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SOLUTIONS

 Types of solutions, expression of 
concentration of solutions of solids in 
liquids, solubility of gases in liquids, solid

 solutions, Raoult’s law, colligative properties - relative lowering of vapour 
pressure, elevation of boiling point, depression of freezing point, osmotic 
pressure, determination of molecular masses using colligative properties, 
abnormal molar mass, Van’t Hoff factor.

 In this chapter you will study    
 Types of solutions, Different expression of concentration, Solubility of gases in liquids, 

Raoult’s Law for volatile and non volatile liquids, Colligative Properties, Determination 
of molecular masses using Colligative properties, Abnormal molecular mass and Van’t 
Hoff factor

Topic- 1
Types of Solutions, Expression of Concentration of 
Solutions and Solubility
Concepts Covered     Types of solution,  Molarity,  Normality,  ppm,  Mass by 
volume% ,  Mole Fraction,  Volume by volume%,  Henry’s Law

Revision Notes

  Solution: A homogeneous mixture of two or more 
pure substances is known as solution.

  If the constituents of the solution are two, it is 
called binary, if three then ternary, if four then 
quaternary and so on.

  Two constituents of the solution 
are:

  (i) Solute: A substance that 
is dissolved in another 
substance in lesser amount, 
forming a solution. For 
example: Sugar, salt, etc.

  (ii) Solvent: A substance in which another 
substance is dissolved in larger amount, forming 
a solution. For example: Water, milk, etc.

   Note: Solvent determines the physical state of 
the solution. 

  Types of Solutions: Any state of matter (solid, 
liquid or gas) can act both as a solvent and as a 
solute during the formation of a solution. Therefore, 
depending upon the physical states of solute and 
solvent, we can have following nine different types 
of solutions:
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S. No. Types of Solution Solute Solvent Examples

1. Solid – Solid Solid Solid Alloys like brass, bronze, etc.  

2. Solid – Liquid Solid Liquid Solution of sugar, salt, urea, etc., in water.

3. Solid – Gas Solid Gas Sublimation of substances like iodine, camphor, 
etc., into air, dust or smoke particles in air.

4. Liquid – Solid Liquid Solid Hydrated salts, mercury in amalgamated zinc, etc.

5. Liquid – Liquid Liquid Liquid Alcohol in water, benzene in toluene.

6. Liquid – Gas Liquid Gas Aerosol, water vapour in air.

7. Gas – Solid Gas Solid Hydrogen adsorbed in palladium.

8. Gas – Liquid Gas Liquid Aerated drinks.

9. Gas – Gas Gas Gas Mixture of gases, etc.

   

 Key Word
Aerosol: It is suspension of fine solid or 
liquid particles in air , e.g.,: Fog. 

  Aqueous solution: A solution containing water as 
solvent is known as aqueous solution. For example, 
sugar solution.

  Non- aqueous solution: A solution containing 
solvent other than water is known as non- aqueous 
solution. For example, iodine dissolved in alcohol.

  Saturated solution: A solution in which no more 
solute can be dissolved at the same temperature is 
known as saturated solution.

  Unsaturated solution: A solution in which more 
amount of solute can be dissolved at the same 
temperature is known as unsaturated solution.

  Method of expressing concentration of solution: 
The concentration of solution is the amount of 
solute present in the given quantity of solute or 
solvent. It can be expressed in any of the following 
types:

  (i) Mass percentage w
W

: It is the amount of solute 

in grams dissolved per 100 g of solution.
   Mass% of a solute = 

Mass of solute in the solution 
Total mass of the solution  

× 100

  (ii) Volume percentage v
V

: It is defined as volume 

of a solute dissolved per 100 mL of solution.

  Volume% of a solute 

= 
 

Volume of solute
Total volume of the solution  

× 100

  (iii) Mass by volume percentage w
V

: It is defined 

as mass of solute dissolved per 100 mL of 
solution. It is commonly used in medicine and 
pharmacy.

   Mass by volume % of solute 

 
=

  

Mass of solute 
Volume of solution

×100

  (iv) Parts per million (ppm): It can be defined as 
the parts of a component per million (106) 
parts of the solution. It is used to express 
the concentration of a solute present in trace 
quantities.

ppm (A) =

 

Number of the parts 
of the component (A)

Total number of parrts of all the 
components of the solution

×106

 Parts per million can be expressed in three ways:
 (a) Mass to mass

  ppm (mass to mass) = 
Mass of a component
Total mass of solution

×106

 (b) Volume to volume

  ppm (volume to volume)

 = 
Volume of a component
Total volume of solution

106×

 (c) Mass to volume

  ppm (mass to volume) =
 

Mass of a component
Volume of solution

106×
 

 (v) Mole Fraction: It is the ratio of number of moles 
of a particular component to the total number of 
moles of all the components. e.g., mole fraction of 
component A.

    χA  =
 

n
n n

A

A B+ , 
  

where nA is the number of moles of component ‘A’ 
and nB is the number of moles of component ‘B’.

 
 Similarly,

  
χB

 
= 

n
n n

B

A B+

  Sum of mole fractions of all the components is 
always one.

          χA + χB = 1
  (vi) Molarity (M): It is defined as the number of 

moles of solute per litre of solution.
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     Molarity = 
Number of moles of solute

Volume of solution (in Litres)

                          M =
 

W
M V

B

B

×
×
1000

  where, WB = Weight of solute, V = Volume of 
solution in mL, MB = Molar mass of solute.

  Unit is mol L–1 or M (molar).
  And 

Weight of solute W
Molar mass of solute M

B

B

( )
( )  = Moles of solute

 (vii) Molality (m): It is defined as the number of moles 
of solute per 1000 g or 1 kg of solvent.

   Molality = 
Number of moles of solute

Mass of solvent in kg  

              m =
 

W
M W

B

B

×
×
1000

  where, WB = Weight of the solute, MB = Molar 
mass of solute, W = Mass of solvent in g

  Unit is mol kg–1 or molal (m). Molality and mole 
fraction do not change with change in temperature.

 Key Formulae

    Mole fraction of a component
 
= 

Number of moles of the component
Total number of moles of alll the components  

                                                                             
x

n
n n

x
n

n n
x x1

1

1 2
2

2

1 2
1 2 1=

+
=

+
+ =, ( )

    Molarity (M) = 
Number of moles of solute
Volume of solution in Litre

    Molality (m) = 
Number of moles of solute

Mass of solvent in kg

    Normality (N) = 
Number of gram equivalent of solute

Volume of solution in Liitre

    Mass percentage w
W









 
=

 

Mass of solute in the solution
Total mass of the solution

×1000

    Volume percentage 
v
V







  = 

Volume of solute
Total volume of the solution

×100

    Mass by volume percentage 
w
V







  = 

Mass of solute
Volume of solution

×100

    ppm of component A = 
Mass of component A
Total mass of solution

×106

 (viii) Normality (N): It is defined as number of gram 
equivalents of solute dissolved per litre of solution.

 Normality = 
Number of gram equivalents of solute

Volume of solution in LLitre

                          N =
 

W 1000

E V
B

B

×
×

  where, WB = Mass of solute, EB = Equivalent 
weight of solute, V = Volume of solution in mL

  Relationship between Molarity (M) and Molality 
(m): 

                 
1
m

 =
 

d
M

MB−
1000

  where, m = Molality of solution, M = Molarity of 
solution,

  MB = Molar mass of solute, d = Density of solution 
in g ml–1

  Relationship between Mole fraction of solute (χB) 
and Molality (m): 

                     

m = ×
− ×
χ

χ
B

B AM
1000

1( )

  where χB is mole fraction of 
solute, m is molality and MA is 
molar mass of solvent.

  Solubility: Solubility can be 
defined as the maximum amount 
of solute that can be dissolved in 
100 g of solvent to form a saturated solution at a 
given temperature.

  	 Factors affecting Solubility:
  (i)  Nature of Solute and Solvent: “Like 

dissolves like” i.e., polar solvents like water 
and ammonia can dissolve polar solute or 
ionic solute while non- polar solvents can 
dissolve non- polar organic solutes.

Scan to know 
more about
this topic

Solubility of 
gases in water
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        (ii)  Temperature: Solubility increases with 
increase in temperature. It increases for 
endothermic reaction while it decreases for 
exothermic reaction.

      (iii)  Pressure: The solubility of solid in liquid 
is not affected significantly by pressure 
because solids and liquids cannot be 
compressed.

  Henry’s Law:
  The relationship between pressure and solubility 

is guided by Henry’s Law. According to this law, 
‘‘The mass of a gas dissolved in given volume of the 
liquid at a constant temperature depends upon the 
pressure  applied.’’

  It can also be stated as the partial pressure of the 
gas (p) in vapour phase is proportional to the mole 
fraction of the gas (χ) in the solution.

  p= KH
χ,

  where KH = Henry’s constant.

  Applications of Henry’s law: 

 (i) To increase the solubility of CO2 in soda water 
and soft drinks, the bottle is sealed under high 
pressure.

 Key Formulae

 
    

m = ×
− ×
χ

χ
B

B AM
1000

1( )  
 	Henry’s Law: p = KH x

 Key Diagram

    

P
ar

ti
al

 p
re

ss
u

re
 (

)p

� (mole fraction)

The slope of the line in 
Henry’s constant, (KH)

(ii) To avoid the toxic effects of high concentration 
of nitrogen in blood, the tanks used by scuba 
divers are filled with air diluted with helium 
(11.7%), nitrogen (56.2%) and oxygen (32.1%).

(iii) At high altitudes, low blood oxygen causes 
climber to become weak and make them 
unable to think clearly, which are symptoms 
of a condition known as anoxia.

  Limitations of Henry’s law: This law is applicable 
only when:

 (i) The pressure of gas is not 
too high and temperature is 
not too low.

(ii) The gas should not undergo 
any chemical change.

 (iii) The gas should not undergo 
association or dissociation in 
the solution.

OBJECTIVE  TYPE  QUESTIONS (1 mark each)

A Multiple Choice Questions

 Q. 1. A molar solution is one that contains one mole of a 
solute in:

 (A) 1000 g of the solvent

 (B) one litre of the solvent

 (C) one litre of the solution

 (D) 22.4 litre of the solution R

 Ans. Option (C) is correct.

 Explanation: A molar solution is one that contains 
one mole of a solute in one litre of the solution.

( ) = Number of  m
L

oles of  
M

Volum
 

e o
a

f 
o

s
t

o
r

l
t

u
M

t
o

i
u

o
e

n
y

 
s l

i
in 

l

 Q. 2. In which mode of expression, the concentration of 
a solution remains independent of temperature?

 (A) Molarity (B) Normality

 (C) Formality (D) Molality  R
 Q. 3. The increase in the temperature of the aqueous 

solution will result in its:

 (A) Molarity to increase 

 (B) Molarity to decrease

 (C) Mole fraction to increase

 (D) Mass % to increase  R
 Ans. Option (B) is correct.

 Explanation: An increase in temperature increase 
the volume of solution and therefore it will result in 
its molarity to decrease.

Scan to know 
more about
this topic

Pressure and 
Gas solubility 
(Henry’s Law)

 These questions are for practice and their solutions are available at the end of the chapter
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 Q. 4. KH value for Ar(g), CO2(g), HCHO(g) and CH4(g) 
are 4.039, 1.67, 1.83 × 10–5, and 0.143, respectively. 
Arrange these gases in the order of their increasing 
solubility:

 (A) HCHO < CH4 < CO2 < Ar
 (B) HCHO < CO2 < CH4 < Ar
 (C) Ar < CO2 < CH4 < HCHO
 (D) Ar < CH4 < CO2 < HCHO Ap
 Ans. Option (C) is correct.

  Explanation: According to Henry’s law,
             P = KH C

             
H

1
K

C
∝

 
 Where P = Partial pressure of gas
             C = Concentration of gas
             KH = Henry’s constant 
 It implies that as the value of KH increases, mole 

fraction of gas solute in solvent decreases.
 Hence, higher the KH value, lower is the solubility 

of gas.
 The order of increasing solubility of gases in:
 Ar < CO2 < CH4 < HCHO

           
Henry’s law

 Q. 5. A beaker contains a solution of substance ‘A’. 
Precipitation of substance ‘A’ takes place when 
small amount of ‘A’ is added to the solution. The 
solution is _________.  R

 (A) saturated (B) supersaturated
 (C) unsaturated (D) concentrated
 Ans. Option (B) is correct.
 Explanation: When a small amount of solute is 

added to its solution,  it does not dissolve and get 
precipitated then this type of  solution is called as 
supersaturated solution.

