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Pre-fertilisation: Structures and EventsTopic-1: 

1 Multiple Choice Questions (1 Mark)

1. Study the following diagram of Transverse Section of a 
young anther of an angiosperm: [All India 2024, K]

(c)

Pollen grainsC

B

A

 Select the option where parts ‘A’, ‘B’ and ‘C’ are 
correctly identified.

 (a) A - Connective, B - Endothecium, C - Pollen grain
 (b) A - Endothecium, B - Connective, C - Pollen grain
 (c) A - Pollen grain, B - Connective, C - Endothecium
 (d) A - Endothecium, B - Pollen grain, C - Connective
2. The wall layer of microsporangium which nourishes the 

pollen grain is: [CBSE Sample Paper 2023-24, K]
(a) epidermis  (b) endothecium
(c) middle layers  (d) tapetum

3. The aquatic plant having long and ribbon like pollen 
grains is : [All India 2022, Term-I, K]
(a) Vallisneria  (b) Hydrilla
(c) Eicchornia  (d) Zostera

4. To overcome incompatible pollinations so as to get 
desired hybrids, a plant breeder must have the knowledge 
of ________.  [All India 2022, Term-I, U]
(a) pollen – nucellar interaction
(b) pollen – egg cell interaction
(c) pollen – pistil interaction
(d) pollen – embryo sac interaction

5. Pollen grains retain viability for months in plants 
belonging to different families given below :

 [All India 2022, Term-I, K]
(i) Solanaceae  (ii) Leguminosae
(iii) Gramineae  (iv) Rosaceae
(v) Liliaceae
 The correct option  is :
(a) (i), (ii) and (v) (b) (i), (ii) and (iv)
(c) (ii), (iv) and (v) (d) (i), (iii) and (v)

6. In the tranverse section of a young anther shown below, 
identify the correct sequence of wall layers from outside 
to inside : [All India 2022, Term-I, U]

(i)

(ii)

(iii)

(iv)

  (i) (ii) (iii) (iv)
 (a) Middle layers Endothecium Epidermis Tapetum
 (b) Tapetum Middle layers Endothecium Epidermis
 (c) Epidermis Endothecium Middle layers Tapetum
 (d) Endothecium Middle layers Tapetum Epidermis
7. Floral reward/s provided by insect pollinated flowers to 

sustain animal visit is/are : [All India 2022, Term-I, K]
(a) nectar and fragrance
(b) nectar and pollen grains
(c) pollen grains and fragrance
(d) fragrance and bright colour

8. Which condition of gynoecium (pistil) is shown the 
figures (i) and (ii) ? [All India 2022, Term-I, U]

(i) (ii)

(a) (i) multicarpellary apocarpous, (ii) multicarpellary 
syncarpous

(b) (i) multicarpellary syncarpous, (ii) multicarpellary 
apocarpous

(c) (i) bicarpellary apocarpous, (ii) bicarpellary syncarpous
(d) (i) bicarpellary syncarpous, (ii) bicarpellary apocarpous

CHAPTER

Sexual Reproduction 
in Flowering Plants

1



Sexual Reproduction in Flowering Plants 3

CHAPTER

9. Which of the following outbreeding devices are used 
by majority of flowering plants to prevent inbreeding 
depression ? [All India 2022, Term-I, U]
(i) Pollen release and stigma receptivity are not 

synchronised.
(ii) Different positions of anther and stigma.
(iii) Production of different types of pollen grains.
(iv) Formation of unisexual flowers along with bisexual 

flowers.
(a) (i) and (ii)
(b) (ii), (iii) and (iv)
(c) (i), (iii) and (iv)
(d) (iii) and (iv)

10. Enclosed within the integuments of a typical anatropous 
ovule is a diploid mass of cellular tissue known as : 
 [All India 2022 Term-I, U]
(a) Megaspore mother cell
(b) Nucellus
(c) Synergids
(d) Embryo sac

11. The structure of bilobed anther consists of
 [CBSE Sample Paper 2021-22, K]

(a) 2 thecae, 2 sporangia
(b) 4 thecae, 4 sporangia
(c) 4 thecae, 2 sporangia 
(d) 2 thecae, 4 sporangia

12. In the figure of anatropous ovule given below, choose the 
correct option for the characteristic distribution of cells 
within the typical embryo sac. 
 [CBSE Sample Paper, 2021-22, K]

Hilum

Funicle
Micropyle
Micropylar pole
Outer integument

Nucellus
Embryo sac

Chalazal pole

Inner integument

Number 
of cells at 

chalazal end

Number 
of cells at 

micropylar end

Number of 
neclei left in 
central cell

(a) 3 2 3
(b) 3 3 2
(c) 2 3 3
(d) 2 2 4

13. Pollen grains are well preserved as fossils because of 
presence of [CBSE Sample Paper, 2021-22, K]
(a) sporopollenin 
(b) cellulose
(c) lignocellulose 
(d) pectocellulose

14. In the dioecious aquatic plant shown, identify the 
characteristics of the male flowers that reach the female 
flowers for pollination: 
 [CBSE Sample Paper, 2021-22, K]

Male
Flowers

Pistillate

Water
Level

Staminate

Flowers

Flowers

Size of the 
flower

Colour of 
flower

Characteristic 
feature of 

pollengrain

(a) small brightly 
coloured

Light wight and 
non-sticky

(b) large colourless Large and sticky

(c) small white small covered 
with mucilage

(d) large colourless non sticky

15. In a fertilized ovule, n, 2n and 3n conditions occur 
respectively in 
 [CBSE Sample Paper, 2021-22, K]
(a) antipodal, zygote and endosperm
(b) zygote, nucellus and endosperm
(c) endosperm, nucellus and zygote.
(d) antipodals, synergids and integuments

16. A botanist studying Viola (common pansy) noticed that 
one of the two flower types withered and developed no 
further due to some unfavorable condition, but the other 
flower type on the same plant survived and it resulted 
in an assured seed set. Which of the following will be 
correct? [CBSE Sample Paper, 2021-22, K]
(a) The flower type which survived is Cleistogamous 

and it always exhibits autogamy
(b) The flower type which survived is Chasmogamous 

and it always exhibits geitonogamy.
(c) The flower type which survived is Cleistogamous 

and it exhibits both autogamy and geitonogamy.
(d) The flower type which survived is Chasmogamous 

and it never exhibits autogamy.
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17. Self-pollination is fully ensured if
(a) the flower is bisexual
(b) the style is longer than the filament
(c) the flower is cleistogamous
(d) the time of pistil and anther maturity is different 

 [All India 2020, K]

4 Very Short Answer Questions (1 Mark)

18. (a)  Explain the process of the development of a male 
gametophyte in an angiosperm.

 [All India 2023 Set-I, K]
(b) Why is it called a male gametophyte?
 [All India 2023 Set-I, K]

19. State the reason why pollen grains lose their viability 
when the tapetum in the anther is malfunctioning. 

 [Delhi 2019, U]

5 Short Answer Questions (2 or 3 Marks)

20. Draw a well labelled diagram of sectional view of male 
gametophyte/microspore of an angiosperm and write the 
functions of any two parts labelled. (Any four labels).

[All India 2024, U]
21. One of the major approaches of crop improvement 

programme is Artificial Hybridisation. Explain the steps 
involved in making sure that only the desired pollen 
grain pollinate the stigma of a bisexual flower by a plant 
breeder. [Delhi 2023 Set-I, U]

22. (i)  Explain the monosporic development of embryo sac 
in the ovule of an angiosperm. 3

 (ii)  Draw a diagram of the mature embryo sac of an 
angiospermic ovule and label any four parts in it. 2
 [Delhi 2023 Set-I, U]

23. Draw a schematic transverse section of a mature anther 
of an angiosperm. Label its epidermis, middle layers, 
tapetum, endothecium, sporogenous tissue and the 
connective.

 [All India 2020, U]
24. Explain three different modes of pollination that can 

occur in a chasmogamous flower. 
 [Delhi 2020, U]

25. You are conducting artificial hybridization on papaya 
and potato. Which one of them would require the step of 
emasculation and why ? However for both you will use 
the process of bagging. Justify giving one reason. 
 [All India 2019, U]

26. A mature embryo-sac in a flowering plant may possess 
7-cells, but 8-nuclei. Explain with the help of diagram 
only. [All India 2017, U]

27. A pollen grain in angiosperm at the time of dehiscence 
from an anther could be 2-celled or 3-celled. Explain. 
How are the cells placed within the pollen grain when 
shed at a 2-celled stage? [Delhi 2017, U]

28. (a)  Can a plant flowering in Mumbai be pollinated by 
pollen grains of the same species growing in New 
Delhi ? Provide explanations to your answer.

(b) Draw the diagram of a pistil where pollination has 
successfully occurred. Label the parts involved in 
reaching the male gametes to its desired destination.

 [Delhi 2017, U]
29. Name the organic material exine of the pollen grain is 

made up of. How is this material advantageous to pollen 
grain? [All India 2016, U]

30. Make a list of any three out breeding devices that 
flowering plants have developed and explain how they 
help to encourage cross-pollination. [All India 2014, U]

OR
 Why are angiosperm anthers called dithecous? Describe 

the structure of its microsporangium. [All India 2014, U]
31. Geitonogamous flowering plants are genetically autoga-

mous but functionally crosspollinated. Justify.
 [Delhi 2013, U]
32.  State the reason why pollen grains lose their viability 

when the tapetum in the anther is malfunctioning.

6 Long Answer Questions (5 Marks)

33.

(a)

(b)

A

B

 Observe the picture of Commelina plant bearing two 
types of flowers given above.

 (i) Identify the two types of flowers labelled ‘A’ and 
‘B’ in the picture.

 (ii) Compare the two types of flowers with reference to:
  (1) Characteristic feature
  (2) modes of pollination
 (iii) List any two ‘out breeding devices’ in flowering 

plants. Explain why do plants develop such devices.
 [All India 2024, A]
34. (i)  Describe the arrangement of nuclei and cells in a 

mature embryo sac of a typical angiosperm.
 [All India 2023, Set-I, U]

(ii)  Explain the devices the flowering plants have 
developed to prevent the following types of 
pollination: [All India 2023, Set-I, U]

 (1) Prevents both autogamy and geitonogamy
 (2) Prevents autogamy, but not geitonogamy

35. (a)  Describe the process of megasporogenesis, in an 
angiosperm. [Delhi 2020, U]

 (b)  Draw a diagram of mature embryo sac of angiosperm, 
label its any six parts. [Delhi 2020, U]
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Double FertilisationTopic-2: 

1 Multiple Choice Questions (1 Mark)

1. In a fertilized ovule of an angiosperm, the cells in which 
n, 2n and 3n conditions respectively occur are: 
 [All India 2024, U]

 (a) antipodal, zygote and endosperm
 (b) zygote, nucellus and endosperm
 (c) endosperm, nucellus and zygote
 (d) antipodals, synergids and integuments

2. Identify the correct labellings in the figure of a fertilised embryo 
sac of an angiosperm given below: [Delhi 2024, K]

A

B

Primary Endosperm
(PEC)

C

D

 (a) A-zygote, B-degenerating synergids, C-degenerating 
antipodals, D-PEN

 (b) A-degenerating synergids, B-zygote, C-PEN, 
D-degenerating antipodals

 (c) A-degenerating antipodals, B-PEN, C-degenerating 
synergids, D-zygote  

 (d) A-degenerating synergids, B-zygote, A-degenerating 
antipodals, D-PEN

3. Choose the correct labellings for the parts X, Y and Z in the 
given figure of the stages in embryo development in a dicot:

(a) X is suspensor, Y is radicle and Z is cotyledon
(b) X is radicle, Y is cotyledon and Z is suspensor
(c) X is cotyledon, Y is suspensor and Z is radicle
(d) X is zygote, Y is radicle and Z is cotyledon
 [All India 2022, Term-I, U]

36. (a)  Draw the embryo sac of a flowering plant and label 
the following: [Delhi 2019, U]

   (i) Central cell (ii) Chalazal and (iii) Synergids
 (b) Name the cell and explain the process it undergoes 

to develop into an embryo sac. [Delhi 2019, U]
 (c) Explain the development of endosperm in coconut.
37. Write down the difference between wind pollination and 

insect pollination. [Delhi 2019, K]
38.  Describe any two devices in a flowering plant which 

prevent both autogamy and geitonogamy.
[All India 2018, U]

39. Read the following statement and answer the questions 
that follow : [All India 2017, U]

  "A guava fruit has 200 viable seeds".
 (a) What are viable seeds?
 (b) Write the total number of :
  (i) Pollen grains
  (ii) Gametes in producing 200 viable guava seeds.
 (c)  Prepare a flow-chart to depict the post-pollination 

events leading to viable-seed production in a 
flowering plant.

40. (a)  As a senior biology student you have been asked 
to demonstrate to the students of secondary level 
in your school, the prodedure(s) that shall ensure 

crosspollination in a hermaphrodite flower. List the 
different steps that you would suggest and provide 
reasons for each one of them. [All India 2016, U]

 (b)  Draw a diagram of a section of a megasporangium 
of an angiosperm and label funiculus, micropyle, 
embryosac and nucellus. [All India 2016, U]

41. Explain the post-pollination events leading to seed 
production in angiosperms. [Delhi 2016, U]

42. (a)  Plan an experiment and prepare a flow chart of the 
steps that you would follow to ensure that the seeds 
are formed only from the desired sets of pollen 
grains. Name the type of experiment that you carried 
out. [All India 2015, Ap]

 (b) Write the importance of such experiments. 
 [All India 2015, Ap]

43.  List the different types of pollination depending upon the 
source of pollen grain. 
 [Delhi 2016, U]

44. (a)  Draw a L.S. of a pistil showing pollen tube entering 
the embryo-sac in an angiosperm and label any six 
parts other than stigma, style and ovary.

 [All India 2013, U]
(b) Write the changes a fertilized ovule undergoes within 

the ovary in an angiosperm plant. 
 [All India 2013, U]
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Post-Fertilisation:Structures and EventsTopic-3: 

1 Multiple Choice Questions (1 Mark)

1. Which of the following structures is well-developed in a 
mature seed of black pepper? [All India 2023 Set-I, U]
(a) Perisperm  (b) Thalamus
(c) Sepals   (d) Peduncle

2. Remnants of nucellus are persistent during seed develop-
ment in: [CBSE Sample Paper 2023-24, K]
(a) pea   (b) groundnut
(c) wheat   (d) black pepper

3. In a typical dicotyledonous embryo, the portion of 
embryonal axis above the level of cotyledons is : 
 [All India 2022 Term-I, U]
(a) Plumule   (b) Coleoptile
(c) Epicotyle  (d) Hypocotyle

4. Which of the following statements are true related to 
Seed X and Y? [CBSE Sample Paper 2021-2022, U]

Seed X Seed Y

(i) Seed X is dicot and endospermic or albuminous.
(ii) Seed X is dicot and non-endospermic or non-

albuminous.
(iii) Seed Y is monocot and endospermic or albuminous.
(iv) Seed Y is monocot and non-endospermic or non-

albuminous.
Choose the correct option with the respect to the nature 
of the seed
(a) (i), (iii)   (b) (ii), (iii)
(c) (i), (iv)   (d) (ii), (iv)

5. The thalamus contributes to the fruit formation in 
 [CBSE Sample Paper 2021-2022, K]
(a) banana   (b) orange
(c) strawberry  (d) guava.

6. To produce 400 seeds, the number of meiotic divisions 
required will be [CBSE Sample Paper 2021-2022, K]
(a) 400   (b) 200
(c) 500   (d) 800

5 Short Answer Questions (2 or 3 Marks)

7. For a layman, both apple and banana are fruits. But a 
biology student categorises fruits as true fruits, false 
fruits and parthenocarpic fruits. Justify. 
 [All India 2020, U]

8. Why do farmers find production of hybrid seeds costly?
9. Draw a diagram of LS of Maize grain and label its any six 

parts. [Delhi 2019, U]
10. Differentiate between Parthenocarpy and Parthenogenesis. 

Give one example of each. 
 [All India 2018, U]

11. A single pea plant in your kitchen garden produces pods 
with viable seeds, but the individual papaya plant does 
not.Explain. [All India 2016, K]

12. Draw a labelled mature stage of a dicotyledonous embryo.
 [All India 2014, U]

13. Explain any three advantages the seeds offer to 
angiosperms. [Delhi 2014, U]

14. In angiosperms, zygote is diploid while primary 
endosperm cell is triploid. Explain. [All India 2013, K]

6 Long Answer Questions (5 Marks)

15. (i)  With the help of labelled diagram only, show the 
different stages of embryo development in a dicot 
plant. 

 (ii)  Endosperm development precedes embryo 
development. Justify. [Delhi 2024, A]

16. (a)  When a seed of an orange is squeezed, many 
embryos, instead of one are observed. Explain how 
it is possible. [Delhi 2017, U]

(b)  Are these embryos genetically similar or different ? 
Comment. [Delhi 2017, U]

5 Short Answer Questions (2 or 3 Marks)

4. If the cells in the leaves of a maize plant contain 10 
chromosomes each, write the number of chromosomes 
in its endosperm and zygote. Name and explain the 
process by which an endosperm and a zygote are formed 
in maize. [Delhi 2024, Ap]

5. The diploid number of chromosomes in an angiospermic 
plant is 16. What will be the number of chromosomes in 
its endosperm and antipodal cells? [Delhi 2019, U]

6. Double fertilisation is reported in plants of both, castor 
and groundnut. However, the mature seeds of groundnut 
are non-albuminous and castor are albuminous. Explain 
the post fertilization events that are responsible for it. 
 [Delhi 2015, K]

6 Long Answer Questions (5 Marks)

7. Explain the events upto double fertilization after the 
pollen tube enters one of the synergids in an ovule of an 
angiosperm. [All India 2018, U]
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1 Multiple Choice Questions (1 Mark)

1. Researchers the world over are trying to transfer apomictic 
genes to hybrid varieties as hybrid characters in the progeny :
 [All India 2022 Term-I, U]
(a) do not segregate
(b) segregate
(c) develop genetic variations
(d) will remain unexpressed

2  Assertion Reason/Two Statement Type Questions 
 (1 Mark)

2. Consist of two statements–Assertion (A) and Reason 
(R). Answer these questions selecting the appropriate 
option given below: [CBSE Sample Paper 2022-23, U]
Assertion: Apomictic embryos are genetically identical 
to the parent plant. 
Reason: Apomixis is the production of seeds without 
fertilization.
(a) Both A and R are true and R is the correct explanation 

of A.
(b) Both A and R are true and R is not the correct 

explanation of A.
(c) A is true but R is false.
(d) A is False but R is true.

4 Very Short Answer Questions (1 Mark)

3.  “Farmers prefer apomictic seeds to hybrid seeds.” Justify 
giving two reasons. [Delhi 2024, U]

4. State two advantages of an apomictic seed to a farmer. 
 [Delhi 2020, K]

5 Short Answer Questions (2 or 3 Marks)

5. State what is apomixis. Comment on its significance. 
How can it be commercially used? [All India 2015, U]

6. (a)  Explain the different ways apomictic seeds can develop. 
Give an example of each. [All India 2014, U]

(b)  Mention one advantage of apomictic seeds to farmers.
[All India 2014, U]

7. (a)  Explain any two ways by which apomictic seed can 
develop.

(b) List one advantage and one disadvantage of a 
apomictic crop.

6 Long Answer Questions (5 Marks)

8. (a)  Explain any two ways by which apomictic seed can 
develop. [All India 2019, U]

(b) List one advantage and one disadvantage of a 
apomictic crop. [All India 2019, U]

(c) Why do farmers find production of hybrid seeds 
costly  ? [All India 2019, U]

9. (a)  Explain the different ways apomictic seeds can 
develop. Give an example of each.

