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Chapter-10
SOLUTIONS AND COLLOIDS
Mixture:
A substance which consists of two or more than two
components that are not chemically combined together
and they retain their properties, is called mixture.
Types of Mixture:
Mixtures are of two types:
Heterogeneous mixture:
The mixture whose composition is not uniform is called heterogeneous mixture
e.g. soil, milk, mixture of sand and iron, human body etc.

Homogeneous mixture:
The mixture whose composition is uniform is called homogeneous mixture or
solution e.g. Sharbat-e-Rooh Afza, air, mixture of salt and water etc.

Components of solution are divided into two categories i.e. solute and
solvent.
Solute:
The substance that is to be dissolved or the substance that is in small amount in a
homogeneous mixture is called solute e.g. sugar in sugar solution, O2, CO2, Ar etc in air are
solutes
Solvent: The substance that dissolves other substances or the substance that is in larger amount
in a homogeneous mixture is called solvent e.g. water in sugar solution, N2 in air are solvents.
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Solution, Suspension and Colloids:
(i)

Solutions: Solutions are homogeneous mixture of solute and solvent, and whose
components cannot be seen even with microscope e.g. sugar solution, salt solution,
alcohol and water solution, carbonated beverages etc.

(ii)

Colloids: Colloids are mixture of solute and solvent, which appears homogeneous to the
naked eye but heterogeneous when seen by ultra microscope and whose particles can not
be seen with naked eye however they can be seen with ultra microscope e.g. shaving
cream, butter, cheese, hand lotion, blood plasma etc.

(iii)

Suspensions: Suspensions are mixture of solute and solvent, which appears
heterogeneous to the naked eye, and whose particles can be seen even with naked eye e.g.
river water, antacid mixture (milk of magnesia), penicillin mixed in distilled water etc.
We cannot clearly distinguish between solution, colloid and suspension, however few
distinctions we can be made among them.
S.No
Property
1
Particle size
2
Visibility of
particles

Suspension
> 100 nm
Can be seen by
naked eye

3

4

5
6
7
8

Separation by
ordinary
filtration
Separation by
ultra filtration
or
semipermeable
membrane
Settling
Appearance
Tyndall effect
Brownian
Movement

Solution
< 1 nm
Cannot be seen

Possible

Colloid
1 nm – 100 nm
Can be seen by
ultra
microscope
Not Possible

Possible

Possible

Not Possible

Settles under
gravity
Opaque
Shows
May show

Settles only in
centrifuge
Generally clear
Shows
Shows

Does not settle

Not Possible

Clear
Does not show
Not observable
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Tyndall Effect:
If a beam of light is passed through a solution placed in a dark room, it appears clear
when observed in direction of light but it appears perfectly dark when viewed from a
direction at right angles to the direction of light beam. On other hand if a beam of light is
passed through a colloid placed in a dark room, the colloid appears to be luminescent
when viewed from a direction at right angles to the direction of light beam. This effect is
called Tyndall effect. Suspensions and colloids shows Tyndall effect as their particles
scatter the light, on other hand solutions do not show Tyndall effect and said to be
optically void.

Hydrophilic and Hydrophobic Molecules:
Hydrophilic mean “liking water” and hydrophobic mean “fearing water”.
The stability of colloids depends upon the charge of dispersed particles and particles of
dispersion medium.
When water is used as dispersion medium and there exist attractive forces between water
molecules and dispersed particles, particles are called hydrophilic. The colloids that contain
hydrophilic particles are stable colloids. When such colloids are once precipitated they can be
directly reformed into colloidal form and are therefore called reversible colloids.
When water is used as dispersion medium and no attractive forces exist between water
molecules and dispersed particles, particles are called hydrophobic. The colloids that
contain hydrophobic particles are less stable colloids. When such colloids are once
precipitated they cannot be directly reformed into colloidal form and are therefore called
irreversible colloids.

Classification of colloids:

Colloids are classified on two basis:
(a) On basis of physical state of components.
(b) On basis of behaviour towards liquids.
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(a) Classification

on basis of physical state of components:

Colloids on basis of physical state of their components are divided into eight types.

It is important to note that gas into gas colloids can not exist because gases diffuse
into one another and make homogeneous mixture i.e. solution.
S.No Dispersion Dispersion Special name
phase
medium
X
Gas
Gas
1
Gas
Liquid
Foam
2

Gas

Solid

Solid foam

3
4

Liquid
Liquid

Gas
Liquid

Fog, Aerosol
Emulsion

5

Liquid

Solid

Gel

6

Solid

Gas

Smoke

7

Solid

Liquid

Sol or
colloidal
solution

8

Solid

Solid

(b) Classification

Examples
This mixture is not colloid
Soap lather, beer, foam, whipped
cream
Air dispersed in solid (metal), glass
and polystyrene
Clouds, fog, mist, aerosol sprays
Homogenized milk, water in oil or
benzene
Halwa, jellies, gelatin, ointments,
silica gel, Fe(OH)3 gel
Coal smoke (carbon dispersed),
NH4Cl fumes, I2 vapours in air,
suspended dust
As2S3, gold or Fe(OH)3 sol, solution
of high polymer milk, shumlai (lassi)
Colured glasses, minerals, gems,
alloys, mixed crystals

on basis of behaviour towards liquids:

Colloids on basis of behaviour towards liquids are divided into two types.
(i) Lyophillic:
If a force of attraction exists between the particles of dispersed medium, the sol is
called lyophillic. If dispersion medium is water then sol has special name i.e. hydrophilic.
Homogenized milk is an example of hydrophilic sol.
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(ii) Lyophobic:
If a force of repulsion exists between the particles of dispersed medium, the sol is
called lyophobic. If dispersion medium is water then sol has special name i.e.
hydrophobic. Shumlai (lassi) is an example of hydrophobic sol.

Properties of Colloids:
Some important properties of colloidal dispersion are:

1. Optical properties:
The scattering is the appearance of light away from the normal optical path due to
contraction between light and particles. Colloids cause scattering of light. If particles
are of colloidal size then they scatter light in all directions. This effect explains the
tail of comet and blue colour of sky. Blue colour scatters more.

