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e feel pleased and delighted in presenting the book “CBSE Chapterwise-

Topicwise Chemistry”. Special efforts have been put to produce this book in
order to equip students with practice material including previous 11 years’ CBSE
Board Examination questions. It will give them comprehensive knowledge of
subject according to the latest syllabus and pattern of CBSE Board Examination.
The book will be helpful in imparting students a clear and vivid understanding
of the subject.

Salient features

Comprehensive and Lucid Theory : Well explained theory with important
formulae, flowcharts and tables for quick recap.

Topicwise Graphical Analysis : Graphical analysis of previous 11 years’ CBSE
Board papers’ questions (VSA, SA I, SA II, VBQ, LA) provided to let students
figure out which chapter and which topic is to be revised hard and how much is
the weightage of that topic.

Topicwise-Chapterwise Questions and Answers : Theory is followed by
topicwise-chapterwise questions pulled from previous 11 years’ CBSE-DELHI,
ALL INDIA, FOREIGN and COMPARTMENT papers. Answers are given
according to the CBSE marking scheme.

Strictly Based on NCERT Pattern : In the previous years’ CBSE papers SA 1,
SA II or LA type questions are generally framed by clubbing together questions
from different topics and chapters. These questions are segregated strictly
according to NCERT topics. e.g., (I1/3, Delhi 2016), this question of 1 mark was
asked in SA II type category, (1/5, AI 2015), this question of 1 mark was asked
in LA type category, (1/2, Foreign 2016), this question of 1 mark was asked in
SA I type category.

Topicwise questions are arranged in descending chronological (2017-2007) order
so, that latest years’ questions come first in practice and revision.

Key Concepts Highlight : Key concepts have been highlighted for their
reinforcement.

Value Based Questions : Separate section for Value based questions has been
added.

Latest Solved CBSE Sample Paper : Solved CBSE sample paper is included
with the marking scheme.

Practice Papers as per CBSE Blue Print : 10 Practice Papers strictly based
on design and blue print issued by CBSE Board are also incorporated.

We are sure that the value addition done in this book will prove helpful to
students in achieving success in board examinations. Every possible effort has
been made to make this book error free. Useful suggestions by our readers
for the rectification and improvement of the book content would be gracefully
acknowledged and incorporated in further editions.

Readers are welcome to send their suggestions at editor@mtg.in.

All The Best
MTG Editorial Board
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SYLLABUS

Unit No. Title No. of Periods Marks
Unit I Solid State 10
Unit II Solutions 10
Unit III Electrochemistry 12 23
Unit IV Chemical Kinetics 10
Unit V Surface Chemistry 08
Unit VI General Principles and Processes of Isolation of 08
Elements
Unit VII p- Block Elements 12 19
Unit VIII | d- and /- Block Elements 12
Unit IX Coordination Compounds 12
Unit X Haloalkanes and Haloarenes 10
Unit XI Alcohols, Phenols and Ethers 10
Unit XII Aldehydes, Ketones and Carboxylic Acids 10
Unit XIII | Organic Compounds containing Nitrogen 10 28
Unit XIV Biomolecules 12
Unit XV Polymers 08
Unit XVI Chemistry in Everyday Life 06
Total 160 70
Unit I : Solid State [10 Periods]

Classification of solids based on different binding forces : molecular, ionic, covalent and metallic
solids, amorphous and crystalline solids (elementary idea). Unit cell in two dimensional and three
dimensional lattices, calculation of density of unit cell, packing in solids, packing efficiency, voids,
number of atoms per unit cell in a cubic unit cell, point defects, electrical and magnetic properties.
Band theory of metals, conductors, semiconductors and insulators and n and p type
semiconductors.

Unit II : Solutions [10 Periods]

Types of solutions, expression of concentration of solutions of solids in liquids, solubility of gases in
liquids, solid solutions, colligative properties - relative lowering of vapour pressure, Raoult’s law,
elevation of boiling point, depression of freezing point, osmotic pressure, determination of molecular
masses using colligative properties, abnormal molecular mass, Van’t Hoff factor.

Unit III : Electrochemistry [12 Periods]

Redox reactions, conductance in electrolytic solutions, specific and molar conductivity, variations of
conductivity with concentration, Kohlrausch’s Law, electrolysis and law of electrolysis (elementary
idea), dry cell-electrolytic cells and Galvanic cells, lead accumulator, EMF of a cell, standard
electrode potential, Nernst equation and its application to chemical cells, Relation between Gibbs
energy change and EMF of a cell, fuel cells, corrosion.

Unit IV : Chemical Kinetics [10 Periods]

Rate of a reaction (Average and instantaneous), factors affecting rate of reaction : concentration,
temperature, catalyst; order and molecularity of a reaction, rate law and specific rate
constant,integrated rate equations and half life (only for zero and first order reactions), concept
of collision theory (elementary idea, no mathematical treatment). Activation energy, Arrhenious
equation.



Unit V : Surface Chemistry [08 Periods]

Adsorption - physisorption and chemisorption, factors affecting adsorption of gases on solids,
catalysis, homogenous and heterogenous activity and selectivity; enzyme catalysis colloidal state
distinction between true solutions, colloids and suspension; lyophilic, lyophobic multimolecular and
macromolecular colloids; properties of colloids; Tyndall effect, Brownian movement, electrophoresis,
coagulation, emulsion - types of emulsions.

Unit VI : General Principles and Processes of Isolation of Elements

[08 Periods]

Principles and methods of extraction - concentration, oxidation, reduction - electrolytic method and
refining; occurrence and principles of extraction of aluminium, copper, zinc and iron.

Unit VII : p-Block Elements [12 Periods]

Group -15 Elements : General introduction, electronic configuration, occurrence, oxidation states,
trends in physical and chemical properties; Nitrogen, preparation properties and uses; compounds
of Nitrogen, preparation and properties of Ammonia and Nitric Acid, Oxides of Nitrogen(Structure
only) ; Phosphorus - allotropic forms, compounds of Phosphorus : Preparation and Properties of
Phosphine, Halides and Oxoacids (elementary idea only).

Group 16 Elements : General introduction, electronic configuration, oxidation states, occurrence,
trends in physical and chemical properties, dioxygen : Preparation, Properties and uses, classification
of Oxides, Ozone, Sulphur -allotropic forms; compounds of Sulphur : Preparation Properties and
uses of Sulphur-dioxide, Sulphuric Acid : industrial process of manufacture, properties and uses;
Oxoacids of Sulphur (Structures only).

Group 17 Elements : General introduction, electronic configuration, oxidation states, occurrence,
trends in physical and chemical properties; compounds of halogens, Preparation, properties and
uses of Chlorine and Hydrochloric acid, interhalogen compounds, Oxoacids of halogens (structures
only).

Group 18 Elements : General introduction, electronic configuration, occurrence, trends in physical
and chemical properties, uses.

Unit VIII : d- and f~-Block Elements [12 Periods]

General introduction, electronic configuration, occurrence and characteristics of transition metals,
general trends in properties of the first row transition metals - metallic character, ionization
enthalpy, oxidation states, ionic radii, colour, catalytic property, magnetic properties, interstitial
compounds, alloy formation, preparation and properties of K,Cr,0; and KMnO, .

Lanthanoids - Electronic configuration, oxidation states, chemical reactivity and lanthanoid
contraction and its consequences.

Actinoids - Electronic configuration, oxidation states and comparison with lanthanoids.

Unit IX : Coordination Compounds [12 Periods]

Coordination compounds - Introduction, ligands, coordination number, colour, magnetic
properties and shapes, IUPAC nomenclature of mononuclear coordination compounds. Bonding,
Werner’s theory, VBT, and CFT; structure and stereoisomerism, importance of coordination
compounds (in qualitative analysis, extraction of metals and biological system).

Unit X : Haloalkanes and Haloarenes. [10 Periods]

Haloalkanes : Nomenclature, nature of C-X bond, physical and chemical properties, mechanism of
substitution reactions, optical rotation.



Haloarenes : Nature of C-X bond, substitution reactions (Directive influence of halogen in
monosubstituted compounds only).

Uses and environmental effects of - dichloromethane, trichloromethane, tetrachloromethane,
iodoform, freons, DDT.

Unit XI : Alcohols, Phenols and Ethers [10 Periods]

Alcohols : Nomenclature, methods of preparation, physical and chemical properties (of primary
alcohols only), identification of primary, secondary and tertiary alcohols, mechanism of dehydration,
uses with special reference to methanol and ethanol.

Phenols : Nomenclature, methods of preparation, physical and chemical properties, acidic nature
of phenol, electrophilic substitution reactions, uses of phenols.

Ethers : Nomenclature, methods of preparation, physical and chemical properties, uses.

Unit XII : Aldehydes, Ketones and Carboxylic Acids [10 Periods]

Aldehydes and Ketones : Nomenclature, nature of carbonyl group, methods of preparation,
physical and chemical properties, mechanism of nucleophilic addition, reactivity of alpha hydrogen
in aldehydes, uses.

Carboxylic Acids : Nomenclature, acidic nature, methods of preparation, physical and chemical
properties; uses.

Unit XIII : Organic compounds containing Nitrogen [10 Periods]

Amines : Nomenclature, classification, structure, methods of preparation, physical and chemical
properties, uses, identification of primary, secondary and tertiary amines.

Cyanides and Isocyanides - will be mentioned at relevant places in text.

Diazonium salts : Preparation, chemical reactions and importance in synthetic organic
chemistry.

Unit XIV : Biomolecules [12 Periods]

Carbohydrates - Classification (aldoses and ketoses), monosaccahrides (glucose and fructose),
D-L configuration oligosaccharides (sucrose, lactose, maltose), polysaccharides (starch, cellulose,
glycogen); Importance of carbohydrates.

Proteins -Elementary idea of - amino acids, peptide bond, polypeptides, proteins, structure of
proteins - primary, secondary, tertiary structure and quaternary structures (qualitative idea only),
denaturation of proteins; enzymes. Hormones - Elementary idea excluding structure.

Vitamins - Classification and functions. Nucleic Acids : DNA and RNA.

Unit XV : Polymers [08 Periods]

Classification - natural and synthetic, methods of polymerization (addition and condensation),
copolymerization, some important polymers : natural and synthetic like polythene, nylon polyesters,
bakelite, rubber. Biodegradable and non-biodegradable polymers.

Unit XVI : Chemistry in Everyday life [06 Periods]

Chemicals in medicines - analgesics, tranquilizers antiseptics, disinfectants, antimicrobials,
antifertility drugs, antibiotics, antacids, antihistamines.

Chemicals in food - preservatives, artificial sweetening agents, elementary idea of antioxidants.
Cleansing agents- soaps and detergents, cleansing action.



*QUESTION PAPER DESIGN
CLASS -XII

Time : 3 Hours

Max. Marks : 70

Typology of
Questions

Very Short
Answer
(VSA)

(1 mark)

Short
Answer-1
(SA-D)
(2 marks)

Short
Answer-I1
(SA-IT)
(3 marks)

Value
based
question
(4 marks)

Long
Answer
LA)

(5 marks)

Total
Marks

%
Weigh-
tage

Remembering- (Knowledge based
Simple recall questions, to know
specific facts, terms, concepts,
principles, or theories, Identify,
define,or recite, information)

10%

Understanding- Comprehension
-to be familiar with meaning
and to understand conceptually,
interpret, compare, contrast,
explain, paraphrase information)

21

30%

Application (Use abstract
information in concrete
situation, to apply knowledge
to new situations, Use given
content to interpret a situation,
provide an example, or solve a
problem)

21

30%

High Order Thinking Skills
(Analysis and Synthesis-
Classify, compare, contrast, or
differentiate between different
pieces of information, Organize
and/or integrate unique pieces
of information from a variety of
sources)

10

14%

Evaluation- (Appraise, judge,
and/or justify the value or worth
of a decision or outcome, or

to predict outcomes based on
values)

11

16%

TOTAL

5x1=5

5x2=10

12x3=36

1x4=4

3x5=15

70(2

6)

100%

QUESTION WISE BREAK UP

Type of Question

Mark per Question

Total No. of Questions

Total Marks

VSA

5

05

SA-I

5

10

SA-IL

12

36

VBQ

QU | WO DN

1

04

LA

15

Total

26

70

Internal Choice : There is no overall choice in the paper. However, there is an internal choice
in one question of 2 marks weightage, one question of 3 marks weightage and all the three
questions of 5 marks weightage.
The above template is only a sample. Suitable internal variations may be made for generating
similar templates keeping the overall weightage to different form of questions and typology of

questions same.