[All India 2014, U]
(b) Mention one advantage of apomictic seeds to 

farmers. [All India 2014, U]
(c) Draw a labelled mature stage of a dicotyledonous 

embryo. [All India 2014, U]

Apomixis and PolyembryonyTopic-4: 
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Topic-1: Pre-fertilisation: Structures 
and Events

1. (a) In the given figure,
 A – Connective, B - Endothecium, C - Pollen grains
2. (d) (1 Mark)
3. (d) Zostera is a submerged marine sea grass that 

releases long, ribbon-like pollen grains underwater. 
The pollen grains are carried passively by water and 
ultimately reach female flowers. (1 Mark)

4. (c) To overcome incompatible pollination so as to get 
a desirable hybrid a plant breeder must have the 
knowledge of pollen pistil interaction. (1 Mark)

Note

Pollination does not guarantee the transfer of right type of pol-
len C (comptabile pollen) of some species as the stigma.

5. (b) In some members of Rosaceae, Leguminoseae and 
Solanaceae, they maintain viability of pollen grains 
for months. (1 Mark)

6. (d) Epidermis

Endothecium

Middle layers

Microspore
mother cells

Tapetum

7. (b) To  sustain animal visits, the flower have to provide 
rewards to the animals. Nectar and pollen grains are 
usual floral rewards. (1 Mark)

8. (b) The gynoecium may consist more than one pistil is 
called multicarpellary. When there are more than 
one, the pistils may be fused together (syncarpous) 
or may be free (apocarpous). (1 Mark)

9. (a) Flowering plants continued self-pollination result 
in inbreeding depression. For this it developed 
many devices to discourage self-pollination and 
encourage cross-pollination. 
In some species, pollen release and stigma 
receptivity are not synchronised. 
In some other species, the anther and stigma are 
placed at different positions so that the pollen cannot 
come in contact with the stigma of the same flower. 
The third device to prevent inbreeding is self-
incompatibility. (1 Mark)

Note

Majority of flowering plants prohermaphrodite flowers and pol-
len grain are likely to come in contact with stigma of same flower.

10. (b)  Enclosed within the integuments is a mass of cells 
called the nucellus. Cells of the nucellus have abundant 
reserve food materials. In the nucellus, the embryo sac 
or female gametophyte is present. (1 Mark)

Note

At the time of fertilization, the nucellus consist of a bulky tissue 
ventral to the embryo sac and a rather thin layer elsewhere.

11. (d) The structure of bilobed anther consists of 2 theca 
which possess 4 sporangia. (1 Mark)

12. (b) Chalazal end possess 3 antipodal cells, micropylar end 
possess 2 synergid cells and 1 egg cell. And central cell 
have 2 nuclei present in one cell. (1 Mark)

13. (a) Pollen grains are well preserved as fossils because 
of presence of sporopollenin. (1 Mark)

14. (c) small, white, small, covered with mucilage (1 Mark)
15. (a) antipodal, zygote and endosperm (1 Mark)
16. (a) The flower type which survived is Cleistogamous 

and it will always exhibit autogamy (1 Mark)
17. (c) The process of self-pollination is fully insured if the 

flower is cleistogamous. The clesitogamous flowers 
are the type of flower which does not open at all. In 
such flowers, the anther and stigma lie close to each 
other and when the anthers dehisce in the flower 
buds, and then the pollen grains come in contact 
with the stigma results in self-pollination. (1 Mark)

18. (a)  In angiosperms, the pollen grain is the male 
gametophyte. Maturation of the male gametophyte 
or pollen grain includes two mitotic divisions. First 
divisions form vegetative and generative cell and in 
the second mitotic division the generative cell forms 
basically two male gametes and their release occurs 
from a mature anther. Therefore, it has two male 
gametes and one vegetative cell. (½ Marks)

(b) In angiosperms, microspores indicate the male 
gametophyte. Microspores divide mitotically, 
resulting in two unequal type of cells that are bigger 
vegetative cell and a small generative cell. The 
generative cell splits once again resulting in two 
male gametes or sperms. Microspore in angiosperms 
is also known as pollen grains. (½ Marks)

Note

For fertilization to occur in ongiosperms, pollen has to be 
transferred to stigma of a flower.

Hints & Solutions
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19. Tapetum provides nourishment to the developing pollen 
grain. When the tapetum in anther is malfunctioning the 
pollen grain will not get enough nourishment and also 
loses its viability. (1 Mark)

Note

Cleistogamous flowers are autogamous flowers as there are no 
such chances of cross-pollination.

20. 

Vegetative
cell

Generative
cell

Exine

Intine

Germ pore

       (1 Mark)

 Function of Exine- It has a role in Protection as it can 
withstand high temperature and strong acids and alkali. 

 Function of Intine- It helps in maturation of pollen and 
germination of pollen tube. (2 Marks)

21. Artificial hybridisation is one of the major approaches 
of crop improvement programme. In such crossing 
experiments it is important to make sure that only the 
desired pollen grains are used for pollination and the 
stigma is protected from contamination (from unwanted 
pollen). This is achieved by emasculation and bagging 
techniques. If the female parent bears bisexual flowers, 
removal of anthers from the flower bud before the anther 
dehisces using a pair of forceps is necessary. This step is 
referred to as emasculation. Emasculated flowers have 
to be covered with a bag of suitable size, generally made 
up of butter paper, to prevent contamination of its stigma 
with unwanted pollen. This process is called bagging. 
When the stigma of bagged flower attains receptivity, 
mature pollen grains collected from anthers of the male 
parent are dusted on the stigma, and the flowers are 
rebagged, and the fruits allowed to develop. (3 Marks)

22. (i) In a majority of flowering plants, one of the megaspores 
is functional while the other three degenerate. Only the 
functional megaspore develops into the female gametophyte 
(embryo sac). This method of embryo sac formation from a 
single megaspore is termed monosporic development. The 
nucleus of the functional megaspore divides mitotically to 
form two nuclei which move to the opposite poles, forming 
the 2-nucleate embryo sac. Two more sequential mitotic 
nuclear divisions result in the formation of the 4-nucleate 
and later the 8-nucleate stagesof the embryo sac. It is of 
interest to note that these mitotic divisions are strictly 
free nuclear, that is, nuclear divisions are not followed 
immediately by cell wall formation. After the 8-nucleate 
stage, cell walls are laid down leading to the organisation of 
the typical female gametophyte or embryo sac. Observe the 
distribution of cells inside the embryo sac. Six of the eight 
nuclei are surrounded by cell walls and organised into cells; 
the remaining two nuclei, called polar nuclei are situated 
below the egg apparatus in the large central cell.

 (ii)  Chalazal end
Antipodals

Polar nuclei
Central cell
Egg

Synergids

Micropylar end
Filiform
apparatus

                        (2 marks)

Diagrammatic representation of the mature embryo sac.
23. 

Topper's Answer

(3 Marks)
 Diagrammatic representation of mature anther:

Epidermis

Connective

Epidermis

Endothecium

Sporogenous
tissue

Endothecium

Middle layers

Middle layers

Microspore
mother cells

Tapetum

(b)
Tapetum

(a)

 A typical angiosperm anther is bilobed with each lobe 
having two theca such as they are dithecous. (3 Marks)

24. The three types of pollination that takes place in a 
chasmogamous flower are as follows:

 (a) Autogamy: In this type, the process of pollination 
is achieved within the same flower. It involves 
the transfer of pollen grains from the anther to the 
stigma of the same flower. Chasmogamous flowers 
are type of flowers that are similar to the flowers of 
other species with exposed anthers and stigma.

   In chasmogamous flowers, the anthers and stigma 
lie close to each other. When anther dehisces in the 
flower buds, the pollen grain comes in contact with 
the stigma to effect pollination. (1 Mark)

 (b) Geitonogamy: It involves the transfer of pollen 
grains from the anther to the stigma of another 
flower of the same plant. It is functionally a type 
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of cross-pollination that involves pollinating agents. 
But genetically it is similar to autogamy so the 
pollen grains come from the same plant. (1 Mark)

 (c) Xenogamy: It involves the transfer of pollen grains 
from anther to stigma of a different plant. This is the 
only type of pollination in which pollination brings 
genetically different types of pollen grains to the 
stigma. (1 Mark)

Note

Pollination refers to the process of transfer of pollen grains 
(shed from the anther) to the stigma of a pistil.

25. Potato require emasculation because it has bisexual flower 
whereas papaya would require only bagging for artificial 
hybridisation as papaya has unisexual flowers. After 
pollinating with the desired pollen grain it is required to 
bag the plant in order to prevent the plant from pollination 
by undesirable pollen grains. (2 Marks)

Note

The process of removal of anthers from the flower bud before the 
dehiscence of anther by a pair of forceps is called Emasculation. 
The emasculated flower is covered with a bag of suitable size 
which is made up of butter paper in order to prevent from 
contamination of stigma with unwanted pollen and this process 
is called bagging.

26. A mature embryo sac in a flowering plant possess 7 cells, 
but have 8 nuclei. This can be understood with the help 
of diagram given below:

Primary
Archesporial Cell Integument

Primary parietal
CellOvule

Primordium

A

Primary Parietal
Haploid

MegasporesB

Cell

Parietal
Cell

Egg Apparatus
C

Degenerating
Megaspores

Functional
Megaspore

Polar
Polar

Nucleus Nuclei

Secondary

Nucleus

Antipodal
Cells

D

E F
G H I

     

Chalazal end

Antipodals

Polar nuclei
Central cell
Egg

Synergids

Filitorm
apparatus

Micropylar end    (3 Marks)
Fig.: Development of embryo sac

27. In many angiosperms, pollen grains are released in 
2-celled stage while in other plant species, the generative 
cells are dividing into 2-male gametes and they will form 
3-celled stage. When the pollen grain is shed at 2-celled 
stage then it has two unequal cells such as a bigger 
vegetative cell and smaller generative cell. (2 Marks)

28. (a)  Yes, it can be only possible by means of artificial 
hybridisation in which a pollen grain of one flower is 
artificially introduced on the stigma of another flower. 
But it does not involve self-incompatibility of flowers.

	 	 •	 In this, one flower is emasculated and bagged.
	 	 •	 	After some time, the bag is removed and then 

desired pollen grains are introduced on its stigma. 

Note

Emasculation refers to the removal of anthers from the floral 
bud before the anther dehiscence by using a pair of forceps. 
Whereas bagging refers to the covering of emasculated flower 
with a bag made of butter paper in order to prevent contamination 
of stigma with unwanted pollen.

 (b) Diagrammatic representation of pistil:

  

Pollen tube

Antipodal

Polar nuclei

Egg cell

Synergid

 (1 × ½ Marks)
29. The hard outer layer of the pollen grain is called the exine 

which is made up of sporopollenin. Sporopollenin is one  
of the most resistant organic material as it tolerate high 
temperatures and strong acids as well as alkali. It cannot 
be degraded by enzymatic degradation. (2 Marks)

30. The outbreeding devices developed by plants are as follows:
 • Some species of plants, pollen release an receptivity 

of stigma are not synchronised. Either the pollen 
is released before the stigma becomes receptive or 
stigma becomes receptive much before the release 
of pollen. 

 • Some species of plants, the anther and stigma are 
placed at different positions so that the pollen cannot 
come in contact with the stigma of the same flower. 
Both these devices prevent autogamy. 

 • The third device helps to prevent inbreeding is 
self-incompatibility. It is genetic mechanism that 
prevents self-pollen (from the same flower or other 
flowers of the same flower) from fertilising the 
ovules by inhibiting pollen germination or pollen 
tube growth in the pistil.  (3 Marks)
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OR
An angiosperm anther is bilobed with each lobe having 
two theca and because of this is called dithecous.

 Structure of microsporangium:
  A microsporangium is surrounded by four wall layers such 

as epidermis, endothecium, middle layer and tapetum. 
The outer three wall layers provide protection to the 
microsporangium and also help in dehiscence of anther 
to release the pollen. The innermost wall layer is the 
tapetum. It provide nourishment to the developing pollen 
grains. Cells of the tapetum possess dense cytoplasm and 
contain more than one nucleus. (3 Marks)

Note

The outer hard layer called the exine is made up of spocropollenin 
which is one of the most resistant organic material. It can 
tolerate high temperature as well as all biochemical and 
enzymatic degeradation.

31. Geitonogamy involves the transfer of pollen grains from 
the anther to the stigma of another flower of the same 
plant. Geitonogamy is functionally cross-pollination that 
involves pollinating agent but genetically is similar to 
autogamy since the pollen grains come from the same 
plant. (2 Marks)

Note

Autogamy is a type of self-pollination in which pollination is 
achieved within the same flower. In this, transfer of pollen grains 
from the anther to the stigma of the same flower.

32.  Tapetum provides nourishment to the developing pollen 
grain. When the tapetum in anther is malfunctioning the 
pollen grain will not get enough nourishment and will 
lose its viability. (2 Marks)

33. (i) A- Chasmogamous flower
  B- Cleistogamous flower (1 Mark)
 (ii) (1)  In A, the flower is open and have exposed 

anther and stigma whereas in B, the flower is 
closed where anther and stigma lies close to 
each other.

  (2)  In A, both geitonogamy and xenogamy can 
occur due to well-exposed stigma and anther 
but in B only autogamy will occur as flower 
does not open at all. (2 Marks)

 (iii)  Self-incompatibility- This is a genetic mechanism and 
prevents self-pollen (from the same flower or other flowers 
of the same plant) from fertilising the ovules by inhibiting 
pollen germination or pollen tube growth in the pistil. 

   Production of unisexual flowers- If both male and 
female flowers are present on the same plant such as 
castor and maize (monoecious), it prevents autogamy 
but not geitonogamy. In several species such as 
papaya, male and female flowers are present on 
different plants, that is each plant is either male or 
female (dioecy). (2 Marks)

34. (i)  In a typical embryo sac of an angiosperm there are 
seven cells- one central cell, two synergids, one 
egg cell, and three antipodals. The egg apparatus 
comprising a group of three cells (two synergids and 
one egg cell) is found at the micropylar end. Three 
antipodal cells are located at the chalazal end. Six of 
the eight nuclei are enclosed by cell walls, whereas, 
the remaining two nuclei (polar nuclei) are located 
in the central cell. Hence, a typical angiosperm 
embryo sac at maturity is 8-nucleate and 7-celled.
 (2 × ½ Marks)

 (ii) (1)  Autogamy is a type of pollination is achieved 
within the same flower. Transfer of pollen grains 
from the anther to the stigma of the same flower. 
Geitonogamy involves the transfer of pollen 
grains from the anther to the stigma of another 
flower of the same plant. In several species such 
as papaya, male and female flowers are present 
on different plants, that is each plant is either male 
or female (dioecy). This condition prevents both 
autogamy and geitonogamy.

  (2)  In some species, pollen release and stigma 
receptivity are not synchronised. Either the 
pollen is released before the stigma becomes 
receptive or stigma becomes receptive much 
before the release of pollen. In some other 
species, the anther and stigma are placed at 
different positions so that the pollen cannot 
come in contact with the stigma of the same 
flower. Both these devices prevent autogamy 
but not geitonogamy. (2 × ½ Marks)

Note

Geitonogamy is a functionally cross pollination involving a 
pollinating agent.

35. (a) The process of formation of megaspores from the 
megaspore mother cell is called megasporogenesis. 
The megaspore mother cell undergoes the process of 
meiosis and forms a four haploid tetrad megaspores. 
The chalazal megaspore remains functional whereas 
the other 3 will degenerate. So, the functional 
megaspore is the first cell of the female gametophyte. 
The cell enlarges and undergoes three free nuclear 
mitotic divisions.

    So the first meiotic division produces two nucleate 
embryo sac and two nuclei shift to the two ends 
and again gets divide and forms four nucleate. In 
this way, eight nucleate structures is formed. One 
nucleus from each side moves to the middles and 
they are called polar nuclei. Then the remaining 
three nuclei form cells at the two ends, 3-celled egg 
apparatus at the micropylar end and three antipodal 
cells at the chalazal end. (2 × ½ Marks)
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 (b) Diagrammatic Representation of mature embryo 
sac in angiosperm:

Chalazal end

Antipodals

Polar nuclei

Central cell

Egg

Synergids

Filiform
apparatus

Micropylar end

 (2 × ½ Marks)
36. (a) Diagrammatic representation of embryo sac:

Chalazal end

Antipodals

Polar nuclei

Central cell

Egg

Synergids

Filiform
apparatus

Micropylar end

         (c) (2 Marks)

 (b)  The process of formation of megaspores from the 
megaspore mother cell is called megasporogenesis. 
The megaspore mother cell undergoes the process of 
meiosis and forms a four haploid tetrad megaspores. 
The chalazal megaspore remains functional whereas 
the other 3 will degenerate. So, the functional 
megaspore is the first cell of the female gametophyte. 
The cell enlarges and undergoes three free nuclear 
mitotic divisions.

    So the first meiotic division produces two nucleate 
embryo sac and two nuclei shift to the two ends 
and again gets divide and forms four nucleate. In 
this way, eight nucleate structures is formed. One 
nucleus from each side moves to the middles and 
they are called polar nuclei. Then the remaining 
three nuclei form cells at the two ends, 3-celled egg 
apparatus at the micropylar end and three antipodal 
cells at the chalazal end. (2 Marks)

 (c)  The Primary Endosperm Nucleus (PEN) is triploid 
(3n) in nature that undergoes nuclear divisions 
and give rise to free nuclear endosperm. This free 
nuclear endosperm is a coconut water whereas its 
white kernel is the cellular endosperm that is formed 
when it undergoes cytokinesis. (1 Mark)

37. 

Topper's Answer
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Wind pollinated Insect pollinated

These are small They are either large or 
grouped to form large 
clusters

Usually incospicuous due 
to dull colours.

The presence of bright 
colours in corolla, clayx 
or bracts to attract insects.

They are odourless and 
devoid of nector.

Strongly odoured and 
usually possess nector or 
edible pollen.

Pollens are produced in 
large numbers.

Fewer pollen grains are 
produced.

Examples Urtica, Maize, 
Parthenium.

Examples Rose, 
Snapdragon, Colotropis

38. Autogamy : Transfer of pollen grains from anther to the 
stigma of same flower. It is a type of self-pollination.

  Geitonogamy : Transfer of pollen grains from anther to 
the stigma of another flower of same plant. Two devices 
that prevent both autogamy and geitonogamy are :

 (i) Self - incompatibility : This is a genetic mechanism 
& prevents self-pollen from fertilising the ovules by 
inhibiting pollen germination or pollen tube growth 
in the pistil.

 (ii) Dioecious plants : Male and female flowers are 
present on different plants, that is each plant is either 
male or female. (2 × ½ Marks)

Note

Geitonogamy is functionally cross-pollination that involves a 
pollinating agent, genetically it is similar to autogamy since 
the pollen grains come from the same plant.

39. (a)  Those seeds that carry a living embryo and are capable 
of germinating into a seedling under appropriate 
conditions are termed as viable seeds. (1 Mark)

(b) (i)  Number of pollen grams required to form 200 
seeds will be 200 only as each pollen grain carries 
to generative cells or male gametes and only one 
of the two are involved in zygote formation.

    (ii)  In total 400 gamete cells are required for 
production of 200 viable zygotes leading to 
formation of 200 guava seeds. (2 Marks)

 (c)	 Flow	chart	depicting	the	post	pollination	events:

Pollen tube
Embryo sac
Antipodal cells

polar nuclei

Egg cell

Synergid cells

Degenerating synergids

Zygote (2n)

Primary endosperm cell
(PEC)

Primary endosperm
nucleus (3n) (PEN)

Degenerating
antgipodal cells

(a)
Globular

Zygote

Embryo

Heart-snaped

Mature Embryo

Suspensor

Radicle

Cotyledon

Plumule

(b)

Embryo

Plumule

Cotyledons

Hypocotyl

Radicle
Root cap

(a)
(b)

Scutellum

Coleoptile

Shoot apex

Epiblast

Coleorhiza

Radicle

Root cap

(2 Marks)

40. (a) The procedure used to ensure cross-pollination in 
hermaphrodite flower are as follows:

  • Emasculation: If the female parent bears 
bisexual flowers, removal of anthers from the 
flower bud before the anther dehisces by using a 
pair of forceps is called emasculation. 

  • Bagging: Emasculated flower is covered with a 
bag of suitable size generally made up of butter 
paper to prevent contamination of its stigma 
with unwanted pollen and this process is called 
bagging. 
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 When the stigma of bagged flower attains receptivity, 
mature pollen grains collected from anthers of the 
male parent are dusted on the stigma and the flowers 
are rebagged and the fruits allowed to develop. 
 (3 Marks)

Note

The process of transfer of pollen grains to the stigma of a pistil 
is termed as pollination. The pollination can be divided into 
three types such as autogamy and geitonogamy are the type of 
self-pollination whereas xenogamy is a type of cross-pollination. 

