the "adhesive" force of attraction existing between A and B . 
Alternatively, the attractive forces between A and B may be 
greater than those between A and A or B and B.
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Ex: Sulphuric acid (solute) and water(solvent) the amount of 

heat is evolved is large and thus change in volume is also 

seen

Real (Non ideal) solutions
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To be Continued…. 

Thank you 