2. Brownian Movement:
A movement of particles on zigzag path is called Brownian movement. The colloidal
particles are bombarded by the molecules of the medium.
If colloidal particle is small it will get more hits from one
side than from other side and it will move in direction
of resultant blow. Changes in direction occur when
directions of resultant blow changes. e.g. Dust
particles in air show Brownian movements.
Figure is showing Brownian movement of a single colloidal particle.
3. Filterability:
Colloidal particles cannot be separated by ordinary filtration these particles can be
separated by ultrafiltration. For ultrafiltration, specially designed filters having
extremely small pores are used. These filters are called ultrafilters.

4. Diffusibility:
Colloidal particles have larger size as compared to solute particles in true solution
hence they have comparatively little ability of diffusion.
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5. Colour:
The colour of colloidal solution depends on:
(i) Size and shape of colloidal particles e.g. during the change of red colour of gold
sol to blue, the size of particles increases and spherical particles acquire the disc-like
form. As size and shape of particles are changed so colour changed from red to blue.
Similarly silver sol with different particles’ size show different colours.
(ii) The wavelength of scattered light.
(iii) The way an observer receives the light i.e. whether by transmission or reflection.
e.g. Milk and water mixture appears blue when one observes the reflected light while
it looks red when viewed by transmitted light.

6. Osmotic Pressure:
The osmotic pressure of dilute solutions can be given as
RTC
π =
M
This equation shows that lager the molecules
having high molecular mass the smaller will be
osmotic pressure. The osmotic pressure of colloidal
solution is generally small. Osmotic pressure of
colloidal solution is measured be specially designed
osmometer.

Derivation:
PV = nRT
P = n RT
V
P = m RT
MV
m = C (g/dm3)
V
P = CRT
M
P=π
π = RTC
M

7. Effect of Temperature Changes:
It is observed that a change in temperature coagulate colloids. Blood stains must be
washed from clothes with cold water. With hot water protein material coagulates and
becomes difficult to remove.
When an egg is boiled or fried, small colloidal particles convert into a lump by
coagulation.
By heating milk, coagulation of casein in milk occurs.
Cooling and even exposing to sunlight may help jellies set.

8. Electrical Charge:
Colloidal particles almost invariably carry positive or negative charge and all
particles of a given sol carry the same charge either positive or negative e.g. arsenious
sulphide sol is negatively charged ferric hydroxide sol is positively charged.
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9. Stability of Colloids:
The stability of colloids depends on charge, salvation and Brownian motion. The
charged colloidal particles attract solvent molecules, which form a layer around them.
It is this layer which prevents them from aggregation. The salvation depends on the
affinity of solvent towards the atoms and group of atoms forming surface of particle.
The water molecules have a certain affinity to the polar “– OH groups” in starch,
salicylic acid etc. This affinity is a result of a tendency to mutual saturation of the
unbalanced valence forces around the atoms and stabilizes the colloidal system.
While Brownian motion counteracts the force of gravity on the colloidal particles and
is partly responsible for stability of the colloidal system.

Types of Solutions:
On the basis of states of solute and solvent, the solutions can be divided into nine types.
Solute
(i)
Gas
(ii)
Gas
(iii) Gas
(iv)
Liquid
(v)
Liquid
(vi)
Liquid
(vii) Solid
(viii) Solid
(ix)
Solid

in
in
in
in
in
in
in
in
in

Solvent
gas
e.g O2 in N2 (air) etc
liquid e.g. CO2 in soda water, O2 in water etc
solid e.g. H2 adsorbed on platinum or palladium etc
gas
e.g. water vapours in air, mist, fog, clouds etc
liquid e.g. Alcohol in water, milk etc
solid e.g. mercury in gold (amalgam), butter, cheese etc
gas
e.g. carbon particles in smoke, dust particles air etc
liquid e.g. sugar in water, jellies, paints etc
solid e.g. Nickel in iron, steel, brass, pearls, opals etc

Solutions in liquid phase:
Solutions of liquid solutes in liquid solvents are divided into three types on the basis of solubility.

(i)

Completely miscible liquids:

Some liquids are completely miscible with one another and are mixed in all
proportions e.g. alcohol in water, alcohol in ether, benzene in toluene etc.
 Their properties are not strictly additive.
 In some cases volume decreases and heat is liberated e.g. alcohol in water while in some
cases volume increases and heat is absorbed.
 Components of such mixtures can be separated by fractional distillation.
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Fractional distillation of ideal mixture or solution (Zeotropic
mixture):
A mixture or solution is said to be ideal if the molecules in it attract each other with equal
force irrespective of their nature.
Let two liquids A & B form a completely miscible solution. Consider that A is more volatile than
B. So boiling point of A will be less than B.
If we plot a graph of compositions of
solutions of A & B verses temperature, two Boiling point
Vapour Curve
H
C
curves will be obtained. The upper curve
of B
G ------ ------------represents the composition of vapour’s
↑
solution, while lower curve represents the
Temperature
Liquid Curve
Boiling point
composition of liquid’s solution. At any
of A
temperature the composition of vapours is
I
K
different from the composition of liquid
mixture.
←
Composition
→
Consider the temperature corresponding
B←100
50
0
To point G. It meets liquid curve at point H
A→0
50
100
and vapour curve at point C. The composition of liquid mixture corresponding to point H is
shown by point I. At this point the mixture has greater percentage of B and less percentage of A.
While at same temperature the composition of vapours is shown by point K. At this point the
mixture has greater percentage of A and less percentage of B. As A is low boiling liquid so it is
present in greater percentage in vapour state than in liquid state at same temperature. If
temperature is maintained corresponding to G, the distillate will have greater percentage of A
and residue will have greater percentage of B. If residue is distilled again, we will have the
distillate richer in A. So distillation process is repeated again and again to get pure component A.
Thus we can separate the components of such mixture by fractional distillation.