 Q. 6. Which of the following units is useful in relating 
concentration of solution with its vapour pressure? 
  A

 (A) Mole fraction  (B) Parts per million 
 (C) Mass percentage (D) Molality
 Ans. Option (A) is correct.
 Explanation: Mole fraction is used in relating 

vapour pressure with concentration of solution and 
according to the Raoult’s law, the partial vapour 
pressure of each component in the solution is 
directly proportional to its mole fraction.

 Q. 7. Value of Henry’s constant KH is ________________.
 (A) Increases with increase in temperature.
 (B) Decreases with increase in temperature
 (C) Remains constant
 (D) First increases then decreases.  R

 Q. 8. The concentration of pollutants in water is 
expressed in:

 (A) μ g / mL (B) w /v
 (C) v/v (D) w/w R

 Ans. Option (A) is correct.
 Explanation: The concentration of pollutants in 

water is expressed in μg/mL.

 Q. 9. Which of the following unit is used in medicine 
and pharmacy?

 (A) mass by volume percentage
 (B) parts per million
 (C) mass  percentage
 (D) molarity   R
 Ans. Option (A) is correct.
 Explanation: The unit is used as it is easy to measure 

volumes of solvents and solutions rather than their 
weights.

 Q. 10. Find the molarity of a solution having  5 g of NaOH 
is 450 mL of solution?

 (A) 0.125 mol (B) 0.278 mol/L
 (C) 27.8 mol/L (D) 450 mL Ap
 Ans. Option (A) is correct.

 Explanation:  Moles of NaOH
 
= =5

40
0 125. mol

 Volume of solution in litres=
450

1000

 Molarity = × =0 125 1000
450

0 278
.

. mol/L

B Assertion & Reason Type 

  Directions: In the following questions, A statement 
of Assertion (A) is followed by a statement of 
Reason (R). Mark the correct choice as.

 (A) Both A and R are true and R is the correct explanation 
of A.

 (B) Both A and R are true but R is NOT the correct 
explanation of A.

 (C) A is true but R is false.

 (D) A is false and R is true.

Q. 1. Assertion (A): A molar solution is more 
concentrated than molal solution.

   Reason (R): A molar solution contains one mole of 
solute in 1000 mL of solution. U

 Ans. Option (A) is correct.

 Explanation: A molar solution is more concentrated 
than molal solution because 1 molar solution 
contains 1 mole of solute in 1 litre of the solution 
which include both solute and solvent.

Q. 2. Assertion (A): Molarity of 0.1 N solution of HCl is  
0.1 M.

   Reason (R): Normality and molarity of a solution 
are always equal. U

Concept Applied 

 These questions are for practice and their solutions are available at the end of the chapter
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 Ans. Option (C) is correct.
 Explanation: Normality and molarity of a solution are 

not always equal. Normality depends on chemical  
equivalent of the substance while molarity depends 
on molecular mass of the substance.

Q. 3. Assertion (A): Molarity of a solution changes with 
temperature.

   Reason (R): Molarity is dependent on volume of 
solution.   Ap

Q. 4. Assertion (A): If a liquid solute more volatile than 
the solvent is added to the solvent, the vapour 
pressure of the solution may increase, i.e., ps > po.

 Reason (R): In the presence of a more volatile liquid 
solute, only the solute will form the vapours and 
solvent will not.

Ana. Option (C) is correct.

 Explanation: Both the solute and solvent will form 
the vapours but vapour phase will become richer in 
the more volatile component.

Q. 5. Assertion (A): Greater the value of Henry’s 
constant of a gas in a particular solvent, greater is 
the solubility of the gas at the same pressure and 
temperature.

 Reason (R): Solubility of a gas is directly 
proportional to its Henry’s constant at the same 
pressure and temperature.

Ans. Option (D) is correct.
 Explanation: The higher the value of KH at a given 

pressure, the lower is the solubility of the gas in the 
liquid, as Henry’s constant is inversely proportional 
to solubility or vice versa, that is solubility of gas is 
inversely proportional to Henry’s constant.

SUBJECTIVE  TYPE  QUESTIONS 

Short Answer Type
Questions-I  (2 marks each)

 Q. 1.  State Henry’s law. Calculate the solubility of CO2 
in water at 298K under 760 mm Hg.

  (KH for CO2 in water at 298 K is 1.25 × 106 mm Hg)
   R+U  [CBSE Outside Delhi Set-1, 2020]

 Q. 2. State Henry’s law and write its two applications.                               
  R  [CBSE Delhi Set-3 2019]

 Q. 3. Calculate the molarity of NaOH solution  
obtained by dissolving 2g of NaOH  in 50 mL of its 
solution. Ap

Ans.   50 mL of NaOH solution contains = 2g of NaOH
            ∴ 1000 mL of NaOH solution will contain  

  
= 

2
1000

50
×

    = 40 g of NaOH [1]
   Molecular mass of NaOH = 23 + 16 + 1 = 40

   Number of moles of NaOH = 
Mass

molecular mass

    

40
40

= = 1 mol

            ∴  Molarity of the solution = 1 M [1]
 Q. 4. State two points of difference between Molarity 

and Molality.
 Ans. (i) Molarity is number of moles of solute dissolved 

per litre of solvent, while Molality is number of 
moles of solute present in 1 kg of solvent.

 (ii) Molarity increases with increase in temperature 
while Molality is not affected by increase or 
decrease in the tempertaure.

 Q. 5. Calculate the mass percentage of benzene (C6H6) 
and carbon tetrachloride (CCl4) if 22 g of benzene 
is dissolved in 122 g of carbon tetrachloride. (ncert 
exercise)

 Ans. Mass of solution = Mass of C6H6 + Mass of CCl4
    = 22 g+122 g = 144 g

  Mass % of benzene = 
22

144
100× =15.28 %

  Mass % of CCl4 = 
122
144

100×  = 84.72 %

Short Answer Type
Questions-II  (3 marks each)

 Q. 1. (i)   What is the relationship between Molarity 
and Normality? R

  (ii)  One litre of water at N.T.P. dissolves 0.08 g of 
nitrogen. Calculate the amount of nitrogen 
that can be dissolved in four litres of water 
at 0oC and at a pressure of 1520 mm. Ap

 Ans. (i) Molarity (M) × Molecular mass of solute
       = Normality (N) × Equivalent mass of solute

 [1]
  (ii) Solubility of gas (C1) = 0.08 g/litre
        P1 = 760 mm
        P2 = 1520 mm
        Solubility of gas (C2) at pressure P2 = ?
        By Henry’s law,

        

1 1

2 2

1 2
2

1

C P
C P

C ×P 0.08 1520
 C 0.16 g/litre

P 760

=

×
∴ = = =

        ∴ Solubility of nitrogen in 4 litres of water
        = 0.16 × 4 = 0.64 g [1]

Commonly Made Error 

  Some students get confused in using correct 
formula for calculation of solubility of gas.

 These questions are for practice and their solutions are available at the end of the chapter
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Answering Tip 

  Students must understand Henry’s law.

 Q. 2. 8.0575 × 10–2 kg of Glaubers’s salt is dissolved 
in water to obtain 1 dm3 of a solution of density 
1077.2 kg m–3. Calculate the molarity, molality 
and mole fraction of Na2SO4 in the solution. Ap

 Ans. Mass of Glauber’s salt = 8.0575 × 10–2 kg

                                         = 8.0575 × 10–2 × 103 g

                                         = 80.575 g

  Molecular mass of Glauber’s salt (Na2SO4.10 H2O)

                                         = 322

  Number of moles Glauber’s salt

                                         

80.575
0.25

322
= =

  Mass of solution per dm3 = 1077.2 kg m–3

                                        = 1077.2 × 103 g m–3

                                          = 1077.2 × 103 × 10–3 g dm–3

                                       = 1077.2 g
  Mass of water = 1077.2 – 80.575 = 996.625 g

  Molarity = 3

0.25
0.25

1 dm
=

  Molality = 
0.25  1000

0.2508
996.625

×
=

 

[3]  

3

Molarity
Mole fraction

mass of waterMolarity + 
molecular mass of water

0.25
                   = 4.49 10

996.6250.25
18

−

=

= ×
+

 Q. 3. Calculate the concentration of a solution that 
is obtained by mixing  300 g of 25% solution 
NH4NO3 with 150 g of 40% solution of  NH4NO3. 
 Ap

 Ans. Total mass of solution = 300 + 150 = 450 g
  Amount of solute present in 300 g of 25% solution

  
                                       25

300 75 g
100

= × =  [1]
  Similarly,
  Amount of solute present in 150 g of 40% solution

                                         40
150 60 g

100
= × =  [1]

     Total mass of solute  = 75 + 60 = 135 g
  Concentration of solution (in %)

                

mass of solute in g
100

mass of solution  in g
135

100
450

= 30%

= ×

= ×

 [1]

 Q. 4. (a) Define mole fraction.
  (b)  Explain the following phenomena with the 

help of Henry’s law: 
   (i) Painful condition known as bends. 
   (ii)  Feeling of weakness and discomfort in 

breathing at high altitude.  R
 Ans. (a)  It may be defined as the ratio of  number of 

moles of one component to the total number 
of moles of all the components (solvent and 
solute) present in the solution. [1]

  (b) (i)  Deep sea divers depend upon compressed air 
for breathing at high pressure under water. 
The compressed air contains N in addition 
to O2, which are not very soluble in blood 
at normal pressure. However, at depths 
when the diver breathes in compressed air 
from the supply tank, more N2 dissolves 
in the blood and other body fluids because 
the pressure at that depth is far greater than 
the surface atmospheric pressure. When 
the diver comes towards the surface, the 
pressure decreases, N2 comes out of the body 
quickly forming bubbles in the blood stream. 
These bubbles restrict blood flow, affect the 
transmission of nerve impulses. The bubbles 
can even burst the capillaries or block them 
and starve the tissues of O2. This condition is 
called the bends, which are painful and life-
threatening. [1] 

   (ii)  At high altitudes, the partial pressure of O2 
is less than that at the ground level. This 
results in low concentration of oxygen in 
the blood and tissues of the people living 
at high altitudes or climbers. The low blood 
oxygen causes climbers to become weak and 
unable to think clearly known as anoxia. [1]

 Q. 5. Define the following modes of expressing the 
concentration of a solution. Which of these modes 
are independent of temperature and why?

 (i) w/w (mass percentage)
 (ii) v/V (volume percentage)
 (iii) M (molarity)
 (iv) w/V (mass by volume percentage)
 (v) m (molality)
 (vi) ppm (parts per million) (NCERT Exemplar)  R
 Q. 6. Calculate the molality of ethanol solution in  

which the mole fraction of water is 0.88. Ap

Ans.  Mole fraction of water, XH2O = 0.88

       Mole fraction of ethanol,  
                                  XC2H5OH =  1 – 0.88 

                                                   = 0.12 [½]

   XC2H5OH = 
n

n n
2

1 2+  
...(1)

  n2 = number of moles of ethanol.

  n1 = number of moles of water.

 These questions are for practice and their solutions are available at the end of the chapter
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  Molality of ethanol means the number of moles 
of ethanol present in 1000 g of water.

                            
n1 = 

1000
18  

= 55.5 moles
 

[½]

  Substituting the value of n1 in equation (1)

      

n
n

2

255 5. +
 = 0.12 

   n2 = 7.57 moles [½]

  Molality of ethanol (C2H5OH) = 7.57 m

  Alternatively,

          Mole fraction of water = 0.88 [½]

       Mole fraction of ethanol = 1 – 0.88 = 0.12 [½]

  Therefore 0.12 moles of ethanol are present in 
0.88 moles of water.

  Mass of water = 0.88 × 18 =15.84 g of water. [½]

  Molality = number of moles of solute (ethanol) 
present in 1000 g of solvent (water)

                                                 = 0.12 × 1000 / 15.84  
                                               = 7.57 m [½]

  Molality of ethanol (C2H5OH) = 7.57 m

[CBSE Marking Scheme 2018]

Commonly Made Error 

  Students get confused between the terms 
molarity and molality.

Answering Tip 

  Students should remember that molarity is 
volume  based concept and molality is mass 
based concept.