* For latest details refer www.cbse.nic.in
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2

f 1/ The Solid State

1.2 Amorphous and Crystalline Solids
(2 marks)

1. Write any two differences between amorphous
solids and crystalline solids. (2/5 Delhi)

1.3 Classification of Crystalline Solids

(1 mark)

2. Based on the nature of intermolecular forces,
classify the following solids :
Silicon carbide, Argon

(1/3 AI)

3. Based on the nature of intermolecular force,
classify the following solids :

Benzene, Silver (1/3 AI)

4. Based on the nature of intermolecular forces,
classify the following solids :

Sodium sulphate, Hydrogen (1/3 AI)

1.5 Number of Atoms in a Unit Cell

m. (2 marks)

5. Calculate the number of unit cells in 8.1 g of
aluminium if it crystallizes in a fcc structure.
(Atomic mass of Al = 27 g mol™) (2/5 Delhi)

Cell

1.8 Calculations
Dimensions

YN (3 marks)

6. An element has atomic mass 93 g mol™ and
density 11.5 g cm™. If the edge length of its
unit cell is 300 pm, identify the type of unit
cell. (3/5 Delhi)

Involving  Unit

1.9 Imperfections in Solids

(1 mark)

7. Give reason :
In stoichiometric defects, NaCl exhibits
Schottky defect and not Frenkel defect.
(1/5 Delhi)

(1/3 AI)

9. AgCl shows Frenkel defect while NaCl does
not. Give reason. (1/3 AI)

8. ZnO turns yellow on heating. Why?

CBSE Chapterwise-Topicwise Chemistry

10. What happens when CdCl, is doped with
AgCl? (1/3 A)

1.10 Electrical Properties

(1 mark)

11. Give reason :
Silicon on doping with phosphorus forms
n-type semiconductor. (1/5 Delhi)

12. What is meant by groups 12-16 compounds?
Give an example. (1/3 AI)

13. What type of semiconductor is formed when

Ge is doped with Al? (1/3 AI)
1.11 Magnetic Properties
(1 mark)
14. Give reason :
Ferrimagnetic ~ substances  show  better
magnetism than antiferromagnetic substances.
(1/5 Delhi)

2.2 Expressing Concentration of Solutions

(1 mark)

15. Define the following term :
Molality (m)

(1/2 Delhi)

16. Define the following term:

Molarity (M) (1/2 Delhi)

2.5 Ideal and Non-ideal Solutions

(1 mark)

17. Define the following term:
Ideal solution

(2 marks)

18. Write two differences between ideal solutions
and non-ideal solutions. (2/5 AI)

(1/2 Delhi)

2.6 Colligative Properties and

Determination of Molar Mass

(1 mark)

19. Define the following term :
Colligative properties

(1/2 Delhi)
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YN (3 marks)

20. 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.
(Given : Molar mass of sucrose = 342 g mol™,
molar mass of glucose = 180 g mol™)  (Delhi)

21. 30 g of urea (M = 60 g mol™'] is dissolved in
846 g of water. Calculate the vapour pressure
of water for this solution if vapour pressure
of pure water at 298 K is 23.8 mm Hg.

(3/5 AI)
2.7 Abnormal Molar Masses
m. (2 marks)
22. Define the following terms :
(i) Abnormal molar mass
(ii) van’'t Hoff factor (i) (Delhi)

ﬂ Electrochemistry

3.4 Conductance of Electrolytic Solutions
m. (2 marks)

23. Calculate the degree of dissociation (o) of
acetic acid if its molar conductivity (A,,) is 39.05
S cm? mol™.
(Given : A°(H*) = 349.68 S cm?mol ! and
A°(CH,COO7) =40.9 S cm? mol™!)

(Delhi)

3.9 Electrolytic Cells and Electrolysis
(2 marks)

24. Calculate the mass of Ag deposited at cathode
when a current of 2 ampere was passed through
a solution of AgNO; for 15 minutes.
(Given : Molar mass of Ag = 108 g mol™,
1 F = 96500 C mol™) (2/3 Delhi)

m (3 marks)

25. (a) The cell in which the following reaction
occurs :

2Fefzy) + 2l > 2Feiy) + Ly
has Eg; = 0.236 V at 298 K. Calculate the

3

standard Gibbs energy of the cell reaction.
(Given: 1 F = 96,500 C mol™)
(b) How many electrons flow through a metallic

wire if a current of 0.5 A is passed for
2 hours? (Given : 1 F = 96,500 C mol™!) (AI)

3.6 Batteries

m (2 marks)

26. Write the name of the cell which is generally
used in hearing aids. Write the reactions taking
place at the anode and the cathode of this cell.

(AI)

27. Write the name of the cell which is generally
used in inverters. Write the reactions taking
place at the anode and the cathode of this cell.

(AI)

28. Write the name of the cell which is generally
used in transistors. Write the reactions taking
place at the anode and the cathode of this cell.

(AI)

3.7 Fuel Cells
(1 mark)

29. Define fuel cell.

" Chemical Kinetics

4.2 Factors Influencing Rate of a Reaction
(1 mark)

30. For a reaction R —> P, half-life (t,,) is
observed to be independent of the initial
concentration of reactants. What is the order
of reaction? (Delhi)

(1/3 Delhi)

4.3 Integrated Rate Equations
m]l (3 marks)

31. Following data are obtained for the reaction:

N,O. —> 2NO, + L0,
2

t/s 0 300 600
[N,O;]/mol L' | 1.6 x 102 | 0.8 x 1072 | 0.4 x 1072




(a) Show that it follows first order reaction.
(b) Calculate the half-life.
(Given : log 2 = 0.3010, log 4 = 0.6021)
(Delhi)

32. A first order reaction takes 20 minutes for

25% decomposition. Calculate the time when

75% of the reaction will be completed.

(Given : log 2 = 0.3010, log 3 = 0.4771, log

4=0.6021) (Al)

4.5 Temperature Dependence of the Rate
of a Reaction

(1 mark)

33. What is the effect of adding a catalyst on

(a) activation energy (E,), and
(b) Gibbs energy (AG) of a reaction? (AI)

H Surface Chemistry

9.1 Adsorption
(1 mark)

34. Write one similarity between physisorption
(Delhi)

and chemisorption.
5.2 Catalysis
(1 mark)

35. Write one difference of the following:

Homogeneous catalysis and heterogeneous

catalysis (1/3 Delhi)

5.3 Colloids
(1 mark)

36. Write one difference of the following:
(1/3 Delhi)

Solution and colloid
9.4 Classification of Colloids

(1 mark)

37. Write one difference in each of the following:
(1/3 Delhi)

Lyophobic sol and lyophilic sol

CBSE Chapterwise-Topicwise Chemistry

38. What type of colloid is formed when a liquid
is dispersed in a solid? Give an example. (Al)

39. What type of colloid is formed when a solid
is dispersed in a liquid? Give an example.(A]

40. What type of colloid is formed when a gas is
dispersed in a liquid? Give an example. (AI)

(2 marks)

41. Write one difference between each of the
following :
(i) Multimolecular
macromolecular colloid
(ii) Soland gel

colloid and

(2/3 Delhi)

42. Write one difference in each of the following:

(a) Multimolecular colloid and associated

colloid

(b) Coagulation and peptization (2/3 AI)

43. (a) Write the dispersed phase and dispersion
medium of milk.

(b) Write the chemical method by which
Fe(OH); sol is prepared from FeCl;.

(2/3 Al)

9.5 Emulsions

(1 mark)

44. Write one difference between each of the
following :
O/W emulsion and W/O emulsion (1/3 Delhi)

n General Principles and Processes
of Isolation of Elements
6.2 Concentration of Ores

(1 mark)

45. Write the principle of the following :
Froth floatation process

(2 marks)

46. (a) Out of PbS and PbCO,; (ores of lead),
which one is concentrated by froth floatation
process preferably?

(1/3 Al
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(b) What is the significance of leaching in the
extraction of aluminium? (2/3 Delhi)

47. (a) Write the role of dilute NaCN in the
extraction of silver.
(b) What is the role of the collectors in the
froth floatation process? Give an example of a

collector. (2/3 AI)

6.4 Thermodynamic  Principles  of

Metallurgy

(1 mark)

48. Why does copper obtained in the extraction

from copper pyrites have a blistered appearance?
(1/3 AI)

6.7 Refining
(1 mark)

49. Write the principle of method used for the

refining of germanium. (1/3 Delhi)
50. Write the principle of electrolytic refining.
(1/3 AI)

m (3 marks)

51. Write the principles of the following methods:
(i) Vapour phase refining

(ii) Zone refining
(iii) Chromatography (Delhi)

” The p-Block Elements

7.1 Group 15 Elements

(1 mark)

52. Give reason:

Nitrogen does not form pentahalide.

(1/3 Delhi)
1.2 Dinitrogen
(1 mark)
53. What happens when
(NH,),Cr,0; is heated? (1/2 Delhi)

5
7.4 Oxides of Nitrogen
(1 mark)
54. Give reasons for the following :
N,Os is more acidic than N,0;. (1/3 AI)

7.5 Nitric Acid
(1 mark)

55. Write the formula of the compound of
phosphorus which is obtained when conc.
HNO; oxidises P,. (AI)

56. Write the formula of the compound of sulphur
which is obtained when conc. HNO; oxidises Sg.
(AD

57. Write the formula of the compound of iodine
which is obtained when conc. HNO; oxidises L,.
(AD

7.6 Phosphorus - Allotropic Forms

(1 mark)

58. Give reason for the following :
Red phosphorus is less reactive than white
phosphorus. (1/3 AI)

1.8 Phosphorus Halides
(1 mark)

59. What happens when PCl; is heated?

Write the equation involved. (1/2 Delhi)
7.9 Oxoacids of Phosphorus
(1 mark)
60. What happens when H;PO; is heated?