“The liquid mixture which distal with a change in
composition is called Zeotropic Mixture.”
e.g. Methyl alcohol-water mixture.
(ii)

Partially Miscible Liquids:

Some liquids are not completely miscible and mix with each other up to limited
extent e.g. ether dissolves water to an extent of 1.2 % and water dissolves ether up to about
6.5%. Such liquids on mixing form two layers e.g. on shaking equal volumes of water and ether
and then allowing standing, two layers are formed. Each layer will be saturated solution of other
liquid. Such solutions are called conjugate solutions. The mutual solubility of these conjugate
solutions is affected by temperature changes.
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Some examples of such systems are:
---------------------(1)
Phenol-water system
5% Phenol in
(2)
Triethyl amine-water system
Water
(3)
Nicotine-water system
---------------------30% Water in
Phenol-water system:Phenol
If equal volumes of water and phenol are mixed into each other, two layers will be
formed. At room temperature upper layer will be 5% solution of phenol in water and lower layer
will be 30% solution of water in phenol (Phenol’s density is more than water). When temperature
is increased, water starts traveling from upper to lower layer and phenol from lower to upper
o
layer. Thus concentration changes and at 65 C a homogeneous mixture of two liquids is
obtained. This homogeneous mixture is 34% phenol and 66% water.
The temperature at which two conjugate solutions merge into one another is called critical
solution temperature or upper consulate temperature e.g. the critical solution temperature or
o
upper consulate temperature of phenol-water system is 65 C. Other systems have their own
critical solution temperatures or upper consulate temperatures and definite compositions.
(iii)

Immiscible Liquids:

Some liquids are totally immiscible with each other e.g.
(1)
Water-benzene system
(2)
Carbon disulphide-water system.
They form two separate layers which are separated by using a separating funnel.

Solubility:
Solubility is defined as “The maximum amount (in grams) of a solute which can be
dissolved in 100 grams of solvent at a particular temperature.”
e.g (i) 10 grams of a substance X are dissolved in 50 grams of water at room temperature and
solution became completely saturated.
Then
mass of solute
Solubility = _________________ x 100
Mass of solvent

Solubility = 10 x 100 = 20
50
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So solubility of solute X at room temperature is 20grams/100 grams of solvent.
o
o
e.g. (ii) solubility of KNO3 (Indian salt peter) is 13.3g/100g at 0 C and 45.8g/100g at 30 C
o
o
e.g. (iii) solubility of O2 is 0.007 g/100g at 0 C and 0.0025g/100g at 50 C

Factors Affecting Solubility:
(i)

Nature of Solvent:

It is based on fact ‘like dissolves like’. When the nature of solute and solvent is
similar then they have greater interaction energy which is liberated when solution is prepared. So
polar solutes are more soluble in polar solvents and vice versa e.g. NaCl is more soluble in water
than in benzene. NaCl and water are polar while benzene is non polar. Similarly fats and
kerosene oil being non-polar are more soluble in benzene.
(ii)

Nature of Solute

It also affects solubility. Solutes having high Ksp values are more soluble e.g. at
20oC solubility of NH4NO3 is 192g, HgCl2 is 6.5g and that of AgBr is 8.4x10-4g. NaNO3 and
KNO3 both are ionic but still they have different solubility in water. This is due to difference of
interactions of ions of solute and molecules of solvent. Ions having high charge densities have
greater interactions.
(iii)

Temperature:
In most of solid and liquid solutes, solubility increases with rise in temperature
but it is not true for all solutes e.g. the
CaCl2.2H2O
Solubility of KNO3 and Al2(SO4)3 increase
KNO3
KCl
With increase in temperature but solubility
CaCl2.4H2O
of Ce2(SO4)3 and Li2CO3 decrease with rise
CaCl2.6H2O
in temperature. The solubility of KBr and
NaCl
NaCl almost remains same with change in
↑
temperature. Where as solubility of sodium
Solubility
o
sulphate increases upto 32.4 C and on further
Na2SO4
rise in temperature it decreases. Actually upto
Na2SO4.10H2O
o
32.4 C is the solubility of Na2SO4.10H2O,
Ce2(SO4)3
which increases with increase in temperature
Temperature →
while above this temperature sodium sulphate
Solubility Curves
becomes anhydrous i.e. Na2SO4. The solubility of anhydrous Na2SO4 decreases with rise in
temperature. If heat of solution is +ve then process is endothermic and solubility will increase
with rise in temperature and vice versa. For example ∆H for AgNO3 is +ve so its solubility
increases with rise in temperature and vice versa, while ∆H for Li2CO3 is –ve so its solubility
decreases with rise in temperature and vice versa.
The solubility of gases usually decreases with rise in temperature.
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(iv)

Pressure:

With increase or decrease in pressure, the volumes of solids or liquids do not
change appreciably so pressure has no effect on the solubility of solids and liquids. It only affect
the solubility of gases. By increasing pressure, volume of gases decrease and they are forced into
solution so the solubility increases e.g. in soda water CO2 is dissolved at 4 atm so when the soda
water bottle is opened gas rapidly bubbled out due to decrease in pressure (1atm). In Bosch
process pressure is kept at 25atm to dissolve maximum CO2.

Concentration of solution:
The quantity of solute in solution is called concentration.
Properties of solution depends upon concentration of solution e.g. colour of a dye, sweetness of
sugar solution, saltish taste of salt solution, reaction of acids etc depend upon conc.

Units of Concentration:
Concentration of a solution is measured in several units which include following.
(I)

Molarity (M):
Number of moles of solute present in one dm3 (litre) of solution is called molarity.

e.g. (i) 1M HCl solution means that 1 mole of HCl (solute) is present in 1 dm3 of solution.
e.g. (ii) M ( 1 M or 0.1M) HCl solution means that 0.1 mole of HCl (solute) is present in 1 dm3 of solution.
10 10

e.g. (iii) M ( 1 M or 0.02M) HCl solution means that 0.02 mole of HCl is present in 1 dm3 of solution.
50 50

Molarity (M) = No of moles of solute
Volume of solution in dm3 (L)
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Preparation of solution:
To prepare 0.1M H2SO4 solution, mass of H2SO4 required for the solution is calculated by
using formula
Mass of solute required = Molarity x Molecular mass x Volume in cm3
1000
As H2SO4 is liquid so mass will be converted to volume by using relation
V = m/d
Furthermore H2SO4 is not 100% where as the volume calculated above is for 100% H2SO4 so
volume is calculated for available purity of acid by using formula
C1V1 = C2V2
where C1 = 100 and C2 is available purity written on bottle containing the acid. This
volume of acid is dissolved in sufficient water to make total volume equal to the volume of
solution.
(II)

