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SOLUTIONS
Solutions are homogeneous mixtures containing two or more components.
Generally, the component thatis presentinlarger quantity is called solvent. Solvent
determines the physical state of the solution. One or more components presentinthe
solution otherthan solvent are called solutes. [Or, the substance which is dissolved is

called solute and the substance in which solute is dissolved is called solvent].

Solutions containing only two components are called binary solutions. Here each
component may be solid, liquid or in gaseous state. Based on this, solutions are of the

following types:

Types of Solut | Solve Exampl

Solution e nt es

Gas Gas Mixture of O, and CO,

Gaseous Liquid | Gas | Chloroform mixed with nitrogen gas, water-

solutions vapour in air

Solid | Gas | Camphor in nitrogen gas, naphthalene in air

Gas | Liquid | Oxygen dissolved in water, soda water

Liquid Liquid | Liquid | Alcohol dissolved in water, dilute acids and

solutions alkalies

Solid | Liquid | Salt in water, glucose in water

Gas | Solid |Hydrogen in Pd, Pt, Ni etc

Solid Liquid | Solid | Amalgam of mercury with sodium

solutions Solid | Solid | Gold ornaments, alloys of metals




Concentration of Solutions

Composition of a solution can be expressed in terms of concentration.
Concentration is defined as the number of moles of solute present per litre of the

solution. The concentration of a solution can be expressed by several ways.

() Mass percentage (w/w): The mass percentage of acomponent in a solution is
defined as the mass of the component present in 100 parts by mass of the

solution.

I.e. Mass % of a component =_Mass of the component in the solution x 100

Total mass of the solution
Fore.g.10% aqueous solution of glucose by mass meansthat 10 g of glucoseis

dissolvedin 90 g ofwater resulting in a 100 g solution.

Concentration described by mass percentage is commonly used in industrial

chemical applications.

(i)  Volume percentage (v/v): The volume percentage is defined as the volume of a

component present in 100 parts by volume of the solution.

l.e. Volume % of a component = Volume of the component x100

Total volume of solution
Forexample, 10% ethanol solutionin water means that 10 ml of ethanolis dissolved in 90

ml of water such that the total volume of the solution is 100 ml.
Concentration of solutions containing liquids is commonly expressed in this unit.

(i)  Mass by volume percentage (w/v): Itis the mass of solute dissolved in 100 ml of

the solution It is commonly used in medicine and pharmacy.

Mass/volume % of a component = Mass of the component in the solution x 100

Total volume of the solution
(v) Parts per million (ppm): When a solute is present in trace quantities (i.e. very small
amounts), its concentration is expressed in parts per million (ppm). Itis defined as

the number of parts of a particular component in million parts of the solution.

i.e. Parts per million (ppm) = Number of parts of the component x 10°

Total number of parts of all the components of the solution



Concentration in parts per million can be expressed as mass to mass, volume to volume
and mass to volume. The concentration of pollutants in water or atmosphere is

expressed in terms of ug mL™" or ppm.

(v  Molefraction (x): Itis defined as the ratio of the number of moles of a

particular componentto the total number of moles of solution.

Mole fraction of a component = _Number of moles of the component

Total number of moles of all the components
For example, in abinary solution, if the number of moles of Aand B are nyand

ngrespectively, then the mole fraction of A ( Xa) = na/(Na + Ng)
and that of the component B (xg) = ng/(na + Ng) Xa+Xg=1

l.e. in agiven solution sum of the mole fractions of all the components is unity. If there

areicomponents, then x;+x,+x3+ +x=1
Mole fraction is useful in describing the calculations involving gas mixtures.

(viy  Molarity (M): Itis defined as the number of moles of solute dissolved per litre of

solution.

l.e. Molarity (M) = Number of moles of solute (n)

Volume of solution in litre (V)

Or, Molarity (M) = Mass of solute
Molar mass of solute x Volume of solutionin L
Or, Molarity (M) = Mass of solute (Wg) x 1000

Molar mass of solute (Mg) x Volume of solution in ml (V)
For example, 0.25 M solution of NaOH means that 0.25 mol of NaOH is dissolved

in one litre of solution.

(vi) Molality (m): Itis defined as the number of moles of the solute present per kilogram
(kg) of the solvent.

I.e. Molality (m) = Number of moles of solute(n)

Mass of solvent in kg (W)
Or, Molality (m) = Mass of solute (Wg)
Molar mass of solute (Mg) x Volume of solutionin L (V)

Or, Molality (m) = Mass of solute (Wg) x 1000
Molar mass of solute (Mg) x Volume of solution in ml (V)




For example, 1 molal (m) solution of KCI means that 1 mol (74.5 g) of KCl is

dissolved in 1 kg of water.

(vii) Normality (N): Itis defined as the-no.ofgram equivalents of solute present per

litre of the solution.

I.e., Normality (N) = Number of gram equivalents of solute

Volume of solution in litre
Or, Normality (N) = Mass of solute
Equivalent mass of solute x Volume of solutionin L

Or, Normality (N) = Mass of solute x 1000
Equivalent mass of solute x Volume of solutionin ml

Among the different methods for expressing the concentration of solution,
mass %, ppm, mole fraction and molality are independent of temperature;
whereas molarity, normality and volume % are depend on temperature. This is

because volume depends ontemperature and the mass does not.
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