Long Answer Type
Questions               (5 marks each)

 Q. 1.        (i)  Calculate the mass percentage of aspirin 
(C9H8O4) in acetonitrile (CH3CN) when 6.5 g 
of C9H8O4 is dissolved in 450 g of CH3CN. 

  (ii)  Commercially available concentrated 
hydro-chloric acid contains 38% HCl by 
mass and has density 1.19 g cm–3. What is the  
molarity of this solution?  U  + A

 Q. 2. 4.0 g of NaOH are contained in one decilitre of 
solution. Calculate the following:

    (i) Molality fraction of NaOH

   (ii) Molarity of NaOH

  (iii) Molality of NaOH

  Density of solution = 1.038 g/cm3 U

 Ans. (i) Density of solution = 1.038 g/cm3

        Mass of 100 cm3 of solution = 1.038 × 100 

                                                        = 103.8 g
        Mass of NaOH in 100 cm3 solution = 4g
        Mass of water = 103.8 – 4.0 = 99.8 g [1]

        Number of moles of NaOH (nA) = 
4.0
40

  = 0.1 mol

        Number of moles of water (nB)   = 99.8
18

                                                                 = 5.54 mol

        ∴ Mole fraction of NaOH XA = A

A B

n
n + n

                                        = 
0.1

0.1 + 5.54 = 0.018 [1]

 (ii)       Molarity of NaOH solution

 

Mass of NaOH per litre of solution 40
1M

Molecular mass of NaOH 40
= = =

 (iii) Mass of NaOH in 99.8 g of water = 4.0 g
  ∴ Mass of NaOH in 1000 g of water 

                      = 
4.0

1000
99.8

×

                      = 40.08 g [1]
        Molality of NaOH solution

                      
=

Mass of NaOH per 100g of water
Molecular mass of NaOH

                      = 40.08
40

 

                      = 1.002 mol kg–1 [1]

Commonly Made Error 

  Sometimes, students are unable to calculate the 
concentration of solution from given data.

Answering Tip 

  Understand the formulae to calculate the 
concentration of solution in different ways.

 These questions are for practice and their solutions are available at the end of the chapter
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Topic-2
Raoult’s Law, Ideal and Non-ideal Solutions
Concepts Covered     Raoult’s law, Ideal solutions, Non - Ideal Solutions, Azeotropes- 
Maximum boiling and Minimum Boiling

Revision Notes

  Vapour pressure is the pressure exerted by vapours 
over a liquid at equilibrium state at constant 
temperature.

  Vapour pressure depends on the following factors:
  (i) Nature of the liquid: Liquids having 

intermolecular forces are volatile and possess 
higher vapour pressure.

  (ii) Temperature: Vapour pressure of a liquid 
increases with increase in temperature.

  Raoult’s law for a solution of volatile liquids: 
It states that for a solution of volatile liquids, the 
partial vapour pressure of each component of the 
solution is directly proportional to its mole fraction 
in solution.  

  Suppose a solution is prepared by mixing two 
volatile liquids A and B. Let χA and χB respectively 
be their mole fractions, and let pA and pB be their 
partial vapour pressures respectively in the solution 
at a particular temperature.

  If pA
o  and pB

o  are their vapour pressures in the pure 
state respectively, then according to Raoult’s law:

   pA  = pA
o  χA

   pB  = pB
o  χB

  Considering Dalton’s law of partial pressure,
   ptotal  = pA + pB
  Substituting values of pA and pB,

   ptotal  = χA pA
o  + χB pB

o  

    = (1 – χB) pA
o  + χB pB

o

    = pA
o  + ( pB

o  – pA
o )χB

  The composition of the vapour phase in equilibrium 
with the solution can be determined from the 
partial pressure of the two components. If χA and 
χ

B are the mole fractions of components A and B 
respectively in the vapour phase, then

   pA  = χAptotal
  and pB  = χBptotal
  In general pi = χi ptotal
  Raoult’s law as a special case of Henry’s law: 

According to Raoult’s law, the vapour pressure of 
volatile component (A) in a given solution is given as:

   pA  = pA
o  χA

  According to Henry’s law, in the solution of a gas 
in a liquid, the gaseous component is normally so 
volatile that it exists as a gas and solubility depends 
upon Henry’s law to which:

   pA  = KHχA

  On comparing both expressions pA
o  is equal to KH.

  Raoult’s law for non-volatile solute: For a solution 
containing non-volatile solute present in a volatile 
solvent, Raoult’s law may be stated as the relative 
lowering of vapour pressure for a solution is equal 
to the mole fraction of solute.

    χ
B =

 

p p
p

A A

A

0

0
−

,

  where,            χB = Mole fraction of solute,

    pA
o  – pA = Lowering of vapour pressure.

 Key formula
Raoult’s law for volatile liquids: Raoult’s 
law for volatile liquids:

Psolute = Xsolute. P0
solute

Psolvent =  Xsolute. P0
solvent 

where, P0 is the vapour pressure of pure 
component

Raoults law for non volatile solute:

XB = (P0
A – PA)/P0

A

where, P0
A – PA = lowering of vapour pressure

XB = mole fraction of solute

  Ideal solution: A solution which obeys Raoult’s 
law over a wide range of concentration at specific 
temperature is called ideal solution.

 Mnemonics

Concept: Raoult’s law for Non- volatile 
Solute
Mnemonics: R.L. is Very Poor Student = Most 
Failure Student
Interpretations: 
Relative Lowering Of Vapour Pressure For A 
Solution Is Equal To The Mole    Fraction Of 
Solute.

  (i)   Raoult’s law is obeyed. pA = pA
o  χA,  pB = pB

o χB

  (ii)  ∆mixH = 0,

  (iii) ∆mixV = 0, 

  (iv) The force  of  attraction between  A-A and B-B is 
nearly equal to A-B.
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  Some examples of ideal solutions are:
  (i) n-hexane and n-heptane,
  (ii) Ethyl bromide and ethyl chloride,
  (iii) Benzene and toluene,
  (iv) Chlorobenzene and bromobenzene.
  Non-ideal solution: A solution which does not obey 

Raoult’s law for all the concentrations is called a 
non-ideal solution.

  (i)  Raoult’s law is not obeyed, i.e., pA ≠ pA
o χA and 

pB ≠ pB
o χB

  (ii)  ∆ mixH ≠ 0,

  (iii)  ∆ mixV ≠ 0, 

  (iv)  The force  of  attraction between  A-A and B-B 
is not equal to A-B.

  Some examples of non-ideal solutions are:
  (i) Water and ethanol
  (ii) Chloroform and acetone
  (iii) Ethanol and cyclohexane

 Mnemonics

Concept: Ideal solution
Mnemonics: ISRaeL
Interpretations: 
Ideal Solution Obeys Raoult’s Law

Concept: Non-Ideal solution
Mnemonics: Nano Scale Device Research Labo-
ratory
Interpretations: 
Non-Ideal Solution Does Not Obey Raoult’s 
Law

  A non-ideal solution can show either positive or 
negative deviation from Raoult’s law.

  Positive deviation from Raoult’s law: In this type 
of deviation, A-B interactions are weaker than the 
interaction between A-A or B-B and leads to increase 
in vapour pressure.

  Some examples are:
  (i)  Water and ethanol,
  (ii) Chloroform and water,
  (iii) Ethanol and CCl4,
  (iv) Methanol and chloroform,
  (v) Benzene and methanol,
  (vi) Acetic acid and toluene.

  Negative deviation from Raoult’s law: In this 
type of deviation in non-ideal solutions, the 
intermolecular attractive forces between A-A and 
B-B are weaker than those between A-B and leads 
to decrease in vapour pressure.

  Some examples are:
  (i) Chloroform and acetone,
  (ii) Chloroform and methyl acetate,
  (iii) H2O and HCl,
  (iv) H2O and HNO3,
  (v) Acetic acid and pyridine,
  (vi) Chloroform and benzene.

 Key Diagram

Mole fraction

Vapour pressure
of solution

V
ap

o
u

r 
p

re
ss

u
re

�1 = 0

�2 = 1

�1 = 1

�2 = 0

�2

�1

2
1

Mole fraction

Vapour pressure
of solution

V
ap

o
u

r 
p

re
ss

u
re

�1 = 0

�2 = 1

�1 = 1

�2 = 0

�2

�1

2

p
1

(b)(a)

p
pp

The vapour pressures of two component 
systems as a function of composition: 

 (a) A solution that shows positive deviation 
from Raoult’s law, and 

 (b) A solution that shows negative deviation 
from Raoult’s law.

  Azeotropes: Liquid mixtures which distil over 
without change in composition are called constant 
boiling mixtures or azeotropes 
or azeotropic mixtures.

  Minimum boiling azeotropes: 
Non-ideal solutions showing 
large positive deviation from 
Raoult’s law form minimum 
boiling azeotropes at a specific 
composition. e.g, water and 
benzene, chloroform and 
methanol.

  Maximum boiling azeotropes: 
Non-ideal solutions showing large negative 
deviation from Raoult’s law form maximum boiling 
azeotropes which boil at temperature higher than 
the boiling points of its components. e.g., mixture of 
HNO3 and H2O.

OBJECTIVE  TYPE  QUESTIONS (1 mark each)

A Multiple Choice Questions

 Q. 1. If two liquids A and B form minimum boiling 
azeotrope at some specific composition then 
_________.

 (A)  A–B interactions are stronger than those 
between A–A or B–B.

 (B)  Vapour pressure of solution increases because 
more number of molecules of liquids A and B 
can escape from the solution.

Scan to know 
more about
this topic

Maximum 
and Minimum 

boiling 
azeotropes
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 (C)  Vapour pressure of solution decreases because 
less number of molecules of only one of the 
liquids escape from the solution.

 (D)  A–B interactions are weaker than those 
between A–A or B–B.  R

 Q. 2. At equilibrium, the rate of dissolution of a solid 
solute in a volatile liquid solvent is __________.

 (A) less than the rate of crystallisation
 (B) greater than the rate of crystallisation
 (C) equal to the rate of crystallisation
 (D) zero U
 Ans. Option (C) is correct.
 Explanation: In equilibrium state,  the rate of 

dissolution of a solid solute in a volatile liquid 
solvent is  equal to the rate of crystallization.

 Q. 3. For a dilute solution, Raoult’s law states that:
 (A)  The lowering of vapour pressure is equal to the 

mole fraction of solute.
 (B)  The relative lowering of vapour pressure is 

equal to the mole fraction of solute.
 (C)  The relative lowering of vapour pressure 

is proportional to the amount of solute in 
solution.

 (D)  The vapour pressure of the solution is equal to 
the mole fraction of the solute.  R

 Ans. Option (B) is correct.
 Explanation: According to Raoult’s law, for a dilute  

solution, the relative lowering of vapour pressure is 

equal to the mole fraction of solute.
 0

A A
B0

A
0

A A
0

A

B

P P
X

P

P P
Relative lowering of vapour pressure

P
X mole fraction of solute 

−
=

−
=

=

 Where        

 

A A

A A

P P

P P
Relative lowering of vapour pressure

X mole fraction of solute 
 Q. 4. When 1 mole of benzene is mixed with 1 mole of 

toluene, the vapour will contain: (Given: vapour of 
benzene = 12.8 kPa and vapour pressure of toluene 
= 3.85 kPa).  Ap [CBSE, SQP, 2020-2021]

 (A)  equal amount of benzene and toluene as it 
forms an ideal solution.

 (B)  unequal amount of benzene and toluene as it 
forms a non ideal solution.

 (C) higher percentage of benzene
 (D) higher percentage of toluene
 Ans. Option (C) is correct.
 Explanation: When 1 mole of benzene is mixed with 

1 mole of toluene the vapour will contain higher 
percentage of benzene. As it is an ideal solution, it 
follows Raoult’s law.

 The vapour pressure of the solution depends on the 
mole fraction of the solvent.

  
0

soln solvent solventP = Pχ

 Psoln is the vapour pressure of the solution
	 χsolvent is the mole fraction of the solvent

 
0
solventP is the vapour pressure of the pure solvent

 Since the mole fraction of both the components is 
same, but the vapour pressure of benzene is higher 
than the toluene, its percentage will be greater in the 
vapour of the solution.

 Q. 5. Considering the formation, breaking and strength 
of hydrogen bond, predict which of the following 
mixtures will show a positive deviation from 
Raoult’s law?