Normality (N):
Number of gram-equivalent of solute present in one dm3 (litre) of solution is
called normality.

e.g. (i) 1N HCl solution means that 1 gm-eq of HCl (solute) is present in 1 dm3 of solution.
e.g. (ii) N ( 1 N or 0.1N) HCl means that 0.1 gm-eq of HCl (solute) is present in 1 dm3 of solution.
10 10

Normality (N) = No of gram-equivalents (gm-eq) of solute
Volume of solution in dm3

Gram-equivalents (gm-eq) = Mass of substance in grams
Equivalent mass of the substance

Equivalent mass of acid/base/Oxidizing or Reducing Agent =

Molecular mass
Basicity/acidity/change in oxidation Number
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Basicity of acid means number of H+ ions furnished per molecule of acid in aqueous solution



Acids
HCl, HNO3, HCOOH, CH3COOH, AlCl3
H2SO4, (COOH)2, H-C ≡ C-H
H3PO4

Basicity
1
2
3

Called
Mono-basic acids
Di-basic acids
Tri-basic acid

Base
NaOH, KOH, NH3, NaHCO3
Ca(OH)2, Mg(OH)2, Na2CO3
Al(OH)3

Acidity
1
2
3

Called
Mono-acidic base
Di-acidic base
Tri-acidic base

Both molarity and normality is temperature dependant
(III)

Molality (m):
Number of moles of solute present in one kilogram of solvent is called molality.

e.g. (i) 1m HCl soln means that 1 mole of HCl (solute) is present in 1 kg of solvent.
e.g. (ii) m ( 1 m or 0.1m) HCl means that 0.1 mole of HCl (solute) is present in 1 kg of solvent.
10 10

Molality (m) = No of moles of solute
Mass of solvent in kg


Molality is temperature independent.

(IV)

Mole Fraction (X):
Ratio of the moles of a component of solution to the total moles of solution is
called mole fraction of that component.

Mole fraction of solute-I = X1 = _________n1
n1 + n2 + n3 + …… +ns

= n1
nt

Mole fraction of solute-II = X2 = _________n2
n1 + n2 + n3 + …… +ns

= n2
nt

Mole fraction of solute-III = X3 = _________n3
n1 + n2 + n3 + …… +ns

= n3
nt

where as n1, n2, n3 are number
of moles of solute-I, II III etc
and ns are number of moles
of solvent.
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Mole fraction of solvent = Xs = _________ns
n1 + n2 + n3 + …… +ns

= ns
nt

 Mole fraction of a component of solution will always be less than one, however it will be
one for pure substance.
 Mole fraction never exceeds one in any case.
 Sum of mole fractions of all components of solution is always one.
X1 + X2 + X3 + ……….. +Xs = 1

Percentage composition:

(V)

It is expressed in 4 ways.
(i)

Weight by weight (w/w) %age:
Number of grams of solute present in 100 grams of solution is called w/w %age.
Number of grams of solute
w/w %age = ______________________ x 100
Number of grams of solution

e.g.

5% (w/w) HCl solution means 5 grams of HCl are present in 100 grams of
solution.

(ii) Weight by volume (w/v) %age:
Number of grams of solute present in 100 mls of solution is called w/v %age.
Number of grams of solute
w/v %age = ______________________ x 100
Number of mls of solution
e.g.

5% (w/v) HCl solution means 5 grams of HCl are present in 100 mls of solution.
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(iii) Volume by weight (v/w) %age:
Number of mls of solute present in 100 grams of solution is called v/w %age.
Number of mls of solute
v/w %age = ______________________ x 100
Number of grams of solution
e.g.

5% (v/w) HCl solution means 5 mls of HCl are present in 100 grams of solution.

(iv) Volume by volume (v/v) %age:
Number of mls of solute present in 100 mls of solution is called v/v %age.
Number of mls of solute
v/v %age = ______________________ x 100
Number of mls of solution
e.g.

(VI)

5% (v/v) HCl solution means 5 mls of HCl are present in 100 mls of solution.

Parts per Million(ppm):
Number of parts by mass or volume of solute per million parts of solution is
called parts per million (ppm)

e.g. (i) 5.65 ppm by mass of oxygen in sea water means 5.65 grams of oxygen are present in 106
grams of sea water.
Mass of solute
ppm by mass of solute = ______________ x 106
Mass of solution

Volume of solute
ppm by volume of solute = ______________ x 106
Volume of solution
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(VII)

Parts per Billion (ppb):
Number of parts by mass or volume of solute per billion parts of solution is called
parts per billion (ppb)

e.g. (i) 5.65 ppb by mass of oxygen in sea water means 5.65 grams of oxygen are present in 109
grams of sea water.
Mass of solute
ppb by mass of solute = ______________ x 109
Mass of solution

Volume of solute
ppb by volume of solute = ______________ x 109
Volume of solution
(VIII)

Parts per Trillion (ppt):
Number of parts by mass or volume of solute per trillion parts of solution is called
parts per trillion (ppt)

e.g. (i) 5.65 ppt by mass of oxygen in sea water means 5.65 grams of oxygen are present in 1012
grams of sea water.
Mass of solute
ppt by mass of solute = ______________ x 1012
Mass of solution

Volume of solute
ppt by volume of solute = ______________ x 1012
Volume of solution
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Raoult’s Law for Ideal Solutions when one component is volatile:
A solution is said to be ideal solution if the molecules in it attract each other with equal
forces irrespective of their nature.