 (b)  Diagrammatic representation of megasporangium of 
an angiosperm:

 (2 Marks)
41. (a) Pollination is a defined as the process of transfer 

of pollen grains from anthers to stigma. It involves 
followings steps such as:
•  When the pollen grains fall on the stigma, 

pollen tube is formed and it enters one of the 
synergids and also releases two male gametes. 

•  One of the male gametes moves towards the 
egg and fuse to form a zygote. 

•  While the other male gamete fuses with polar 
nuclei and forms a primary endosperm nucleus. 
This process is termed as triple fusion. 

•  The central cell becomes the primary endosperm 
cell after the process of triple endosperm. The 
primary endosperm nucleus forms endosperm 
whereas zygote is further developed into the 
embryo. 

•  A seed refers to the fertilized ovules that are 
further inside a fruit.

•  The integuments of the ovules are hardened 
to form the seed coat whereas the micropyle 
facilitates the entry of oxygen and water into 
the seeds. (5 Marks)

42. (a)  To obtain seeds formed only from the desired sets of 
pollen grains one can opt for artificial hybridisation. 
Following are the steps involved:

A bisexual flower is taken.

↓
Anthers are removed from the flower bud before the 

anther dehisces (emasculation).

↓

Emasculated flower is covered with butter paper, to 
prevent contamination of its stigma with unwanted 

pollen
↓

When the bagged stigma attains receptivity, the 
desired set of mature pollen grains is dusted (pollina-

tion).
↓

Rebagging is done.

↓

Fruits are allowed to develop.

↓

Desired seeds are obtained.

 (3 Marks)
 (b)  Artificial hybridisation is important for the following 

reasons:
	 	 •	 It helps to improve the crop yield.
	 	 •	 	It ensures that the crops produced have the 

desired characteristics.
	 	 •	 It helps to yield commercially superior varieties.

 (2 Marks)
43. There are three different types of pollinations such as:
 (i) Autogamy: This type of pollination requires transfer 

of pollen grains from anther to stigma of same flower. 
In this, the anther and stigma lie close to each other 
so that self-pollination can occur. Some plants such 
as Oxalis, Commeline and Viola produces two types 
of flowers such as Chasmogamous	flowers:	Such 
flowers are similar to the flowers of other species 
with exposed anthers and stigma. 

	 	 Cleistogamous	flowers:	Such flowers do not open at 
all. The anthers and stigma lie close to each other. 

 (ii) Geitonogamy: In this type of pollination, the transfer of 
pollen grain from anther to the stigma of another flower 
of same plant. It involves cross-pollination through 
pollinating agents. But genetically it is similar to autogamy 
as the pollen grains come from the same plant.

 (iii) Xenogamy: This type of pollination involves transfer 
of pollen grains from anther to stigma of a different 
plant. In this, pollination brings genetically different 
types of pollen grains to the stigma. (5 marks)

Note

Plants uses one biotic agent such as animals and two abiotic 
agent such as wind and water for pollination. 
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44. (a)	 	Diagrammatic	 representation	 of	 L.S	 of	 flower	
showing	growth	of	a	pollen	tube:

Pollen tube

Synergid

Egg cell
Polar nuclei

Antipodal

 (2 Marks)
(b) When the unfertilized ovule passes through double 

fertilization and then fertilised ovule is formed 
which further develops into seed. In this process, the 
hilum and funiculus are present. Outer integument 
is developed into texta whereas inner integument is 
developed into tegman. The chalaza and micropyle 
are also present while nucellus is absent. In embryo 
sac, synergids and antipodal cell are degenerate. 
The central cell then develops into endosperm and 
egg is developed into the zygote and then into the 
embryo. (3 Marks)

Note

Hilum is the region where the body of the ovule fuses with funicle 

thus, hilum represents the junction between ovule and funicle.

Topic-2: Double Fertilisation

1. (a) n – antipodal cell, 2n – zygote, 3n – endosperm 
2. (b)
3. (c)

 
 (1 Mark)
4. If plant leaves i.e., diploid structure contain 2n = 10  chromosome
 Then zygote  will also contain 10 chromosome and endosperm 

which is a triploid structure will contain 3n =15 chromosome. 
 Zygote and endosperm are formed by the process called 

double fertilization. (1 Mark)

 Double Fertilisation
 •  After entering one of the synergids, the pollen tube 

releases the two male gametes into the cytoplasm of 
the synergid. 

 •  One of the male gametes moves towards the egg cell 
and fuses with its nucleus thus completing the syngamy.

 •  This results in the formation of a diploid cell, the 
zygote. The other male gamete moves towards the 
two polar nuclei located in the central cell and fuses 
with them to produce a triploid primary endosperm 
nucleus (PEN).

 •  As this involves the fusion of three haploid nuclei it 
is termed triple fusion. Since two types of fusions, 
syngamy and triple fusion take place in an embryo 
sac the phenomenon is termed double fertilisation, 
an event unique to flowering plants.

 •  The central cell after triple fusion becomes the primary 
endosperm cell (PEC) and develops into the endosperm 
while the zygote develops into an embryo. (2 Marks)

5. The diploid number of chromosomes in an angiosperm 
plant (2n) = 16.

  The haploid number (n) will be = 8
  Endosperm of an angiosperm is triploid (3n), so 

the number of chromosome present in endosperm  
3n = 8 × 3 = 24.

  Whereas antipodal cells are haploid (n) in nature. So, the 
number of chromosome in antipodal cells will be = 8

 (2 Marks)
6. The post fertilisation events that are responsible for the 

formation of non-albuminous mature seeds of groundnut 
and albuminous seeds of castor are as follows:

  The primary endosperm nucleus divides repeatedly to 
give rise to free nuclei and this stage is called free nuclear 
endosperm. The cell wall is formed after the formation of 
cellular endosperm. 

  Hence, if the endosperm is consumed fully by the 
developing embryo before seed maturation results in the 
formation of non-albuminous seeds such as in groundnut. 
Whereas if the endosperm persists in the mature seed and 
can be used up during seed germination then is called as 
albuminous such as in castor. (3 Marks)

Note

The process of double fertilisation involves the fusion of one 
gamete with nucleus of egg cell results in the formation of zygote 
whereas other male gamete move towards the two polar nuclei 
that is located in the central cell and fuses with polar nuclei to 
give rise to primary endosperm nucleus (PEN). It is also called 
triple fusion as it involves the fusion of three haploid nuclei.

7. The events seen after the pollen tube enters one of the 
synergids in an ovule are as follows :

 (i)  Pollen tube, after reaching the ovary, enters the 
ovule through the micropyle and thus enters one of 
the  synergids through filiform apparatus.
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 (ii)  After entering one of synergids, the pollen tube 
releases the two male gametes into the cytoplasm of 
the synergid.

 (iii)  One of the male gametes move towads the egg cell 
and fuses with its nucleus thus results in formation 
of zygote (diploid cell). This is Syngamy.

	 (iv)	 	The other male gamete move towards the two polar 
nuclei located in the central cell and fuses to form 
triploid primary endosperm nucleus (PEN). This 
involves fusion of three haploid nuclei & hence 
termed as triple fusion.

	 (v)	 	Two types of fusions, syngamy & triple fusion takes 
place in an embryosac and hence the phenomenon is 
termed as double fertilisation.

	 (vi)	 	After fertilisation, PEN becomes the primary endosperm 
cell (PEC) & develops into endosperm while zygote 
develops into an embyo. (2 × ½ Marks)

Topic-3: Post- Fertilisation: Structures and 
Events

1. (a) Perisperm can be defined as the persistant part of 
nucellus that remain after the embryonic development. It 
persists in the mature seed of black pepper. (1 Mark)

2. (d) black pepper (1 Mark)
3. (c) The portion of embryonal axis above the level of 

cotyledons is the epicotyl, which terminates with the 
plumule or stem tip. (1 Mark)

4. (b) (ii), (iii) (1 Mark)
5. (c) strawberry (1 Mark)
6. (c) 500 (1 Mark)
7. Fruits that are matured ovaries of flowers are called true 

fruits and false fruits are develop only from the ovary. 
Fruits formed as a result of fertilisation, while some 
species of fruits that are develop without fertilisation and 
such fruits are called parthenocarpic fruits. Banana is a 
parthenocarpy and seedless fruit. (3 Marks)

8. Hybrid seeds are produced by cross-pollination of plants 
and in order to produce desirable hybrid character, 
plant breeders and scientists are trying thousands of 
combination to produce such hybrids. So hybrid seeds are 
produced every years and it requires a lots of scientific 
research for the production of such hybrid seeds. It is 
expensive and hence the cost of hybrid becomes too 
expensive for the farmers. (2 Marks)

9. Diagrammatic Representation of L.S of Maize grain:

  (3 Marks)

10. Parthenogenesis and parthenocarpy are two such 
processes that results in fruits and individuals from 
unfertilized ovules or eggs prior to fertilisation.
In most plants, flowers need to be pollinated and fertilized 
to produce fruits. However, some plants can produce 
fruits before fertilisation or without fertilisation. 
Parthenocarpy is the process which produces fruits from 
unfertilised ovules in plants. Unfertilised ovules develop 
into fruits prior to fertilisation. These fruits do not contain 
seeds. E.g. banana and grapes.
Parthenogenesis is a type of reproduction commonly 
shown in organisms mainly by some invertebrates and 
lower plants. It can be described as a process in which 
unfertilised ovum develops into an individual (virgin 
birth) without fertilisation. Therefore, it can be considered 
as a method of asexual reproduction.
The key difference between parthenogenesis and 
parthenocarpy is, parthenogenesis is shown by animals 
and plants while parthenocarpy is shown only by plants. 
Parthenogenesis is seen in organism like rotifers, honeybees 
and even some lizards and birds (turkey). (3 Marks)

11. The pea plant is monoecious as the male and female 
gametes are found on the same plant. So, self pollination 
takes place in such plants results in the production of 
seeds. Whereas the papaya plant is dioecious as male and 
female gametes are found located on the different plants. 
As only single parent (papaya) is involved according to 
question so cross pollination will not take place so there 
will be no seed production. (2 Marks)

12. Diagrammatic Representation of mature stage of 
dicotyledonous embryo: (1 Mark)

13. The three advantages that seeds offer to angiosperms are 
as follows: 

 • The seeds of angiosperms provide protection to the 
embryo from harsh environmental conditions.

 • It provides nourishment and parental care to the 
developing embryo.

 • The dispersal of the seeds to far-off places prevents 
competition among the members of the same species 
and prevents their extinction.  (3 Marks)

Note

In angiosperms, there are two types of seeds albuminous and non-
albuminous. Non-albuminous seeds have no residual endosperm 
as it is completely consumed during embryo development e.g. 
pea and groundnut whereas albuminous seeds retain a part of 
endosperm e.g. wheat, maize and castor.
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14. The fusion of one haploid male gamete with haploid female 
gamete (egg cells) results in the formation of a diploid 
zygote and this process is called sexual reproduction. 
Whereas endosperm is formed when other male gamete 
move towards the two polar nuclei which is located in the 
central cell and its fusion with the two polar nuclei results 
in the formation of triploid primary endosperm nucleus 
(PEN). This process is called triple fusion. The central 
cell after triple fusion becomes the primary endosperm 
cell (PEC) and develops into the endosperm whereas 
the zygote develops into an embryo. (2 Marks)

15. (i) Degenerating
synergids

Zygote (2n)

Primary endosperm
cell (PEC)

Degenerating
antipodal cells

Globular Embryo

Zygote

Suspensor

Radicle

Cotylendon

Mature

(b)

Heart-shaped
Embryo

(a)

Plumule

(3 Marks)
 (ii)  The primary endosperm cell divides repeatedly and 

forms a triploid endosperm tissue. The cells of this tissue 
are filled with reserve food materials and are used for the 
nutrition of the developing embryo. Thus, Endosperm 
development precedes embryo development. (2 Marks)

16. (a)  The occurrence of more than one embryo in a seed 
in oranges is because of polyembryony.  In orange, 
the nucellar cells, synergids and integument cells 
are developed into a number of embryos of different 
sizes. For Example: Citrus. (2½ Marks)

Note

Sometimes the formation of more than one egg in an embryo 
sac can lead to polyembryony.

  (b) Parental characters are maintained in the embryos 
formed as a result of polyembryony and hence they 
are genetically similar. As, in this process there is no 
segregation of characters in the progeny. (2½ Marks)

Topic-4: Apomixis and Polyembryony

1. (a) Production of hybrid seeds is costly and hence 
the cost of hybrid seeds becomes too expensive for the 
farmers. If these hybrids are made into apomicts, there is 
no segregation of characters in the hybrid progeny. Then 
the farmers can keep on using the hybrid seeds to raise 
new crop year after year and he does not have to buy 
hybrid seeds every year. (1 Mark)

2. (a) Both A and R are true and R is the correct explanation 
of A     (1 Mark)

3. One of the problems of hybrids is that hybrid seeds have 
to be produced every year. If the seeds collected from 
hybrids are sown, the plants in the progeny will segregate 

and do not maintain hybrid characters. Production of 
hybrid seeds is costly and hence the cost of hybrid seeds 
become too expensive for the farmers. If these hybrids are 
made into apomicts, there is no segregation of characters 
in the hybrid progeny. Then the farmers can keep on using 
the hybrid seeds to raise new crop year after year and he 
does not have to buy hybrid seeds every year. (2 Marks)

4. Apomixis is a form of asexual reproduction that mimics 
sexual reproduction. As some species of plants such as 
Asteraceae and grasses have evolved special mechanism 
in order to produce seeds without fertilisation.

	 Advantage	of	Apomixis:
  Apomixis reduces the cost of hybrid production and 

helps plant breeders to produce new varieties of seeds 
more quickly and more cheaply. (2 Marks)

5.	 Apomixis: It is a form of asexual reproduction that mimics 
sexual reproduction, and seeds are produced without 
fertilisation. It is called apomix is or agamospermy, e.g., 
Grasses. 

	 Significance:	 Diploid egg cell is formed without 
reduction division and develops into embryo without 
fertilisation, e.g., Asteraceae and Grasses.

	 Commercial	applications	of	apomixis	:
 (i)  By apomixis, hybrid varieties of seeds can be 

produced, which will provide higher and better yield.
 (ii)  Apomixis prevents the loss of specific characteristics 

in the hybrid plants.
 (iii)  Apomixis is a cost-effective method of producing 

seeds. (3 Marks)
6. (a)  There are two ways by which the apomitic seeds are 

produced:
   Agamospermy: In this method, the seeds are 

produced from diploid cells without meiosis and 
fertilisation. For example: Apple.

	 	 	Adentive	embryony: In this method, the nucellus and 
integuments extends into the embryo sac and develops 
into embryo. It involves the formation of more than 
one embryo. For example: citrus fruit. (3 Marks)

 (b) The main advantage of apomictic seeds is that 
there is no segregation of characters in the hybrid 
progeny. The apomictic seeds are cost effective and 
high yielding.  (1 Mark)

7. (a) The different ways by which apomictic seeds are 
developed involved: 

  (i)  Formation of diploid egg as embryo without 
undergoing reduction division or fertilization for 
example: Asteraceae.

  (ii)  In several citrus fruits and mango varieties, nuclear 
cells surrounding the embryo sac start dividing and 
project into the embryo sac. It gets further developed 
into the embryos. (2 Marks) 

(b) Advantages	of	apomictic	crop:	Apomixis reduces the 
cost of the hybrid production so that new varieties of 
seeds are produced more quickly and at a cheaper rate.

	 Disadvantages	of	apomictic	crop:	Apomictic seeds reduce 
the genetic diversity because of a lack of variations. (1 Mark)
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8. (a)  The different ways by which apomictic seeds are 
developed involved: 

   (i)  Formation of diploid egg as embryo without 
undergoing reduction division or fertilization 
for example: Asteraceae.

   (ii)  In several citrus fruits and mango varieties, 
nuclear cells surrounding the embryo sac start 
dividing and project into the embryo sac. It 
gets further developed into the embryos. 
 (2 Marks) 

(b) Advantages	of	apomictic	crop:	Apomixis reduces 
the cost of the hybrid production so that new 
varieties of seeds are produced more quickly and at 
a cheaper rate. 

	 Disadvantages	of	apomictic	crop:
 Apomictic seeds reduce the genetic diversity because of 

a lack of variations. (1 Mark)
(c) Hybrid seeds are produced by cross-pollination 

of plants and in order to produce desirable hybrid 
character, plant breeders and scientists are trying 
thousands of combination to produce such hybrids. 
So hybrid seeds are produced every years and 
it requires a lots of scientific research for the 
production of such hybrid seeds. It is expensive and 
hence the cost of hybrid becomes too expensive for 
the farmers. (2 Marks)

9. (a)  There are two ways by which the apomitic seeds are 
produced: 

   Agamospermy: In this method, the seeds are 
produced from diploid cells without meiosis and 
fertilization. For example: Apple. 

	 	 	Adentive	embryony: In this method, the nucellus and 
integuments extends into the embryo sac and develops 
into embryo. It involves the formation of more than 
one embryo. For example: citrus fruit. (3 Marks)

(b) The main advantage of apomictic seeds is that 
there is no segregation of characters in the hybrid 
progeny. The apomictic seeds are cost effective and 
high yielding. (1 Mark)

(c) Diagrammatic Representation of mature stage of 
dicotyledonous embryo: (1 Mark)
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2 Mathematics

1. Let R be a relation in the set N given by

R = {(a, b) : a = b – 2, > 6}.

Then [CBSE Sample Paper 2021-22, Term-I,

All India 2023, Set-II, K ]

(a) (8, 7) Î R

(b) (6, 8) Î R

(c) (3, 8) Î R

(d) (2, 4) Î R    

2. Let A = {3, 5}. Then number of reflexive relations on A
is  [Delhi 2023, K ]

(a) 2 (b) 4

(c) 0 (d) 8

3. Let set X = {1, 2, 3} and a relation R is defined in X as
: R = {(1, 3), (2, 2), (3, 2)}, then minimum ordered pairs
which should be added in relation R to make it reflexive
and symmetric are [All India 2022, Term-I, U ]

(a) {(1,1), (2, 3), (1, 2)}

(b) {(3, 3), (3, 1), (1, 2)}

(c) {(1, 1), (3, 3), (3, 1), (2, 3)}

(d) {(1, 1), (3, 3), (3, 1), (1, 2)}

4. If R = {(x, y): x, y Î Z, x2 + y2 £ 4} is a relation in set Z,
then domain of R is [All India 2022, Term-I, U ]

(a) {0, 1, 2} (b) {–2, –1, 0, 1, 2}

(c) {0, –1, –2} (d) {–1, 0, 1}

Types of RelationsTopic-1:

5. A relation R in set A = {1,2,3} is defined as R = {(1, 1),
(1, 2), (2, 2), (3, 3)}. Which of the following ordered
pair in R shall be removed to make it an equivalence
relation in A?

[CBSE Sample Paper 2021-22, Term-I, K ]

(a) (1, 1) (b) (1, 2)

(c) (2, 2) (d) (3, 3)

6. Let the relation R in the set A = {x Î Z : 0 £ x £ 12},
given by R = {(a, b) : |a – b| is a multiple of 4}. Then [1],
the equivalence class containing 1, is:

[CBSE Sample Paper 2021-22, Term-I, U ]

(a) {1, 5, 9}

(b) {0, 1, 2, 5}

(c) f

(d) A

7. The relation R in the set {1, 2, 3} given by R = {(1, 2),
(2, 1), (1, 1)} is [Delhi 2020, K ]

(a) symmetric and transitive, but not reflexive

(b) reflexive and symmetric, but not transitive

(c) symmetric, but neither reflexive nor transitive

(d) an equivalence relation

2 Fill in the Blanks (1 Mark)

8. A relation R in a set A is called ________, if (a1, a2) Î R
implies (a2, a1) Î R, for  all a1, a2 Î A.

[All India 2020, Set-I, A ]

CHAPTER

Relations and
Functions

1
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3  Assertion Reason/
Two Statement Type Questions (1 Mark)

9. Assertion (A) : The relation R =  {(x, y) : (x + y) is a
prime number and x, y ÎN} is not a reflexive relation.

Reason (R) : The number '2n' is composite for all natural
numbers n.    [All India 2024,  K ]

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

(b) Both Assertion (A) and Reason (R) are true and
Reason (R) is not the correct explanation of the
Assertion (A).