 (A) Methanol and acetone. 
 (B) Chloroform and acetone.
 (C) Nitric acid and water.
 (D) Phenol and aniline.   Ap
 Q. 6. Which one is not equal to zero for an ideal solution ?
 (A) ∆Hmix
 (B) ∆Smix
 (C) ∆Vmix
 (D) ∆P = Pobserved – Pobserved R
 Ans. Option (B) is correct
 Explanation: For an ideal solution, entropy mixing 

(ΔmixS) is not zero. It positive because a solvent (or 
solute) in a solution has more molecular disorder.

 Q. 7. For any solution the partial vapour pressure of 
each volatile component in the solution is directly 
proportional to its_______________. 

 (A) solvent molecules
 (B) mole fraction 
 (C) solute molecules  
 (D) non volatile component
 Ans. Option (B) is correct.
 Explanation: According to Raoult’s law, for any 

solution the partial vapour pressure of each volatile 
component in the solution is directly proportional to 
its mole fraction.

B Assertion & Reason

  Directions: In the following questions, A statement 
of Assertion (A) is followed by a statement of 
Reason (R). Mark the correct choice as.

 (A) Both A and R are true and R is the correct explanation 
of A.

 (B) Both A and R are true but R is NOT the correct 
explanation of A.

 (C) A is true but R is false.
 (D) A is false and R is true.
 Q. 1. Assertion (A): Dimethyl ether is less volatile than 

ethyl alcohol.
   Reason (R): Dimethyl ether has greater vapour 

pressure than ethyl alcohol. U
 Ans. Option (D) is correct.
 Explanation: Dimethyl ether is more volatile than 

ethyl alcohol.

 These questions are for practice and their solutions are available at the end of the chapter
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 Q. 2. Assertion (A): Vapour pressure increase with 
increase in temperature.

   Reason (R): With increase in temperature, more 
molecules of the liquid can go into vapour phase.

  U
 Ans. Option (A) is correct.
 Explanation: Vapour pressure increase with 

increase in temperature because more molecules of 
the liquid can go into vapour phase with increase in 
temperature.

 Q. 3. Assertion (A): An ideal solution obeys Henry’s law.
   Reason (R): In an ideal solution, solute-solute as 

well as solvent-solvent interactions are similar to 
solute-solvent interaction.

     R [CBSE Delhi Set-III, 2020]

 Q. 4. Assertion (A): If one component of a solution obeys 
Raoult’s law over a certain range of composition, 
the other component will not obey Henry’s law in 
that range.

 Reason(R): Raoult’s law is a special case of Henry’s 
law.   U

 Ans. Option (B) is correct.

 Q. 5. Assertion(A): In an ideal solution, Δmix H is zero.
 Reason(R): In an ideal solution, A – B interactions 

are lower than A-A and B-B interactions. U
 Ans. Option (C) is correct.
 Explanation: In an ideal solution, A−B interactions 

are the same as A−A and B−B interaction

SUBJECTIVE  TYPE  QUESTIONS 

Short Answer Type
Questions-I  (2 marks each)

Q. 1. State Raoult’s law for a solution containing 
volatile components. What is the similarity 
between Raoult’s law and Henry’s law?

  R  [CBSE, Delhi Set 1 & 2, 2020]
Q. 2. State Raoult’s law for a solution containing 

volatile components. Write two characteristics 
of the solution which obey Raoult’s law at all 
concentrations. R  [CBSE, Delhi Set-1, 2019]

 Ans. For a solution of volatile liquids, the partial vapour 
pressure of each component of the solution is di-
rectly proportional to its mole fraction present in 
solution. [1]

  (i) Δmix H = 0 (ii) Δmix V = 0 (iii) The components 
have nearly same intermolecular force of attraction     
 [½, ½] 

 (any two) [CBSE Marking Scheme, 2019]

Detailed Answer:
  According to Raoult’s law for a solution containing 

volatile components - The partial vapour pressure 
of each volatile components of the solution is di-
rectly proportional to mole fraction present in solu-
tion.

  The ideal solutions have characteristics to obey 
Raoult’s law for the following conditions.

  (i)  The enthalpy of mixing of the pure components 
to form the solution is zero, Δmix H = 0. That 
means no heat is absorbed or released during 
the mixing of the two pure components.

  (ii)  The volume of the mixing also be zero,  
Δmix V = 0. That means the total volume of the 
solution is equal to the sum of the volume of the 
two components.

  (iii)  In pure components, A and B, the intermolecu-
lar attractions between solute-solute interac-
tions and solvent-solvent interaction are almost 
similar to the solute-solvent interaction.  

(Any two) [2]

Q. 3. Write two differences between ideal solutions and 
non-ideal solutions.  R  [CBSE, Delhi Set 2, 2019]

 Ans. 

Ideal solution Non-ideal solution

Obeys Raoult’s law at all 
range of concentrations.

Does not obey

∆mix H = 0, ∆mix V = 0 ∆mix H ≠ 0, ∆mix V ≠ 0
(or any other difference)

[1 + 1] [CBSE Marking Scheme, 2019]
Detailed Answer:

Ideal solution Non-ideal solution

(i) Raoult’s Law Solutions which obey Raoult’s law over 
the entire range of concentrations.

Do not obey Raoult’s law over the entire range 
of concentrations.

(ii)  mix  H∆ The enthalpy of mixing of the pure 
components to form a solution is zero.

mix  H 0∆ =

The enthalpy of mixing of pure components to 

form a solution is not zero. 
mix  H 0∆ >

(iii) mix  V∆ The volume of the mixing is also zero, 

mix  V 0.∆ =

That means the total volume of the 
solution is equal to the sum of the volume 
of the two components.

The volume of the mixing is not zero, 
mix  V  0∆ ≠ . 

The total volume of the solution is not equal to 
the sum of the volume of the two components.

 These questions are for practice and their solutions are available at the end of the chapter
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(iv) 
Intermolecular 
interactions

In pure components, A and B, the 
intermolecular attractions between solute-
solute interactions and solvent-solvent 
interactions are almost similar to the 
solute-solvent interaction.

In pure components, A and B, the intermolecular 
attractions between solute-solute interactions 
and solvent-solvent interaction are not similar 
to the solute-solvent interaction.

 [2]

 Q. 4. Give reasons:
  (a)  A decrease in temperature is observed on 

mixing ethanol and acetone.
  (b)  Potassium chloride solution freezes at a lower 

temperature than water. [2]
  Ap [CBSE, Outside Delhi, 2019]

 Ans. (a)  Ethanol-acetone interaction is weaker than 
pure ethanol or acetone interactions.

  (b)  On adding KCl, vapour pressure of the solution 
decreases [1 + 1]

 [CBSE Marking Scheme 2019]

Detailed Answer:
  (a)  When ethanol is mixed with acetone, it shows 

positive deviation from Raoult’s  law and acetone 
molecules get in between the host molecules and 
break some hydrogen bonds, which requires 
higher energy than energy released in the 
formation of new hydrogen bonds. This results 
fall in temperature. 

  (b)  According to Raoult’s  law, when a non-volatile 
solid is added to the solvent, its vapour pressure 
decreases resulting in decrease in freezing point. 
Also, the freezing point of water is higher than 
when water contains KCl. [2]

 Q. 5. Give reasons: 
       (a)  An increase in temperature is observed on 

mixing chloroform and acetone.
       (b)  Aquatic animals are more comfortable in cold 

water than in warm water. [2]
  Ap [CBSE, Outside Delhi Set 3, 2019] 

 Ans. (a)  Due to stronger interaction between  
chloroform and acetone than pure chloroform 
or acetone interactions. [1]

  (b)  Because of high solubility of oxygen gas /low 
KH value in cold water than in warm water.                                                            
 [1]

 [CBSE Marking Scheme 2019]
Detailed Answer:

  (a)  On addition of chloroform and acetone, 
chloroform forms strong hydrogen bonding 
with acetone. 

CH3

CH3

Cl

Cl

ClHOC C

        This results in release of energy due to increase 
in attractive forces. Hence, the dissolution is an 
exothermic process. 

  (b)  At a given pressure, the solubility of oxygen in 
water increases with decrease in temperature. 
Therefore, the concentration of oxygen in sea 
is more in cold water and thus, the presence of 
more oxygen at lower temperature makes the 
aquatic animals more comfortable in cold water.
 [2]

 Q. 6. Define the following terms:
        (i) Ideal solution (ii) Molarity (M) [2]
  R  [CBSE, Delhi Set 2, 2017] 

 Ans. (i) The solution that obeys Raoult's Law over the 
entire range of concentration. [1]

  (ii) Number of moles of solute dissolved per litre 

of solution or M = 
wb

b

×
×

1000
M V mL( )

. [1]

[CBSE Marking Scheme, 2017]
Detailed Answer:
  (i) An ideal solution which obeys Raoult’s law over 

entire range of concentration. The necessary 
condition to reach ideal solution is:

   Enthalpy of mixing of the pure components 
to form the solution, ΔHmix = 0 and volume of 
mixing, ΔVmix = 0 [1]

  (ii) Molarity is defined as the number of moles 
of solute present in 1000 mL of the solution. 
Molarity is represented by M.

      M = 
Number of moles of solute
Volume of solution in mL

 × 1000 [1]

 Q. 7. Why a mixture of carbon disulphide and acetone 
shows positive deviation from Raoult’s law? What 
type of azeotrope is formed by this mixture ? U

 Ans. Intermolecular forces of attraction between carbon 
disulphide and acetone are weaker than the pure 
components. [1]

  Minimum boiling azeotrope at a specific 
composition. [1]

Short Answer Type
Questions-II  (3 marks each)

 Q. 1. (a) Define vapour pressure of the liquid.
  (b) (i)  Gas (A) is more soluble in water than Gas (B) 

at the same temperature. Which one of the 
two gases will have the higher value of KH 
(Henry’s constant) and why ?

       (ii)  In non-ideal solution, what type of  
deviation shows the formation of maximum 
boiling azeotropes ?  R  + Ap 
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 Ans. (a)  The pressure exerted by the vapours above the 
liquid surface in equilibrium with the liquid at a 
given temperature is called vapour pressure of 
the liquid. [1]

  (b) (i)  Gas B will have the higher value of KH 
(Henry’s constant) as lower is the solubility 
of the gas in the liquid higher is the value of 
KH. [1]

      (ii)  In non-ideal solution, negative deviation 
shows the formation of maximum boiling 
azeotropes. [1]

 Q. 2. (i)  Give the factors affecting the vapour pressure 
of a liquid.

                (ii)  Suggest the most important type of 
intermolecular attractive interaction in the 
following pairs: 

        (a) n-hexane and n-octane
        (b) I2 and CCl4  Ap
 Q. 3. In aqueous solution containing 20% by weight of 

liquid ‘A’ (Mol.wt = 140) has vapour  pressure of  
160 mm at 57o C. Find the vapour pressure of pure 
A, if that of water is 150 mm at this temperature.
  U

 Q. 4. The vapour pressure of pure liquids A and B at  
400 K are 450 and 700 mm Hg respectively. Find out 
the composition of liquid mixture if total pressure 
at this temperature is 600 mm Hg.  

 Ap [CBSE Comptt. Delhi 2017]

Ans.  ptotal = p1
o + (p2

o - p1
o)x2                                               [1]

     600 = 450 + (700 - 450) x2                                                                          [1]

      x2 = 0.6                                                                      [½]
      x1 =  1 - 0.6 = 0.4                                                    [½]

 [CBSE Marking Scheme 2017]  

Detailed Answer:

          pA
o   = 450 mm Hg, pB

o
 = 450 mm Hg    

    pTotal = 600 mm Hg 

 According to Raoult’s law,

             pA = χA × pA
o

             pB = χB × pB
o

          pTotal = pA +	pB

																										=	(1 - χB) pA
o  +	χB pB

o  =	 pA
o  +	( pB

o -	 pA
o ) χB

           600 = 450 +	(700 - 450)χB

 600 - 450 = 250χB

           150 = 250χB

            χB =	
150
250

0 6= .
	

	 ⇒			 					χA =	1 - 0.6 = 0.4

 Q. 5. Why is it not possible to obtain pure ethanol by 
fractional distillation? What general name is given 
to binary mixtures which show deviation from 
Raoult’s law and whose components cannot be 
separated by fractional distillation? How many 
types of such mixtures are there? 