Raoult’s law for ideal solution is stated as “The partial vapour pressure
of any volatile constituent of a solution at a given temperature is equal to
the product of vapour pressure of the pure constituent and its mole
fraction in the solution.”
Mathematically the law can be written as
Where

o

P = P X1 ………… (1)

Po

○ ○
P = vapour pressure of pure solvent
Vapours →○ ○ ○
P = vapour pressure of solvent in the solution
○○○○○○○
X1 = mole fraction of solvent
Liquid → ○○○○○○○
X2 = mole fraction of solute
○○○○○○○
o

P

○
○ ○
●○●○○●○
○●○●○○●
●○○●○●○

Pure Solvent

Solution

We know that sum of mole fraction of solute and solvent is equal to one
X1 + X2 = 1
X1 = 1 - X2
Putting the value of X1 in equation-1
o

P = P ( 1 – X2)
where X2 is mole fraction of solute
o
o
P = P – P X2
o
o
P + P X2 = P
o
o
P X2 = P – P
o
o
∆ P = P X2 ………….. (2)
because P – P = ∆ P
So law can also be stated as
“The lowering of vapour pressure is directly proportional to the mole fraction of solute”
∆ P ∝ X2
Rearranging eq-2
∆ P = X2 …………….. (3)
o
P
Thus law can also be stated as
“The relative lowering of vapour pressure is equal to the mole fraction of solute.
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Vapour Pressure-Composition Curve for an ideal mixture of liquids
or
Raoult’s law (When both components are volatile):
Consider a solution consisting of two volatile components. Raoult’s law explains the
relationship between mole fractions of components and their vapour pressures before making
solution and after making the solution.
Mole fraction of two components can be given as
XA = nA

and

XB =

nA + nB

nB
nA + nB

Applying Raoult’s law which states
“The partial vapour pressure of each component is equal to the product of the mole fraction of
that component in soln and the vapour pressure of pure component.”
o

PA = P A XA ……………… (1)
o
PB = P B XB ………………. (2)
o

o

Where P A and P B are vapour pressures of component A and B in pure states at given
temperature while PA and PB are vapour pressures of components A and B in solution state.
PAo
PBo
Total pressure in solution state can be given by Dalton’s law as
Pt = PA + PB ………………. (3)
○ ○
●
Putting values from eq-1 & 2 into eq-3
Vapours →○ ○ ○
Vapours → ●
●
o
o
Pt = P AXA + P BXB
○○○○○○○
●●●●●●●
XA + XB = 1
Liquid → ○○○○○○○
Liquid →●●●●●●●
or
XA = 1 - XB
○○○○○○○
●●●●●●●
Pure solvent

so
or

o

o

Pt = P A (1 – XB) + P BXB
o
o
o
Pt = P A – P A XB + P BXB
o
o
o
Pt = P BXB – P AXB + P A
o
o
o
Pt = (P B – P A) XB + P A

PA

Pure solute

○ ●
Vapours →○ ●
○
○●○○●○○
Liquid →●○○○●○○
○○●○○●○

PB

Solution
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This is a straight line equation. If a graph is plotted between Pt (on y-axis) and XB (on x-axis), a
straight line will be obtained.

Only ideal solutions obey Raoult’s law and give straight line. Each point on straight line
represents the vapour pressure of solution, at a given temperature, with the corresponding
contribution of both the components A & B. The two dotted lines represents the partial pressures
of the individual components of solution. The point G on straight line represents the vapour
pressure of solution with 30% contribution of component B and 70% contribution of component
A. Component A contributes more as it is more volatile. The total vapour pressure (Pt) of
solution corresponding to point G will be equal to the sum of two i.e. PA + PB

Non-Ideal Solution (Azeotropic Mixture):Azeotropic mixtures are those which boil at constant temperature and distal over without
change in composition at any pressure like a pure chemical compound.
But they are actually not pure chemical compounds because changing total pressure along with
boiling points changes their composition. Where as, for a pure chemical compound, the
composition remains same over a range of temperature and pressure. Examples of such mixture
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are Nitric acid - Water, Benzene – Ethyl alcohol etc. Such mixtures deviates from Raoult’s law
due to differences in their, molecular sizes, shapes and intermolecular forces. Formation of such
solutions is accompanied by changes in volume and enthalpy. They may show positive or
negative deviations.

Positive Deviations:
If cohesive forces between component-A and component-B of a solution are smaller than
those between pure components i.e. A…..B
<
A…..A & B……B, then the
escaping tendencies of the components in the solution are higher than the escaping tendencies of
the individual pure components. Therefore the partial pressures of solution will be higher than
predicted by Raoult’s law. This is positive deviation from Raoult’s law.
In such mixtures increase in volume and absorption of heat take place on mixing.
The boiling point composition curves in Figure-II show a minimum F at which the composition
of vapour in equilibrium with the solution is the same. It, therefore, corresponds to a constant
boiling mixture, the azeotropic mixture. The azeotropic mixture in this case has a boiling point
lower than any other mixture of the components A and B. So the mixture is Minimum B.P
mixture. If a mixture of composition C (any point between F and 100% A in Figure-II) is
distilled then following Konowaloff’s rule, the vapour will contain more of B than did the
original mixture. The residue will get richer in A. If we redistill the fraction collected we will
continually obtain a distillate of composition F and a residue of pure A. Similarly if a mixture of
composition D (any point between F and 100% B in Figure-II) is distilled, it will eventually lead
to a distillate of the azeotropic mixture and a residue of pure B.
The azeotropic mixture in this case has a boiling point lower than any other mixture of the
components A and B.
Examples of such systems are acetone-ether, acetone-carbon disulphide, methanol-carbon tetra
chloride, methanol-benzene, ethanol-benzene etc.

Negative Deviations:
If cohesive forces between component-A and component-B of a solution are greater than
those between pure components i.e. A…..B
>
A…..A & B……B, then the
escaping tendencies of the components in the solution are smaller than the escaping tendencies of
the individual pure components. Therefore the partial pressures of solution will be lower than
predicted by Raoult’s law. This is negative deviation from Raoult’s law.
In such mixtures decrease in volume and releasing of heat take place on mixing.
The boiling point composition curves in Figure-III show a maximum G at which the composition
of vapour in equilibrium with the solution is the same. It, therefore, corresponds to a constant
boiling mixture, the azeotropic mixture. The azeotropic mixture in this case has a boiling point
higher than any other mixture of the components A and B. So the mixture is Maximum B.P
mixture. If a mixture of composition C (any point between G and 100% A in Figure-III) is
distilled then following Konowaloff’s rule, the vapour will contain more of A than did the
original mixture. The residue will get richer in B. The boiling point of mixture rises.
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As the process is continued, the residue will approach the composition G. By taking fractions
from the mixture and by a series of redistillations we can eventually obtain a distillate of pure A
and a residue of azeotropic mixture G. Similarly we can separate a mixture of composition D
(any point between G and 100% B in Figure-III) into pure B and the azeotropic mixture.
The azeotropic mixture in this case has a boiling point higher than any other mixture of the
components A and B.
Examples of such systems are acetone-chloroform, acetone-methanol, ethyl ether-hydrogen
chloride, water-hydrochloric acid, nitric acid-formic acid etc.