(c) Assertion (A) is true, but Reason (R) is false.

(d) Assertion (A) is false, but Reason (R) is true.
 

4 Very Short Answer Question (1 Mark)

10. If  R  =  {(x, y) : x +  2y = 8} is a relation on N, write

the  range  of  R. [All India 2014, K ]

6 Long Answer Questions (4 or 5 or 6 Marks)

11. Check whether the relation S in the set of real numbers
R  defined  by  S  =  {(a,  b)  :   where  a  –  b  +  2  is an
irrational number} is reflexive, symmetric or transitive.

  [All India 2024,  K ]
12. A relation R is defined on N × N (where N is the set of

natural numbers) as (a, b) R (c, d) Û  a – c = b – d
Show that R is an equivalence relation.

      [Delhi 2024,  A ]

13. Let ¥  be the set of all natural numbers and R be a relation
on ´¥ ¥  defined by (a, b) R (c, d) Û ad =  bc  for  all

(a, b), (c, d) Î ´¥ ¥ . Show that R is an equivalence
relation on ´¥ ¥ .  Also,  find  the  equivalence  class  of
(2, 6), i.e., [(2, 6)].

[CBSE Sample Paper 2022, 23, 2023-24, K ]

14. If N denotes the set of all natural numbers and R is the
relation on N ´ N defined by (a,b,) R (c,d), if ad(b+c) =
bc(a + d). Show that R is an equivalence relation.

[Delhi, 2015, All India 2023, Set-I, K ]

15. Given a non-empty set X, define the relation R in P(X)
as follows:

For  A,  BÎ P(X), (A, B)Î R iff AA Ì B. Prove that R is
reflexive, transitive and not symmetric.

[CBSE Sample Paper 2022-23, K ]

16. Let N be the set of natural numbers and R be the relation
on N × N defined by (a, b) R (c, d) if ad = bc for all a, b,
c, d Î N. Show that R is an equivalence relation.

[All India 2020, Set-I, Ap ]

17. Check whether the relation R in the set N of natural
numbers  given  by  R  =  {(a, b) : a is divisor of b} is
reflexive, symmetric or transitive. Also determine whether
R is an equivalence relation. [Delhi 2020, K ]

18. Let A = {1, 2, 3, ... , 9} and R be the relation in A × A
defined by (a, b) R (c, d) if a + d = b + c for (a, b), (c, d)
in A × A. Prove that R is an equivalence relation. Also
obtain the equivalence class [(2, 5)]. [Delhi 2014, K ]

19. Show that the relation R on ¡  defined as R = {(a, b)  :

a £ b}, is reflexive, and transitive but not symmetric.

[Delhi 2019, Set-I, K ]

20. Show that the relation S on the set A = {x Î Z : 0 £ x £ 12}
given by S = {(a, b) : a, b Î Z, | a – b| is divisible by 3} is an
equivalence relation. [All India 2019, K ]
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Types of FunctionsTopic-2:

1. Let f : ® [–5, ¥) be defined as f(x) = 9x2 + 6x – 5, R+ is
the set of all non-negative real numbers. Then, f is:

 [Delhi 2024, Ap ]

(a) one-one
(b) onto
(c) bijective
(d) neither one-one more onto

2. If f(x) = | cos x | , then f 
3
4
pæ ö

ç ÷è ø  is

[All India 2023, Set-II, K ]

(a) 1 (b) –1

(c) 
2

1-
(d) 

2

1-

3. Let X =  {x2 : x Î N} and the function f : N ® X is
defined by f(x) = x2, x Î N. Then this function is

[All India 2022, Term-I, A ]

(a) injective only (b) not bijective

(c) surjective only (d) bijective

4. A function f : R ® R defined by f (x) = 2 + x2 is

[All India 2022, Term-I, A ]

(a) not one-one

(b) one-one

(c) not onto

(d) neither one-one nor onto

5. The function f : R ® R defined as f (x)= x3 is:

[CBSE Sample Paper 2021-22, Term-I, K ]

(a) One-one but not onto

(b) Not one-one but onto

(c) Neither one-one nor onto

(d) One-one and onto

6. Let A = {1, 2, 3}, B = {4, 5, 6, 7} and let f  = {(1, 4),
(2, 5), (3, 6)} be a function from A to B. Based on the
given information, f  is best defined as:

[CBSE Sample Paper 2021-22, Term-I, K ]

(a) Surjective function (b) Injective function
(c) Bijective function (d) Function

7. The function f : R ® [–1, 1] defined by f (x) = cos x is

[Delhi 2020, K ]

(a) both one-one and onto

(b) not one-one, but onto

(c) one-one, but not onto

(d) neither one-one, nor onto

3  Assertion Reason/
Two Statement Type Questions (1 Mark)

8. Assertion (A): The relation f : {1, 2, 3, 4} ® {x, y, z, p}
defined by f = {(1, x), (2, y), (3, z)} is a bijective function.

Reason (R): The  function  f  :  {1,  2,  3}  ® {x, y, z, p}
such that f = {(1, x), (2, y), (3, z)} is one-one.

[CBSE Sample Paper 2023-24, A ]

(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 but (R) is true.

5 Short Answer Question (2 or 3 Marks)

9. Prove that the function f is surjective, where f : N ® N

such that 

1, if isodd
2( )
, if iseven

2

n n
f n

n n

+ì
ïï= í
ï
ïî

[CBSE Sample Paper 2022-23, A ]
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6 Long Answer Questions (4 or 5 or 6 Marks)

10. Let A = R – {5} and B = R – {1}. Consider the function

f : A ® B, defined by f(x) = 
x 3

.
x 5

-
-

Show that f is one -

one and onto. [All India 2024,  Ap ]

11. Show that a function f : R ® defined by f(x) = 2
2x

1 x+
 is

neither one-one nor onto. Further, find set A so that the
given function f : R ® A becomes an onto function.

[Delhi 2024,  K ]

12. Show that the function { }f : x : 1 x 1® Î - < <¡ ¡

defined by ( ) xf x , x
1 | x |

= Î
+

¡  is one-one and onto

function.  [CBSE Sample Paper 2023-24 Ap ]

13. Let f : R – 
4
3

ì ü- ®í ý
î þ

R be a function defined as

f(x) = 
4x

3x 4+
.  Show that f is one -one function. Also,

check whether f is an onto function or not.

[All India 2023, Set-I, K ]

14. A function f : [–4, 4] ® [0, 4] is given by f(x) = 216 x- .

Show that f is an onto function but not a one-one function.
Further, find all possible values of 'a' for which

f(a) = 7 .   [All India 2023, Set-III, A ]

15. Prove that the function f : N ® N, defined by f (x) = x2 +
x + 1 is one-one but not onto. Find inverse of f : N ® S,
where S is range of f. [Delhi 2019, Set-I, K ]

16. Let A = R – {2} and B = R – {l}. If f : A ® B is a function

defined by x 1f (x) ,
x 2

-
=

-
show that f is one-one and onto.

Hence, find f –1 . [All India 2019, K ]

7 Case Based Questions (4 Marks)

17. An organization conducted bike race under two different
categories – Boys and Girls. There were 28 participants
in all. Among all of them, finally three from category 1
and two from category 2 were selected for the final race.
Ravi forms two sets B and G with these participants for
his college project.

Let B = {b1, b2, b3} and G = {g1, g2}, where B represents
the set of Boys selected and G the set of Girls selected for

the final race. [Delhi 2023, Ap ]

Based on the above information, answer the following
question:

(I) How many relations are possible from B to G?

(II) Among all the possible relations from B to G, how
many functions can be formed from B to G?

(III) Let R: B ®  B be defined by R = {(x, y) : x and y are
students of the same sex}. Check if R is an
equivalence relation.

OR

A function f : B ® G be defined by f = {(b1, g1), (b2, g2),
(b3, g1)}.

Check if is bijective. Justify your answer.
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Types of RelationsTopic-1:

1. (b) given, R= {(a,b) ; a = b - 2, b > 6}
where a, b Î N

option (a) will not be the answer. because,
Here a = 8, b = 7
and 8 ¹ 7 - 2
option (b) will be the answer because,
Here 6 = 8 - 2
option (c) will not be the answer because,
Here 3 ¹  8 - 2
also, option (d) will not be the answer because,
Here a = 2, b = 4 and a = b - 2 follows
but b < 6 (1 Mark)

2. (b) Given set { } ( )3,5A n A 2= Þ =

Now number of reflexive relation on A

= 
2 2(n n) (2 2) (4 2) 22 2 2 2 4- - -= = = = (1 Mark)

3. (c) Given that set X = {1, 2, 3}
R is reflexive since (1, 1), (2, 2) and (3, 3) lie in R.
Also,
R is symmetric if
(1, 3)Î X Þ (3, 1) Î X Þ (3, 2) Î X Þ (2, 3)  Î X
Therefore
R = {(1, 1), (2, 2), (3, 3), (1, 3), (3, 1),  (3, 2), (2, 3)}

(1 Mark)
4. (b) We have R = {(x, y): x, y Î Z, x2 + y2 £ 4}

When x = 0
x2 + y2 £ 4 Þ y2 £ 4 Þ y = 0, ±1, ±2
When x = ±1
x2 + y2 £ 4 Þ 1 + y2 £ 4 Þ y2 £ 3 Þ y = 0, ±1
When x = ±2
x2 + y2 £ 4 Þ 4 + y2 £ 4 Þ y2 £ 0 Þ y = 0
Therefore, R = {(0, 0), (0, –1), (0, 1), (0, –2), (0, 2),
(–1, 0), (1, 0), (1, 1), (1, –1), (–1, 1), (–1, –1), (2, 0),
(–2, 0)}
Hence,
Domain of R = {x : (x, y) Î R}
= {0, –1, 1, –2, 2}                 (1 Mark)

5. (b) (1, 2) (1 Mark)
6. (a) {1, 5, 9} (1 Mark)
7. (a) Let  set A = {1, 2, 3}

R = {(1, 2) (2, 1) (1, 1)}
(i) Relation R is reflexive if

a Î A
(a, a) Î R
But here (2, 2) and (3, 3) is missing.
So, R is not reflexive.

(ii) A relation R is symmetric if (a, b) Î R
then (b, a) Î R
Here R has (1, 2) and (2, 1)
Therefore, R is symmetric.

(iii) A relation R is said to be transitive if
(a, b) Î R and (b, c) Î R then (a, c) Î R
(1, 2) Î R, (2, 1) Î R
Also (1, 1) Î R
Therefore, relation R is transitive. (1 Mark)

8. [Symmetric] (1 Mark)
9. (c) (a, a) Î R  implies a  + a is a prime number

But a + a = 2a is not always a prime number.
Hence, R is not reflexive.
Let n = 1
2n = 2 which is a prime number.
2n is not composite for all natural numbers n. (1 Mark)

10. R = {(x , y) : x + 2y = 8}

x = 1, 7 ,
2

y N= Ï  x = 5, 3
2

y N= Ï

x = 2,  y = 3 ÎN,  x = 6,  y = 1 ÎN

x = 3, 5 N,
2

y = Ï  x = 7, 1
N

2
y = Ï

x = 4, y = 2, ÎN, x = 8, 0y N= Ï
\ Range (R) = {1, 2, 3} (1 Mark)

11. Consider 2 2 R 2  as 2 2 2 2 2 2- + =
(irrational)

2R3 2 as 2 3 2 2 2- + = -  (irrational)

But 2 2 R 3 2

2 2 3 2 2 0 (rational number)- + =
Hence, R is not transitive. (2 Marks)

(a, a) Î R  as  a a 2 2- + =
which is irrational number " a Î R.
Hence, R is reflexive. (1 Mark)

Consider (2 2, 2)

2 2 2 2 2 2 (irrational number)- + =

( 2, 2 2)ÎR

as 2 2 2 2 0- + =  (not irrational)
Hence, R is not symmetric. (2 Marks)
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12. Reflexive
(a, b) R (a, b) Þ a – a = b – b = 0
Which is true for all (a, b) Î N × N. (1 Mark)
Symmetric
(a, b)R(c, d) Þ a – c = b – d Þ c – a = d – b
Þ (c, d) R (a, b) " (a, b) Î N × N and (c, d) Î N × N
Hence R is symmetric. (2 Marks)
Transitive
Let (a, b) R (c, d) and (c, d) R (e, f)
Þ a – c = b – d ...(i)
Þ c – e = d – f  ...(ii)
Adding (i) & (ii)
a – e = b – f Þ (a, b) R (e, f)
Hence R is transitive.
R is an equivalence Relation. (2 Marks)

13. Let (a, b) be an arbitrary element of .´¥ ¥  Then,

(a, b) Î ´¥ ¥  and a,b Î¥

We have, ab = ba;

(As a,b Î¥  and multiplication is commutative on ¥ )

Þ (a, b) R (a, b), according to the definition of the
relation R on N × N.

Thus (a, b) R (a, b), ( )a, b ." Î ´¥ ¥

So, R is reflexive relation on .´¥ ¥ (1 Mark)

Let (a, b), (c, d) be arbitrary elements of ´¥ ¥  such that
(a, b) R (c, d).
Then, (a, b) R (c, d) Þ ad = bc Þ bc = ad;

(changing LHS and RHS)
Þ cb = da; (As a, b, c, d Î ¥  and multiplication is

commutative on ¥ )
Þ (c, d) R (a, b); according to the definition of the relation
R on ´¥ ¥

Thus (a, b) R (c, d) Þ (c, d) R (a, b)
So, R is symmetric relation on ´¥ ¥ . (1 Mark)

Let (a, b), (c, d), (e, f) be arbitrary elements of ´¥ ¥

such that (a, b) R(c, d) and (c, d) R (e, f).

Then 
( ) ( )
( ) ( )
a, b R c,d ad bc

c,d R e, f cf de

Þ = üï
ý

Þ = ïþ

Þ (ad) (cf) = (bc) (de) Þ af = be
Þ (a, b) R(e, f); (according to the definition of the
relation R on ´¥ ¥ )

Thus (a, b) R (c, d) and (c, d) R (e, f) Þ (a, b) R (e, f)
So, R is transitive relation on ´¥ ¥ . (1 Mark)
As the relation R is reflexive, symmetric and transitive
so, it is equivalence relation on ´¥ ¥ .

[(2, 6)] = {(x, y) Î ´¥ ¥  (x, y) R (2, 6)} (½ Mark)

( ){ }x, y : 3x y= Î ´ =¥ ¥ (½ Mark)

( ){ } ( ) ( ) ( ){ }x,3x : x 1,3 , 2,6 , 3, 9 ,.....= Î =¥ (1 Mark)

14. (a) Let R be defined on N × N
Reflexivity: Sum and product of natural numbers obeys
commutative property
(a, b) R (c, d) Û ad (b + c) = bc(a + d)
Hence, R is reflexive.                                            (1½  Marks)
Symmetry: Let (a, b) R(c, d)
Þ ad(b + c) = bc(a + d)
Þ da(c + b) = cb(d + a)
Þ (c, d) = R(a, b)                                  (1½  Marks)
So, R is symmetric.
Transitivity: Let (a, b), (c, d), (e, f) Î N × N
(a, b) R(c, d) and (c, d) R (e, f)
ad(b +c) = bc(a + d) and cf(d + e) = de (c + f)

Þ
ab

a b- = 
cd cd ef,

c d c d e f
=

- - -

Þ
ab ef

a b e f
=

- -
 Þ (a, b) R(e, f)

Hence, R is transitive. (2 Marks)

15. Let A Î P(X). Then A Ì A

Þ (A, A) Î R

Hence, R is reflexive. (1 Mark)

Let A, B, C Î P(X) such that

(A, B), (B, C) Î R

Þ A Ì B, B Ì C

Þ A Ì C

Þ (A, C) Î R

Hence, R is transitive. (2 Marks)

f, X Î P(X) such that f Ì X. Hence, (f, X) Î R. But, X Î f,

which implies that (X, f) Ï R.

Thus, R is not symmetric. (2 Marks)
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16.

Topper's Answer
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17. R = {(a, b) : a is divisor of b}
(i) Reflexive:

Since every natural number divisor of itself
\ " a Î R Þ (a, a) Î R
\ R is reflexive. (1 Mark)

(ii) Symmetric
Let (2, 4) Î R (2 is divisor of 4)
but (4, 2) Ï R (4 is not divisor of 2)
\ R is not symmetric. (1 Mark)

(iii) Transitive
Let (a, b) Î R, (b, c) Î R � a, b, c Î N
Þ Let b = ma c = bn = n(ma)
= mna
Þ a is divisor of c
Þ (a, c) Î R
\ R is transitive.
R is reflexive, transitive but not symmetric.
Therefore, R is not equivalence. (2 Marks)
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18. Here A = [1, 2, 3, ... 9] and R is a relation on A  × A
defined by
(a, b) R (c, d) Û a + d = b + c " a, b, c, d Î A
(i) Let (a, b) Î A × A

a + b = b + a
(a, b) R (a, b), " (a, b) Î A × A
Þ R is reflexive on A (1 Mark)

(ii) Let (a, b) R (c, d)
a + d = b + c
b + c = d + a
(c, d) R (a, b), " (a, b), (c, d) Î A × A
Þ R is symmetric on A (1 Mark)

(iii) Let (a, b) R (c, d) and (c, d) R (e, f ), " (a, b), (c, d)
and (e, f) Î A × A

a + d = b + c and c + f = d + e
On adding
(a + d) + (c + f) = (b + c) + (d + e)
Þ a + f = b + e
(a, b) R (e, f )
Þ R is transitive on A.
Hence R is an equivalence relation on A (1 Mark)
Also equivalence class [(2, 5)]
= [(a, b) Î A × A | (2, 5) R (a, b)]
= [(a, b) Î A × A | 2 + b = 5 + a]
= [(a, b) Î A × A | b = a + 3]
= [(a, a + 3) | a Î A |
= {(1, 4), (2, 5), (3, 6), (4, 7), (5, 8), (6, 9)}

(1 Mark)

19.

Topper's Answer
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20. Given set A = { 0, 1, 2, 3, 4, 5,  6, 7, 8, 9, 10, 11, 12}.

and S = {(a, b) : a, b Î Z, |a – b| is divisible by 3}.

(i) For all a Î A, (a, a) Î S (Q  a – a = 0 is divisible by 3).

\ S is reflexive on A. (1 Mark)

(ii) For all a, b Î A,

If (a, b)  Î S, i.e, | a – b| is divisible by 3.

Þ |b – a| is also divisible by 3.

\ S is symmetric on A. (1 Mark)

(iii) For all a, b, c Î A.

Let (a, b) Î S and (b, c) Î S.

i.e; |a – b| is divisible by 3 and |b – c| is divisible by 3.

and let (a – b) = 3q, (b c) 3p.± - = ±

Adding we get :

a c 3(p q) 3m- = ± + = ± (say)

Þ |a – c| = 3m (divisible by 3).

\ S is transitive in A.

Hence, S is an equivalence relation on A.