 R  [NCERT Exemp.]
Ans. The solution or mixture having same composition 

in liquid as well as in vapour phase and boils at a 
constant temperature is known as azeotropes. Due 
to constant composition, it cannot be separated 
by fractional distillation. There are two types of 
azeotropes:

  (i) Minimum boiling azeotropes: Solution which 
shows large positive deviation from Raoult’s 
law form minimum boiling azeotropes at 
a specific composition, e.g., ethanol-water 
mixture.

  (ii) Maximum boiling azeotropes: Solutions which 
show large negative deviation from Raoult’s 
law form maximum boiling azeotropes, e.g., 
solution having composition 68% HNO3 and 
32% water by mass.

Long Answer Type
Questions               (5 marks each)

     Q. 1.  (a)  30 g of urea (M = 60 g mol–1) is dissolved in 
846 g of water. Calculate the vapour pressure 
of water for this solution if vapour pressure 
of pure water at 298 K is 23.8 mm Hg.

       (b)  Write two differences between ideal  
solutions and non-ideal solutions. 

  Ap + RCBSE OD Set-1, 2 & 3, 2017]

 Ans. (a) (i) (p0
A – p0

A)/p00
A = (wB × MA)/(MB × wA)

    

23.8  A− p
23 8.  

= (30 × 18)/60 × 846 1

    23.8 – PA = 23.8 × [(30 × 18)/60 × 846] ½
    23.8 – PA = 0.2532 ½

                PA  =  23.9 – 0.2532

                      =  23.55 mmHg 1
  (b) 

Ideal solution Non-ideal solution

 (a) It obeys Raoult's law 
over the entire range 
of concentration.

 (a) Does not obeys Raoult's 
law over the entire range 
of concentration.

(b) ∆mix H = 0
(c) ∆mix V = 0

(b) ∆mix H is not equal to 0.
(c) ∆mix V is not equal to 0.

1 + 1 (Any two correct difference)

[CBSE Marking Scheme, 2017] 

 These questions are for practice and their solutions are available at the end of the chapter
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Commonly Made Error 

  Some students cannot calculate the vapour 
pressure of water for the solution from given 
data. 

Answering Tip 

  Students must understand the relationship 
between relative lowering of vapour pressure  
and mole fraction.

 Q. 2. The vapour pressures of ethanol and methanol 
are 44.5 mm Hg and 88.7 mm Hg respectively. An 
ideal solution is formed at the same temperature 
by mixing 60 g of ethanol with 40 g of methanol. 
Calculate the total vapour pressure of the solution 
and the mole fraction of methanol in the vapour.  
 Ap

  Ans. Mass of ethanol = 60 g

 Molecular mass of ethanol (C2H5OH)   
(12 2) (1 5) 16 1 46= × + × + + =

 ∴ Number of moles of ethanol = 60
1.304

46
=  [½]

 Given mass of methanol  =  40 g

 Molecular mass of methanol  (CH3OH) 
(12 1) (1 3) 16 1 32= × + × + + =

 ∴ Number of moles of methanol =
 

40
1.250

32
=

 
[½]

 Mole fraction of  ethanol 
1.304

0.51
1.304 1.250

= =
+  

[½]

 Mole fraction of methanol = 1 – 0.51 = 0.49 [½]

 Vapour pressure of pure ethanol

 
2 5

o
C H OHp  = 44.5 mm

 Vapour pressure of pure methanol

  
3

o
CH OHp   = 88.7 mm

 Vapour pressure due to ethanol

     2 5 2 5

o
C H OH C H OH 0.51p p= ×

                  = 44.5 mm × 0.51 = 22.69 mm [½]

 Vapour pressure due to methanol,

      3 3

o
CH OH CH OH 0.49p p= ×

                  = 88.7 mm × 0.49 = 43.46 mm [½]

 Total Vapour pressure

                 2 5 3C H OH CH OH=p p+

                  = 22.69 + 43.46 =  66.15 mm [1]

  Mole fraction of methanol in the vapour state

               

3CH OH 43.46
Total vapour pressure 66.15

p
= =  [1]

               = 0.657

 Q. 3. What is meant by positive and negative deviations 
from Raoult’s law and how is the sign of ∆mixH 
related to positive and negative deviations from 

Raoult’s law?   R

Topic- 3
Colligative Properties, Determination of Molecular 
Mass, abnormal Molecular Mass, van’t Hoff Factor
Concepts Covered     Colligative properties, calculation of abnormal molecular mass 
and Van’t Hoff Factor

Revision Notes

  Colligative properties: Certain properties of 
solutions depend only on the number of particles 
of the solute (molecules or ions) and do not depend 
on the nature of solute, such properties are called 
colligative properties. These are:

  (i) Relative lowering of vapour pressure, 
  (ii) Depression of freezing point,
  (iii) Elevation of boiling point,
  (iv) Osmotic pressure of the solution.

  Relative lowering of vapour pressure: The relative 
lowering of vapour pressure is the ratio of lowering 

of vapour pressure and vapour pressure of pure 
solvent which is equal to the mole fraction of solute.

  Vapour pressure of pure solvent = pA
o

  Lowering of vapour pressure       = pA
o  – pA

  Relative lowering of vapour pressure 

          

p p
p

A
o

A
o

− A   = χsolute = n
nN +

  where n and N are the number of moles of solute 
and solvent respectively.

 These questions are for practice and their solutions are available at the end of the chapter
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  Elevation of the boiling point: The difference in 
boiling point of solution and pure solvent is called 
elevation of the boiling point.

  Boiling point of pure solvent = Tb°

  Boiling point of solution = Tb

  Increase in boiling point ∆Tb = Tb – Tb° is known as 
elevation of boiling point for dilute solution.

   ∆Tb ∝ m

   ∆Tb = Kbm

   ∆Tb =
  

K w
M w

b × ×
×

1000 2

2 1

  Where, w2 = weight of solute in g

                  M2 = Molar mass of solute

                  w1 = weight of solvent in g

   ∆Tb = Kbm

  Kb = Boiling point elevation constant or molal 
elevation constant or Ebullioscopic constant.

 Key Diagram

Elevation of boiling point

  Depression of freezing point: According to 
Raoult’s law, when a non-volatile solid is added 
to the solvent its vapour pressure decreases and it 
would become equal to that of solid solvent at lower 
temperature. Thus, the difference in the freezing 
point of pure solvent and that of the solution is 
known as depression of freezing point.

  The freezing point of pure solvent = T o
f

  The freezing point when non-volatile solute is 
dissolved in it = Tf  (Freezing point of solution)

  The decrease in freezing point ∆Tf = T o
f  – Tf is 

known as depression in freezing point.
  For dilute solution,
    ∆Tf  ∝ m

    ∆Tf = Kfm.

  We know, 

  (i)  W
M W
B

B A

×
×

1000

 
= molality

  (ii)  ∆Tf = 
K W

M W
f × ×

×

1000 2

2 1

   Kf  =  Freezing point depression constant 
or molal depression constant or Cryoscopic 
constant.

 Key Diagram

Liquid solvent

Solution

Frozen solvent

��

� �

f

f
�

f

Temperature/K

Va
po

ur
pr

es
su

re

Diagram showing ∆Tf , depression of the 
freezing point of a solvent in a solution.

 Key Formulae
  Modified equations for colligative properties : 
  (i) Relative lowering of vapour pressure of 

solvent

   

p p
p

A
o

A
o

− A

 
= n

nN +
  (ii) Elevation of boiling point
   ∆Tb = iKbm
  (iii) Depression of freezing point
   ∆Tf = iKfm
  (iv) Osmotic pressure of solution
   π =

 

imRT
V

  or π = i CRT        
m
V

C=





  Osmosis: The process in which there is net flow 
of solvent to the solution by a semipermeable 
membrane is called osmosis.

  Osmotic pressure: The extra pressure that is 
applied to stop the flow of solvent to solution 
across a semipermeable membrane is called osmotic 
pressure of the solution.

  For dilute solution, osmotic pressure is proportional 
to the molar concentration (C) of the solution at a 
given temperature T.

  Thus  π = CRT as π is the osmotic pressure and R is 
the gas constant.

  
π = n

VRT
 (n is the number of moles, V is the volume 

of solution)
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 Key Diagram
P + �atm P

Solution Solvent

atm

SPM

The excess pressure equal to the osmotic 
pressure must be applied on the solution side to 

prevent osmosis.

  Reverse osmosis: The direction of osmosis can 
be reversed, if a pressure larger than the osmotic 
pressure is applied to the solution side. Now the 
pure solvent flows out of the solution through the 
semipermeable membrane. This phenomenon is 
called reverse osmosis.

 Key Diagram

Water
outlet

Fresh water

SPM

Pressure >�

Piston

Salt water

Reverse osmosis occurs when a pressure 
larger than the osmotic pressure is applied to 

the solution.

   Abnormal molecular mass: When the molecular 
mass calculated with the help of colligative property 
is different from theoretical molecular mass, it is 
called abnormal molecular mass.

   van’t Hoff factor(i): The ratio of the observed 
(experimental) value of a colligative property to the 
normal (calculated) value of the same property is 
called as van’t Hoff factor.

  Mathematically,

  
Or,

             

i =

Observed erimental
value of a colligative property
Nor

(exp )
    

mmal calculated value of
the same colligative property

o

( )   
   

i = ∆ bbs

cal∆

  where ∆obs and ∆cal respectively represent the 
observed and calculated value of a colligative 
property.

  Thus,

  (i) For lowering of vapour pressure,  

 
i

p
p

= ( )
( )
∆
∆

obs

cal

  (ii) For elevation of boiling point,  

 
i

T
T
b

b

=
∆
∆

( )
( )

;obs

cal

  (iii) For depression of freezing point,  

 
i

T

T
f

f

=
∆
∆

( )

( )
;obs

cal

  (iv) For osmotic pressure,  

 
i =

π
π

obs ;
cal

  Since a colligative property is proportional to 
number of particles of solute.

   
i =

Normal molecular mass
Observed molecular mass

  Normal molecular mass = i × Calculated molecular 
mass.

   

i =

Total number of moles of particle
after association/dissocciation
Total number of moles of particle
before associationn/dissociation

  Hypertonic solution: A solution is called hypertonic, 
if its concentration is higher than that of the solution 
separating it by a semipermeable membrane.

  Hypotonic solution: A solution is called hypotonic, 
if its concentration is lower than that of the solution 
separating it by a semipermeable membrane.

  Isotonic solution: Two solutions are called isotonic, 
if they exert the same osmotic pressure at a given 
temperature. Isotonic solutions have same molar 
concentration. When such solutions are separated 
by semipermeable membrane no osmosis occurs 
between them.

 Mnemonics

Concept: Different Colligative 
properties

Mnemonics: RLVP_DFP_EBP_OP

Interpretations: 

 Relative Lowering Of Vapour Pressure

Depression OF Freezing Point

Elevation Of Boiling Point

Osmotic Pressure
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OBJECTIVE  TYPE  QUESTIONS (1 mark each)

A Multiple Choice Questions

 Q. 1. Consider the figure and mark the correct option.

  

8PM

Piston (A) Piston (B)

Fresh water

(A)

Concentrated
sodium
chloride

solution in
water (B)

 (A)  Water will move from side (A) to side (B) 
if pressure lower than osmotic pressure is 
applied on piston (B).

 (B)  Water will move from side (B) to side (A) if 
pressure greater than osmotic pressure is 
applied on piston (B).

 (C)  Water will move from side (B) to side (A) if 
pressure equal to osmotic pressure is applied 
on piston (B).

 (D)  Water will move from side (A) to side (B) if 
pressure equal to osmotic pressure is applied 
on piston (A). U

 Ans. Option (B) is correct.

 Explanation: Water will move from side (B) to side 
(A) if a pressure greater than osmotic pressure is 
applied on piston (B). This is a process of reverse 
osmosis.

 Q. 2. Which of the following is not an example of 
osmosis?

 (A) Raw mangoes shrivel when pickled in brine 
 (B) Wilted flowers revive when placed in fresh 

water
 (C) Blood cells collapse when suspended in saline 

water.
 (D) Exchange of gases in lungs.  A
 Q. 3. Osmotic pressure of a sugar solution is 2.46 

atmosphere at 27 °C. What will be the concentration 
of solution in g/litre ?