Write the equation. (1/2 Delhi)

61. Draw the structure of the following :
H,PO, (1/2 Delhi)

62. Draw the structure of the following :
H,P,0, (1/2 Delhi)

7.10 Group 16 Elements

(1 mark)

63. Give reason:
Thermal stability decreases from H,O to H,Te.
(1/3 Delhi)




6

7.16 Oxoacids of Sulphur
(1 mark)

64. Draw the structure of the following :
H,S,0, (1/2 Delhi)

65. Draw the structure of the following :

1,50, (1/2 Al)

66. Draw the structure of the following :
H,5,05

1.17 Sulphuric Acid
m. (2 marks)

67. What happens when
(i) conc. H,SO, is added to Cu?
(ii) SO; is passed through water?

(1/2 AI)

Write the equations. (Delhi)

71.18 Group 17 Elements

(1 mark)

68. Give reason:

Fluoride ion has higher hydration enthalpy

than chloride ion. (1/3 Delhi)
69. Complete the following chemical equation :
F, +2ClI"— (1/2 Delhi)

70. Give reason for the following :
Electron gain enthalpies of halogens are largely

negative. (1/3 AI)

7.19 Chlorine
(1 mark)

71. Complete the following reaction :
NH3 + 3C12(excess) —

(1/2 Delhi)

72. Complete the following reaction:
CL, +H,0 —>

71.20 Hydrogen Chloride
(1 mark)

73. What happens when
HCl is added to MnO,?

(1/2 Delhi)

(1/2 Delhi)

CBSE Chapterwise-Topicwise Chemistry

7.21 Oxoacids of Halogens
(1 mark)

74. Draw the structure of the following :
HCIO;

(1/2 Al

1.22 Interhalogen Compounds

(1 mark)

75. Draw the structure of the following :
CIF,

(1/2 AI)

76. Draw the structure of the following :

BrF, (1/2 AI)

1.23 Group 18 Elements
(1 mark)

77. Complete the following reaction :
XeF, + 2H,0——

(1/2 Delhi)

78. Draw the structure of the following :
XeFq (1/2 Delhi)

79. Draw the structure of the following :

XeF, (1/2 Delhi)
80. Complete the following reaction:
XeF¢ + 3H,0 —> (1/2 Delhi)

81. Draw the structures of the following :
XeOF, (1/2 Delhi)

82. Complete the following chemical equations :
2XeF, + 2H,0 — (1/2 Delhi)

” The d- and f-Block Elements

8.3 General Properties of the Transition
Elements (d-Block)

(1 mark)

83. Write the formula of an oxo-anion of chromium
(Cr) in which it shows the oxidation state equal
to its group number. (Delhi)

84. Write the formula of an oxoanion of manganese
(Mn) in which it shows the oxidation state
equal to its group number. (Delhi)
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m (2 marks)

85. Account for the following :

(i) Transition metals show variable oxidation
states.

(ii) Zn, Cd and Hg are soft metals.

LYW (3 marks)

86. Account the following :
(i) Transition metals form large number of
complex compounds.
(ii) The lowest oxide of transition metal is
basic whereas the highest oxide is amphoteric

(2/5 AI)

or acidic.

(iii) E°value for the Mn**/Mn** couple is highly

positive (+1.57 V) as compared to Cr**/Cr?".
(3/5 Delhi)

87. (i) How is the variability in oxidation states
of transition metals different from that of the
p-block elements?

(ii) Out of Cu* and Cu?*, which ion is unstable
in aqueous solution and why?
(iii) Orange colour of Cr,07  ion changes to
yellow when treated with an alkali. Why?

(3/5 Delhi)

88. Following are the transition metal ions of 3d
series :
Ti4+, V2+, Mn3*, Cr3+
(Atomic numbers
Mn = 25, Cr = 24)
Answer the following :
(i) Which ion is most stable in aqueous
solution and why?
(ii) Which ion is strong oxidising agent and
why?
(iii) Which ion is colourless and why? (3/5 AI)

8.4 Some Important Compounds of
Transition Elements

m (2 marks)

89. Complete the following equations :
(i) 2MnO7 + 16H* + 58 ——

(i) KMnO, —2t

Ti = 22, V = 23,

(2/5 AI)

8.6 The Actinoids
(1 mark)

90. Write one similarity and one difference between
the chemistry of lanthanoid and actinoid
elements. (1/5 Delhi)

91. Chemistry of actinoids is complicated as
compared to lanthanoids. Give two reasons.

(1/5 Delhi)

ﬂ Coordination Compounds

9.3 Nomenclature of
Compounds

(1 mark)

92. Write the JTUPAC name of the following
complex: [Cr(NH;);CL;]. (1/3 Delhi)

93. Write the JTUPAC name of the following
complex: [Co(NHj;);(CO3)]CL (1/3 Delhi)

m. (2 marks)

94. Using IUPAC norms write the formulae for
the following :
(a) Sodium dicyanidoaurate(I)
(b) Tetraamminechloridonitrito-N-
platinum(IV) sulphate (AD)

Coordination

95. Using ITUPAC norms write the formulae for
the following :
(a) Tris(ethane-1,2,diamine)chromium (IIT)
chloride
(b) Potassium tetrahydroxozincate(II)  (AI)

96. Using IUPAC norms write the formulae for
the following :
(a) Potassium trioxalatoaluminate(III)
(b) Dichloridobis(ethane-1,2-diamine)
cobalt(III) (AI)

9.4 Isomerism in Coordination Compounds

(1 mark)

97. What type of isomerism is shown by the
complex [Co(NH;)¢][Cr(CN)4]?  (1/3 Delhi)
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98. What type of isomerism is shown by the complex
[Co(en);]Cl? (1/3 Delhi)

99. What type of isomerism is shown by the complex
[Co(NH;)5(SCN)|**2  (1/3 Al)

9.5 BondinginCoordination Compounds

(1 mark)

100. Why a solution of [Ni(H,0)]?* is green while
a solution of [Ni(CN),]?" is colourless?
(At. no. of Ni = 28) (1/3 Delhi)

101. Write the hybridisation and magnetic character
of [Co(C,0,):]".
(At. no. of Co = 27)

(2 marks)

102. (a) Why is [NiCl,]*>~ paramagnetic while
[Ni(CN),]?*" is diamagnetic?
(Atomic number of Ni = 28)
(b) Why are low spin tetrahedral complexes
rarely observed? (2/3 Al)

m Haloalkanes and Haloarenes

10.1 Classification

(1/3 Delhi)

(1 mark)
X
X
103. Out of and , which is an
example of allylic halide? (AI)
X
X . .
104. Out of O and O/ , which is an
example of vinylic halide? (Al

CHCl, CH,CH,Cl
105. Out of ©/ and ©/ ,

which is an example of a benzylic halide?(AI)

10.2 Nomenclature

(1 mark)

106. Write the structure of 1-bromo-4-chlorobut-2-ene.
(Delhi)
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107. Write the structure of 3-bromo-2-methylprop-1-ene.
(Delhi)

10.6 Chemical Reactions

m (3 marks)

108. Following compounds are given to you:
2-Bromopentane,  2-Bromo-2-methylbutane,
1-Bromopentane
(i) Write the compound which is most
reactive towards Sy2 reaction.

(ii) Write the compound which is optically
active.
(iii) Write the compound which is most

reactive towards [-elimination reaction.
(Delhi)

n Alcohols, Phenols and Ethers

11.2 Nomenclature
(1 mark)

109. Write the TUPAC name of the following
compound :
H3C—(|3:(|3—CH2 —OH

H,C Br (AI)

110. Write the TUPAC name of the following
compound :

©/ CH=CH—CH,OH
(AD

111. Write the TUPAC name of the following

compound :
CH,

I
CH3—O—(|3—CH3
CH, (AD)

11.4 Alcohols and Phenols
(2 marks)

112. Write the product(s) in the following reactions:
OH

COOH
. (CH,CO),0
(i) o
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(i) CH,—CH=CH —CH,—OH =55 ¢

(2/5 Delhi)

113. Give simple chemical tests to distinguish
between the following pairs of compounds:
(i) Ethanol and phenol
(ii) Propanol and 2-methylpropan-2-ol
(2/5 Delhi)

114. (a) Arrange the following compounds in the
increasing order of their acid strength :
p-cresol, p-nitrophenol, phenol
(b) Write the mechanism (using curved arrow
notation) of the following reaction :
CH,=CH,~%— CH,—CH;+H,0 (AD)
115. Write the structure of the products when
Butan-2-o1 reacts with the following :
(a) CrO; (b) SOCL, (AI)

(5 marks)

116. (a) Write the formula of reagents used in the

following reactions :
(i) Bromination of phenol to
2,4,6- tribromophenol
(i) Hydroboration of propene and then
oxidation to propanol.

(b) Arrange the following compound groups in

the increasing order of their property indicated :

(i) p-nitrophenol, ethanol, phenol (acidic
character)

(ii) propanol, propane, propanal (boiling point)

(c) Write the mechanism (using curved arrow
notation) of the following reaction :

+  CH,CH,0H
CH;—CH,— OH, ——2—>

+

CH; —CH,— (l) —CH, —CH;3 + H,0
H

(Delhi)

11.6 Ethers
(1 mark)

117. Write the product in the following reaction :

o
CH,;—CH—0— CH,—CH, —11> ? + 2
(1/5 Delhi)

ﬂ Aldehydes, Ketones and
Carboxylic Acids

12.2 Preparation of Aldehydes and Ketones
(1 mark)

118. Write the equation involved in the following
reaction:
Etard reaction.

(1/2 Delhi)

119. Do the following conversion in not more than
two steps:

Benzoic acid to benzaldehyde (1/3 Delhi)

120. Write the reaction involved in the following :
Stephen reduction (1/5 AI)
121. Write the product in the following reaction :

_ (a) DIBAL-H
CH; — CH=CH — CN {8 ?
(1/5 AI)

12.4 Chemical Reactions

(1 mark)

122. Write the equation involved in the following
reaction :
Wolff-Kishner reduction

(1/2 Delhi)

123. Do the following conversion in not more than
two steps:
Propanone to propene

(2 marks)

124. (a) Write the product in the following reaction:

0
(j + HCN ——?

(b) Give simple chemical test to distinguish
between the following pair of compounds :
Butanal and Butan-2-one (2/5 AI)

125. Write the equations involved in the following
reactions.
(i) Clemmensen reduction
(ii) Cannizzaro reaction

(1/3 Delhi)

(Delhi)
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12.7 Methods of Preparation of Carboxylic
Acids

(1 mark)

126. Do the following conversion in not more than
two steps:
Ethyl benzene to benzoic acid

(1/3 Delhi)

12.9 Chemical Reactions

m. (2 marks)

127. Write the reactions involved in the following:
(i) Hell—Volhard—Zelinsky reaction
(ii) Decarboxylation reaction

(Delhi)

128. (a) Write the product in the following reaction:

COONa
@ + NaOH 2, 7

(b) Give simple chemical test to distinguish
between the following pair of compounds :
Benzoic acid and Phenol (2/5 AI)

129. How will you convert the following in not
more than two steps :
(i) Acetophenone to benzoic acid
(ii) Ethanoic acid to 2-hydroxyethanoic acid

(2/5 Al)
m (3 marks)

130. Write the structures of compounds A, B and
C in each of the following reactions :

i) CHsBr Mg/dry ether (a) COZ(g),
(®) ;0% \LPCI
5
C
ii (a) SnCL/HCl _  dil. NaOH
(i) CHyCN (s> S jA
C
(Delhi)

i3/ hwines

13.3 Nomenclature

(1 mark)

131. Write IUPAC name of the following compound:
(CH;CH,),NCH, (Delhi)
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132. Write the structure of 2,4-dinitrochlorobenzene.

(Delhi)

133. Write the TUPAC name of the following
compound:

CH;NHCH(CHj,), (Delhi)

134. Write IUPAC name of the following compound:
(CH;),N — CH,CH; (Delhi)

13.6 Chemical Reactions (Amines)

YW1 (3 marks)

135. Give reasons :
(i) Acetylation of aniline reduces its activation
effect.
(ii) CH;NH, is more basic than C(H;NH,.
(iii) Although —NH, is o/p directing group,
yet aniline on nitration gives a significant

amount of m-nitroaniline. (Delhi)
13.9 Chemical Reactions (Diazonium
salts)

VNI (3 marks)

136. Write the structures of compounds A, B and
C in the following reactions :
NH,/A

Br,/KOH,,,)

(a) CH,—COOH A B

CHCI, + alc. KOH
%

C

NaNO,/Cu Fe/HCI
LT

(b) C.H,N*BF; A —, B

CH;3COCl/pyridine C
%

(Al)

m Biomolecules

14.4 Vitamins
(4 marks)

137. After watching a programme on TV about the
presence of carcinogens (cancer causing agents)
potassium bromate and potassium iodate in
bread and other bakery products, Ritu a class
XII student decided to aware others about the
adverse effects of these carcinogens in foods. She

consulted the school principal and requested



Solved Paper-2017

him to instruct canteen contractor to stop
selling sandwiches, pizza, burgers and other
bakery products to the students. Principal took
an immediate action and instructed the canteen
contractor to replace the bakery products
with some proteins and vitamins rich food
like fruits, salads, sprouts, etc. The decision
was welcomed by the parents and students.
After reading the above passage, answer the
following questions :

(i) Whatare the values (at least two) displayed
by Ritu?