A relation is equivalence when it is reflexive,

symmetric and transitive.               (2 Marks)
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1. (c) To show function is one-one, let f(x1) = f(x2) where
x1, x2 Î (0, ¥)

Þ 2 2
1 1 2 29x 6x 5 9x 6x 5+ - = + -

Þ 2 2
1 2 1 29(x x ) 6(x x ) 0- + - =

Þ [ ]1 2 1 2(x x ) 09(x x ) 6- =+ +

Þ 1 2 1 2x x [ 9(x x ) 6 0]= + + >Q

Hence function f(x) is one-one
Given, f(x) = 9x2 + 6x – 5 = (3x + 1)2 – 6

Þ 2 y 6 1
y (3x 1) 6 x

3
+ -

= + - Þ =

Clearly, y [ 5, )," Î - ¥  There exist pre-image x [0, ).Î ¥

Hence f(x) is onto. Therefore we can say that f(x) is
bijective.               (1 Mark)

2. (d) we have to find f (3p/4) = ?
and we have given, f (x) = | cos x| ...(1)
putting x = 3p/4, we will get,

3 3f cos
4 4
p pæ öÞ =ç ÷

è ø

       = | cos ( )ππ– 4 |

       = | – cos ( )4
π |

       = | – 
1
2 |

       = 
1
2

Hence, option (d) is correct. (1 Mark)
3. (d) Let f (x1) = f (x2)

Þ x1
2 = x2

2

Þ x1 = x2 [Q x Î N]
\ f (x) is injective
Q f : N ® X
Angle range of
f (x) = x2, x Î N is X

\ Range = codomain
So, it is surjective also
Hence, it is bijective.             (1 Mark)

4. (d) Let f (x1) = f (x2)
Þ 2 + x1

2 = 2 + x2
2

Þ x1 = ± x2

\ f (x) is not one-one
Q x2 ³ 0 Þ 2 + x2 ³ 2
Þ f (x) ³ 2
\ Range = [2, ¥) ¹ codomain
So, f (x) is not onto.                 (1 Mark)

5. (d)

31 2 1 2
13 3

1 2 3
1 2

Let  ( ) ( ) Let  ( )

,
every image  has a
unique pre image in So, ( ) is one-one

 is onto

= " Î = =
Þ =

Þ = " Î
Þ = Î

Þ

f x f x x x R f x x y
x x

x y y R
x x y R

Rf x
f

\ f is one-one and onto (1 Mark)
6. (b) As every per-image x Î A has a unique image y Î B

but range = {4, 5, 6} ¹ B.
Þ f  is injective function (1 Mark)

7. (b)  f (x) = cos x
f : R ® [–1, 1]

if x1 = 
2
p

1( )f x = cos 0
2 2
p pæ ö = =ç ÷

è ø
f

 if x2 = 
2
p

-

 2( )f x = cos cos 0
2 2 2

-p -p pæ ö æ ö= = =ç ÷ ç ÷
è ø è ø

f

[ cos( ) cos ]-q = qQ

1( )f x = 2( )f x

Types of FunctionsTopic-2:



Relations and Functions 13

But x1 ¹ x2

So, f (x) is not one-one
Also range of cos x is [–1, 1]
\ Range = Co-domain
So, it is onto. (1 Mark)

8. (d) Assertion is false. As element 4 has no image under
f, so relation f is not a function.
Reason is true. The given function f : {1, 2, 3} ® {x, y,
z, p} is one-one, as for each a Î {1, 2, 3}, there is different
image in {x, y, z, p} under f. (1 Mark)

9. Let yÎ N(codomain). Then $ 2yÎ N(domain) such that

2(2 )
2

= =
yf y y . Hence, f is surjective. (1 Mark)

1, 2 Î N (domain) such that F(1) = 1 = F(2)
Hence, f is not injective. (1 Mark)

10. Let f(x1) = f(x2)

1 2

1 2

x 3 x 3
x 5 x 5

- -
=

- -

1 2 1 2 1 2 1 2x x 5x 3x 15 x x 3x 5x 15- - + = - - +

1 2 1 22x 2x x x= Þ =

1 2 1 2f (x ) f(x ) x x .= Þ =  Hence f(x) is one one.

(2½ Marks)

Let 
x 3y
x 5

-
=

-

xy – 5y = x – 3

x(y – 1) = 5y – 3 Þ 
5y 3x
y 1

-
=

-

x is defined "yÎR–{1}
Range of f = R – {1}
Range = codomain
Þ f is onto (2½ Marks)

11. Let 2
1 2xf (x)
2 1 x

= =
+

2 21 x 4x x 4x 1 0+ = Þ - + =

Þ
4 16 4 4 2 3x

2 2
± - ±

= -

2 3= ±

For 1f (x)
2

=  there  are  two  values  of  x  belonging  to

domain. Hence f is not one one.  (2 Marks)

2
2xy

1 x
=

+

2 2y yx 2x yx 2x y 0+ = Þ - + =

For x to be real
4 – 4y2 ³ 0

2y 1 y [ 1,1]£ Þ Î - (2 Marks)

Range of f is [–1, 1]. For f(x) = 2 Î R there is no preimage.
f is not onto.
For f to be onto A should be [–1, 1] (1 Mark)

12. We have ( )
x , if x 0

1 xf x
x , if x 0

1 x

ì ³ïï += í
ï <
ïî -

Now, we consider the following cases

Case 1: When x ³ 0, we have ( ) xf x
1 x

=
+

Injectivity: Let { }x, y 0+Î È¡  such that f(x) = f(y),

then

x y x xy y xy x y
1 x 1 y

Þ = Þ + = + Þ =
+ +

(1 Mark)

So, f is injective function. (1 Mark)
Surjectivity: When x ³ 0, we have

( ) xf x 0
1 x

= ³
+

 and ( ) 1f x 1 1,
1 x

= - <
+

 as  x ³ 0

Let [ )y 0,1 ,Î  thus for each [ )y 0, 1Î  there exists

yx 0
1 y

= ³
-  such that ( )

y
1 yf x y.

y1
1 y

-= =
+

-

(1 Mark)

So, f is onto function on [0, ¥) to [0, 1).
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Case 2: When x < 0 , we have ( ) xf x
1 x

=
-

Injectivity: Let x, y -Î ¡  i.e, x, y < 0, such that

f(x) = f(y), then

x y x xy y xy x y
1 x 1 y

Þ = Þ - = - Þ =
- -

So, f is injective function.

Surjectivity : x < 0 , we have ( ) xf x 0
1 x

= <
-

 also,

( ) x 1f x 1 1
1 x 1 x

= = - + > -
- -

(1 Mark)

– 1 < f(x) < 0.

Let ( )y 1,0Î -  be an arbitrary real number and there

exists

yx 0
1 y

= <
+

 such that,

( )

y
y 1 yf x f y.

y1 y 1
1 y

æ ö += = =ç ÷+è ø -
+

So, for ( )y 1, 0 ,Î -  there exists 
yx 0

1 y
= <

+
 such that

f(x) = y. (1 Mark)

Hence, f is onto function on (–¥, 0) to (–1, 0).

Case 3:

(Injectivity): Let x > 0 & y < 0 such that

f(x) = f(y) 
x y

1 x 1 y
Þ =

+ -

Þ x – xy = y + xy Þ x – y = 2xy, here LHS > 0 but RHS

< 0, which is inadmissible.

Hence, f(x) ¹ f(y) when x ¹ y.

Hence f is one-one and onto function. (1 Mark)

13. (b) Given, f(x) = 
4x

3x 4+  Þ f(x) = f(y)

Þ
4x

3x 4+  = 
4y

3y 4+  Þ 12xy + 16x = 12xy + 16y

Þ 16x = 16y  Þ x = y

\ f is one-one  Þ  f(x) = 
4x

3x 4+                  (2½  Marks)

 Þ 4x = 3xy + 4y  Þ x = 
4y

4 3y-

So y Î R – 
4
3

ì ü
í ý
î þ

So, every element in R– 4
3

ì ü
í ý
î þ

 has pre-image in R– 4
3

ì ü-í ý
î þ

Hence, f is onto.                                                   (2½  Marks)

14. A function f: [–4, 4] ® [0, 4] is given by f(x) = 216 x-

f (x) is not one-one:-

Let if possible f (x) is one-one and let x1,  x2 Î [–4, 4]

such that f(x1) = f(x2)

2 2
1 216 x 16 xÞ - = -

Þ 16 – x1
2 = 16 – x2

2

Þ x1 = ± x2

Hence f (x) is not one-one. (2 Marks)

f (x) is into :-

We know that,

0 £ x2 , £ ¥

Þ – ¥ £ – x2 £ 0

Þ – ¥ £ 16 – x2 £ 16

20 16 x 4Þ £ - £



Relations and Functions 15

( )0 f x 4Þ £ £

Therefore range = [0, 4] = codomain

\ f(x) is onto (2 Marks)

given f (a) = 7

216 a 7Þ - =

Þ 16 – a2 = 7 Þ a2 = 9

Þ a 3= ± (1 Mark)

15. Given function if

f(x) = x2 + x + 1, f : N ® N

Let f(x1) = f(x2) when x1, x2 Î N.

x2
1 + x1 + 1 = x2

2 + x2 + 1

x2
1 – x2

2 = x2 – x1 [Q (a2 – b2) = (a – b)(a + b)]

(x1 – x2)(x1 + x2) + (x1 – x2) = 0

(x1 – x2) (x1 + x2 + 1) = 0

x1 – x2 = 0 Þ x1 = x2

Q x1 + x2 ¹ –1(Sum of natural number is not negative)

So, f(x2) = f(x1) only for x1 = x2

\ f(x) is one-one function (1 Mark)

f(x) = x2 + x + 1

f(x) = x2 + x + 1 + 
2 21 1

2 2
æ ö æ ö-ç ÷ ç ÷
è ø è ø

 = 
21 11

2 4
xæ ö+ + -ç ÷

è ø

= 
21 3

2 4
xæ ö+ +ç ÷

è ø

21
2

xæ ö+ç ÷
è ø

 is always positive

\ f(x) is increasing function

If x = 1, f(1) = 3

x = 2, f(2) = 7

Range of f(x) [3, 7, ...]

But f(x) does not have 1, 2

\ f(x) is an into function, not onto function. (1 Mark)

Let f  –1 denote inverse of f

fof  –1(x) = x for all x Î Range (f )

f(f  –1(x)) = x for all x Î Range (f )

Þ [f  –1(x)]2 + f  –1(x) + 1 = x for all x Î Range (f )

Þ [f  –1(x)]2 + f –1(x) + (1 – x) = 0

f  –1(x) =  
1 1 4(1)(1 )

2
x- ± - -

2

2

for a 0

4
2

x bx c

b b acx
a

é ù+ + =
ê ú
ê ú- ± -

=ê ú
ë û

Q

f  –1(x) = 
1 4 3

2
x- ± -

(2 Marks)

16. Let x1,  x2 be any two elements of set A, such that
f(x1) = f(x2)

Þ 1 2
1 2

x 1 x 1
x 2 x 2

- -
=

- -
Þ x1x2 – 2x1 – x2 + 2

= x1x2 – x1 – 2x2 + 2

Þ – 2x1  +  x1 =  – 2x2 + x2 Þ x1 = x2

Thus, f is one-one, for all x1, x2 Î  A. (1 Mark)

Let y be an arbitrary element of B, then f(x) = y

Þ x 1 y, x 2
x 2

-
= ¹

-
Þ 1 2yx

1 y
-

=
-

Clearly, 
1 2yx
1 y
-

=
-

 is a real number for all y ¹ 1.

Þ Corresponding to each y BÎ , there exists

1 2y A
1 y
-

Î
-

, such that 1 2yf y
1 y

æ ö-
=ç ÷-è ø

(2 Marks)

Thus, f is onto Þ f is invertible.

1 2yx
1 y
-

=
-

  Þ   ( )1 1 2yf y
1 y

- -
=

-

Hence, f–1(x) = 
1 2x
1 x
-
-

 for all x RÎ  – {1}    (1 Mark)
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17.

OR

f  : B ® G

f = { (b1, g1), (b2, g2), (b3, g1)}

Since f(b1) = g1 and f (b3) = g1

So f is not one-one.

Range of f = {g1, g2}= G = codomain

So f is onto function

Hensce f is not bijective. (2 Marks)
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2  Chemistry

Types of solutions, Expressing Concentration of SolutionsTopic-1: 

(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, but (R) is true.

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

 Reason (R): Molarity is a colligative property.
[All India 2021-22, Term-I, K]

1 Multiple Choice Questions

1. Which of the following is an example of a solid solution?
 [CBSE Sample 2021-22, K]

 (a) sea water  (b) sugar solution
 (c) smoke   (d) 22 carat gold

2  Assertion Reason/Two Statement Type Questions

Given below are two statements labelled as Assertion (A) 
and Reason (R). Select the most appropriate answer from the 
options given below:

SolubilityTopic-2: 

1 Multiple Choice Questions

1. Solubility of gas in liquid decreases with increase in 
 [All India 2023, Set-I, K]

 (a) Pressure
 (b) Temperature
 (c) Volume
 (d)  Number of solute molecules
2. An unknown gas ‘X’ is dissolved in water at 2.5 bar 

pressure and has mole fraction 0.04 in solution. The 
mole fraction of ‘X’ gas when the pressure of gas is 
doubled at the same temperature is 
 [All India 2022, Term-I, Ap]

 (a) 0.08   (b) 0.04
 (c) 0.02   (d) 0.92
3. Solubility of gases in liquids decreases with rise in 

temperature because dissolution is an: 
 [CBSE 2021-22, Term-I, K]

 (a) endothermic and reversible process
 (b) exothermic and reversible process
 (c) endothermic and irreversible process
 (d) exothermic and irreversible process

2  Assertion Reason/Two Statement Type Questions

Given below are two statements labelled as Assertion (A) 
and Reason (R). Select the most appropriate answer from the 
options given below:
(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, but (R) is true.
4. Assertion (A) : Aquatic species are more comfortable in 

cold waters rather than in warm waters.
 Reason (R) : Different gases have different KH values at 

the same temperature [CBSE Sample 2020-21, U]
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5 Short Answer Questions (2 or 3 Marks)

5. Answer the following questions:
[CBSE Sample 2022-23, U]

 (a) State Henry’s law and explain why are the tanks 
used by scuba divers filled with air diluted with 

helium (11.7% helium, 56.2% nitrogen and 32.1% 
oxygen)?

 (b) Assume that argon exerts a partial pressure of 6 
bar. Calculate the solubility of argon gas in water. 
(Given Henry’s law constant for argon dissolved in 

water, KH = 40kbar)

Vapour Pressure of Liquid Solutions, Ideal and 
Non-ideal SolutionsTopic-3: 

1 Multiple Choice Questions

1. An azeotropic mixture of two liquids will have a boiling 
point lower than either of the two liquids when it 
 [All India 2023 Set-II, U]

 (a) shows a negative deviation from Raoult's law
 (b) forms an ideal solution
 (c) shows a positive deviation from Raoult's law
 (d) is saturated
2. 1 mole of liquid A and 2 moles of liquid B make a 

solution having a total vapour pressure 40 torr. The 
vapour pressure of pure A and pure B are 45 torr and 30 
torr respectively. The above solution. 
 [Delhi 2023 Set-I, Ap]

 (a) is an ideal solution
 (b) shows positive deviation
 (c) shows negative deviation
 (d) is a maximum boiling azeotrope.
3. Which one of the following pairs will form an ideal 

solution? [All India 2022, Term-I, K]
 (a) Chloroform and acetone
 (b) Ethanol and acetone
 (c) n-hexane and n-heptane
 (d) Phenol and aniline
4. Which of the following formula represents Raoult’s law 

for a solution containing non-volatile solute ? 
 [All India 2022, Term-I, K]

 (a) psolute = p°solute . xsolute 

 (b) p = KH.X

 (c) ptotal = psolvent  

 (d) psolvent = p°solvent . xsolvent

5. An azeotropic solution of two liquids has a boiling point 
lower than either of the two when it 
 [All India 2022, Term-I, K]

 (a) shows a positive deviation from Raoult’s law.
 (b) shows a negative deviation from Raoult’s law.
 (c) shows no deviation from Raoult’s law.
 (d) is saturated.
6. On mixing 20 mL of acetone with 30 mL of chloroform, 

the total volume of the solution is 
 [All India 2022, Term-I, U]

 (a) < 50 mL   (b) = 50 mL
 (c) > 50 mL   (d) = 10 mL
7.  Identify the law which is stated as:
 “For any solution, the partial vapour pressure of 

each volatile component in the solution is directly 
proportional to its mole fraction.” 
 [All India 2021-22, Term-I, K]

 (a) Henry’s law 
 (b) Raoult’s law 
 (c) Dalton’s law 
 (d) Gay-Lussac’s Law
8. When 1 mole of benzene is mixed with 1 mole of toluene 

The vapour will contain: (Given : vapour of benzene  
= 12.8kPa and vapour pressure of toluene = 3.85 kPa). 
 [CBSE Sample 2020-21, U]

 (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
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2  Assertion Reason/Two Statement Type Questions

Given below are two statements labelled as Assertion (A) 
and Reason (R). Select the most appropriate answer from the 
options given below:
(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, but (R) is true.
9. Assertion (A) : The enthalpy of mixing ∆mix H is equal 

to zero for an ideal solution.
 Reason (R) : For an ideal solution the interaction 

between solute and solvent molecules is stronger than 
the interactions between solute-solute or solvent-solvent 
molecules. [All India 2023, Set-I, K]

10. Assertion (A) : Nitric acid and water form maximum 
boiling azeotrope. [CBSE Sample 2020-21, U]

 Reason (R) : Azeotropes are binary mixtures having the 
same composition in liquid and vapour phase.

4 Very Short Answer Questions (1 Mark)

11.  The vapour pressure of pure liquid X and pure liquid Y 
at 25 °C are 120 mm Hg and 160 mm Hg respectively. 
If equal moles of X and Y are mixed to form an ideal 
solution, calculate the vapour pressure of the solution. 
 [All India 2023, Set-I, Ap]

5 Short Answer Questions (2 or 3 Marks)

12. What is Henry’s Law? Give one application of it.
 [All India 2023, K]
13. State Raoult's law for a solution containing volatile 

components. What is the similarity between Raoult's law 
and Henry's law? [Delhi 2020, K]

14. Give reasons for the following: [All India 2019, U]
 (a) Aquatic species are more comfortable in cold water 

than warm water. [All India 2019, U]
 (b) At higher altitudes, people suffer from anoxia 

resulting in inability to think.  
 [All India 2019, U]

15. What type of azeotropic mixture will be formed by a 
solution of acetone and chloroform? Justify on the basis 
of strength of intermolecular interactions that develop in 
the solution. [All India 2019, U]

16. State Raoult’s law for a solution containing volatile 
components. Write two characteristics of the solution 
which obeys Raoult’s law at all concentrations. 
 [Delhi 2019, K]

17. Write two differences between an ideal solution and a 
non-ideal solution. [All India 2019, Set-II]

18. (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 ? All India 2016, K]

 (ii)  In non-ideal solution, what type of deviation shows 
the formation of maximum boiling azeotropes ?

[All India 2016, K]
19. What is meant by positive deviations from Raoult’s law ? 