 (A) 26.6 g/litre (B) 38.8 g/litre
 (C) 24.2 g/litre (D) 34.2 g/litre Ap
 Ans. Option (D) is correct.
  Explanation: T=27 + 273 = 300  K
  Osmotic Pressure π = CRT

	 	

\∴ =

=
×

=

C
RT
π

2 46
0 0821 300
0 1

.
.
. mol/L

   Molar mass of sucrose (C12H22O11) = 342

   Osmotic pressure in g / litre = 0.342 g/litre
              = 34.2 g/litre

 Q. 4. Which of the following methods is must suitable 
for determination of molecular mass of polymers ?

 (A) Vapour pressure (B) Boiling point
 (C) Osmotic pressure (D) Freezing point U

 Ans. Option (C) is correct.
 Explanation: Molecular mass of polymers can be 

calculated using osmotic pressure method. This 
is because the values given by other colligative 
properties are so low that they cannot be measured.

 Q. 5. Which of the following solutions has the highest 
boiling point at one atmospheric pressure ?

 (A) 0.1 M NaCl (B) 0.1 M Sucrose
 (C) 0.1 M CaCl2 (D) 0.1 M Glucose 
  Ap
 Ans. Option (C) is correct.
  Explanation: Since, 

   Δ Tb = imKb

   ΔTb = Tb – Tb
0

  So,                 ΔTb ∝ i
  For NaCl, i = 2;      For sucrose, i = 1

  For CaCl2, i = 3;    For glucose, i = 1
  Hence, 0.1 M CaCl2 has highest boiling point at 

1 atm.

 Q. 6. A solution of glucose is prepared with 0.052 g of 
glucose in 80.2 g of water. Molality of the given 
solution is:

 (A) 0.0052 m (B) 0.0036 m
 (C) 0.0006 m (D) 1.29 m  Ap
 Ans. Option (B) is correct.

  Explanation:  m = 
0 052
180

1000
80 2

.
.

×

   m = 0.0036

 Q. 7. When a non volatile solid is added to pure water it 
will:

 (A)  boil above 100°C and freeze above 0°C
 (B) boil below 100°C and freeze above 0°C
 (C) boil above 100°C and freeze below 0°C
 (D) boil below 100°C and freeze below 0°C  U
 Ans. Option (C) is correct.
 Explanation: This is in relation with  colligative 

property elevation of boiling point and depression 
of freezing point. 

 Q. 8. Assume three samples of juices A, B and C have 
glucose as the only sugar present in them.

  The concentration of sample A, B and C are 0.1M, 
0.5 M and 0.2 M respectively. Freezing point will 
be highest for the fruit juice:

 (A) A
 (B) B

 These questions are for practice and their solutions are available at the end of the chapter
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 (C) C
 (D) All have same freezing point
 Ans. Option (A) is correct.
 Explanation: Lower the molar mass, higher is the 

freezing point.
 Q. 9. The value of van’t Hoff factors for K2SO4, NaCl 

and KCl is:
 (A) 2,2,2 (B) 3,2,2
 (C) 2,2,3 (D) 3,3,2
 Ans. Option (B) is correct.
 Explanation: K2SO4 ionizes to give 2K+ and SO4

- 
ions (total 3 ions). NaCl gives Na+ and Cl-  ions(total 
2 ions) KCl gives K+ and Cl-  ions (total 2 ions).

B Assertion & Reason

  Directions: In the following questions, A statement 
of Assertion (A) is followed by a statement of 
Reason (R). Mark the correct choice as.

 (A) Both A and R are true and R is the correct explanation 
of A.

 (B) Both A and R are true but R is NOT the correct 
explanation of A.

 (C) A is true but R is false.
 (D) A is false and R is true.
 Q. 1. Assertion (A): Elevation in boiling point is a 

colligative property.
   Reason (R): Elevation in boiling point is directly 

proportional to molarity. 

  U  [CBSE Delhi Set-I, II 2020]
 Q. 2. Assertion (A): 0.1 M solution of KCl has great 

osmotic pressure than 0.1 M solution of glucose at 
same temperature.

   Reason (R): In solution KCl dissociates to produce 

more number of particles. 
 U  [CBSE Delhi Set 2, 2020]
 Ans. Option (A) is correct.
 Explanation: KCl is ionic compound, hence 

dissociates into ions but glucose is a covalent 
compound which does not dissociate into ions.

 Q. 3. Assertion: When NaCl is added to water a 
depression in freezing point is observed.

   Reason: The lowering of vapour pressure of a 
solution causes depression in the freezing point.

  Ap
 Ans. Option (A) is correct.
 Explanation: When a non-volatile solute is added 

to water, freezing point lowers due to lowering of 
vapour pressure.

 Q. 4. Assertion: When methyl alcohol is added to water, 
boiling point of water decreases. 

   Reason: When a volatile solute is added to a volatile 
solvent, elevation in boiling point is observed. Ap

 Ans. Option (C) is correct.
 Explanation: When methyl alcohol (volatile) is 

added to water, boiling point of water decreases 
because vapour pressure increases when volatile 
solute is added to volatile solvent.

 Q. 5. Assertion (A): Osmosis is the process  used in 
desalination of sea water.

  Reason (R): The direction of osmosis can be reversed 
if a pressure smaller than the osmotic pressure is 
applied to the solution side. Ap

 Ans. Option (C) is correct.
 Explanation: Reverse osmosis is used in desalination 

of sea water. Reverse osmosis takes place at very 
high pressure.

SUBJECTIVE  TYPE  QUESTIONS 

Short Answer Type
Questions-I  (2  marks each)

 Q. 1. Give reasons:  
  (a)  Cooking is faster in pressure cooker than in 

cooking pan.  

  (b)  Red Blood Cells (RBC) shrink when placed in 
saline water but swell in distilled water. 

 U  [CBSE OD Set-1 2019]

 Ans. (a)  In case of liquids, due to increase of pressure 
inside the cooker, the boiling point of water 
increases leading to faster cooking than in pan.

  (b)  RBC shrink in saline water due to loss of water 
owing to exosmosis. In distilled water they swell 
due to endosmosis as the water enters the RBC.

 [1+1]

 Q. 2.  Calculate the freezing point of a solution contain-
ing 60 g of glucose (Molar mass = 180 g mol–1) in 
250 g of water. (Kf of water = 1.86 K kg mol–1)

  U  [CBSE D/OD, 2018]
 Ans.                              ΔTf = Kf m

    = Kf × 
w
M w

2

2 1

1000×
×

    = 
1 86 60 1000

180 250
. × ×

×

    = 2.48 K

                               
∆ = −T T Tf f

o
f

   2.48 = 273.15 – Tf

   Tf = 273.15 – 2.48 = 270.67 K [2]

           
Depression of freezing point

Concept Applied 

 These questions are for practice and their solutions are available at the end of the chapter
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OR

Topper Answer, 2018

Commonly Made Error

  Students do not write applied formula 
or sometimes  miss the next step of value 
assignment to all the entities in it.

Answering Tip

  Always state the formula applied before 
starting the calculations. Write each step clearly 
as it carries marks.

 Q. 3. Define the following terms:
  (i) Colligative properties
  (ii) Molality (m)  R  [CBSE D/OD, 2017]
 Q. 4. Define the following terms:
  (i) Abnormal molar mass
  (ii) van’t Hoff factor (i)
  R  [CBSE Delhi set 3, 2017]

 Ans. (i) If the molar mass calculated by using any of 
the colligative properties to be different than 
theoretically expected molar mass. [1]

  (ii) Extent of dissociation or association or ratio of 
the observed colligative property to calculated 
colligative property. [1]

[CBSE Marking Scheme, 2017]
Detailed Answer:
  (i) Abnormal molar mass – There are certain 

cases where due to association or dissociation 
of molecules, the molar mass of a substance 
calculated from its colligative property is either 
lower or higher than the expected or normal 
value. Such molar mass is called abnormal 
molar mass. [1]

  (ii) van’t Hoff factor – To account for the extent 
of dissociation or association, van’t Hoff 
introduced a factor i, known as the van’t Hoff 
factor.

    i = 
Normal molar mass

Abnormal molar mass

     = 
Observed colligative property
Calculated colligative propertty

   Value of i is less than 1 in case of association.
   Value of i is greater than 1 in case of dissociation.
   Value of i is equal to 1 in case of no association 

or dissociation. [1]

 Q. 5. Explain why on addition of 1 mol of NaCl to 1 
litre of water, the boiling point of water increases, 
while addition of 1 mol of methyl alcohol to one 
litre of water decreases its boiling point.

  Ans. Sodium chloride (NaCl) is a non-volatile solute, 
therefore, addition of NaCl to water lowers the 
vapour pressure of water. As a result, boiling point 
of water increases. Methyl alcohol, on the other 
hand, is more volatile than water, hence, its addition 
increases the total vapour pressure of the solution 
and in decrease in boiling point of water results.  [2]

 Q. 6. 18 g of glucose, C6H12O6 (Molar Mass = 180 g mol–1) 
is dissolved in 1 kg of water in a saucepan. At what 
temperature will this solution boil ?

  (Kb for water = 0.52 K kg mol–1, boiling point of 
pure water = 373.15 K) Ap+ E

  Ans.          ∆Tb = Kb × m [½]

 Tb – Tb° = 0.52 K kg mol–1 × 
18 g

180 g mol kg1− ×
1

1
 

 [½]

 ⇒ Tb – 373.15 =
 

0.52
10

 ⇒ Tb – 373.15 = 0.052 K [½]
 ⇒                Tb = 0.052 + 373.15
 ∴                 Tb = 373.202 K [½]
 Q. 7. What are colligative properties? Write the 

colligative property which is used to find the 
molecular mass of macromolecules.  R

 These questions are for practice and their solutions are available at the end of the chapter
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Short Answer Type
Questions-II  (3 marks each)

 Q. 1.  A 4% solution w/W of sucrose (M = 342 g mol–1)  
in water has a freezing point of 271.15K. 
Calculate the freezing point of 5% glucose  
(M = 180 g mol–1) in water.

      (Given: Freezing point of pure water = 273.15 K)  
  Ap  [CBSE Delhi Set 1, 2019]

 Ans.         T Kf f m∆ =

             2 1

2

M
K T

1000f f

w
w

×
= ∆ ×

×
 

2 342 96
4 1000
× ×

=
×

                   = 16.4 Km–1

          T K 'f f m∆ =

                  2

2 1

K 1000

M
f w

w

×
=

×
 16.4 5 1000

95 180
× ×

=
×

                    = 4.8 K

           T T Tf f f
°∆ = −

              4.8 = 273.15 – Tf

                Tf = 268.35 K

 [CBSE Marking Scheme, 2019]

OR

Topper Answer, 2019
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 Q. 2. Give reasons for the following:
 (a) Measurement of osmotic pressure method 

is preferred for the determination of molar 
masses of macromolecules such as proteins 
and polymers.

 (b) Aquatic animals are more comfortable in cold 
water than in warm water.

 (c) Elevation of boiling point of 1 M KCl solution 
is nearly double than that of 1 M sugar solution.

A  [CBSE Delhi/OD 2018]

 Ans. (a) As compared to other colligative properties, 
its magnitude is large even for very dilute

   solutions / macromolecules are generally not 
stable at higher temperatures and polymers 
have poor solubility / pressure measurement 
is around the room temperature and the 
molarity of the solution is used instead of 
molality.     1

  (b) Because oxygen is more soluble in cold water 
or at low temperature. 1

  (c) Due to dissociation of KCl / KCl (aq) →  
K+ + Cl-, i is nearly equal to 2. 1

 [CBSE Marking Scheme, 2018]

OR

Topper Answer, 2018

 Q. 3.  A solution of glucose (molar mass = 180 g mol-1)  
in water has a boiling point of 100.20C. Calculate 
the freezing point of the same solution. Molal 

constants for water Kf and Kb are 1.86 K kg mol-1  
and 0.512 K kg mol-1  respectively. 