(i) Which polysaccharide component of
carbohydrates is commonly present in bread?
(iii) Write the two types of secondary structure

of proteins.
(iv) Give two examples of water soluble
vitamins. (Delhi)

15/ Polymes

15.2 Types of Polymerisation
(1 mark)

138. Write the structure of the monomers used for
getting the following polymer :
Nylon-6, 6

m. (2 marks)

139. Write the structures of the monomers used
for getting the following polymers :
(i) Dacron (ii) Buna-N (2/3 Delhi)

(1/3 AI)

140. Write the structures of the monomers used
for getting the following polymers :
(i) Nylon-6 (ii) Teflon  (2/3 Delhi)

VAN (3 marks)

141. Write the structures of the monomers used
for getting the following polymers:
(i) Neoprene
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(ii) Melamine-formaldehyde polymer

(iii) Buna-S (Delhi)

15.5 Polymers of Commercial Importance

(1 mark)

142. Write the structures of the monomers used
for getting the following polymer :

Polyvinyl chloride (PVC)

n Chemistry in Everyday Life

Different

(1/3 AI)

16.3 Therapeutic Action of
Classes of Drugs

(1 mark)

143. Define the following :
Antacids

YWY (2 marks)

(1/3 AD)

144. Define the following :
(i) Broad spectrum antibiotics

(ii) Antiseptic (2/3 Delhi)

145. Define the following :
(i) Narrow spectrum antibiotics

(ii) Disinfectants (2/3 Delhi)

146. Define the following :
(i) Limited spectrum antibiotics

(ii) Tranquilizers (2/3 Delhi)

16.5 Cleansing Agents
(1 mark)

147. Define the following :
Cationic detergents

(1/3 Delhi)
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Detailed Solutions /

1. Differences between crystalline and amorphous
solids are as follows :

Crystalline solid | Amorphous solid
1. | It has definite It has irregular
characteristic shape.

geometrical shape.
2. | Ithassharp melting
point. e.g., Sodium
chloride (NaCl).

It melts over a range
of temperature. e.g,
Plastic.

2. Silicon carbide : Covalent or network solid.
Argon : Non-polar molecular solid.

3. Benzene : Non-polar molecular solid.
Silver : Metallic solid
4. Sodium sulphate : Crystalline solid
Hydrogen : Non-polar molecular solid.
5. As27 gof Al will contain 6.023 x 10* atoms
- 8.1 g Al will contain
~6.023x10%

27
=1.8069 x 10* atoms
In fcc, 4 atoms are present in one unit cell
1.8069 x 10% atoms will be present in

1.8069 x10**
4
6. Given, atomic mass (M) = 93 g mol™,
density (d) = 11.5 gcm™,
edge length (a) = 300 pm = 300 x 10-'° cm
Z=2

We know that, d =

X 8.1 atoms

=4.517 x 10%? unit cells.

ZXM

3
Ny Xa

dx N, xa’
M

11.5%6.022x107 x (3x107%)?

93
So, type of the unit cell is bec.

or, Z=

=2.01=2

7. Since Schottky defect is shown by highly ionic
compounds having small difference in the size of
cations and anions, whereas Frenkel defect is shown
by compounds having large difference in the size
of cations and anions. Therefore, NaCl exhibits
Schottky defect.

8. [Initially ZnO is white in colour at room

temperature but on heating it loses oxygen which

creates anion vacancy defect and it turns yellow.
ZnO —Deating 7,2+ %oz +2¢”

9. Frenkel defectis shown by those ionic substances

which have large difference in the size of ions. Hence,

AgCl shows frenkel defect but NaCl does not.

10. When CdCl, is added to AgCl, a cationic
vacancy defect is created i.e., an Ag* ion from the
lattice is absent from its position due to presence of
adjacent Cd** ion.

11. Since group 15 elements (e.g., phosphorus)
have one electron excess to group 14 elements (e.g.,
silicon) after forming four covalent bonds. Thus, the
extra free electron is responsible for the formation of
n-type semiconductor.

12. Groups 12-16 compounds are formed by the
combination of elements of group-12 and group-16.
In groups 12-16 compounds, the bonds are not
perfectly covalent and the ionic character depends
upon the electronegativities of the two elements,
e.g., ZnS.

13. When germanium (Ge) is doped with
aluminium (Al), p-type semiconductor is formed.

14. Ferrimagnetic substances have a net dipole
moment due to unequal parallel and antiparallel
alignment of magnetic moments whereas
antiferromagnetic substances have net magnetic
moment zero due to compensatory alignment
of magnetic moments. Therefore, ferrimagnetic
substances  show  better = magnetism  than
antiferromagnetic substances.

15. Molality (m) is defined as the number of moles
of the solute per kilogram of the slovent and is

expressed as :
Moles of solute

Molality (m) =
Mass of solvent (in kg)

16. Molarity : It is the number of moles of the solute

dissolved per litre of the solution. It is denoted by M.

. Moles of solute
Molarity =

Volume of solution in litre

n W, x 1000 W,
== x1000==—2——— | n, = —2
% M, xV M,
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17. A solution which obeys Raoult’s law of vapour
pressure for all compositions is called ideal solution.
In this solution AV, =0, AH,;,, =0

A Binteraction=A ... Aand B..... Binteractions.

18. The two differences between ideal solutions and
non ideal solutions are as follows :

(1) Inidealsolutions AV, =0and AH, ;= 0 whereas
in non ideal solutions, AV, # 0and AV, #0.

(ii) In ideal solutions, each component obeys
Raoults law at all temperatures and concentrations
whereas in non ideal solutions, they do not obey
Raoult’s law.

19. Properties which depend upon the number of
solute particles irrespective of their nature relative to
the total number of particles present in the solution
are called colligative properties.

20. Molality (m) of sucrose solution

wx1000 10 1000
= =—X—— =0.325m
M X Mass of solvent 342 90
AT; for sucrose solution
= T9- Ty=(273.15-269.15) K= 4K
A’]}: fo m
AT, 4K
K; = 2o 2R 15308 K/m
m 0.325m
10 1000
Molality of glucose solution = —X—— =0.617m
180 90
ATf = Kf X m

AT;=12.308 K/m x 0.617m=7.59=7.6K
Freezing point of glucose solution,

Tg- ATy= (273.15 - 7.60) K = 265.55 K
21. Given, weight of urea (w,) =30 g
Weight of water (w;) =846 g

Vapour pressure of water p$ = 23.8 mm Hg

30 846
np=—=0.5 n, =——=47
B 60 A7 18
n
Mole fraction of water (x,) = A
47 4
= = 77 =0.99
47+0.5 47.5

P, =pi x x4 =23.8x0.99=23.5mm Hg.

22. (i) The molar mass which is either lower or
higher than the expected or normal value is known
as abnormal molar mass.

(ii) van’'t Hoff factor (i) is defined as the ratio of the
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experimental (observed) value of colligative property
to the calculated value of colligative property.
Observed colligative property

1=
Calculated colligative property

. Normal molar mass
or,i=

Abnormal molar mass

Am
AO

m

23. Degree of dissociation (o) =

39.05 S cm?mol !

(349.68+40.9) S cm”*mol !
24. Given:I=2A,t=15min=15x605=900s
w=1?
Q=Ixt=2x900=1800C
Reaction for deposition of Ag is as follows :
Agt + lee —> Ag
1F 1 mol
1x96500C 108¢g
Thus, 1 x 96500 C of electricity is required to deposit
108 g of Ag.
1800 C of electricity would deposit
1081800

1% 96500

=0.1

=2.014gof Ag

25. (a) Given cell reaction is
2Fef}y) + 20(aq) —> 2Fefly) + Iy
No. of electron transferred (n) = 2
Now, from the relationship of Gibbs energy and
Eocell’
ArG0 =" nFEocell
= A,G°=-2x%x96500 Cmol™'x0.236 V
= - 45548 ] mol™' = - 45.548 k] mol™!
(b) Given,I1=0.5A,t=2hrs.
Number of electrons = ?
Total charge (Q) =Ixt
=0.5x2x60x60=3600C
Total charge

Number of electrons =
Charge of one electron

3600
= """  =225x10*electrons.

1.6x107"°

26. The mercury cell is generally used in hearing
aids.
Reaction at cathode :
HgO + H,0 + 2e-—— Hg + 20H"
Reaction at anode :
Zn(Hg) + 20H" —— ZnO + H,0 + 2¢”
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27. The cell which is generally used in inverters is
secondary cell i.e., lead storage battery.

At cathode : PbO, + SOi(aq) +4H{,) + 20—
PbSO,, +2H,0,
Atanode : Pb, + SO, ——PbSO, ) + 2¢-

28. Mercury cell is generally used in transistors.
At cathode : HgO + H,O + 2e-—— Hg + 20H~
Atanode : Zn(Hg) + 20H —— ZnO + H,0 + 2¢”

29. Those galvanic cells which give us direct
electrical energy by the combustion of fuels like
hydrogen, methane, methanol, etc are called fuel cells.

30. Half-life of first order reaction is independent of
the initial concentration of reactants.

0.693
hp= T

31. (a) The formula of rate constant for first order

reaction is

2.303
k=——log
t (Al

[Aly

2303 (1.6x10 %) mol !
= log =) =
300s " (0.8x10“)mol L

-2 -1
Similarly, k, = 2.3031 (1.6x10 “) mol L

6005 ° (0.4%x107%) mol L!
=23x103s!
Unit and magnitude of rate constant shows the given
reaction is of first order.
(b) The formula for half-life for first order reaction is

0.693 0.693
k 23x107 7
32. According to the 1** order kinetics
2303, [4]
=——Ilog
t [4]
[where, k = rate constant, [A,] = initial conc., [A,] = conc.

after time t]
[100]

= 2.303 og—+—= = k =0.014 Il'lil’l_1
20min ° [75]

=23%x102 s}

1

=301.30s

hp=

k

k

Similarly, for 22 process, 0.014 = @1(% (100)
£ =99 min 25
33. (a) A catalyst lowers the activation energy (E,) by
providing an alternate pathway or reaction mechanism.
(b) Catalyst does not affect the Gibbs energy (AG)
of a reaction.
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34. Physical adsorption and chemical adsorption
both increase with increase in surface area of the
adsorbent.

35. Homogeneous catalysis : Catalyst is present in
the same phase as reactants.

Heterogeneous catalysis : Catalyst is present in a
different phase as that of reactants.

36. Solution : In true solution, the size of the
particles is about 1071° m.

Colloid : In a colloid, the size of the particles is
between 1077 to 10 m.

37. Difference between lyophilic and lyophobic

colloids.

Lyophobic colloid Lyophilic colloid
These are  solvent | These are solvent
repelling. attracting.

38. When a liquid is dispersed in a solid, ‘gel’ is
formed, e.g., butter.

39. When a solid is dispersed in a liquid, a colloid is
formed which is known as ‘sol” e.g; paints.

40. When a gas is dispersed in a liquid, foam is
formed, e.g., froth.

41. (i) Multimolecular

Colloids
Atoms or molecules
of these colloids are

Macromolecular

Colloids
Due to long chain,
the van der Waals

held together by forces holding them
weak van der Waals are stronger.
forces.

(ii) Sol Gel
Dispersed phaseis  Dispersed phase is

solid whereas
dispersion medium
is liquid.

liquid whereas
dispersion medium
is solid.