Give an example. What is the sign of ∆mixH for positive 
deviation ? [Delhi 2015, K]

20. Define azeotropes. What type of azeotrope is  formed by 
positive deviation from Raoult’s law ? Give an example.
 [Delhi 2015]

21. Define an ideal solution and write one of its characteristics.

[Delhi 2014, K]

Colligative Properties and Determination of Molar Mass, 
Abnormal Molar MassesTopic-4: 

1 Multiple Choice Questions

1. Isotonic solutions have the same [Delhi 2024, K]
 (a) density (b) refractive index
 (c) osmotic pressure (d) volume
2. Van't Hoff factor for Na2SO4.10H2O solution, assuming 

complete ionization is [Delhi 2024, Ap]
 (a) 1 (b) 3
 (c) 13 (d) 2

3. Which of the following aqueous solution will have 
highest boiling point? [Delhi 2023, Set-I, U]

 (a) 1.0 M KCl  (b) 1.0 M K2SO4
 (c) 2.0 M KCl  (d) 2.0 M K2SO4
4. If molality of a dilute solution is doubled, the value of the 

molal elevation constant (Kb) will be 
 [Delhi 2023 Set-I, U]

 (a) halved   (b) doubled
 (c) tripled   (d) unchanged
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5. Out of the following 1.0 M aqueous solutions, which one 
will show largest freezing point depression? 
 [Delhi 2023 Set-III, U]

 (a) NaCl   (b) Na2SO4

 (c) C6H12O6   (d) Al2 (SO4)3 

6. Elevation of boiling point is inversely proportional to  
 [All India 2022, Term-I, K]

 (a) molal elevation constant (Kb)
 (b) molality (m)
 (c) molar mass of solute (M)
 (d) weight of solute (W)
7. The boiling point of a 0.2 m solution of a non-electrolyte 

in water is (Kb for water = 0.52 K kg mol–1) 
 [All India 2022, Term-I, Ap]

 (a) 100 °C   (b) 100.52 °C
 (c) 100.104 °C  (d) 100.26 °C
8. In the following diagram point, ‘X’ represents 

 [All India 2022, Term-I, U]

Vapour
Pressure

Temperature

X

 (a) Boiling point of solution
 (b) Freezing point of solvent
 (c) Boiling point of solvent
 (d) Freezing point of solution
9. In which of the following cases blood cells will shrink: 

 [CBSE Sample 2021-22, U]
 (a) when placed in water containing more than 0.9% 

(mass/volume) NaCl solution.
 (b) when placed in water containing less than 0.9% 

(mass /volume) NaCl solution.
 (c) when placed in water containing 0.9% (mass/

volume) NaCl solution.
 (d) when placed in distilled water.
10.  How much ethyl alcohol must be added to 1 litre of water 

so that the solution will freeze at –14°C? 
 (Kf for water = 1.86°C/mol) 

 [CBSE Sample 2021-22, Ap]
 (a) 7.5 mol   (b) 8.5 mol
 (c) 9.5 mol   (d) 10.5 mol

11. Water retention or puffiness due to high salt intake occurs 
due to: [CBSE Sample 2021-22, K]

 (a) diffusion
 (b) vapour pressure difference
 (c) osmosis
 (d) reverse osmosis

2  Assertion Reason/Two Statement Type Questions

Given below are two statements labelled as Assertion (A) 
and Reason (R). Select the most appropriate answer from the 
options given below:
(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, but (R) is true.
12. Assertion (A): Elevation in boiling point is a colligative 

property. [All India 2023 Set-II, U]
 Reason (R): The lowering of vapour pressure of solution 

causes elevation in boiling point.
13. Assertion (A) : A raw mango placed in a saline solution 

loses water and shrivel into pickle.
 Reason (R) : Through the process of reverse osmosis, 

raw mango shrivel into pickle. 
 [All India 2022, Term-I, K]

14. Assertion (A): Cryoscopic constant depends on nature 
of solvent. [CBSE Sample 2021-22, U]

 Reason (R): Cryoscopic constant is a universal 
constant.

15. Assertion (A) : Elevation in boiling point is a colligative 
property. [Delhi 2020, Set-I]

 Reason (R) : Elevation in boiling point is directly 
proportional to molarity.

16. Assertion (A) : 0.1 M solution of KCl has greater 
osmotic pressure than 0.1 M solution of glucose at same 
temperature.

 Reason (R) : In solution, KCl dissociates to produce 
more number of particles. [Delhi 2020, U]

4 Very Short Answer Questions (1 Mark)

17. Identify which liquid will have a higher vapour pressure 
at 90°C if the boiling points of two liquids A and B are 
140°C and 180º, respectively. [All India 2020, U]

18. What are isotonic solutions ? [Delhi 2014, K]
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5 Short Answer Questions (2 or 3 Marks)

19. 18 g of a non-volatile solute is dissolved in 200 g of H2O 
freezes at 272.07 K. Calculate the molecular mass of 
solute (Kf for water = 1.86 K kg mol–1)

[All India 2024, Ap]
20. A 5% solution of Na2SO4.10H2O (MW = 322) is 

isotonic with 2% solution of non– electrolytic, non 
volatile substance X. Find out the molecular weight of 
X. [CBSE Sample 2023-24, U]

21.  When 19.5 g of F  – CH2 – COOH (Molar mass = 78g  
mol–1). is dissolved in 500 g of water, the depression in 
freezing point is observed to be FC. Calculate the degree 
of dissociation of F – CH2 – COOH.

 [Given : Kf for water = 1.86 K kg  mol–1] 
 [All India 2023, Set-I, Ap]

22. For a 5% solution of urea (Molar mass = 60 g/mol), 
calculate the osmotic pressure at 300 K. [R = 0.0821 L 
atm K–1 mol–1] [All India 2020, U]

23. Visha took two aqueous solutions – one containing 7.5 g 
of urea (Molar mass = 60 g/mol) and the other containing 
42.75 g of substance Z in 100 g water, respectively. It 
was observed that both the solutions froze at the same 
temperature. Calculate the molar mass of Z.  
 [All India 2020, U]

24. Calculate the mass of ascorbic acid (Molar mass = 176 g 
mol–1) to be dissolved in 75 g of acetic acid, to lower its 
freezing point by 1.5°C. (kf = 3.9 K kg mol–1) 
 [All India 2020, Ap]

25. A 0.01 m aqueous solution of AlCl3 freezes at –0.068 °C. 
Calculate the percentage of dissociation. 

 [Given: Kf  for water = 1.86 K kg mol–1]
[Delhi 2020, Ap]

26. At 300 K, 30 g of glucose present in a litre of its solution 
has an osmotic pressure of 4·98 bar. If the osmotic 
pressure of a glucose solution is 1·52 bar, at the same 
temperature what would be its concentration? 
 [All India 2019, Ap]

27. A 4% solution(w/w) of sucrose (M = 342 g mol–1) in 
water has a freezing point of 271.15 K. Calculate the 
freezing point of 5% glucose (M = 180 g mol–1) in water. 
(Given: Freezing point of pure water = 273.15 K) 
 [Delhi 2019, Ap]

28. Calculate the freezing point of a solution containing 60 g 
glucose (Molar mass = 180 g mol–1) in 250 g of water.

 (kf of water = 1.86 K kg mol–1) [All India 2018, Ap]

29. Given reasons for the following : [All India 2018, U]
 (a) Measurement of osmotic pressure method is 

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

[All India 2018, U]
 (b) Aquatic animals are more comfortable in cold water 

than in warm water. [All India 2018, U]
 (c) Elevation of boiling point of 1 M KCl solution is 

nearly double than of 1 M sugar solution.
[All India 2018, U]

30. Define the following terms : [Delhi 2017, K]
 (i) Colligative properties
 (ii) Molality (m)
31. A 10% solution (by mass) of sucrose in water has 

freezing point of 269.15 K. Calculate the freezing point of  
10% glucose in water, if freezing point of pure water is 
273.15 K. [Delhi 2017, Ap]

 Given : (Molar mass of sucrose = 342 g mol–1) (Molar 
mass of glucose = 180 g mol–1)

32. Calculate the boiling point of solution when 4g of 
MgSO4 (M = 120 g mol–1) was dissolved in 100 g 
of water, assuming MgSO4 undergoes complete 
ionization.

 (Kb for water = 0.52 K kg mol–1) [All India 2016, Ap]
33. Why does a solution containing non-volatile solute have 

higher boiling point than the pure solvent? 
 Why is elevation of boiling point a colligative property?

[All India 2015, K]
34. Calculate the freezing point of the solution when 31 g 

of ethylene glycol (C2H6O2) is dissolved in 500 g of 
water (Kf for water = 1.86 K kg mol–1) 
 [All India 2015, Ap]

35. 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) [Delhi 2015, Ap]

36. Calculate the mass of compound (molar mass = 256 g 
mol–1) to be dissolved in 75 g of benzene to lower its 
freezing point by 0.48 K (Kf = 5.12 K kg mol–1).

[Delhi 2014, Ap]
37. 18 g of glucose, C6H12O6 (Molar Mass = 180 g mol–1) 

is dissolved in 1 kg of water in a sauce pan. At what 
temperature will this solution boil?

 (Kb for water = 0.52 K kg mol–1, boiling point of pure 
water = 373.15 K) [Delhi 2013, Ap]
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38. Determine the osmotic pressure of solution prepared by 
dissolving 2.5 × 10–2 g of K2SO4 in 2 L of water at 25°C, 
assuming that it is completely dissociated.

 (R = 0.0821 L atm K–1 mol–1, Molar mass of K2SO4 = 
174 g mol–1). [Delhi 2013, Ap]

6 Long Answer Questions

39.	 (a)	 (i)	 Define	reverse	osmosis.
  (ii) Why are aquatic species more comfortable in 

cold water in comparison to warm water?
  (iii) A solution containing 2 g of glucose (M = 180 

g mol–1) in 100 g of water is prepared at 303 K. 
If the vapour pressure of pure water at 303 K is 
32.8 mm Hg, what would be the vapour pressure 
of the solution? [All India 2024, Ap]

OR
 (b) (i) Predict whether Van't Hoff factor will be less or 

greater than one, when Ethanoic acid is dissolved 
in benzene. [All India 2024, Ap]

	 	 (ii)	 Define	ideal	solution.
  (iii) Calculate the mass of CaCl2 (molar mass = 111 g 

mol–1) to be dissolved in 500 g of water to lower 
its freezing point by 2K, assuming that CaCl2 
undergoes complete dissociation.

   (Kf for water = 1.86 K kg mol–1)
40.	 (a)	 (i)	 Ishan's	automobile	radiator	is	filled	with	1.0	kg	

of water. How many grams of ethylene glycol 
(Molar mass = 62 g mol–1) must Ishan add to 
get the freezing point of the solution lowered to  
– 2.8 °C. Kf for water is 1.86 K kg. mol–1.

  (ii) What type of deviation from Raoult's law is 
shown by ethanol and acetone mixture? Give 
reason. [Delhi 2024, Ap]

OR
 (b) (i) Boiling point of water at 750 mm Hg pressure is 

99.68 °C. How much sucrose (Molar mass = 342 
g mol–1) is to be added to 500 g of water such 
that it boils at 100 °C? (Kb for water = 0.52 K kg 
mol  –1). [Delhi 2024, Ap]

  (ii) State Henry's law and write its any one application.
41. (a) What is the effect of temperature on the solubility of 

glucose in water? [CBSE Sample 2023-24, K]

 (b) Ibrahim collected a 10mL each of fresh water and 
ocean water. He observed that one sample labeled "P" 
froze at 0°C while the other "Q" at –1.3°C. Ibrahim 
forgot which of the two, "P" or "Q" was ocean water. 
Help him identify which container contains ocean 
water, giving rationalization for your answer.

[CBSE Sample 2023-24, Ap]

 (c) Calculate Van't Hoff factor for an aqueous solution 
of K3[Fe(CN)6] if the degree of dissociation (α) is 
0.852. What will be boiling point of this solution if 
its concentration is 1 molal? (Kb = 0.52 K kg/mol)

[CBSE Sample 2023-24, Ap]

42. (a) What type of deviation from Rault's Law is expected 
when phenol and aniline are mixed with each other? 
What change in the net volume of the mixture is 
expected? Graphically represent the deviation.

[CBSE Sample 2023-24, K]

 (b) The vapour pressure of pure water at a certain 
temperature is 23.80 mm Hg. If 1 mole of a non–
volatile non–electrolytic solute is dissolved in 100g 
water, Calculate the resultant vapour pressure of the 
solution.  [CBSE Sample 2023-24, Ap]

43.  (i)  Why is boiling point of 1M NaCl solution more than 
that of 1M glucose solution? 
 [Delhi 2023, Set-I, Ap]

 (ii)   A non-volatile solute 'X' (molar mass = 50 g mol–1) when 
dissolved in 78g of benzene reduced its vapour 
pressure to 90%. Calculate the mass of X dissolved 
in the solution. [Delhi 2023, Set-I, Ap]

 (iii)   Calculate the boiling point elevation for a solution 
prepared by adding 10g of MgCl2 to 200g of water 
assuming MgCl2 is completely dissociated.

   (Kb for Water = 0.512 K kg mol–1. Molar mass 
MgCl2 = 95g mol–1) [Delhi 2023, Set-I, Ap]

44. (i)  Why is the value of Van't Hoff factor for ethanoic 
acid in benzene close to 0.5?

[Delhi 2023, Set-I, Ap]

 (ii)    Determine the osmotic pressure of a solution 
prepared by dissolving 2.32 × 10–2g of K2SO4 in 
2L of solution at 25 °C, assuming that K2SO4 is 
completely dissociated.

   (R = 0.082 L atm K–1 mol–1, Molar mass K2SO4 = 
174g  mol–1) [Delhi 2023, Set-I, Ap]

 (iii)   When 25.6g of  Sulphur was dissolved in 1000g 
of benzene, the freezing point lowered by 0.512 K.  
Calculate the formula of Sulphur (Sx).

    (Kf for benzene = 5.12 K kg mol–1. Atomic mass of 
Sulphur = 32g mol–1) [Delhi 2023, Set-I, Ap]

45. (a) A 10% solution (by mass) of sucrose in water has 
a freezing point of 269.15K. Calculate the freezing 
point of 10% glucose in water if the freezing point 
of pure water is 273.15K [All India 2017, Ap]
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  Given:
  (Molar mass of sucrose = 342 g mol–1)
  (Molar mass of glucose =180 g mol–1)
 (b) Define the following terms: [All India 2017, K]
  (i) Molality (m)
  (ii) Abnormal molar mass
46. (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 solutions if vapour pressure of pure 
water at 298 K is 23.8 mm Hg. 
 [All India 2017, Ap]

 (b) Write two difference between ideal solutions and 
non-ideal solutions. [All India 2017, K]

47. (a)  Calculate the freezing point of solution when 
1.9 g of MgCl2 (M = 95 g mol–1) was dissolved in 
50 g of water, assuming MgCl2 undergoes complete 
ionization. (Kf for water = 1.86 K kg mol–1) 
 [Delhi 2016, Ap]

 (b) (i)  Out of 1 M glucose and 2 M glucose, which 
one has a higher boiling point and why ?

[Delhi 2016, U]
  (ii)   What happens when the external pressure 

applied becomes more than the osmotic 
pressure of solution ? [Delhi 2016, U]

48. (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] [Delhi 2016, Ap]

 (b) Blood cells are isotonic with 0.9% sodium chloride 
solution. What happens if we place blood cells in a 
solution containing [Delhi 2016, U]

  (i) 1.2% sodium chloride solution ?
  (ii)  0.4% sodium chloride solution ?
49. (a) Define the following terms : [All India 2014, K]
  (i) Molarity
  (ii)  Molal elevation constant (Kb)
 (b)  A solution containing 15 g urea (molar mass =  

60 g mol–1) per litre of solution in water has the 
same osmotic pressure (isotonic) as a solution 
of glucose (molar mass = 180 g mol–1) in water. 
Calculate the mass of glucose present in one litre of 
its solution. [All India 2014, Ap]

50. (a)  What type of deviation is shown by a mixture of 
ethanol and acetone? Give reason. 
 [All India 2014, K]

 (b)  A solution of glucose (molar mass = 180 g mol–1) in 
water is labelled as 10% (by mass). What would be 
the molality and molarity of the solution?

  (Density of solution = 1.2 g mL–1) 
[All India 2014, Ap]

51. (a)  State Raoult’s law for a solution containing volatile 
components. How does Raoult’s law become a 
special case of Henry’s law? [All India 2013, Ap]

 (b) 1.00 g of a non-electrolyte solute dissolved in 50 g of 
benzene lowered the freezing point of benzene by 0.40 
K. Find the molar mass of the solute. (Kf for benzene 
= 5.12 K kg mol–1) [All India 2013, Ap]

52. (a) Define the following terms :  [All India 2013, Ap]
  (i) Ideal solution
  (ii)  Azeotrope
  (iii) Osmotic pressure
 (b) A solution of glucose (C6H12O6) in water is labelled 

as 10% by weight. What would be the molality of 
the solution? [All India 2013, Ap]

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

7 Case Based Questions

53. Henna is investigating the melting point of different 
salt solutions. She makes a salt solution using 10 mL of 
water with a known mass of NaCl salt. She puts the salt 
solution into a freezer and leaves it to freeze. She takes 
the frozen salt solution out of the freezer and measures 
the temperature when the frozen salt solution melts. She 
repeats each experiment. [CBSE Sample 2022-23, A]

S.No. Mass of the 
salt Used 

in g

Melting point in °C

Readings Set 1 Reading Set 2

1 0.3 –1.9 –1.9

2 0.4 –2.5 –2.6

3 0.5 –3.0 –5.5

4 0.6 –3.8 –3.8

5 0.8 –5.1 –5.0

6 1.0 –6.4 –6.3

 Assuming the melting point of pure water as 0°C, 
answer the following questions:

 (a) One temperature in the second set of results does 
not fit the pattern. Which temperature is that? Justify 
your answer.

 (b) Why did Henna collect two sets of results?
 (c) In place of NaCl, if Henna had used glucose, what 

would have been the melting point of the solution 
with 0.6 g glucose in it?

 What is the predicted melting point if 1.2 g of salt is added 
to 10 mL of water? Justify your answer.



Solutions 9

Topic-1: Types of solutions, Expressing 
Concentration of Solutions

1. (d) 22 carat gold (it is an alloy so solid in solid solution)
 (1 Mark)

2. (c) Molarity of a solution changes with temperature. 
  Molarity is not a colligative property.  (1 Mark)

Topic-2: Solubility

1. (b) Temperature;
  The solubility of gas in the decreases with increase 

in temperature as the kinetic energy of the gas 
increases. Which is increases the escaping tendency 
from liquid. (1 Mark)

2. (a) We know that;

  

1 1

2 2

P
P

χ
=
χ

  Here;
  P1 = initial pressure; P2 = final pressure; χ = mole 

fraction

  

2 5
5

0 04

2

. .
=

χ

  χ2 = 0.08  (1 Mark)
3. (b) Exothermic and reversible process (according to 

Le -Chatlier principle solubility of gases in liquids 
decreases with rise in temperature) (1 Mark)

4. (b) Aquatic species are more comfortable in cold water 
because solubility of oxygen in water is more in 
cold water  than in warm water. (1 Mark)

5. (a) Henry’s law: the partial pressure of the gas in vapour 
phase (p) is proportional to the mole fraction of the 
gas (x) in the solution. (1 Mark)

  The pressure underwater is high, so the solubility of 
gases in blood increases. When the diver comes to 
surface the pressure decreases so does the solubility 
causing bubbles of nitrogen in blood, to avoid this 
situation and maintain the same partial pressure of 
nitrogen underwater too, the dilution is done.

(1 Mark)
 (b) p = KHx
  mole fraction of argon in water x = p/k = 6/40 ×103 
  = 1.5  × 10–4 (1 Mark)

Topic-3: Vapour Pressure of Liquid Solutions, 
Ideal and Non-ideal Solutions

1. (c) When a solution shows positive deviation from 
Raoult's law, the intermolecular attractive forces 
between the solute-solvent molecules are weaker 
than those between the solute-solute and solvent-
solvent molecules. This will increase the vapour 
pressure and results in positive deviation. Hence, 
the azeotropic mixture of the two liquids will have a 
boiling point lower than either of the two liquids. 

(1 Mark)
2. (b) Total vapour pressure, PTotal = PA + PB

  
Total A A B BP X P X P° °= +

  

1 245 30
3 3

   = × + ×      

  = 15 + 20
  = 35 torr

  Since, the actual vapour pressure of solution is 40 
torr which is greater than the calculated value. It 
means the solution shows positive deviation from 
the ideal solution.  (1 Mark)

3. (c) n-heptane and n-hexane obeys Raoult’s law at all 
temperature and concentration. Hence; they will 
form an ideal solution.  (1 Mark)

4. (d) Formula of Raoult’s law for a non-volatile solute is:

  solvent solvent solventP P°= ⋅ χ  (1 Mark)
5. (a) Azeotropes are of two types:
 (i) The solution which shows large positive deviation 

from Raoult’s law form minimum boiling azeotrope 
at a specific composition.

 (ii) The solution which shows large negative deviation 
from Raoult’s law form maximum boiling azeotrope 
at a specific composition.  (1 Mark)

6. (a) The mixture of acetone and chloroform show 
negative deviation due to which the total volume of 
the solution will be less than 50. (1 Mark)

7. (b) Raoult’s law. (1 Mark)
8. (c) The vapour will contain higher percentage of 

benzene. (1 Mark)
9. (c) For ideal solution, ∆mix H = 0
  Solute – Solvent interaction = Solute – solute or
  Solvent – solvent interaction (1 Mark)
10. (b) Nitric acid and water solution show large negative 

deviation from Raoult's law. (1 Mark)
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12. 