  Ap  [CBSE Foreign Set-1, 2, 3 2017]

 These questions are for practice and their solutions are available at the end of the chapter
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 Q. 4. 45 g of ethylene glycol (C2H4O2) is mixed with  

600 g of water. Calculate  
   (i) the freezing point depression and  

 (ii) the freezing point of the solution 

  (Given: Kf of water = 1.86 K kg mol–1)

 Ap  [CBSE Comptt. Delhi 2015]

Ans.  (i) ΔTf = Kf m [½]

  ⇒ ΔTf = Kf 
W ×1000
M ×W

B

B A

  [½]

  ⇒  ΔTf  = 
1 4 00

60 00

1.86  kg mol  × 5  × 10  kg
 mol  × 6

1

1
K g g

g g

− −

−   

          ΔTf = 2.325 K or 2.325 °C [1]
 (ii)  Tf° – Tf = 2.325 °C
  ⇒ 0 °C – Tf = 2.325 °C
          ⇒ Tf = – 2.325 °C or 270.675 K [1]

[CBSE Marking Scheme 2015]

Commonly Made Error

  Students often forget to mention the formula 
applied. Formula carries marks.

Answering Tip

  Write working formula followed by data in the 
working formula.

 Q. 5. A solution is prepared by dissolving 10 g of non-

volatile solute in 200 g of water. It has a vapour 

pressure of 31.84 mm Hg at 308 K. Calculate the 

molar mass of the solute.
  (Vapour pressure of pure water at 308 K 

            = 32 mm Hg)  Ap  [CBSE OD 2015]
 Q. 6. 3.9 g of benzoic acid dissolved in 49 g of benzene 

shows a depression in freezing point of 1.62 K. 

Calculate the van’t Hoff factor and predict the 

nature of solute (associated or dissociated).

  (Given: Molar mass of benzoic acid= 122 g mol–1, 

Kf for benzene = 4.9 K kg mol–1)

 Ap  [CBSE Delhi, 2015]

 Ans.

            

∆ =

=
×
×

T K

W
M W

B

B B

f fi m

m
1000

  ∆Tf = Depression in Freezing point = 1.62

   i = vant hoff factor
   Kf = constant = 4.9

   m =
 

3 9 1000
122 4 9
.

.
×
×

    = 0.65

   i = 
∆T

K f m×

    = 
1 62

4 9 0 65
.

. .×

    = 0.50 

  As the value of i < 1, the solute is associated.

Long Answer Type
Questions   (5 marks each)

 Q. 1.  (i) A 10% solution (by mass) of sucrose in water has 

a freezing point of 269.15 K. Calculate the freezing 

point of 10% glucose in water if the freezing point 

of pure water is 273.15 K.  

  Given: (Molar mass of sucrose = 342 g mol-1)

   (Molar mass of glucose = 180 g mol-1)

[CBSE Delhi Set-1, 2, 3 2017]

 (ii) Define the term: Molality (m) 

   Ap+ R  [CBSE OD Set-1, 2, 3 2017]

 Q. 2. (a)  When 2.56 g of sulphur was dissolved in 

100 g of CS2, the freezing point lowered by  

0.383 K. Calculate the formula of sulphur (SX). 

(Kf for CS2 = 3.83 K kg mol–1, Atomic mass of 

Sulphur = 32 g mol–1).

  (b)  Blood cells are isotonic with 0.9% sodium 

chloride solution. What happens if we place 

blood cells in a solution containing;

   (i) 1.2% sodium chloride solution ?

   (ii) 0.4% sodium chloride solution ? Ap

  Ans. (a)                                 ∆Tf = 
K W 1000

M W
f b

b a

×

×
 

[1]

                           0.383 = 
3.83 2.56

1000
M 100

×  ×  ×  
[1]

     M = 256 
     S × x = 256
     32 × x = 256 [1]
     x = 8
  (b) (i)   Shrinks   [1]
   (ii)  Swells   [1]
 [CBSE Marking Scheme, 2016]

Detailed Answer:

  (b) (i) Water moves out from blood cell, hence will 

shrink. (ii) Water will enter into blood cell, 

hence will swell. [1 × 2]

 These questions are for practice and their solutions are available at the end of the chapter
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COMPETENCY BASED QUESTIONS (4 marks each)

Case based MCQs
 I. Read the passage given below and answer the 

following questions: 
   Raoult’s law states that for a solution of volatile 

liquids, the partial vapour pressure of each 
component of the solution is directly proportional 
to its mole fraction present in solution. Dalton’s 
law of partial pressure states that the total 
pressure (ptotal) over the solution phase in the 
container will be the sum of the partial pressures 
of the components of the solution and is given as:  
Ptotal = P1 +P2       

 Q. 1. What type of deviation from Raoult’s law does the 
above graph represent ?

 (A) First positive then negative 
 (B) Negative deviation
 (C) Positive deviation
 (D) First negative then positive
 Ans. Option (B) is correct.
 Explanation: Negative deviation
 Q. 2. In comparison to a 0.01 M solution of glucose, the 

depression in freezing point of a 0.01 M MgCl2 
solution is _____________.

 (A) the same (B) about twice
 (C) about three times (D) about six times
 Ans. Option (C) is correct.
  Explanation: ΔTf =iKf  m,  where i=1 for glucose.
  ΔTf 

glucose 
 = 1 × Kf  × 0.01

   In case of MgCl2 → Mg2+ + 2Cl−, where i = 3,

   ∆TMgCl2
f  =  3 × 0.01 × Kf

   ⇒ ∆TMgCl2
f  = 3 × ΔTf 

glucose 

   Hence, the depression in freezing point of MgCl2   
is three times that of glucose.

 Q. 3. A solution of two liquids boils at a temperature 
more than the boiling point of either of them. What 

type of deviation will be shown by the solution 
formed in terms of Raoult’s law ?

 (A) Negative deviation
 (B) Positive deviation
 (C) First positive then negative
 (D) First negative then positive
 Ans. Option (A) is correct.
 Explanation: Since the boiling point of the solution 

is more than the boiling point of the individual 
components in the solution, it indicates that the 
vapour pressure exerted by the solution is less 
than the expected, as boiling starts when vapour 
pressure equals the atmospheric pressure. Hence, 
the solution shows a negative deviation from the 
Raoult’s law.

 Q. 4. Which of the following aqueous solutions should 
have the highest boiling point ?

 (A) 1.0 M NaOH (B) 1.0 M Na2SO4 
 (C) 1.0 M NH4NO3  (D) 1.0 M KNO3
 Ans. Option (B) is correct.
 Explanation: Na2SO4 will release 3 moles 

of ions/ moles of Na2SO4 in the aqueous 
solution, and Boiling point being a colligative 
property, the Boiling point of this solution will 
be the highest as other solutions release only  
2 ions each.

 II. Read the passage given below and answer the 
following questions: 

   Solution plays a very important role in our daily 
life. Alloys, a homogeneous mixture of metal are 
solutions of solid in solid. 1 ppm (parts per million) 
of fluoride ions prevent tooth decay. All intravenous 
injections must be isotonic with our body fluids, 
i.e., should have the same concentration as blood 
plasma. Diabetic patients are more likely to have 
a heart attack and high blood pressure due to the 
higher glucose levels in the blood. Common salt 
increases blood pressure because Na+ mixes up 
with blood. Aquatic species are more comfortable in 
cold water than warm water.

 Q. 1. What will happen if blood cells are kept in 
hypertonic solution? 

 (A) They swell (B) They shrink 
 (C) They remain same (D) They die 
 Ans. Option (B) is correct.
 Q. 2. When solvent and solution are separated by semi-

permeable membrane, and the pressure applied 
on the solution side is more than the osmotic 
pressure, the process which takes place is: 

 (A) Diffusion (B) Osmosis 
 (C) Reverse osmosis  (D) Disintegration ‘
 Ans. Option (C) is correct.
 Q. 3. Calculate the molarity of 30 g of Co(NO3)2. 6H2O 

in 4.3 liter of solution. 
  (molar mass of solute =290.7g/mol) 
 (A) 0.103 M (B) 0.24M 
 (C) 0.48 M (D) 30M
 Ans. Option (B) is correct.
  Explanation: No. of moles of Co(NO3)2.6H2O
    = 30/290.7 = 0.103 mol
   Molarity = 0.103/4.3 L
    = 0.239 M ≈ 0.24 M
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Case based Subjective 
Questions  

    Read the passage given below and answer the 
following questions:

  Raoult’s law states that for a solution of volatile liquids, 
the partial vapour pressure of each component of the 
solution is directly proportional to its mole fraction 
present in solution. Dalton’s law of partial pressure 
states that the total pressure (ptotal) over the solution 
phase in the container will be the sum of the partial 
pressures of the components of the solution and is 
given as: Ptotal = P1 +P2

          

 Q. 1. Is the above mentioned Raoult’s law applicable for 

non-volatile liquids ?

 Ans. KCl in a kg of water would be expected to increase 

the boiling point by 2 × 0.52 K = 1.04 K. This could 

led us to conclude that mass of 2 moles of particles 

is 74.5 g hence mass of 1 mole of KCl would be 

37.25 g. Hence, in case of KCl where dissociation 

occurs experimentally detemined molar mass is 

always lower than true value.

 Q. 2. What type of deviation from Raoult’s law does the 

above graph represent ?

 Ans. Negative Deviation.

 Q. 3. Give an example of such system.

 Ans. A liquie mixture cosnsisting of 20% acctone and 

80%. Chheroform by mass.

 Q. 4. A solution of two liquids boils at a temperature 

more than the boiling point of either of them. What 

type of deviation will be shown by the solution 

formed in terms of Raoult’s law ?

 Ans. Negative Deviation.

Solutions for Practice Questions (Topic-1)
Multiple Choice Questions 
 Ans. 2: Option (D) is correct.
 Explanation: The molality of a solution does not 

change with temperature.
 Ans. 7: Option (A) is correct.
 Explanation: Value of Henry’s constant increases 

with increase in temperature.

Assertion & Reason
 Ans. 3: Option (A) is correct.
 Explanation: As molarity is dependent on volume 

of solution and volume rises with increase in 
temperature. Molarity is inversely proportional to 
temperature. So, as temperature increases, volume 
increases and molarity decreases.

Short Answer Type Questions-I
 Ans.1:  Henry’s law: The mass of a gas dissolved 

in a given volume of the liquid at a constant 
temperature depends upon the pressure which is 
applied.

  KH for CO2 = 1.25 × 106 mm Hg

  

2

2
CO

H 2

6

6

Partial pressure of CO
K  for CO

760 mm Hg
1.25×10 mm Hg.

608 10−

=

=

= ×

x

  Mole fraction represents the solubility of CO2 in 
water. [2]

Ans.2: Henry’s law states that “The partial pressure of 
the gas (p) in vapour phase is proportional to the 
mole fraction of the gas (χ) in the solution”. [1]

 • To increase the solubility of CO2 in soft drinks
 • At high altitudes the partial pressure of oxygen 

is less than that at the ground level. This leads 
to low concentrations of oxygen in the blood 
and tissues of people living at high altitudes or 
climbers.

 • Scuba divers must cope with high 
concentrations of dissolved gases while 
breathing air at high pressure underwater. 
Increased pressure increases the solubility of 
atmospheric gases in blood.  (Any two)

 [½ + ½] [CBSE Marking Scheme, 2019]
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Short Answer Type Questions-II
Ans. 5: 
 (i) w/w (Mass percentage) 

  = 
Mass of component in the solution

Total mass of the solutionn
×100

 
 (ii) v/V (Volume percentage) 

  
= 

Volume of the component
Total valume of the solution

×100

 (iii) M (Molarity)  M = 
Moles of solute

Volume of solution in litre

 (iv) w/V (Mass by volume percentage) 

  = 
Mass of solute

100 mL of solution
×100

 (v) m (Molality)  = 
Moles of solute

Mass of solvent in kg

 Mass percentage, ppm and molality are 
independent of temperature since mass does not 
change with temperature.

 (vi) ppm (Part per million) 

  = 
Number of parts of component

Total number of parts of all
commponents of the solution

×106

Long Answer Type Questions

 Ans.1: (i) 6.5 g of C9H8O4 is dissolved in 450 g of CH3CN. 
  Then, total mass of the solution = (6.5 + 450) g 

   = 456.5 g 

  Therefore, mass percentage of C9H8O4 

                                                      

= ×

=

6 5
456 5

100

1 424

.
.