42. (a) Difference between multimolecular colloid
and associated colloid :

Multimolecular colloid Associated colloid

The particles of this type
of colloids are aggregates
of atoms or molecules
with diameter less than

They are substances
which at low
concentration behave
as true solution and at

1 nm. eg., sulphur sol | higher concentration
consists of  colloidal | exhibit colloidal
particles  which  are | behaviour.

aggregate of Sg molecules.
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(b) Difference between coagulation and peptization :

Coagulation Peptization

It is the process of |[It is the
settling of colloidal
particles

process
responsible  for  the
formation of stable
dispersion of colloidal
particles in dispersion
medium.

43. (a) Dispersed phase and dispersion medium of
milk are liquid and liquid respectively.

(b) Hydrolysis is the chemical method by which
Fe(OH); sol is prepared from FeCl,.

FeCl; + 3H,0 ——— Fe(OH);, + 3HCI

44. O/W emulsion
Oil is dispersed
phase and water is
the dispersion
medium.

W/O emulsion
Water is dispersed
phase and oil is
the dispersion
medium.

45. Froth floatation process : This method is
based on the principle that the ore particles are
preferentially wetted by oil while gangue particles
are wetted by water. This principle is applied mainly
to concentrate sulphide ores.

46. (a) Sulphide ores are concentrated by froth
floatation process preferebly, hence, PbS is
concentrated more preferebly than PbCO; by this
method.

(b) The significance of leaching in the extraction of
aluminium is to concentrate pure alumina (AL O;)
from bauxite ore.

47. (a) In the extraction of silver, silver metal
is leached with a dilute solution of NaCN in the
presence of air from which the metal is obtained.
4Ag + 8NaCN + 2H,0 + O, ——4 Na[Ag(CN),]

+ 4 NaOH
(b) The role of collectors in the froth floatation
process is to enhance non-wettability of the ore
particles e.g., pine oil.

48. Copper obtained in the extraction from copper
pyrites has a blistered appearance due to the
evolution of SO,.

2Cu,S + 30,— 2Cu,0 + 250,

2Cu,0 + Cu,S—— 6Cu + SO,

49. Germanium is refined by zone refining method
which is based on the principle that the impurities
are more soluble in the molten state than in the solid
state of the metal.
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50. In this process, impure metal is made the anode
and a strip of pure metal is made the cathode. A
solution of a soluble salt of the same metal is taken as
the electrolyte and net result is the transfer of metal
in pure form from the anode to the cathode.

51. (i) Vapour phase refining : In this method, the
metal is converted into its volatile compound and
collected elsewhere. It is then decomposed to give
pure metal.

(ii) Zone refining : This method is based on the
principle that the impurities are more soluble in the
melt than in the solid state of the metal.

(iii) Chromatography : Chromatographic method is
based on the principle that different components of
a mixture are differently adsorbed on an adsorbent.
The adsorbed components are removed using
suitable eluent.

52. Nitrogen cannot expand its octet due to absence
of d-orbitals.

53. When orange red crystals of ammonium
dichromate are heated, these crystals decompose
violently evolving nitrogen and green coloured
chromic oxide is formed.

(NH,),Cr,0, 2 Cr,0; + N, + 4H,0

(Orange red) (Green)

54. Oxidation state of N in N,O; =+ 5
Oxidation state of N in N,O; =+ 3
As the oxidation number of central element
increases, acidic strength increases. Hence, N,Os is
more acidic than N,0;.

55. H;PO, (phosphoric acid) is obtained when
conc. HNO; oxidises P,,.
P, + 20HNOj nc)—> 4H;PO, + 20NO, + 4H,0

56. When conc. HNOj; oxidises Sg, it forms sulphuric
acid.
Sg + 48HNO; — 8H,S0, + 48NO, + 16H,0

57. lodic acid (HIO;) is formed when conc. HNO;
oxidises L.
I, + I0HNO; —— 2HIO; + 10NO, + 4H,0
Todic acid

58. White phosphorus is made up of discrete P,
tetrahedra which are subjected to very high angular
strain as the angles are 60°. Red phosphorus is a
polymer of P, tetrahedra, which has much less
angular strain. This high angular strain makes white
phosphorus unstable and highly reactive.
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59. PCl; on heating, sublimes but it decomposes
into phosphorus trichloride and chlorine on stronger
heating.

PCL, 25 PCL, + Cl,

60. When phosphorous acid (H;PO;) is heated,

it forms orthophosphoric acid and phosphine.
4H,PO,2%°C, 31.PO, + PH,

61. ﬁ
~ 1|)\
H
62. H,P,0, (Pyrophosphoric acid) :
) (o)

Il Il
HO” N0~ P 0H
OH OH

H OH

63. As the size of central atom increases, M—H
bond becomes weaker and longer and hence, thermal
stability decreases while going from H,O to H,Te.

64. H,S,0; (Pyrosulphuric acid)
0 0

66. H,S,0;
0 0
-

o | No—o | o
OH OH

67. (i) When conc. H,SO, reacts with Cu, CuO is
formed which gets further converted into CuSO,.

Cu + 2H,S0, —> CuSO, + SO, + 2H,0

(ii) When SO; is passed through water, it dissolves
SO; to give H,SO,.

SO; + H,0 — H,S0,

68. As the size of halogen increases down the group
from F to I, the hydration enthalpy of corresponding
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halide ion decreases. Hence F~ ion has higher hydration
enthalpy (524 kJ mol™) than CI ion (378 kJ mol™).
69. F, + 2Cl" — 2F + Cl,

70. Halogens have the smallest size in their
respective periods and therefore have high effective
nuclear charge. As a result, they readily accept one
electron to acquire noble gas configuration. Hence,
electron gain enthalpies of halogens are largely
negative.

71. NH; + 3Clyexeesss—— NCl; + 3HCI
Nitrogen
trichloride
(explosive)

72. Cl,+H,0—> HCl + HOCl —>

Hydrochloric Hypochlorous
acid acid

2HCI + [O]

Nascent
oxygen

73. When HCl is added to MnO,, Cl, gas is formed.
MnO, + 4HCl — CL, + MnCl, + 2H,0

74. HCIO, :

75. ClIF;:
76. BrF;;

77. XeF, + 2H,0 —> XeO,F, + 4HF
78. XeF; : (Xenon hexafluoride)

79. Q
F\ _F

Xe
F7/\ OF
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80. XeF, + 3H,0 — XeO, + 6HF

ﬁ
Fl _F
81. XeOF,: F/Xe\F

82. 2XeF, + 2H,0 — 2Xe + 4HF + O,

83. Oxo-anion of chromium in which it shows +6
oxidation state equal to its group number is Cr,07"
(dichromate ion).

84. Formula of oxoanion of manganese is MnO3.
Oxidation state of Mn in this oxoanion = + 7

Group number of Mn is 7.

85. (i) Transition metals show variable oxidation
states because the difference of energy in the (n-1)
d and ns orbitals is very less. Hence, electrons
from both the energy levels can be used for bond
formation.

(ii) InZn, Cd and Hg, all the electrons in d-subshell
are paired. Hence, the metallic bonds are weak. That
is why they are soft metals with low melting and
boiling points.

86. (i) Transition metals form a large number of
complex compounds due to following reasons :

- Comparatively smaller size of metal ions.

- High ionic charges.

- Availability of d-orbitals for bond formation.
(ii) As oxidation number of transition metals
in their oxides increases, their acidic character
increases due to lack of d-electrons. In the lowest
oxide, oxidation state is lower and hence, it becomes
basic and in highest oxide, oxidation state is higher
and therefore, it becomes acidic or amphoteric.

(iii) Much  larger third ionisation energy of
Mn(where change is d° to d*) is mainly responsible
for this. This also explains that +3 state of Mn is of
little importance.

87. (i) Variability of oxidation states of transition
metals arises due to incomplete filling of d-orbitals
and it differs from each other by unity e.g., V), VIV,
VI, v In p-block elements oxidation states differ
generally by a unit of two. e.g., Sn(II), Sn(IV), PCl,,
PCl;, etc.

(ii) Cu*Y,, is much more stable than Cu'y,,. This is
because A,;H for Cu*/,, is much more negative than

that for Cu'(,,) and hence it more than compensates
for the second ionisation enthalpy of copper.
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Therefore, copper(I) compounds are unstable in
aqueous solution and undergo disproportionation
as follows :
2Cu* — Cu**+ Cu
(iii) Orange colour of Cr,03 ion changes to yellow
when an alkali is added because on addition of an
alkali, the concentration of H* ions decreases and
hence, the reaction proceeds in the forward direction
producing yellow solution containing CrO; ions.
Cry0,%" + 20H—> 2CrOf~ + H,0

orange yellow

88. (i) Ti** has highest oxidation state among the
given ions. Ti*" has stable inert gas configuration
and hence, most stable in aqueous solution.

On the other hand, V?*, Mn*", Cr* have unstable
electronic configuration and hence, are less stable.
(ii) Due to presence of highest oxidation state of Ti,
it acts as the strongest oxidising agent among the
given ions.

(iii) Due to absence of unpaired electron in Ti*, it is
a colourless ion.

E.C. of Ti** = [Ar]3d°4s°

89. (i) 2MnO7; + 16H* + 552 — 2Mn?* + 8H,0
+ 58
. heat
(ii) 2KMnO,——— K,MnO,+ MnO, + O,
90. Similarity : The elements of both the series are
electropositive in nature. They are reactive metals
and act as strong reducing agents.
Difference : Lanthanoids except promethium are
non-radioactive elements, while all actinoids are
radioactive elements.

91. Chemistry of actinoids is more complicated
than lanthanoids because

(i) actinoids show greater number of oxidation
states due to the comparable energies of 5f, 6d and 7s
orbitals.

(ii) Most of the actinoids are radioactive and the
study of their chemistry in the laboratory is difficult.

92. TUPAC name of the complex [Cr(NH;);Cl;] is tr
iamminetrichloridochromium(III).

93. Pentaamminecarbonatocobalt(III) chloride
94. (a) Na[Au(CN),]
Sodium dicyanidoaurate(I)

(b) [Pt(NH,),(CI)(NO,)]SO,

Tetraamminechloridonitrito-N-platinum(IV) sulphate
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95. (a) [Cr(en);]Cl,
Tris(ethane-1,2-diamine)chromium(III) chloride
(b) K,[Zn(OH),]
Potassium tetrahydroxozincate(II)
96. (a) K;[Al(C,0,)s]

Potassium trioxalatoaluminate(III)

(b) [CoCly(en),]*
Dichloridobis(ethane-1,2-diamine)cobalt(III) ion

97. Coordination isomerism.

98. The complex, [Co(en);]Cl;
shows optical isomerism.

99. The complex [Co(NH;);(SCN)]** shows linkage
isomerism as SCN™ is an ambidentate ligand.

100. [Ni(H,O),]** is a high spin complex (A, small)
while [Ni(CN),]>" is a low spin square planar
complex.

In [Ni(H,0)¢]*" d-d transitions are taking place on
absorbing low energy radiation (red component of
spectrum) from visible region showing green as the
complementary colour.

In [Ni(CN),]*~ complex, d-d transitions do not
take place in the visible region of spectrum, d-d
transitions take place in the UV region and hence,
complex is colourless.

101. The complex [Co(C,0y)5]* has
d*sp>-hybridisation and it is diamagnetic in nature
due to the absence of unpaired electrons.

102. (a) Due to the presence of weak field ligand, i.e.,
CI in the complex [NiCl,]?-, two unpaired electrons
are present in 3d-orbitals of Ni-atom hence, this
complex is paramagnetic in nature. On the other
hand, due to the presence of strong field ligand
i.e., CN~ in the complex [Ni(CN),]*", no unpaired
electron is present in 3d-orbitals of Ni-atom (as
strong field ligand causes pairing of electrons),
hence, it is diamagnetic in nature.