Physical properties of Liquids and Solutions:
Physical properties of Liquids and Solutions are divided into three categories:
(A) Constitutive Properties:
The properties which mainly depend upon structure of molecules of the liquid are called
constitutive properties e.g. surface tension, viscosity, optical activity, dipole moment etc.
(B) Additive Properties:
The property of a substance which is equal to the sum of the same property of individual
components e.g. molecular mass, mass, atmospheric pressure etc.
(C) Colligative Properties:
The properties which are independent of nature of solute particles and only depend upon
number of solute particles are called colligative properties. These properties include lowering of
vapour pressure, depression of freezing point, elevation of boiling point, osmotic pressure etc.
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(I)

Lowering of Vapour Pressure:

When a non volatile non electrolyte solute is dissolved in a solvent say water, the vapour
pressure of solution is lowered than pure solvent. This is called lowering of vapour pressure.
This lowering of vapour pressure is directly proportional to the amount of solute present in fixed
amount of solvent. In other words more is the number of solute particles more will be the
lowering of vapour pressure.
A quantitative relationship between lowering of vapour pressure and concentration of
solution is given by F.M. Raoult in 1887. His law states
“The relative lowering of vapour pressure is equal to the mole fraction of solute.” The law is
only valid for dilute solutions. According to law we can write
∆ P = X2 …………….. (1)
o
P

Where as

and

o

P – P = ∆P = lowering of vapour pressure

ΔP = Relative lowering of vapour pressure
Po

o

∆ P = P X2 ………….. (2)
Or

∆ P ∝ X2

This shows that lowering of vapour pressure is directly proportional to mole fraction of solute.
So it is a colligative property.
Lowering of vapour pressure can be used to determine molecular mass of solute. Consider
equation-1

∆ P = X2
o
P
And

X2 =

n2
n1 + n2

comparing above mentioned equations, we can write
∆ P = n2
………….(3)
o
P
n1 + n2

X2 = mole fraction of solute
n1 = number of mole of solvent
n2 = number of mole of solute
∆ P = lowering of vapour pressure
o

P = vapour pressure of pure solvent

For dilute solutions n2 can be ignored in denominator, so
∆ P = n2 …………………(4)
o
P
n1
n1 = W1
M1

and

n2 = W2
M2
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Thus equation-4 becomes
W2
M2
∆P =
o
P
or

Where

W1
M1

∆P = W2 x M1
P

o

M2

W1

o

M2 = P x W2 M1 …………(5)
∆P
W1

o

P = vapour pressure of pure solvent
P = vapour pressure of solution

∆ P = Po-P = lowering of vapour pressure
W1 = weight of solvent
W2 = weight of solute
M1 = molecular mass of solvent
M2 = molecular mass of solute

A small amount ‘W2 grams’ of solute is dissolved in W1 grams of solvent and lowering of
vapour pressure is noted, and then molecular mass M2 of solute is calculated by using equation-5.

(II) Depression of Freezing Point:
The freezing point of a solution is less than pure solvent i.e. presence of nonvolatile non-electrolyte solute decreases the freezing point of solution and it is called depression
of freezing point. The depression in freezing point depends upon number of solute particles.
A substance freezes when vapour pressure of its liquid state and solid state becomes equal.
If we plot vapour pressure of pure solvent
A
and solution versus temperature we get a graph as
D
shown in figure. The curve ABC is for pure solvent.
Pure Solvent→
(Liquid)
The point B corresponds to temperature T1 and
o
vapour pressure P . Which means that pure solvent
Po ……….B
← Solution (Liquid)
o
freezes at T1 and has vapour pressure P . At point B
P ……..E←Frozen Solvent
V.P(Liq Solv) = V.P(Solid Solv) so freezing occurs at B. The ↑
← Frozen Solution
portion BC of the curve is for frozen (i.e. solid)
V.P
C
solvent. This portion has a greater slope showing that
↔ Depression of freezing point (∆Tf)
change of vapour pressure with the change in temperature
is more rapid. The curve DEC for solution is meeting the
curve BC at point E. The point E corresponds to
T2 T1 Temperature →
temperature T2 and vapour pressure P. Which means that solution freezes at T2 and has vapour pressure P.
At point ‘E’ V.P(Liq Soln) = V.P(Solid Soln) so freezing of soln occurs at E.
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It is evident from the graph that T2 < T1

o

and P < P i.e. freezing point and vapour pressure of solution is

less than that of pure solvent.
Depression of freezing point = freezing point of pure solvent - freezing point of solution
So we can write

∆Tf = T1 –T2……………….. (1)

Depression of freezing point depends upon number of solute particles while number of solute
particles are proportional to molality of solution so
∆Tf ∝ m
∆Tf = Kf m…………………(2)
Where Kf is molal freezing point constant or Cryoscopic constant, m is molality of solution
and ∆Tf is depression of freezing point.
Kf the Molal freezing point constant or Cryoscopic constant is defined as “The depression in
freezing point of solution when 1 mole of solute is dissolved in 1kilogram of solvent.”
or
“ The depression in freezing point of 1molal solution.”
The molal freezing point constant is independent of nature of solute but it depends upon nature
o
of solvent i.e every solvent has its particular molal freezing point constant e.g. Kf (H2O) is 1.86 C,
o
o
o
o
Kf (CH3COOH) is 3.86 C and Kf (C6H6) is 5.12 C. Normal freezing points of these are 0 C, 16.7 C and
o
5.5 C respectively.
moles of solute
Molality of solution can be given as m =
……. (3)
mass of solvent in kg
But moles of solute = mass of solute in grams (W2)/molecular mass of solute(M2)
And mass of solvent in kg = mass of solvent in grams (W1)/1000
So equation-3 becomes
W2
W2 x 1000
m=
=
……. (4)
M2 x W1
M2 x W1
1000
Putting in equation-2 we get
∆Tf = Kf