%

. %  [2] 

 (ii) Density of HCl = 1.19 g cm–3

  Mass of 1000 cm3 of commercial HCl
                                       = 1000 × 1.19 = 1190 g [1]
  Mass of HCl in 1190 g (1000 cm3) of the solution

                                       
1190 38

452.2g
100
×

= =  [1]

  Molar mass of HCl       = 1 + 35.5 = 36.5 g

             452.2 g of HCl = 452.2
36.5

 moles of HCl

                                       =12.4 moles of HCl
	 	 ∴		1.0	L of the commercial HCl solution contains 

12. 4 moles of HCl.
  Molarity of the commercial HCl solution 
                                      = 12.4 M [1]

Solutions for Practice Questions (Topic-2)
Multiple Choice Questions 
 Ans.1: Option (D) is correct.
 Explanation: When solute-solvent or A-B 

interactions are weaker than the A-A or B-B 
interactions, molecules of A or B will find it easier 
to escape than in pure state. This will increase the 
vapour pressure and result in positive deviation 
from Raoult’s law. Such solutions are called 
minimum boiling azeotropes.

 Ans.5: Option (A) is correct.
 Explanation: Mixture of methanol and acetone 

exhibits positive deviation because methanol-
methanol and acetone-acetone interaction is more 
than methanol-acetone. The more number of 
hydrogen bonds are broken the less number of 
new hydrogen bonds are formed.

Assertion & Reason
 Ans.3: Option (D) is correct.
 Explanation: An ideal solution obeys Raoult’s law.
Short Answer Type Questions-I
Ans.1: Raoult’s law for a solution containing volatile 

components states that the partial pressure of 
a volatile component present in a solution is 
directly proportional to the mole fraction of that 
component at a given temperature.

pA µ	χA   or   pA = p°χA

  Raoult’s law and Henry’s law are similar as both 

gives equation to find partial pressure of gases.

 
p p pA A
(Raoult's law)

A H A
(Henry's law)

K= =0χ χ
  [2]

Short Answer Type Questions-II

 Ans. 2: (i)  Nature of liquid: Liquids having weak 
intermolecular forces are volatile and possess 
higher vapour pressure.

        Temperature: Vapour pressure increases with 
increase in temperature. [½ + ½]

                (ii) (a) van der Waals forces of attraction.  
            (b) van der Waals forces of attraction. [1]

 Ans. 3: Number of moles of A dissolved = 
20

140
 

                                                             = 0.143 [½]

  Number of moles of       B = 80
4.44

18
=  [½]

  Mole fraction  of  A   (cA) = 
0.143

0.031
0.143 4.44

=
+ [½]

  Mole  fraction  of  B  (cB) = 
4.44

0.969
0.143 4.44

=
+ [½]

                   Total pressure = 160 mm

                                        

A A B B

A

=
160 0.031 150 0.969

p p
p

×χ + ×χ
= × + ×

                                   A 472.58 mmp∴ =  [1]
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Long Answer Type Questions
 Ans. 3: According to Raoult’s law, the partial vapour 

pressure of each volatile component in any 
solution is directly proportional to its mole 
fraction. The solutions which obey Raoult’s 
law over the entire range of concentration are 
known as ideal solutions. The solutions that do 
not obey Raoult’s law (non- ideal solutions) have 
vapour pressures either higher or lower than that 
predicted by Raoult’s law (given in figure). [1]

   If the vapour pressure is higher, then the solution 
is said to exhibit positive deviation, and if it is 
lower, then the solution is said to exhibit negative 
deviation from Raoult’s law. 
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 In the case of solutions showing positive 
deviations, absorption of heat takes place. 

 so, ΔsolH = Positive [fig (a)]
 In the case of solutions showing negative 

deviations, evolution of heat takes place. 
   so, ΔsolH = Negative [fig (b)] [2]
  In the case of an ideal solution, the enthalpy of the 

mixing of the pure components for forming the 
solution is zero.               
                                             ΔsolH = 0

Solutions for Practice Questions (Topic-3)
Multiple Choice Questions
 Ans.2: Option (D) is correct.
 Explanation: Exchanges of gases is an example of 

diffusion.
Assertion & Reason Type Questions
  Ans. 1: Option (A) is correct.
  Explanation: Elevation in boiling point is a 

colligative property. It is directly proportional to  
molarity.

 T Kb b m∆ = ×

Short Answer Type Questions-I

 Ans. 3: (i) Properties that are independent of 
nature of solute and depend on number 
of moles of solute only. 1

  (ii) Number of moles of solute dissolved per 
kg of the solvent. 1

[CBSE Marking Scheme, 2017]  

  Detailed Answer:
  (i) Colligative properties are those properties of 

the solutions which depend upon the number 
of solute particles present in the solution 
irrespective of their nature and are relative to the 
total number of particles present in the solution. 
Some colligative properties are elevation of 
boiling point, depression of freezing point, etc.

 [1]
  (ii) Molality is the number of moles of solute 

dissolved in 100 g of a solvent. It is represented 
by m and is used to express concentration of a 
solution. It can be calculated as: [1]

   m = 
Number of moles of solute
Weight of solvent in grams

 × 1000.

  Ans. 7: Properties that depend on the number of 
solute particles irrespective of their nature relative to 
the total number of particles present in the solution.
 [1]

  Osmotic pressure [1]
Short Answer Type Questions-II

 Ans.  3: Given: Tb of glucose solution = 100.20°C
    ΔTb = Kb. m
    m = 0.20/0.512
    m = 0.390 mol/kg [1]
    ΔTf = Kf . m [½]
    ΔTf = 1.86 K kg/mol × 0.390 mol/kg [½]
    ΔTf = 0.725 K
    Freezing point of solution = 273.15 - 0.725
                                                  = 272.425 K [1]

[CBSE Marking Scheme 2017]
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Ans. 5:

 

p p
p

0

0
−

 
=

 

W  M
M W

solvent

solvent

s

s

×
×

, s = solute
 

[1]

  ⇒
 
(32 – 31.84)/32 = 10 × 18/Ms × 200 [1]

   Ms = 180 g/mol [1]
[CBSE Marking Scheme 2015]

Long Answer Type Questions

Ans. 1. (i)  DTf = Kf m [1]
          Here,  m = w2 × 1000/M2 × W1

   273.15 - 269.15 = Kf × 10 × 1000/342 × 90 [1]
 Kf = 12.3 K kg/mol [1]
   DTf = Kf m
            = 12.3 × 10 × 1000/180 × 90 
    = 7.6 K
   Tf = 273.15 - 7.6 = 265.55 K
   (or any other correct method)[1] 
           (ii)  Number of moles of solute dissolved in per  

kilogram of the solvent.    [1]
[CBSE Marking Scheme 2017]

REFLECTIONS 

 (a) Were you able to understand why aquatic animals 
are more comfortable in cold water than in warm 
water?

 (b) Did you able to understand why climbers becomes 
weak and are unable to think clearly while moving 
towards high altitudes? 
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SELF ASSESSMENT PAPER - 1 

Maximum Marks: 30   Max. Time: 1 Hour

The following questions (No. 1 to 4) are Multiple Choice Questions carrying 1 mark each.

 Q. 1. What is the molarity of a solution with a mass of solute 10 kg mass and 100 litre volume?  [1]

 (A) 0.1 molar

 (B) 1 molar

 (C) 10 molar

 (D) 100 molar

 Q. 2. The value of Henry’s constant KH is   [1]

 (A) greater for gases with higher solubility.

 (B) greater for gases with lower solubility.

 (C) constant for all gases.

 (D) not related to the solubility of gases.

 Q. 3. People add sodium chloride to water while boiling eggs. This is to  [1]

 (A) decrease the boiling point.

 (B) increase the boiling point.

 (C) prevent the breaking of eggs.

 (D) make eggs tasty.

 Q. 4. Which of the following is not an example of osmosis ?  [1]

 (A) Raw mangoes  shrinks when picked in brine.

 (B) Wilted flowers revive when placed in fresh water.

 (C) Blood cells collapse when suspended is saline water. 

 (D) Exchange of gases in lungs.

In the following questions (Q No. 5–6), a statement of assertion followed by a statement of reason is given. Choose 
the correct answer out of the following choices.

 (A)  Both A and R are true and R is the correct explanation of A. 

 (B) Both A and R are true but R is NOT the correct explanation of A. 

 (C) A is true but R is false. 

 (D) A is false and R is true.

 Q. 5. Assertion (A): In an ideal solution, Δmix H is zero. 

  Reason (R): In an ideal solution, A - B interactions are equal to A-A and B-B interactions.  [1]

 Q. 6. Assertion (A): 1M solution of NaCl has greater osmotic pressure than 1 M solution of sucrose at same temperature. 

  Reason (R): In solution NaCl dissociates to produce more number of particles.  [1]

Case-based

 Q. 7. Read the passage given below and answer any four  questions:   [1 × 4 = 4]

  Ideal solution, homogeneous mixture of substances that has physical properties linearly related to the 
properties of the pure components. The classic statement of this condition is Raoult’s law. Solutions of benzene 
and toluene, which have very similar molecular structures, are ideal. The vapour pressures of the solutions are 
mathematically represented by a linear function of the molecular composition.
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  When the components of non ideal solutions are mixed, the volume of the mixture ordinarily differs from 
the sum of the volumes of the pure components, and heat is evolved or absorbed. The properties of such 
solutions often are described in terms of their deviations from those of ideal solutions. Mixtures of acetone 
and chloroform, for example, are said to show negative deviations from ideality their vapour pressures are 
lower than those calculated on the assumption of a linear relationship to the molecular composition. Solutions 
of acetone and carbon disulfide, on the other hand, have higher vapour pressures than those that would 
characterize an ideal solution.

 (i) Which of the following statements regarding ideal solutions is false?

 (A) Ideal solutions obey Raoult’s law under all conditions of temperature and concentrations

 (B) There will be some change in volume on mixing the components, i.e., ΔVmixing ≠ 0

 (C) There will be no change in enthalpy when the two components are mixed, i.e., ΔHmixing = 0

 (D) There will be no change in volume on mixing the components, i.e., ΔVmixing = 0

 (ii) If liquids A and B form an ideal solution, then what is the Gibbs’ free energy of mixing?

 (A) > 0 (B) < 0

 (C) = 0 (D) Not Defined

  (iii) Which of the following is not an example of an Ideal solution?

 (A) Benzene + Toluene (B) n-Hexane + n-Heptane

 (C) Ethyl alcohol + Water (D) Ethyl bromide + Ethyl chloride

  (iv) Which of the following is an example of a non-ideal solution showing positive deviation?

 (A) Acetone + Carbon disulphide (B) Chlorobenzene + Bromobenzene

 (C) Chloroform + Benzene (D) Acetone + Aniline

 (v) Which of the following is false regarding Non-Ideal solutions?

 (A) They do not obey Raoult’s law (B) ΔVmixing ≠ 0

 (C) ΔHmixing = 0 (D) They form azeotropes

The following questions (No. 8 - 10), are Very Short Answer Type and carry 1 mark each.

 Q. 8. Why helium is mixed with Nitrogen and Oxygen in diving cylinders ?  [1]

 Q. 9. Define azeotropes.    [1]

 Q. 10. What type of azeotrope is formed by positive deviation from Raoult’s law? Give an example.   [1]

The following questions (No. 11 - 13), are Short Answer Type-I and carry 2 marks each.

 Q. 11. Define osmotic pressure. How is the osmotic pressure related to the concentration of a solute in a solution? 
 [2]

 Q. 12. What are colligative properties? Write the colligative property which is used to find the molecular mass of 
macromolecules.  [2]

 Q. 13. Will the elevation in boiling point be same if 0.1 mol of sodium chloride or 0.1 mol of sugar is dissolved in 1L of 
water ? Explain.  [2]

Question No. 14 & 15 are Short Answer Type-II and carry 3 marks each.

Q. 14. A solution is prepared by dissolving 10 g of nonvolatile solute in 200 g of water. It has a vapour pressure of 31.84 
mm Hg at 308K. Calculate the molar mass of the solute.

  (Vapour pressure of pure water at 308K = 32 mm Hg)  [3]

Q. 15. Calculate the boiling point of a 1M aqueous solution (density 1.04 g mL–1) of Potassium chloride (Kb for water = 
0.52 K kg mol–1, Atomic masses: K = 39 u, Cl = 35.5 u). Assume, Potassium chloride is completely dissociated in 
solution. [3]
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Question No 16 is a Long Answer Type Question and carry 5 marks each.

Q. 16. (i) Define the following terms:

   (a) Mole fraction.

   (b) Ideal solution.

  (ii) 15.0 g of an unknown molecular material is dissolved in 450 g of water. The resulting solution freezes at – 0.34 
°C. What is the molar mass of the material ? [Kf for water = 1.86 K kg mol–1][2+3]
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