(b) In tetrahedral coordination entity formation,
the d-orbital splitting is smaller. Consequently, the
orbital splitting energies are not sufficiently large to
force pairing and therefore, low spin configurations
are rarely observed.

X

103. is an allylic halide as the halogen is

attached to sp3 hybridised carbon atom which is next
to carbon-carbon double bond.
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X
104. is a vinylic halide as the halogen is

attached to sp? hybridised carbon.
CHCl,

is a benzylic halide as the
halide group is attached to sp*-hybridised carbon
atom next to aromatic ring.

105.

106. The structure of 1-bromo-4-chlorobut-2-ene is

Cl—CH,— CH—CH—CH,—Br
107. Structure of 3-bromo-2-methylprop-1-ene

is Hz(lj —(l; =CH,

Br CH,
108. (i) 1-Bromopentane > 2-Bromopentane
> 2-Bromo-2-methylbutane

(ii) 2-Bromopentane
(iii) 2-Bromo-2-methylbutane
109. H3C—(|Z:?—CH2 —OH

H,C Br
2-Bromo-3-methylbut-2-en-1-ol.

CH=CH—CH,—OH
110. ©/

TUPAC name : 3-Phenylprop-2-en-1-o1
CH,

|
111. CH3—O—C|—CH3

CH;

TUPAC name : 2-Methoxy-2-methylpropane
OH
COOH +
112. (i) CH,CON  HTJ
CH,cO”~
OCOCH,
COOH + CH,COOH
Aspirin
(i) CH- CH=CH—CH,0H —X>
But-2-en-1-ol

CH;- CH=CH —CHO
But-2-enal

113. (i) Distinction between ethanol and phenol.
FeCl; test : Phenol gives a violet colouration with
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FeCl,; solution while ethanol does not.

3C,H,OH + FeCl,—/> (C,H,O),Fe + 3HCI
Phenol Violet colouration

C,H,OH + FeCl,—> No violet colouration.

(ii) On oxidation in presence of acidic KMnO,, 1°

alcohol (propanol) will give aldehyde while 3° alcohol

(2-methylpropan-2-ol) will give a ketone.

OH OH OH
114. (a) © < @ < ©
CH,

NO,

p-Cresol Phenol p-Nitrophenol
H
ﬁé/H +
(b) CH,~—CH, —H; CH,—CH, + H,0O
OH
! CrO
115. (a) CH,—CH—CH,—CHj, —\13
Butan-2-ol
utan-2-o ﬂ
CH,—C—CH,CH,
Butan-2-one
IOH
(b) CH,—CH—CH,—CH, 39C%
Butan-2-ol Cl

|
CH,—CH—CH,—CH,
2-Chlorobutane
116. (a) (i) Br,/H,O
(ii) BH, in THF/H,0,
(b) (i) p-nitrophenol > phenol > ethanol
(ii) Propanol > propanal > propane
(0
CH,—CH,— O, S CH O
— _
3 U 2 Sx2 mechanism
+
CH;—CH,— (l)— CH,—CH; + H,0
H
i
117. CH;— CH— O— CH,CH, — >
OH

|
CH;— CH— CH;+ CH,CH,]
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118. Etard reaction :
CH, s CH(OCrOHCL),
©/ + CrO,Cl,—> ©/
Toluene Chromium
complex
[mo
CHO
Benzaldehyde
119.
COOH cocdcl
SOCl, H,/Pd - C, BaSO, 5
Rosenmund's reduction
Benzoic acid Benzoyl chloride
CHO
Benzaldehyde

120. Stephen reduction :
Nitriles when react with SnCl, in the presence of
HCI, get reduced to corresponding imines which on
hydrolysis give corresponding aldehydes.
R—CN + SnCl, + HCl— R —CH=NH 29",
R —CHO
121. CH, — CH—CH — CN &/ DIBALTH,
CH,—CH—CH—CH—NH
l(b) H,0
CH;—CH—CH—CHO
122. Wolff-Kishner reduction :

R\ NH,NH, R\
C=0 —
R// —Hzo R,/C NNH2
R
KOH/ e;hylene glycol > CH,+ N,
R/
¢ Cl)H
I LIAIH
123. CH,— C— CH,———> CH,— CH —CH,
Propanone Propan-2-ol
(Acetone)
Conc. H,SO, CH,— CH=CH,
443 K

Propene
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0 OH
124. (a) + HCN —>©<CN

Cyclohexanone Cyclohexane cyanohydrin
(b) Butanal respond to Fehling test and silver mirror

test but Butan-2-one does not respond.

125. (i) Clemmensen reduction :

R\ Zn-Hg R\
H/C_O conc.HCI H/CH2+ H0

(ii) Cannizzaro reaction :

[l A
2H —C—H+ KOH(conc.) > CH3OH
Formaldehyde Methanol
+ HCOOK

Potassium formate

2 @CHO + NaOH
Benzaldehyde

A
@CHZOH + @COONa

Benzyl alcohol

(conc.)

Sodium benzoate

Benzene

CH.CH; ) kvno,0m™ COOH
126. —s
(if) H,0

Ethylbenzene Benzoic acid

127. (i) Carboxylic acids having o-hydrogen are
halogenated at the o-position on treatment with
chlorine or bromine in the presence of small amount
of red phosphorus.

i) Cl, + Red P
¢.8., RCH,COOH -2t k¢

@ 1,0 R—ClH—COOH

Cl
a.-Chloro acid
(ii) Sodium or potassium salt of carboxylic acids on
heating with soda lime (NaOH and CaO), loses a
molecule of carbon dioxide and alkanes are obtained

as products.
0O

[
R—C— O Na* + NaOH—2%> R— H + Na,CO,

COONa
128. (a) ©/ + NaOH —>CZO
Sodium benzoate @ + Na,CO;,

(b) Benzoic acid will react with NaHCO; to yield
sodium benzoate with effervescence of CO, whereas
phenol does not react with NaHCO;.
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COOH COONa

Sodium benzoate

129. (i) Acetophenone to benzoic ac1d

ONa + CHCl,
_NaOCI,

Acetophenone
P H3 ot

(@)
OH

Benzoic acid
(ii) Ethanoic acid to 2-hydroxyethanoic acid.

Cl,/Red P
CH,COOH — ", Cl—CH,—

2

COOH

2-Chloroethanoic acid

NaOH . 10 CH,—COOH

2-Hydroxyethanoic acid

Ethanoic acid

130. (i)
MgBr
©/ Mg/dry ether, (@ COZ(g)
HO
(4)
II
C—OH C Cl
e @
(B)
(ii)
__+, (2)SnCL/HCI I
CH,—C=N CH,—C—H
3 3
(b) H,0* (A)
ldil. NaOH
I PHAL D
CH3CH=CH—C—H<ACH3—(|:—C|:—C—H
© H H
H,CH,C ®
131. °~ *" SN-—CH,
H,CH,C

TUPAC name : N-Ethyl-N-methylethanamine
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Cl

NO
132. 2

N02
2, 4-Dinitrochlorobenzene
133. N-Methylpropan-2-amine (2° amine)
H;C\
"H,C”
N,N-Dimethylethanamine

134 N—CH,CH,

135. (i) After acetylation of aniline, acetanilide
is formed in which due to the presence of

—y:—CH3 group having I effect, electron density

on N-atom decreases and hence, activation effect of

aniline gets reduced.

(ii) In aniline, lone pair of electrons of nitrogen
is not free for donation because it is involved in
resonance. But, in case of methylamine, lone pair of
electrons on nitrogen is free for donation. So, aniline
is less basic than methylamine.

o ey

(b) R>NH,

(iii) Nitration is carried out with conc. HNO; in the
presence of conc. H,SO,. In the presence of these
acids, the - NH, group of aniline gets protonated
and is converted into - NH; group. This positively
charged group acts as a strong electron withdrawing
and meta directing group. Hence, the incoming
electrophile goes to m-position.

136. (a) CH,—COOH M2, CH,CONH,

Acetamide
(4)
Hoffmann
bromamide Brz/KOqu)
degradation
CH,—NC CHCL+aleKOH
Methyl Carbylamine Methylamine
isocyanide reaction (B)
(©)
(b) CH,N3BE; _NaNO/Cu - ¢ 11.NO,
A Nitrobenzene
(4)
Reductioane/HCl
CH,COCI
CHNHCOCH, == —==— C.H,NH,
Acetanilide ynidine Aniline

© (B)
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137. (i) The two values displayed by Ritu are health
consciousness and implementation of her knowledge
for the welfare of others.

(ii) Starch is present in bread.

(iii) There are two types of secondary structure of
proteins :

(a) o-helix

(b) B-pleated sheet structure

(iv) The two examples of water soluble vitamins are
vitamin B complex and vitamin C.

138. Monomers used for getting nylon-6,6,
are HOOC(CH,),COOH (adipic acid) and
H,N(CH,),NH, (hexamethylenediamine).

139. (i) Monomers of dacron :

HOCH,—CH,—OH and
Ethylene glycol

HOOC —@—COOH

Terephthalic
acid
(ii) Monomers of Buna-N :
CH,—CH—CH=CH,
1,3-Butadiene
H,C=CH—CN
Acrylonitrile

140. (i) Monomer of nylon-6 : Caprolactam;
0

NH

(ii) Monomer of teflon : Tetrafluoroethene;
(CF,=CF,)
141. (i) Neoprene is formed by the free radical
polymerisation of chloroprene.
CH2=(|3— CH=CH,
Cl
2-Chloro-1,3-butadiene
(ii) Melamine-formaldehyde polymer is formed
by condensation polymerisation of melamine and
formaldehyde.

HN, N_ NH,

Y T + HCHO

NN Formaldehyde
NH,

Melamine
(iii) 1,3-Butadiene and styrene are the monomers of
Buna-S.
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nCH,= CH— CH=CH, + nC,H,CH=CH—>
1,3-Butadiene Styrene C6H5

I

+CH,~ CH= CH— CH,— CH,— CHY-

142. Monomer used for getting the polymer
polyvinyl chloride (PVC) is vinyl chloride
(CH,= CHQ).

143. Antacids : The compounds which reduce or
neutralise acidity and raise the pH to appropriate
level in stomach are known as antacids e.g,
ranitidine.

144. (i) The antibiotics which kill or inhibit a wide
range of Gram-positive and Gram-negative bacteria
are called broad spectrum antibiotics.
(ii) Antiseptic: The chemicals which kill or prevent
the growth of microorganisms and are applied to
the living tissues are called antiseptics.

145. (i) Narrow spectrum antibiotics : The antibiotics
that are specifically effective against a limited group
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of microorganisms are known as narrow spectrum
antibiotics.

(ii) Disinfectants : The chemical substances which
kill microorganisms or stop their growth but harmful
to human tissues are known as disinfectants.

146. (i) The antibiotics which are effective against
a single organism or disease are called limited
spectrum antibiotics.

(ii) The class of chemical compounds which are
used for the treatment of stress, or even severe
mental diseases, are known as tranquilizers. They are
neurologically active drugs.

147. Cationic detergents : These are quaternary
ammonium salts of amines with acetate, chlorides
or bromides as anions. Cationic part has long
hydrocarbon chain and positive charge lies on
nitrogen atom.

e.g., cetyl trimethyl ammonium bromide.

“«O»
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)

®
(ii) Q.no
(iii) Q.no
(iv) Q.no
(v) Q. no. 23 is a value based question and carries 4 marks.
(vi) Q. no

(vii) Use log tables if necessary, use of calculators is not allowed.

GENERAL INSTRUCTIONS S

All questions are compulsory.

. 1 to 5 are very short answer questions and carry 1 mark each.
. 6 to 10 are short answer questions and carry 2 marks each.
. 11 to 22 are also short answer questions and carry 3 marks each.