Topper's Answer

13. 

Topper's Answer

11. px
0 = 120 mm Hg, py

0 = 166 mm Hg at 25°C
 Equal moles of X and Y.

 ∴	 χx = mole fraction of X = 1
2

  χy = mole fraction of Y = 1
2

 (½ Mark)

  pTotal = px + py (½ Mark)
    = χx px

0 + χy py
0

    = 1 1120 160 mm Hg
2 2

 × + × 
 

 (½ Mark)

    = 140 mm Hg (½ Mark)
  The vapour pressure of the solution = 140 mm Hg.
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 Raoult's law: 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, P 
∝ x ; P = x P°.

 by Henry's law, 
 P = x.KH
 Here, P is the partial pressure of gas, x is mole fraction of 

it in the solution and KH is the Henry's law constant.
 In both Henry's law and Raoult's law, partial pressure 

of volatile component is directly proportional to mole 
fraction of it in the solution. (1 + 1 = 2 Marks)

14. (a) Solubility of gases in liquid is inversly proportional 
to temperature. As  temperature increases, solubility 
of dissolved gases in water decreases. Hence, 
aquatic species find difficult to breath in warm 
water due to decreased availability of oxygen.

(1 Mark)
 (b) Henry’s Law states that the solubility of a gas in a 

liquid at a given temperature is directly proportional 
to the partial pressure of the gas.

  At higher altitude, partial pressure of oxygen is less 
than that at ground level, so low O2 in blood causes 

climbers to become weak and makes them unable to 
think clearly. (1 Mark)

15. Maximum boiling azeotropes mixture will be formed by 
mixing of acetone and chloroform. In these solutions, 
the A—B interactions are stronger than the A—A and 
B—B molecular interactions present in the two liquids 
forming the solution. Hydrogen bonding will decrease 
the escaping tendency of the molecules. 
 (1 + 1 = 2 Marks)

16. According to Raoult’s law for a solution containing 
volatile components.

 “The partial vapour pressure of each component of the 
solution is directly proportional to it’s mole fraction 
present in solution”

 The characteristics of the solution which obeys Raoult’s 
law at all concentrations are as follows:

 (i) In a binary solution of components, A and B, the 
enthalpy of mixing ∆Hmix = 0, i.e., in prepration of 
an ideal solution no thermal change is observed.

 (ii) In an ideal solution, the volume of mixing ∆Vmix = 
0, i.e., the final volume of the solution is equal to the 
sum of volumes of components being mixed. 
 (1 + 1 = 2 Marks)

17. 

Topper's Answer
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18. (i) According to Henry's law, the solubility of a gas is 
inversely related to the Henry's constant (KH) for 
that gas. Hence, gas (B), being less soluble, would 
have a higher KH value than gas(A).  (1  Mark)

 

Note

Henry's law only works if the molecules are at equilibrium. 
It does not work for gases at high pressure and if there is a 
chemical reaction between the solute and solvent.

 (ii)  The non-ideal solution which shows large negative 
deviation from Raoult's law form maximum boiling 
azeotrop at a specific composition. Example, nitric 
acid and water. (1 Mark)

19. Positive Deviation: When the experimently determined 
vapour pressures of a binary liquid-liquid solution having 
different compositions are greater than calculated values 
of vapour pressure using Raoult’s law, this is known as 
positive deviation.

 In positive deviation the interaction between A-B is 
weaker than A-A and B-B. Where A and B are the two 
constituents liquid of binary solution. (2 Marks)

In positive deviation the interaction between A – B is 
weaker than A – A and B – B while in negative deviation 
the interaction between A – A and B – B is weaker than 
A – B. Where A and B are the two constituents liquids of 
binary solution.

20. Azeotropes are the binary mixtures of solution that have 
the same composition in liquid and vapour phases and 
that have constant boiling points.

 A minimum boiling azeotrope is formed by solutions 
showing a large positive deviation from Raoult’s law at 
a specific composition.

 Example: An ethanol – water mixture containing 
approximately 95% ethanol by volume. (2 Marks)

21. The solutions which obey Raoult’s law over the entire 
range of concentration are known as ideal solutions. For 
an ideal solution, the A-B interactions are nearly same 
as the A-A and B-B interactions. Where A and B are the 
two components of the solution. (2 Marks)

Topic-4: 
Colligative Properties and 
Determination of Molar Mass, 
Abnormal Molar Masses

1. (c) Isotonic solutions have equal osmotic pressure due 
to which there is no net flow of solvent / water across 
them. (1 Mark)

2. (b) Na2SO4
.10H2O dissociates into 2Na+, SO4

2– and 
10H2O. The water of crystallization is not counted 
in the Van’t Hoff factor as it is the solvent.

  Thus, i = 2 + 1 = 3. (1 Mark)

3. (d) All the given species are strong electrolytes so they 
dissociate completely in the aqueous solution.

  The species that gives the highest number of 
particles upon dissociation will have the highest 
boiling point.

  1.0 M KCl = 1 mole K+ ions + 1 mole Cl– ions.
  2.0 M KCl = 2 moles K+ ions + 2 mole Cl– ions.
  1.0 M K2SO4 = 1 × 2 = 2 moles K+ ions + 1 mole 

SO4
2– ions.

  2.0 M K2SO4 = 2 × 2 = 4 moles K+ ions + 2 moles 
SO4

2– ions.
  Therefore, 2.0 M K2SO4 will give the highest 

number of particles and therefore its boiling point 
will be highest.

  Therefore, option (d) is correct. (1 Mark)
4. (d) Since, the value of molal elevation constant (Kb) 

is constant for a particular solvent. Hence, it will 
remain unchanged when molality of the solution is 
doubled. (1 Mark)

5. (d) Freezing point depression is given by,
  ∆Tf = i × Kf × m
  ⇒	 ∆Tf α i (Van't Hoff factor)
  NaCl dissociates to give 2 ions. Na2SO4 dissociates 

to give 3 ions. C6H12O6 dissociates to give no ions. 
Al2(SO4)3 dissociates to give 5 ions.

  Hence, Al2(SO4)3 will exhibit largest freezing point 
depression due to highest value of Van't Hoff factor 
(i = 5). (1 Mark)

6. (c) The formula of elevation in boiling point is:
  ∆Tb = Kb × m

  ∆Tb = b A

B B

K W
M W (Kg)

×
×

  ∴ Elevation in boiling point is inversely 
proportional to molar mass of solute (MB). 

(1 Mark)
7. (c)  ∆Tb = Kb × m
         = 0.52 × 0.2
 	 ∆Tb = 0.104
     Tb = T°b + ∆Tb
         = 100 + 0.104
                = 100.104°C  (1 Mark)
8. (b) The point ‘X’ represents the freezing point of 

solvent. The freezing point of a substance may be 
defined as the temperature at which the vapour 
pressure of the substance in its liquid phase is equal 
to the vapour pressure in the solid phase. (1 Mark)
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9. (a) When placed in water containing more than 0.9% 
(mass/volume) NaCl solution because fluid inside 
blood cells is isotonic with 0.9% NaCl solution.

(1 Mark)
10. (a) 7.5 mol
  ∆Tf = Kf m

  
2

1

1000
f f

n
T K

w
×

∆ =

  
2 1000

14 1 86
1000

n
.

×
= ×

  n2 = 7.5 mol (1 Mark)

11. (c) Osmosis (1 Mark)
12. (a) Elevation in boiling point depends on the number of 

solute molecules rather than their nature. So, it is a 
colligative property.

  ∆Tb = Kb, molality
  When a non–volatile solute is added to a solvent, 

the vapour pressure of the resulting solution is lower 

than that of pure solvent. Thus, a greater amount of 
heat must be supplied to the solution for it to boil.

  This increase in the boiling point of the solution is 
the elevation of boiling point. (1 Mark)

13. (c) A is true but R is false. When raw mango is placed 
in a saline solution to prepare pickle the mango 
looses water due to osmosis and get shrivel. This 
event does not occur due to reverse osmosis.

(1 Mark)

 

Note

In reverse osmosis the direction of osmosis is reversed by 
making pressure larger than the osmotic pressure and is 
applied to the solution side. In this, pure solvent flows outside 
of the conc. solution through a semipermeable membrane. 

14. (c) Cryoscopic constant depends on nature of solvent. 
  Cryoscopic constant is not a universal constant.
  Cryoscopic constant varies with type of solvent.

15. Topper's Answer

 (c) Elevation in boiling point is directly proportional to molality. (1 Mark)

16. (a) KCl is an electrolyte, thus in solution it produces 
more number of particles than glucose. Hence, 
solution of KCl has greater osmotic pressure than 
glucose. (1 Mark)

17. Liquid A has higher vapour pressure. (1 Mark)
18. Two solutions having same osmotic pressure at a given 

temperature are called isotonic solutions. (1 Mark)

19. M2 = f 2

f 1

K W 1000
T W
× ×
∆ ×

 (1 Mark)

 = 1.86 18 1000
(273.15 272.07) 200

× ×
− ×

 = 155 g mol–1. (1 Mark)

20. π1 = π2 (½ Mark)
 iC1RT = C2RT  (½ Mark)

 
3 5 2
322 M
×

=  (½ Mark)

 
2 322M

3 5
×

=
×

 (½ Mark)

 M = 42.9 g

21. 19.5 g of F – CH2 – COOH : n1 = 
19.5
78

 = 0.25 mol 
 (½ Mark)

 Molality of solution (m) = 0.25
0.5

 = 0.5 (m)

 Depression of freezing point due to dissociation = 1°
 ∴ ∆Tf = i mKf

 ∴ i = 
1

0.5 1.86×
 = 1.075 (½ Mark)

 F – CH2 – COOH → F CH2 COO– + H+

       0.25 mol

 0.25(1 – x) mol          0.25x mol          0.25x mol

  [Suppose x is the degree of dissociation]
 ∴ Total no. of particles
  = 0.25(1 – x) + 0.25x + 0.25x (½ Mark)
  = 0.25 + 0.25x
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  i = 

Total no. of moles of particles
after dissociation

Total no. of moles of particles
before dissociation

 (½ Mark)

 ∴ i = 0.25(1 x)
0.25

+  = 1.075  (½ Mark)

 or 1 + x = 1.075
 or x = 1.075 – 1 = 0.075
 ∴ Degree of dissociation of F – CH2 – COOH = 0.075.

(½ Mark)
22. 5% urea solution means. 5g urea is present in 100 mL of 

solution.
 Molarity of solution 

  5g 1000
60 g/mol 100L

C = ×

  10 mol/L
12

C =  (1 Mark)

 Osmotic pressure,  π = CRT

     π = 
10
12

 × 0.0821 × 300

        = 20.525 atm (1 Mark)

23. It is given that the depression in freezing points of the 
two given aqueous solution are same.

  (∆Tf)urea = (∆Tf)z (½ Mark)
  murea × (kf)water = mz × (kf)water

	 ⇒  z

42.757.5
M60

100 100
1000 1000

=  (½ Mark)

 ⇒      Mz = 342 g/mol (1 Mark)

24. Let 'w' be the required mass of ascorbic acid.
 Molality of ascorbic and 

  m = 
( /176)

(75 /1000)
w

 ⇒	 m = 1000
176 75

×
w  (½ Mark)

  (kf)acetic = 3.9 K kg mol–1 (1 Mark)

  ∆Tf = 1.5 °C ⇒ ∆Tf = 1.5 K

  ∆Tf = m.kf (½ Mark)

 ⇒ 1.5 = 1000 3.9
176 75

× ×
w

 ⇒ w = 5.08 g ≈ 5g (1 Mark)

25. 

Topper's Answer

 m = 0.01; ∆Tf = 0.068°C; kf = 1.86 K kg mol–1

 If i is the van't Hoff factor for the aqueous solution of 
AlCl3, then

  ∆Tf = i.Kf .m (½ Mark)

 ⇒  i = 
T

K .
f

f m
∆
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      = 0.068
1.86 0.01×

 (½ Mark)

      = 3.66 (½ Mark)
AlCl3 → Al3+ + 3Cl– (½ Mark)

initial 1 0 0
at equilibrium 1 – x x 3x

  i = 
(1 ) 3

1
x x x− + +

  (½ Mark)

 ⇒  3.66 = 1 + 3x ⇒ x = 0.89
 x is degree of dissociation.
 ∴	Percentage of dissociation = 89%. (½ Mark)

Note

Total number of moles after dissociation/associationi=
Total number of moles before dissociation/association

26. Osmotic pressure,
 	 π = CRT
  π1 = C1RT (1 Mark)

  4.98 = 30 /180 RT
1

 ... (i)

 	 1.52 = C2RT ... (ii)
 Divide equation (i) by (ii)

  
4.98
1.52

=
2

1
6 C

⇒
×  C2 = 0.0508 mol L–1 (1 Mark)

Note

The measurement of osmotic pressure can be used to 
determine molecular weight of compounds and is also used in 
the desalination and purification of sea water, which involves 
the process of reverse osmosis.

27. 

Topper's Answer



16  Chemistry



Solutions 17

 We know, ∆Tf = kf m

 or ∆Tf = sucrose

sucrose water

w 1000
w

fk
E
× ×

 ...(i)
(1 Mark)

  ∆Tf = 273.15 – 271.15 = 2 K
 put the value in (i) for 4% solution of sucrose in water 

  2 = 
4 1000

342 100
fk × ×

×
 ⇒ kf = 17.1 K kg mol–1

 For 5% solution of glucose

  ∆Tf = 
glucose

glucose water

w 1000
M w
fk × ×

×
 (1 Mark)

  = 17.1 5 1000
180 100
× ×
×

 = 4.75 K

  Tf = 273.15 – 4.75 = 268.4 K (1 Mark)
28. Given : Mass of glucose (C6H12O6), w2 = 60 g
 Mass of water, w1 = 250 g
 Molecular mass of (glucose) (M2) = 180 g mol–1

 kf = 1.86 K kg mol–1

 Freezing point of solution, Tf = ?
 We know,
  ∆Tf  = ikf m
 for glucose, i = 1
 ∴ ∆Tf  =  kf m 

   = kf × 2

2 1

w 1000
M w

×  (1 Mark)

  ∆Tf  = 
60 10001.86

180 250
× ×  = 2.48 K

 Now,
  ∆Tf = Tf

0 – Tf 
  2.48 = 0 °C – Tf 
 ∴ Tf =  –2.48 °C
   = 270.67 K (1 Mark)
29. (a) Osmotic pressure method is preferred for the 

determination of molar masses of macromolecules. 
This is because it is done around room temperature 
and molarity of solution is used instead of molality. 
as compared to other colligative properties, its 
magnitude is large even for very dilute solutions. 
this method is preferred for biomolecules as they 
are not stable at higher temperatures and polymers 
have poor solubility. (1 Mark)

 (b) Aquatic animals are more comfortable in cold water 
than in warm water. This is because as temperature 

increase, solubility of gases in water decreases 
(from Le-chatelier's principle). Thus, in warm water 
the amount of oxygen available decreases. As a 
result, aquatic animals are more comfortable in cold 
water. (1 Mark)

 (c) Elevation of boiling point for 1M KCl solution 
is nearly double than that of 1 M sugar solution. 
This is because elevation of boiling point depends 
on the value of 'i'. KCl being a strong electrolyte 
completely dissociates in water to give K+ and Cl– 
ions. Thus, i = 2 for KCl. On the other hand, sugar 
does not dissociate/associate in water so i = 1 for 
sugar solution. Hence ∆Tb (kCl) = 2∆Tb (sugar) 
 (1 Mark)

30. (i) Properties which depend on the number of solute 
particles irrespective of their nature relative to the 
total number of particles present in the solution are 
called colligative properties.  (1 Mark)

 (ii) Molality (m): The number of gram molecule 
or moles of solute dissolved in 1 kg of solvent 
represents the molality of solution.

  Molality = Number of gram moleculeof solute (mol)
Mass of solvent (in kg)

    (1 Mark)
31. Freezing point of surcose (Tf) = 269.15 K
 Freezing point of water (T°f) = 273.15 K
 Molar mass of surcose = 342 g mol–1

 ∆Tf = 273.15 – 269.15 = 4 K
 Molar mass of glucose = 180 g mol–1

 Freezing point of glucose = ?

 For sucrose m = 
moles of solute

( kg)W in  (1 Mark)

    = 
1000 10 1000

90 342sucose

w
M W

× ×
=

× ×

  ∆Tf = Kf × m

  4 = Kf × 10 1000
90 342
×
×

  Kf = 12.30 K kg mol–1

 For glucose ∆Tf = Kf × m (1 Mark)

  ∆Tf = 12.30 × 10 1000
90 180
×
×

  ∆Tf = 7.7 K
 Freezing point of glucose = Tf = 273.15 – 7.7 = 265.45 K

 (1 Mark)
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32. Kb = 0.52 K kg mol–1

 Mass of solute, MgSO4 = 4g
 Mass of solvent, water = 100 g

 So, Molality of the solution, 4 1000
120 100

= ×m

           m = 0.33 mol/kg (1  Mark)
 Also, MgSO4 undergoes complete ionisation, thereby 

yielding 2 moles of consituent ions for every mole of 
MgSO4.

 ∴ i = 2  (½ Mark)
 Now, elevation in boiling point is given as
 ∆Tb = iKbm (½ Mark)
  = 2 × 0.52 × 0.33
  = 0.34 K
   ∆Tb = Tb – Tb°
  0.34 = Tb – 373.15K
 Tb = 373.15 + 0.34
  = 373.49 K  (1 Mark)
 Therefore, the new boiling point of the solution is 373.49 K.
33. Boiling point is the temperature at which vapour pressure 

of the substance becomes equal to atmospheric pressure. 
As the vapour pressure of the solution containing non-
volatile solute is lower than that of the  pure solvent and 
vapour pressure increases with increase in temperature. 
Hence, the solution has to be heated more to make its 
vapour pressure equal to the atmospheric pressure so that 
it starts boiling. 

 Elevation of boiling point is a colligative property 
because, it depends upon the number of particles of 
solute dissolved in solution. (1 + 1 = 2 Marks)

34. W2 = 31g, W1 = 500 g, Kf = 1.86 K kg mol–1

 M2 (C2H6O2) = 24 + 6 + 32 = 62 g mol–1

 
f 2

f
1 2

1000K W
T

W M
×

∆ =
×  (1 Mark)

  
1000 1.86 31

500 62
× ×

=
×

 = 1.86 K  (1 Mark)

 Freezing point of pure water = 273.15 K
 ∴ Freezing point of solution = Tf° – ∆Tf
                    = 273.15 – 1. 86 K
                    = 271.29 K (1 Mark)
35. ∆Tf = Kf × molality

 Molality 3.9 1000
122 49
×

=
×

 = 0.612 m (½ Mark)

 Now, ∆Tf = 4.9 × 0.612 = 2.99 K (1 Mark)

 

f

f

observed T
i

calculated T
∆

=
∆  (½ Mark)

 ∆Tf observed = 1.62 K (given)

 ∴ 1.62i
2.99

=  = 0.54

 As i < 1, benzoic acid is an associated solute. (1 Mark)

36. Given : ∆Tf = 0.48 K
 M2 = 256 g mol–1

 w1 = 75 g
 Kf = 5.12 K kg mol–1

 To find : w2 = ?
 Solution ∆Tf = Kfm  (½ Mark)

 ∆Tf = Kf × 2

2 1

w 1000
M w

×   

 ⇒  w2  = f 2 1

f

T M w
K 1000

∆ × ×
×

 (½ Mark)

        = 
0.48 256 75

5.12 1000
× ×
×

 ⇒  w2 = 1.8 g (1 Mark)
37. W2 = 18 g
 M2 = 180 g mol–1

 W1 = 1 kg = 1000 g
 Kb = 0.52 K kg mol–1 

 ∆Tb = 2
b

2 1

W 1000K
M W

× ×   (½ Mark)

   
18 1000 0.520.52

180 1000 10
= × × =   (½ Mark)

    = 0.052 K
 Now, ∆Tb = Ts – T°  (½ Mark)
  0.052 = Ts – 373.15
 ∴ Ts = 373.15 + 0.052 = 373.202 K
 ∴ Boiling point of solution = 373.202 K. (½ Mark)

38. 
W R TCRT
M V

×
π = = ×i i   (½ Mark)

 
2

2 4 4For K SO 2K SO
3

+ −+
=

��⇀↽��
i

 (½ Mark)

 

2 1 1

1
3 2.5 10 (gram) 0.0821 L atm K mol 298K

174(g mol ) 2 L

− − −

−
× × × ×

×

(1 Mark)
 = 5.27 × 10–3 atm  (1 Mark)
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39. (i) When the externally applied pressure on the impure 
water side becomes greater than the osmotic 
pressure, water flows into the pure form side against 
the natural osmotic flow and this is called reverse 
osmosis. (1 Mark)

 (ii) In cold water, there is a greater concentration of 
oxygen for breathing due to higher solubility of 
gases at lower temperature.