W2 x 1000 …………………(5)
M2 x W1

On rearranging we can write
M2 = Kf x W2 x 1000 …………….………(6)
∆Tf x W1
Thus we can determine molecular mass from depression of freezing point.
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(III) Elevation of Boiling Point:
The boiling point of a solution is higher than pure solvent i.e. presence of nonvolatile non-electrolyte solute increases the boiling point of solution and it is called elevation of
boiling point. The elevation of boiling point depends upon number of solute particles.
If we plot vapour pressure of pure solvent
B
and solution versus temperature we get a graph as
D
shown in figure. The curve AB is for pure solvent.
Pure Solvent→
← Solution
The point E corresponds to temperature T1 and
Patm ………………E…… F
o
vapour pressure P .=Patm which means that pure
A
solvent boils at T1.
The curve CD is for solution. This curve is lower than
↑
C
curve AB because vapour pressures of solution are
V.P
Elevation of boiling point (∆Tb)
less than those of pure solvent.
The point F corresponds to temperature T2 and
vapour pressure P=Patm which means that solution
boils at T2.
Temperature →
T1 T2
It is evident from the graph that T2 > T1 i.e. boiling point of solution is higher than that of pure
solvent.
Elevation of boiling point = boiling point of solution - boiling point of pure solvent
So we can write

∆Tb = T2 –T1……………….. (1)

Elevation of boiling point depends upon number of solute particles while number of solute
particles are proportional to molality of solution so
∆Tb ∝ m
∆Tb = Kb m…………………(2)
Where Kb is molal boiling point constant or Ebullioscopic constant, m is molality of solution
and ∆Tb is elevation of boiling point.
Kb the Molal boiling point constant or Ebullioscopic constant is defined as “The elevation of
boiling point of solution when 1 mole of solute is dissolved in 1kilogram of solvent.”
or
“ The elevation of boiling point of 1molal solution.”
The molal boiling point constant is independent of nature of solute but it depends upon nature of
o
solvent i.e every solvent has its particular molal boiling constant e.g. Kb (H2O) is 0.51 C, Kb (CH3COOH)
o
o
o
o
o
is 3.07 C and Kb (C6H6) is 2.53 C. Normal boiling points of these are 100 C,118.5 C and 80.15 C
respectively.
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moles of solute
……. (3)

Molality of solution can be given as m =
mass of solvent in kg

But moles of solute = mass of solute in grams (W2)/molecular mass of solute(M2)
And mass of solvent in kg = mass of solvent in grams (W1)/1000
So equation-3 becomes

W2
m=

W2 x 1000
……. (4)

=
M2 x W1
1000

M2 x W1

Putting in equation-2 we get
∆Tb = Kb

W2 x 1000 …………………(5)
M2 x W1

On rearranging we can write
M2 = Kb x W2 x 1000 ……………………(6)
∆Tb x W1
Thus we can determine molecular mass from elevation of boiling point.

(IV) Osmotic Pressure:
Osmosis:

The phenomenon osmosis was reported by Abbe Nellet in 1784.
“The process by which a pure solvent moves to solution by passing
through a semipermeable is called osmosis.”
For low molecular mass solutes in water the best semipermeable membrane is a film of copper
ferrocyanide Cu2 [Fe(CN)6].
For high molecular mass solutes in water the best semipermeable membrane is a film of either
cellulose on cellulose nitrate.

Experiment:
To show osmosis an experiment could be performed (See Figure-I). Take aqueous solution of
sugar in a thistle funnel whose mouth is tightly bound by egg membrane (acting as
semipermeable membrane). Invert the funnel in a beaker containing water. Mark the level of
sugar solution on the stem of thistle funnel. After some time you can observe that level of
solution is raised this is due to osmosis. This is endosmosis.
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“The flow of solvent molecules from pure solvent to solution through semipermeable membrane
is called Endosmosis”
If pressure is applied on the solution through stem of thistle funnel, then water molecules from
solution move to pure solvent. This is exosmosis or reverse osmosis.
“The flow of solvent molecules from solution to pure solvent through semipermeable membrane
is called Exosmosis or reverse osmosis”

Osmotic pressure:
Consider figure-II. The container shown in figure is divided into two chambers A and B
by a semipermeable membrane. A is fitted at one end with a movable piston P and is filled with
an aqueous solution of sucrose. The chamber B is filled with water (solvent of the same solution
taken in chamber-A). Because of osmosis the solvent will tend to pass through the membrane
into the solution and displace the piston P upward. The motion of the piston and osmosis of the
solvent can be prevented by the application of pressure on the piston in order to keep it in its
original position. This pressure applied is called osmotic pressure.

“The mechanical pressure which must be applied on a solution
to prevent osmosis of the solvent into the solution through a
semi permeable membrane is called the osmotic pressure of the
solution.”
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Pfeiffer in his experiment proved that osmotic pressure is directly proportional to the
concentration of solution.
Concentration
1
2
2.47
4
6

Osmotic pressure
535
1016
1518
2082
3075

This table shows that osmotic pressure increases with increase in concentration. Thus osmotic
pressure is a colligative property.


Plasmolysis:
The contraction of a cell when it is placed in a solution having high osmotic pressure than
that of cell sap, due to passing out of water from the cell, is called plasmolysis.

Isotonic Solution:
When a solution has same osmotic pressure as is of cell sap, then water will not flow in
any direction, such a solution is called isotonic solution. e.g. 0.91% NaCl solution is
isotonic solution with human red blood corpuscles (RBC) at body temperature 37oC or
98.6oF or 310K.