. 24 to 26 are long answer questions and carry 5 marks each.

Define Kraft temperature.

The electronic configuration of a transition
element in +3 oxidation state is [Ar]3d’. Find
out its atomic number.

Draw the structure of 4-tert-butyl-3-iodoheptane.

Give the equation of reaction for the preparation
of phenol from cumene.

Name the type of semiconductor obtained when
silicon is doped with boron.

The two complexes of nickel, [Ni(CN)4]2_ and
[Ni(CO),], have different structures but possess
same magnetic behaviour. Explain.

OR

A chloride of fourth group cation in qualitative

analysis gives a green coloured complex [A]

in aqueous solution which when treated with

ethane-1,2-diamine (en) gives pale - yellow
solution [B] which on subsequent addition of

ethane-1,2-diamine turns to blue/purple [C]

and finally to violet [D]. Write the structures of

complexes [A], [B], [C] and [D].

Account for the following :

(i) XeF, is linear molecule without a bend.

(ii) The electron gain enthalpy with negative
sign for fluorine is less than that of chlorine,
still fluorine is a stronger oxidising agent
than chlorine.

Derive the relationship between relative lowering

of vapour pressure and mole fraction of the
volatile liquid.

After 24 hours, only 0.125 g out of the initial
quantity of 1 g of a radioactive isotope remains
behind. What is its half-life period?

10.

11.

12.

13.

14.

15.

r
Write the IUPAC names of the following :
CH,;
CHsCH,NH, , CH; — N
CH,;

The edge length of a unit cell of a metal having
molar mass 75 g/mol is 5 A which crystallises in
a cubic lattice. If the density is 2 g/cm’, then find
the radius of the metal atom.

(i) A mixture of X and Y was loaded in the
column of silica. It was eluted by alcohol
water mixture. Compound Y eluted in
preference to compound X. Compare the
extent of adsorption of X and Y on column.

(i) Why copper matte is put in silica lined
converter? Write the reactions involved?

(iii) Name the method used for the refining of Zr.

(i) Complete the following chemical equations :

(a) NH4C1(aq.)+ NaN02 (aq.) ——

(b) P,+ 3NaOH + 3H,0 —>

(ii) Why is K, << K, for H,SO, in water?

Write the correct formulae for the following

coordination compounds :

(i) CrCl;.6H,O (violet with 3 chloride ions
precipitated as AgCl)

(ii) CrCl;.6H,0 (light green colour, with 2
chloride ions precipitated as AgCl )

(iii) CrCl3.6H,0 (dark green colour, with 1
chloride ion precipitated as AgCl )

Give reasons for the following observations :

(i) p-Dichlorobenzene has higher melting
point than those of 0- and m-isomers.

(ii) Haloarenesarelessreactivethanhaloalkanes
towards nucleophilic substitution reaction.

(i) The treatment of alkyl chloride with aqueous
KOH leads to the formation of alcohol but
in the presence of alcoholic KOH, alkene is
the major product.
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16.

17.

18.

19.

20.

21.

22.

(i) Why does leather get hardened after tanning?

(ii) On the basis of Hardy-Schulze rule explain
why the coagulating power of phosphate is
higher than chloride.

(iii) Do the vital functions of the body such as
digestion get affected during fever? Explain
your answer.

Calculate the mass of a non-volatile solute (molar
mass 40 g/mol) which shouldbedissolvedin114g
octane to reduce its vapour pressure to 80%.
OR

At 300 K, 36 g of glucose (C4H;,04) present
per litre in its solution has an osmotic pressure
of 4.98 bar. If the osmotic pressure of another
glucose solution is 1.52 bar at the same
temperature, calculate the concentration of the
other solution.

Carry out the following conversions :

(i) Phenol to benzoquinone

(ii) Propanone to 2-methylpropan-2-ol

(iii) Propene to propan-2-ol

(i) Hlustrate the following reactions :

(a) Hoffmann bromamide degradation reaction

(b) Coupling reaction

(ii) Write a chemical test to distinguish between
aniline and methylamine.

(i) Name the common types of secondary
structure of proteins and give one point of
difference.

(ii) Give one structural difference between
amylose and amylopectin.

Observe the graph in diagram and answer the

following questions :
[R]y

log [R]

Time
(i) If slope is equal to 2.0 x 107 sec™’, what
will be the value of rate constant?
(i) How does the half-life of zero order reaction
relate to its rate constant?

(i) Classity the following as addition and

condensation polymers : Terylene, Bakelite,
Polyvinyl chloride, Polythene.

23.

24.

25.
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(ii) Explain the difference between Buna-N and
Buna-S.

Ali’s brother likes taking medicines. He

sometimes even takes cough syrups even when

he is not ill. One such day, he took cough

syrup when he was healthy. After some time he

started feeling nausea, headache and his body

started itching. Ali’s father did not take him to

the doctor and wanted to give medicine on his

own. Ali insisted that his father should not give

medicine to his brother on his own but should

take him to a doctor.

After reading the above passage, answer the

following questions :

(i) Mention the values shown by Ali.

(ii) Why did his body start itching and what
kind of medicine will doctor prescribe him?

(iif) Why medicines should not be taken without
consulting doctor?

(iv) Give one point of difference between agonist
and antagonist.

(i) State the relationship amongst cell constant
of a cell, resistance of the solution in the cell
and conductivity of the solution. How is
molar conductivity of a solution related to
conductivity of its solution?

A voltaic cell is set up at 25°C with the
following half cell; AI/AP’* (0.001 M) and
Ni/Ni** (0.50 M). Calculate the cell voltage.

(ii)

o

(Epor p; == 025V, E, 3y =—1.66V)
OR
(i) Calculate the potential of hydrogen

electrode in contact with a solution whose
pH is 10.
(ii) State Faraday’s laws of electrolysis. How
much charge in terms of Faraday is required

2—
for reduction of 1 mol of Cr,O; to Cr’*?

(i) Is the variability in oxidation number of

transition elements different from that of

non-transition elements? Illustrate with examples.

(ii) Give reasons :

(a) d-block elements exhibit more oxidation
states than f-block elements.
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26.

(b) Orange solution of potassium dichromate
turns yellow on adding sodium hydroxide
to it.

(¢) Zirconium (Z = 40) and Hafnium (Z = 72)
have almost similar atomic radii.

OR

(i) Describe the preparation of potassium
permanganate from pyrolusite ore. Write
balanced chemical equation for one reaction
to show the oxidising nature of potassium
permanganate.

(ii) Draw the structures of chromate and
dichromate ions.

(i) A ketone A which undergoes haloform
reaction gives compound B on reduction. B on
heating with sulphuric acid gives compound C,
which forms mono-ozonide D. The compound
D on hydrolysis in presence of zinc dust gives
only acetaldehyde. Write the structures and
IUPAC names of A, B and C. Write down the
reactions involved.

(ii) Predict the products
cyclohexanecarbaldehyde
following reagents :

(a) PhMgBr and then H;0".

(b) Tollens’ reagent.

formed when
reacts  with
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OR

Complete each synthesis by giving missing
starting material, reagent or products :

(a) O:o + HO — NH, 1’5
CH
(b) ©/\ 3 KMnO,
KOH, heat

o

OH  soq,
0 A

OH
0
CH,
(d) (j _ H
0
0 O— 0 O

(0)
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Detailed Solutions

1. The temperature above which formation of
micelles takes place is called Kraft temperature.

2. Atomic number = Total number of electrons in
neutral atom
=18+7+3=28

I

1 2 3 4 5 6 7
3. CH,—CH,—CH—CH—CH,—CH,—CH,
CH;—C—CH;

CH;
4-tert-butyl-3-iodoheptane
OOH

dil. HZSO4
368 408K 323 - 363K

Cumene Cumene

hydroperoxide

Phenol Propanone

5. When silicon is doped with boron, p-type
semiconductor is obtained.
6. [Ni(CN),]*
dsp” hybridisation and square planar geometry.
N'2+ [Ar] 3d%45°4p°

" in the presence of stron ﬁeld (CN7) ligand

contains Ni** ion (34® system)

Ni2*: [ 1] 1L|
3d
[Ni(CO),] contains Ni° (3ds4s2 system)
sp” hybridisation and tetrahedral geometry,
Ni(0) : 3d%4s’

3d 4s
[Tt (0] |

In the presence of strong field ligand (CO) two
electrons of 4s orbital shift to 3d orbitals.

3d 4s 4p
Infulnlu] [ ]]

4p

3

p

It has no unpaired electrons hence, it is diamagnetic.
Thus, [Ni(CN)4]27 and [Ni(CO),] have different
structures but same magnetic behaviour.
OR
Aqueous solution of NiCl, gives a green colour due
to the formation of following complex :
NiCl, + 6H,0 — [Ni(H,0)4] () + 2CI°
(4)

When ethane-1,2-diamine (en) is added to above
complex, the colour changes to pale-blue, which on
further addition of ethane-1,2-diamine changes to
blue/purple and finally to violet. This occurs due to
the following ligand replacement reactions :
[Nl(Hzo)e](aq) + engq —> [Ni(H,0), (e, (ag) +2H0

(4) Pale blue (B)
[Nl(H20)4(m)1<aq>+en(aq)H[NI(H20>2<en)21%;q>+2H20

Blue/purple (C)

+ ety —> [Ni(en)3]%;q) +2H,0

INi(H,0),(en) 7 |
Violet (D)

7. (i) The electronic arrangement in XeF, is
trigonal bipyramidal. The shape is linear because the
lone pairs prefer to occupy the equatorial positions.
The molecule XeF, has 3 lone-pairs and 2 bond-
pairs.

F

D

F

(ii) Fluorine has higher standard reduction
potential than chlorine, so it is more easily reduced
and hence, it is a stronger oxidising agent than

chlorine.

8. Let us assume a binary solution in which the
mole fraction of the solvent be x; and that of the
solute be x,, p, be the vapour pressure of the solvent
and p? be the vapour pressure of the solvent in pure
state.

According to Raoults law : p = x p; (1)
The decrease in vapour pressure of the solvent (Ap )
is given by :
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= Ap,=p’-p,

= Ap, =p’-px
= Ap, =pi(1-x)
Since we have assumed the solution to be binary
solution, x, = 1 - x;

= Apl =p’x = xzzApl/plo

9. a=1ga-x=0.125g,t=24hours

[using equation (i)]

2.303 a
= log
t a—Xx
2.303 1 _
k="""log——=0.0866 hr '
24 0.125
0.693 0.693
Also, t;, = s by = =8 hours
27 2 127 0.0866

10. CcH;CH,NH, : 1-Phenylmethanamine

~CH;
CH;—N : N, N-Dimethylmethanamine
N\CH,
ZxM
11. p= 3—
a X NA

2x(5%107%)* x6.023 x10%
Z= =2
75
The cubic lattice is body-centred.

3
For bec lattice, r = Ta;

V3

r=22 w5 =2165A
4

12. (i) Extent of adsorption is inversely proportional
to elution. Hence, X is more strongly adsorbed
than Y.
(ii) Copper matte contains small amount of FeO
as impurity which is removed as FeSiOj; slag when
reacts with silica. Therefore, it is put in silica lined
converter.
FeO + §i0, —> FeSiO;
(slag)

(iil) van Arkel method is used for refining of Zr.
13. (i) (a) NH,Cl,) + NaNO,p) —> Ny

+2H,0(;) + NaCl

(b) P, + 3NaOH + 3H,0 — > 3NaH,PO, + PH,

(if) H,SO, is a very strong acid in water because of
its first ionisation to H;0" and HSO,. The ionisation
of HSO} to H;O" and SO; is very less as it is difficult
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to remove a proton from a negatively charged ion.
Therefore, K, << K, .