  Thus, aquatic species are more comfortable in cold 
water. (1 Mark)

 (iii) Moles of H2O :

  nH2O = 
1

100 g

18 g mol−
 = 5.56 mol (½ Mark)

  nC6H12O6
 = 

1

2 g

180 g mol−
= 0.0111 mol (½ Mark)

  ⇒  Total moles = 5.56 + 0.0111 = 5.571 mol

  ⇒  Mole fraction of water xH2O = 5.56

5.571
 = 0.998 

 (1 Mark)

  Using Raoult’s Law :
  Psolution (non-volatile solute) = PºH2O × xH2O
  = 32.8 × 0.998
  = 32.73 mm Hg (1 Mark)

OR
 (b) (i) Ethanoic acid in benzene would undergo 

association or dimerization due to which the number of 
particles would be haved and thus i ≅ 0.5. (1 Mark)

Note

Acetic acid undergoes association in benzene but dissociates 
in water.

 (ii) An ideal solution is a solution that follows Raoult’s law 
over an appreciable range of concentrations. (1 Mark)

 (iii) DTf = iKfm = 2
f

2 1

W 1000
iK

M W

× 
 × 

 (1 Mark)

  ⇒  W2 = f 2 1

f

T M W 2 111 500

1000 i K 1000 3 1.86

∆ × ×=
× × × ×

  = 19.89 g (1 + 1 = 2 Marks)

40. (a) (i) DTf = 2
f

2 1

W 1000
K

M W

× 
 × 

 (1 Mark)

    
2W 1000

2.8K 1.86
62 1000

× =  × 
             = 0.03 × W2 (1 Mark)
    ⇒  W2 = 93.34 g (1 Mark)
  (ii) A mixture of ethanol and Acetone show positive 

deviation from Roult’s law. (1 Mark)
   This is so because addition of acetone breaks some 

hydrogen bonds and thus more ethanol molecule are 
evaporated. (1 Mark)

OR
 (b) (i) DTb = Tb' – Tb = 100 – 99.63 = 0.37º C
    = 0.37 K (1 Mark)

    Molality = 2 2

2 1

W 1000 W 1000

M W 342 500

× ×
=

× ×

         = 2W

171
  (1 Mark)

    Now, DTb = Kb × molality

    ⇒  0.37 = 0.52 × 2W

171
  ⇒  W2 = 121.67 g 

 (1 Mark)
   (ii) According to Henry’s law the solubility of gas in 

a liquid is directly proportional to the partial pressure 
of the gas present above the surface of the liquid or 
solution. (1 Mark)

  Application :
  To increase the solubility of CO2 in soft drinks and 

soda water, the bottle is sealed under high pressure. 
 (1 Mark)

41. (a) Addition of glucose to water is an endothermic 
reaction. According to Le Chat elier's principle, on 
increase in temperature, solubility will increase.

(1 Mark)
 (b) Q is ocean water, due to the presence of salts it 

freezes at lower temperature (depression in freezing 
point) (1 Mark)

 (c) K3 [Fe(CN)6] gives 4 ions in aqueous solution 
 (½ Mark)

  i = 1 + (n – 1) α (½ Mark)
  i = 1 + (4 – 1) × 0.0.852
  i = 3.556   (½ Mark)
  DTb = iKb m = 3.556 × 0.52 × 1 = 1.85 (1 Mark)
  Tb = 101.85°C (½ Mark)
42. (a) Negative Deviation is expected when phenol and 

aniline are mixed with each other. The net volume 
of the mixture will decrease, DV < 0 due to stronger 
intermolecular interactions. (1 Mark)

P = P + PT A B

PB

PA

X = 1A

X = 0B

Make Fraction

V
ap

o
u
r

P
re

ss
u
re

0
AP

0
BP

X = 0A

X = 1B

P-X Diagram for Solutions Showing Negative Deviation 
from Raoult-Law

(1 Mark)
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 (b) Relative lowering of vapour pressure = (P° – P)/P° 
= x2           (½ Mark)

  x2 = n2/n1

  n2 = 0.1
  n1 = 100/18
  x2 = 0.1/5.55 + 0.1 = 0.1/5.65 = 0.018 (½ Mark)
 P° = 23.8 mm Hg
 Relative lowering of vapour pressure = (23.80 – P)/23.80 

= 0.018  (½ Mark)
 23.80 – P = 0.428  (½ Mark)
 P = 23.80 – 0.428 = 23.37 mm Hg (1 Mark)
43. (i)  The boiling point of 1 M NaCl solution more than 

that of 1 M glucose solution because NaCl is an 
ionic compound that dissociates into ions Na+ and 
Cl– in aqueous solutions while glucose does not.

  Boiling point is a colligative property that increases 
with an increase in the number of particles.(1 Mark)

 (ii)  The vapour pressure is reduced to 90% when certain 
mass of ‘X’ is dissolved in 78 g of benzene.

  If benzeneP = 1 atm,�

   Benzene BenzeneP – P = 0.1 atm�
 (½ Mark)

  MBenzene = 78.11 g/mol ≈ 78 g/mol
  MX = 50 g/mol, WBenzene = 78 g

  ⇒ xX = 

X

X

BenzeneX

X Benzene

W
M

= 0.2
WW +

M M

 (½ Mark)

      

X

X

W
50 = 0.2

W + 1
50

=

      X

X

W
= 0.2

W 50
=

+
 (½ Mark)

  ⇒ 0.2WX + 10 = WX

  ⇒ WX – 0.2WX = 10
  ⇒    0.8WX = 10

  ⇒ WX = 
10
0.8

 = 12.5 g  (½ Mark)

 (iii) ∆Tb = iKbm

   = 2
b

2 1

1000 × W
iK

M × W
 
 
 

  (1 Mark)

  i for MgCl2 = 
1000 ×103 0.512
95× 200

 
× ×  

 

        = 0.808 K (1 Mark)

44. (i)  The value of Van’t Hoff factor for ethanoic acid in 
benzene is determined by its association in benzene.

  It forms a dimer in benzene so:

  i = 
no. of particles present 1=

Theoretical no. of particles 2
 = 0.5

 (1 Mark)

 (ii) Osmotic pressure (π) = 2i n R T
V

× × ×
 (½ Mark)

  i for K2SO4 = 3 (½ Mark)

  n2 = 
–2

2

2

m 2.32 ×10 g=
M 174 g/ mol

 = 1.33 × 10–4 moles

  ⇒	π = 
–43 (1.33 10 ) (0.082) (298)

2
× × × ×

 
 (½ Mark)

   = 0.00487 atm or 4.87 × 10–3 atm. (½ Mark)

 (iii) ∆Tf = Kf . m = 2
f

2 1

1000 × W
K

M × W
 
 
 

 (½ Mark)

  ⇒	 M2 = f 2

f 1

K × W ×1000
T × W∆

         = 
(5.12) (25.6) (1000)

0.512 1000×  = 256 g

(½ Mark)
  ⇒	 Molecular formula of Sulphur

     = 
sulphurM 256 g=

At . mass 32 g/ mol  = 8

(½ Mark)
  ⇒	Molecular formula = S8. (½ Mark)

 

Note

Relative lowering of vapour pressure, osmotic pressure, 
elevation in boiling point and depression in freezing point 
are all colligative properties that are determined by the 
number of particles of the solute only. Further association 
or dissociation is determined by the Vant Hoff Factor (i) 
that gives the actual value of the property.

45. (a) Here ∆Tf = (273.15 – 269.15) K = 4 K
  Molar mass of sugar (C12H22O11) 
   = 12 × 12 + 22 × 1 + 11 × 16 = 342 g mol–1

  10% solution (by mass) of sucrose (cane sugar) 
in water means 10 g of cane sugar is present in  
(100 – 10)g = 90 g of water.

  Now, number of moles of cane sugar

  

10 0.0292mol
342

= =
 (1 Mark)
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  Therefore, molality (m) of the solution, 

  
10.0292 1000 0.3244mol kg

90
−×

= =

  Applying the relation, ∆Tf = Kf × m

  f
f

T 4K
m 0.3244
∆

⇒ = =

   112.33K kg mol−=   (1 Mark)

  Molar mass of glucose (C6H12O6) 
   = 6 × 12 + 12 × 1 + 6 × 16 
   = 180 g mol–1

  10% glucose in water means 10 g of glucose is 
present in (100 – 10) g = 90 g of water.

  ∴ Number of mole of glucose

   
10 mol
180

=  = 0.0555 mol

  Therefore, molality (m) of the solution

   10.0555 1000 0.6166 mol kg
90

−×
= =

  Applying the relation,   ∆Tf = Kf × m 
   = 12.33 K kg mol–1 × 0.6166 mol kg–1

   = 7.60 K (approximately)
  Hence, the freezing point of 10% glucose solution is 

(273.15– 7.60) K = 265.55 K (1 Mark)
 (b) (i)  Molality : It is defined as the number of moles 

of a solute present in 1000 g (1kg) of a solvent.

   Molality (m) = Number of moles of solute
Weight of solvent in kg

(1 Mark)

 

Note

The relation between molarity and molality is 

Molality (m) = 
( )

( ( ) )
.

Molarity M
Density of the solution molarity

molecular wt of solute
ρ −

×

It can be used to determine the molarity if molality is given 
or vice versa.

  (ii)  Abnormal molar mass : Due to association or 
dissociation of molecules, the expected molar 
mass is either lower or higher than calculated 
molar mass. Such molar mass is called 
abnormal molar mass. (1 Mark)

 

Note

Abnormal molar mass is the experimentally determined 
molar mass and is used to find the value of van't Hoff factor 
(i). To account for the extent of dissociation or association 
following relation can be used.

 
Normal molar massi

Abnormal molar mass
=

.

46. (a) It is given that vapour pressure of water,   
P°

1 = 23.8 mm of Hg
  Weight of water taken, w1 = 846 g
  Weight of urea taken, w2 = 30g
  Molecular weight of water, M1 = 18 g mol–1

  Molecular weight of urea, M2 = 60 g mol–1

  Now, we have to calculate vapour pressure of water 
in the solution we take vapour pressure as P1.

  Relative lowering of vapour pressure equation can 
be written as :

0
1 1 2

0
1 21

P P n
n nP

−
=

+

  For dilute solution (n2 << n1)

   
0
1 1 2

0
11

P P n
nP

−
=  (1 Mark)

  123.8 P
23.8
−

⇒
(30 / 60)
(846 /18)

=  (1 Mark)

  123.8 P 1
23.8 94
−

⇒ =

  ⇒ P1 = 23.5501 mm of  Hg
  Hence, the vapour pressure of water in the given 

solution is 23.5501 mm of Hg and its relative 
lowering is 0.0105. (1 Mark)

 (b) Ideal solutions and non-ideal solutions
Ideal Solutions Non-Ideal Solutions

1. Solutions which obey 
Rault’s law over 
the entire range of 
concentration are known 
as ideal solutions.

Solutions which do 
not obey Raoult’s law 
over the entire range of 
concentration are known 
as non-ideal solutions.

2. Intermolecular force of 
attraction between the 
molecules of solute (A 
– A) and those between 
the molecules of solvent 
(B – B) are nearly equal 
to those between solute 
and solvent molecules 
(A – B).

Intermolecular force of 
attraction between the 
molecules of solute (A 
– A) and those between 
the molecules of solvent 
(B – B) are not equal 
to those between solute 
and solvent molecules 
(A – B).

   (1 + 1 = 2 Marks)
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47. (a) Given
   Kf = 1.86 K kg mol–1

   mass of solute = 1.9 g
   mass of solvent = 50 g
  Therefore,

  Molality of the solution, m = no. of moleof solute
wt.of solvent in kg

   = 1.9 1000
95 50
×
×

 = 0.4 m (1 Mark)

  MgCl2 → Mg+ + 2Cl–

  No. of ion = 3
   i = 3
   ∆Tf = i Kf m
    = 3 × 1.86 × 0.4
    = 2.232 K (1 Mark)
   Tf (MgCl2) = Tf (water) – ∆Tf

        = 273 – 2.232
        = 270.77 K (1 Mark)
 (b) (i)  The elevation in the boiling point of a solution 

is a colligative property, therefore it is affected 
by the number of particles of the solute. Since 
the amount of solute is higher in 2M glucose 
solution as compared to 1M glucose solution, 
the elevation in the boiling point is higher. 
Hence, 2M glucose solution has a higher 
boiling point than 1 M glucose solution.

(1 Mark)
  (ii)  When the external pressure applied become 

more than the osmotic pressure, pure solvent 
starts flowing out of the solution through the 
semipermeable membrane. This process is 
known as reverse osmosis. (1 Mark)

48. (a) Weight of sulphur (w2) = 2.56 g, M2 = 32 g/mol
  Weight of solvent = 100 g 
   Kf = 3.83 K kg/mol

   ∆Tf = 2
f

1

W
K 1000

M w
× ×

×
 (1 Mark)

   0.383 = 3.83 2.56 1000
M 100
× ×

×
   M = 256 g/mol (1 Mark)
  Formula of sulphur
  One atom of S = 32 g/mol–1

  so atoms of S in molecule = 256
32

 = 8
  Formula = S8 (1 Mark)

 (b) (i)  1.2% Sodium chloride is hypertonic with 
respect to 0.9% sodium chloride, hence cells 
will shrink and water flows out of the cells. 
Plasmolysis will take place. (1 Mark)

  (ii)  0.41% Sodium chloride solution is hypotonic 
with respsect to 0.9% sodium chloride. Hence 
water flows into the cell and cells will swell. 
Endo osmosis will take place. (1 Mark)

Isotonic solution : Concentration of solute inside the cell is 
same as in the solution outside.
Hypotonic solution : Outside solution has lower concentration 
of solute than inside the cell.
Hypertonic solution : Outside solution has greater solute 
concentration than inside the cell.

49. (a) (i)  Molarity: It is defined as number of moles of 
solute per litre of the solution. Its units are mol L–1.

   Molarity (M) = 
No. of moles of solute

Volume of solution

   (1 Mark)
  (ii)  Molal elevation constant (Kb): It is defined 

as the elevation in boiling point when the 
molality of the solution is unity, i.e., 1 mole of 
the solute is dissolved in 1 kg of the solvent. 

 (1 Mark)
 (b) Given: 
   Urea  Glucose 
   w1 = 15 g M2 = 180 g
   M1 = 60 g
  To find: w2 = ?
  As the solutions are isotonic, we have
   1 2π = π        (½ Mark)
   C1RT = C2RT
   C1 = C2    (½ Mark)

   1 2

1 2
=

n n
V V

 ⇒	  1
2 2

1
= ×

nn V
V

   V1 = V2 as vol. is 1 litre
  ∴  n2 = n1
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2 1

2 1
=

w w
M M     (1 Mark)

   

1
2 2

1
= ×

ww M
M

   = 
15 180
60

×  = 45

 ∴		 mass of glucose = 45 g          (½ + ½ = 1 Mark)
50. (a) A mixture of ethanol and acetone shows positive 

deviation from Raoult’s law. This is because acetone 
molecules enter between alcohol molecules thus 
breaking the H-bonds between ethanol molecules 
and hence showing +ve deviation.  
 (1 + 1 = 2 Marks)

 (b) Given: 10% solution of glucose ⇒ 10 g of glucose 
in 100 g of solution

  molar mass of glucose , M2 = 180 g mol–1

  density of solution, d = 1.2 g mL–1

  To find: (i) molality, m
  (ii) molarity, M
  (i) Molality, 

   m = 
Moles of solute 1000

Mass of solvent (in g)
×   (½ Mark)

   ( )
(10 /180) 1000
100 10

= ×
−

m

   
10 1000

180 90
= ×

×
m  = 100

18 9×
 

   m = 0.617 mol kg–1 (1 Mark)
  (ii) Molarity, 

  m = 
Moles of solute 1000

Volume of solution (in mL)
×  (½ Mark)

   

(10 /180) 1000= ×
sol

M
V

   

100
1.2

= =sol
sol

m
V

d

 	 ∴ 

10 /180 21000
100 /1.2 3

= × =M

 	 ∴ M = 0.66 mol L–1   (1 Mark)
51. (a) Raoult’s law : 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.

  For two components A and B

   B B Bp p°= x  A A Ap p°= × x   (1 Mark)
  Raoult’s law as a special case of Henry’s law :
  According to Raoult’s law, for any volatile 

component of the solution.

A A Ap p°= × x

  Now, for a solution in which a gas is the solute and 
liquid is the solvent, then according to Henry’s law

pA = kH × xA

  i.e., partial pressure of the volatile component (gas) 
is directly proportional to the mole fraction of that 
component (gas) in the solution.

  Thus, Raoult’s law and Henry’s law become 
identical except that their proportionality constants 
are different. (2 Marks)

 (b) W2 = 1.00 g
  W1 = 50 g
  ∆Tf = 0.40 K
  Kf = 5.12 K kg mol–1

  M2 = f 2

1 f

1000 K W
W T
× ×
×∆

 (1 Mark)

  = 
1000 5.12 1.00

50 0.40
× ×
×

  = 256 g mol–1 (1 Mark)
52. (a) (i)  Ideal solution : (I) The solution which 

obey Raoult’s law at all temperatures and 
concentrations  (II) ∆Hmix = 0 i.e. no heat is 
evolved or absorbed when components are 
mixed to form the solution  (III) ∆Vmix = 0 i.e. 
no change in volume. (1 Mark) 

  (ii)  Azeotrope : A liquid mixture, having a 
definite composition, and boiling point like a 
pure liquid, is called a constant boiling mixture 
or an azeotrope.   (1 Mark)

  (iii)  O smotic pressure : The minimum excess 
pressure that has to be applied to the solution 
to prevent the entry of the solvent into 
the solution through the semipermeable 
membrane due to osmosis is called the 
osmotic pressure. (1 Mark)
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 (b) 10% glucose solution by weight means
  Mass of solute (W2) = 10 g
  Mol. mass of solute (M2) = 180 g mol–1

  Mass of solvent (W1) = 100 – 10 = 90 g

  Molality (m) = 2

2 1

W 1000
M W

×  (1 Mark)

   = 
10 1000
180 90

×

   = 0.617 m (1 Mark)

53. The melting point of ice is the freezing point of water. 
We can use the depression in freezing point property in 
this case.

 (a) 3rd reading for 0.5 g there has to be an increase in 
depression of freezing point and therefore decrease 
in freezing point so also decrease in melting point 
when amount of salt is increased but the trend is not 
followed on this case.   (1 Mark)

 (b) two sets of reading help to avoid error in data 
collection and give more objective data. (1 Mark)

 (c)	 ∆Tf (glucose) = 1 × Kf ×
0.6 1000
180 10
×
×

 ....(1)

(½ Mark)

  ∆Tf (NaCl) = 2 × Kf × 
0.6 1000
58.5 10

×
×

 (½ Mark)

  3.8 = 2 × Kf × 0.6 1000
58.5 10

×
×

 ....(2) 

  Divide equation 1 by 2

  fT (glucose) 58.5
3.8 2 180

∆
=

×
 (½ Mark)

  ∆Tf (glucose = 0.62 Freezing point or Melting point 
= – 0.62 °C   (½ Mark)

OR
  depression in freezing point is directly proportional 

to molality (mass of solute when the amount of 
solvent remains same)  (1 Mark)

  0.3 g depression is 1.9 °C
  0.6 g depression is 3.8 °C
  1.2 g depression will be 3.8 × 2 = 7.6 °C (1 Mark)
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