Hypotonic Solutions:
When a solution has high osmotic pressure than that of cell sap, then water will flow
from the solution to the cell, such a solution is called hypotonic solution. e.g. In solution
containing less than 0.91% NaCl, the red blood corpuscles (RBC) swell due to flow of
water into them from solution as a result of osmosis and even burst. So NaCl solution
having concentration below 0.91% is hypotonic solution with human red blood
corpuscles (RBC) at body temperature 37oC or 98.6oF or 310K.

Hypertonic Solutions:
When a solution has less osmotic pressure than that of cell sap, then water will from the
cell to the solution, such a solution is called hypertonic solution. e.g. In solution
containing more than 0.91% NaCl, the red blood corpuscles (RBC) shrink due to flow of
water from them as a result of plasmolysis. So NaCl solution having concentration above
0.91% is hypertonic solution with human red blood corpuscles (RBC) at body
temperature 37oC or 98.6oF or 310K.
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Dialysis:
Dialysis is a process that is similar to osmosis. In dialysis, a semipermeable
membrane, called a dialyzing membrane, permits small solute molecules and
ions in solutions as well as water molecules to pass through, but it retains
large particles, such as colloids. Dialysis is a way to separate true solution
particles from colloids.
Suppose we fill a cellophane bag with a solution of NaCl, glucose, starch,
and protein and place it in pure water. Cellophane is a dialyzing membrane,
and the Na+ ions, Cl- ions, and glucose molecules will pass through it into
the surrounding water. However, the colloids starch and protein remain
inside. Water molecules will flow by osmosis into the colloids within the
cellophane bag. Eventually, the total concentrations of sodium ions, chloride
ions, and glucose inside and outside the dialysis bag become equal. To
remove more sodium chloride or glucose, the cellophane bag must be placed
in a fresh sample of pure water.
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Importance of Osmosis in daily life:
1. The osmosis is used in many industries.
2. The victims of ship wreckage (remains of a destroyed ship in some accident) purify sea
water by osmosis to make it drinkable.
3. By osmotic pressure the plant cell become turgid (hard) and these turgid cells provide
support to the weak parts of plants.
4. Sap (juice consisting of water and nutrients) rises or climbs in plants from roots to upper
parts by osmosis and osmotic pressure.
5. Isotonic solutions are prepared to prevent plasmolysis (shrinkage of cytoplasm) and
heamolysis (deficiency of red blood cells).
6. Osmosis is used in Hemodialysis. Hemodialysis is the dialysis of the blood by an
artificial kidney. The initial dialysate consists of water and electrolytes. As blood flows
through the dialyzing coil, urea and other waste products dialyze out of the coil and into
the dialysate.

Solvation:
A solid dissolves in liquid due to solvation. The solvent molecules get attach to solute
particles, pull them, detach them from each other and take them away. As a result solute
dissolves in solvent and the process is called solvation.

“The process of attachment of solvent molecules to the particles of solute, to pull
them and detach from each other, taking them away and to dissolve the solute is
called solvation.”
Or
“Clustering of solvent molecules around the solute particles is called solvation.”
If solvent is water then solvation is also called hydration.
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Hydration:
Addition of water is called hydration. Ionic solutes are dissolved in water due to
hydration. Partial positively charged hydrogen of water molecules attract negative ions of solute

While partial negatively charged oxygen of water molecules attract positive ions of solute. Thus
solute’s ions get separated and dissolve in the water. In solution each cation as well as anion of
solute is surrounded by many water molecules. But in solid crystalline state only definite number
of water molecules are attached per molecule of crystalline substance. The substance is called
hydrate. Number of water molecules attached depends upon the charge density of the ion. More
molecules of water are attached to cations due to their high charge density. The high charge
density of cations is due to their smaller size or volume. Anions have larger size or volume so
their charge density is low and hence less water molecules are attached to them e.g. in hydrated
copper sulphate(Blue vitriol) [CuSO4.5H2O]out of 5 water molecules 4 are attached to copper ion
and one to sulphate ion. [Cu.4H2O]+2[SO4.H2O]-2. Some more examples of hydrates are
Sodium sulphate(Glauber Salt)

Na2SO4.10H2O

Gypsum salt CaSO4.2H2O

Sodium carbonate(washing soda) Na2CO3.10H2O

Epsom Salt MgSO4.7H2O

Ferrous sulphate

Oxalic acid

FeSO4.7H2O

Mohr’s salt

FeSO4.(NH4)2SO4.6H2O

Potash alum

K2SO4.Al2(SO4)3.24H2O

COOH
│
.2H2O
COOH
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Heat of Solution and its applications:
“The heat released or absorbed or enthalpy change when one mole of a substance is
dissolved in so much solvent that further dilution causes no detectable heat change”
is called heat of solution or enthalpy of solution.
e.g.

NH4Cl(s) + aq

→

NH4+(aq) + Cl-(aq)

∆H (∆Hsoln) = +15.1 kJ/mol

The formation of solution is accompanied with change in temperature.
(i)

If NaOH(s) or H2SO4(l) is dissolved in water, heat will be liberated and temperature will
rise. The reason is that in this case forces between solute-solute particle and solventsolvent particles are weak than new forces formed between solute and solvent particles.
So heat is absorbed to overcome the former forces and which is less than heat released in
the formation of later forces. Thus overall heat is liberated during formation of such
solutions.
NaOH(s) + aq → Na+(aq) + OH-(aq)
ΔH = -44.51 kJ/mol
H2SO4(s) + aq → 2H+(aq) + SO4-(aq)

(ii)

ΔH = -ve

If KI(s) or NH4NO3(s) is dissolved in water, heat will be absorbed and temperature will
fall. The reason is that in this case forces between solute-solute particle and solventsolvent particles are stronger than new forces formed between solute and solvent
particles. So heat is absorbed to overcome the former forces and which is more than heat
released in the formation of later forces. Thus overall heat is absorbed during formation
of such solutions.
KI(s) + aq→ K+(aq) + I-(aq)
ΔH = +20.33 kJ/mol
NH4NO3(s) + aq→ NH4+(aq) + NO3-(aq)

ΔH = +25.69 kJ/mol

NH4NO3 solution can be used as a freezing mixture.
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