14. (i) [Cr(H,0)4]Cl,

(i) [Cr(H,0)5Cl]Cl,-H,0

(iii) [Cr(H,0),(Cl),]Cl-2H,0

15. (i) The melting point of p-dichlorobenzene is
higher than that of 0-and m-isomers. This is because,
p-isomer has symmetrical structure and therefore,
its molecules can easily pack closely in crystal
lattice. Hence, it has stronger intermolecular forces
of attraction than o- and m-isomers.

(ii) In haloarenes the electron pairs on halogen atom
are in conjugation with 7-electrons of the ring and
the following resonating structures are possible.

C - Cl bond acquires a partial double bond character
due to resonance. As a result, the bond cleavage
in haloarenes is difficult than in haloalkanes and
therefore, they are less reactive towards nucleophilic
substitution reaction.

(iii) Alkoxide ion present in alcoholic KOH is not
only a strong nucleophile but also a strong base. So,
it reacts with alkyl halide to give alkene as the major
product.

R—CH,—CH,—Cl X%, p_cH=cH,

On the other hand, aqueous KOH is a good
nucleophile and when it reacts with alkyl chloride it

forms alcohol.

R—CH,—CH,Cl “ X" p_ cH,—CH,—OH

16. (i) Animal hides are colloidal in nature having
positively charged particles. When soaked in
tannin which contains negatively charged colloidal
particles, mutual coagulation occurs, which results
in the hardening of leather.

(ii) Greater the valency of flocculating ion added,
greater is its power to cause precipitation. Valency of
phosphate ion is three while that of chloride is one.
Hence, phosphate has higher coagulating power
than chloride.

(iii) The optimum temperature range for enzymatic
activity is 298-310 K. Hence, beyond this temperature
range (during fever), the activity of enzymes may be
affected.
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17. Vapour pressure of pure liquid = p°
80% of p° = p, =80 x p°/100 = 0.8 p°
ps= PO X Xsolute
Mass of solute=x g
Mass of solvent =114 g
Molar mass of solute = 40 g/mol
Molar mass of solvent (octane) = 114 g/mol
Number of moles of solute = x/40 = 0.025x
Number of moles of solvent = 114/114 = 1 mole
Mole fraction of solvent = 1/(1 + 0.025x)
0.8p° = p° x 1/(1 + 0.025x)
or, (1+0.025x) 0.8p° = p° (i)
On dividing equation (i) by 0.8p° we get,
1+ 0.025x =1.25
On subtracting both side by 1 we get, 0.025x = 0.25
Now, dividing by 0.025, we get x =10 g
OR
From formula of osmotic pressure, TV = CRT
where, T = osmotic pressure
V = Volume of solution, C = Concentration
R = gas constant, T = Temperature
So, 4.98 =36/180 x R x 300 = 60R (1)
1.52 =Cx R x 300 ...(ii)
Putting the value of R from (i) in (ii) we get,
C=0.061 M

NaZCrZO7
Phenol
Benzoqumone
H,C
(ii) AN
i C=0 + CH;— MgBr
Methyl magnesium
H;C bromide
Propanone
CH,
H,0 [
l CH; — (|: — OMgBr
OH CH;
Adduct

|
CH; — C— CH; + Mg(OH)Br
|

CH,
2-Methylpropan-2-ol

29
(i) CH; — CH = CH, _HBr
Propene Br

|
CH,— CH — CH;,

(Nucleophilic [ aq. KOH/A
substitution)

OH

|
CH;— CH — CH,

Propan-2-ol
19. (i) (a) Hoffmann bromamide degradation :

I
R—C—NHZ +Br, + 4NaOH
Acid amide

2H,0 + Na,CO; + 2NaBr + RNH,

Amine
Acid amide on reaction with bromine and alkali
such as NaOH, an amine is formed which has one
carbon atom lesser than the initial amide molecule.

(b) Coupling reaction :

@—ﬁchh @—OH

Benzenediazonium Phenol
chloride

@— —N@—OH +HCl

p-Hydroxyazobenzene

When arenediazonium chloride reacts with electron
rich species like phenol, it undergoes coupling
reaction to form p-hydroxyazobenzene.

g
NH2 NH2 Cl
- NaNO, + HCl
(i) 0-5°C
Aniline

N, OH

Yellow-orange coloured dye OH

CH;NH, d—) No reaction
ye test
Methylamine
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Aniline will give azo dye test whereas methylamine
will not.

20. (i) o - helix structure : In this type of structure,
the long peptide chains undergo formation of

H - bonding between the —y)— and —N— bonds
of different peptide groups within the same chain.
As a result the polypeptide chain gets coiled up to
form a right handed helix.

[-pleated sheet : n this structure, the long peptide
chains lie side by side to form a flat sheet. Each chain
is held by the two neighbouring chains by H-bonds

(ii) Amyloseisa straight chain polymer of D-glucose
whereas amylopectin is branched polymer.

21. (i) From the graph, it is clear that it is first order
kinetics.
For first order,

—kt
log [R]= —— +log [R
08 [R] 2.303 08 [Rly

Comparing it with general straight line equation,
y=mx+c

Slope(m) =— ——
pe(m) 2.303
k=-2303x-20x10°s"

(ii) Half-life of zero order reaction is directly

=4.606x 10057

proportional to initial concentration as shown,
_[Rly

172 — 2k
22. (i) Addition polymers :
polythene
Condensation polymers : Terylene, Bakelite
(ii) Buna-N is a copolymer of 1,3-butadiene
and acrylonitrile and Buna-S is a copolymer of
1,3-butadiene and styrene.

Polyvinyl chloride,

23. (i) Caring, empathetic, awareness, application
of knowledge at right place.

(ii) Because of production of histamine his
body starts itching. So, doctor will prescribe
antihistamine.
(iii) Medicines
consulting doctor because medicines can be
potent poisons which depends upon how vital that

should not be taken without
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medicine is and in how much quantity it is
taken.

(iv) An agonist is a chemical that binds to a receptor
and activates the receptor to produce a biological
response whereas antagonist is a drug that blocks a
receptor.

24. (i) Conductivity of the solution is the ratio of
cell constant and resistance of a cell and can be

written as
G
K=—
R
Molar conductivity of a solution is related to
conductivity as,
1000 x ¥
A, =—"
" C
. 0.0591 1
(11) ENiZJr N =—-0.25- logﬁ =-0.259V
0.0591 1
EA13+/A1 =-1.66— 3 log 0001 -1.719V

E. =-0259V-(-1.719V) =146V

OR
. ° 0.0591 1
(i) E_, =E , -—lo
H'/12H, ~ “H'/1/2H, n (H]
0.0591 1
E . =0- log——=—0.591V
H*/1/2H, 1 10710

(ii) Faraday’s first law of electrolysis states that, the
chemical deposition due to flow of current through
an electrolyte is directly proportional to the quantity
of electricity (coulombs) passed through it, i.e.,
weoe Q or w=ZQ.

Faraday’s second law of electrolysis states that, when
the same quantity of electricity is passed through
several electrolytes, the mass of the substances
deposited are proportional to their respective
chemical equivalent or equivalent weight.

Crzog_ +3¢” ——Crt
Charge carried by 3 moles of electrons

=3 x (1.6021 x 1072 C) x (6.022 x 10%)
=3 x 96487 C = 3F

25. (i) Variability of oxidation states of transition
metals arises due to incomplete filling of d-orbitals
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and it differs from each other by unity e.g., vy,
vV, vy p-block elements oxidation
states differ generally by a unit of two. e.g., Sn(II),
Sn(IV), PCl;, PCls, etc.

(ii) (a) d-block elements exhibit more oxidation
states because of comparable energy gap between
(n - 1)d and ns subshell whereas f-block elements
have large energy gap between (n - 2)fand (n - 1)d
subshell.

(b) When an alkali such as NaOH is added to
orange solution of potassium dichromate, it turns
yellow due to the formation of chromate.

K,Cr,0, +2NaOH—— K,CrO,4 + Na,CrO, + H,0

Orange Yellow

(c) Due to lanthanoid contraction, Zr (230 pm) and
Hf (225 pm) have almost same atomic radii.
OR

(i) Preparation of potassium permanganate
Potassium permanganate is prepared by the fusion
of MnO, (pyrolusite) with potassium hydroxide and
an oxidising agent like KNO; to form potassium
manganate which disproportionates in a neutral or
acidic solution to form permanganate.
2MnO, + 4KOH + O, — 2K,MnO, + 2H,0
3K,MnO, + 4HCl —> 2KMnO, + MnO, + 2H,0

+ 4KCl
A reaction to show oxidising nature of potassium
permaganate is,

MnOj + 5Fe?"+ 8H" —— Mn** + 5Fe®" + 4H,0
Q
\C //O

o Ng

Dichromate ion

O
(ii) [ O\\ //O
Sy, Cr
o \70 / ~
o

Chromate ion

26. () CH;CH=CHCH,
2-butene
(©

The compound C is obtained by dehydration of B,
thus the latter should be

CH; — CH — CH, — CHj,

OH
2-butanol

(B)
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Finally, B is obtained by the reduction of A. Hence
compound A should be

CH; — C— CH, — CH,
O
2-butanone
(A)

The equations involved are as follows :

CH; — € — CH, — CH, [H]
2-butanone

(4)
conc. H,SO,

OH

CH;CH=CHCHj;4 2-butanol
2-butene (B)
(©) 0
0, / N\ Zn/H,0
CH3 — C|H Cle — CH;
o0—oO
Ozonide
(D) 2CH;CHO
Acetaldehyde
— +
OMgBr

CH= P? . Clz\H
r
(if) (a) Dry ether Ph

Cyclohexanecarbaldehyde Hy, drolysislH3 o

OH

C
| H
Ph

Cyclohexylphenylcarbinol

CH=O0
(b) O/ + 2[Ag(NH;),]* + 30H"
Tollens' reagent

Cyclohexanecarbaldehyde l

i

€ =07 2agl + 4NH; + 2H,0
Silyer
mirror

Cyclohexanecarboxylate ion
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OR

BH,
(a) (d) 3 <:>:CH2 —> <:>—CH2 B
O Methylenecyclohexane 3
+HO—NH, s lHZOZ/OH’

Hydroxyl amine
Cyclopentanone Cyclopentyl oxime

3<:>—CHO<—PCC 3<:>—CH20H
CHZCH3 COOK COOH

Cyclohexanecarbaldehyde
— H,Ot
KMnO4 KOH 30 © cocl Anhyd. AIC,
€
* Friedel-Crafts

Ethyl benzene Potassium Benzoic acid acylation
benzoate Benzene Benzoyl
chloride O
COOH L CcocCl |
SOC
110 .
eat
COOH cocl ©/ \©+ HCI
Phthalic acid Phthaloyl chloride

Benzophenone

“«WO»
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» Maximum total weightage is of Calculations » Maximum SA | and SA Il type questions were
Involving Unit Cell Dimensions. asked from Calculations Involving Unit Cell

» Maximum VSA type questions were asked from Dimensions.

Imperfections in Solids.

e N
(_QUICKRECAP )

@ Solids : They have definite mass, volume and shape due to the fixed position of their constituent particles,
small intermolecular distances and strong intermolecular forces between them.
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@ Solids : They can be classified as crystalline or amorphous on the basis of the nature of order present in

the arrangement of their constituent particles.

Solids
( Crystalline solids) (Amorphous solids)
I
v v v v
Ordered Long Anisotropic (physical Sharp

arrangement  range properties have different melting
of particles order values in different directions.)  point

v v v v

Irregular Short Isotropic (physical Melt over a
arrangement range  properties have same values  range of
of particles order in different directions.) ~ temperature

Types of crystalline solids : Classification of crystalline solids on the basis of nature of intermolecular
forces :

Ionic solid Metallic solid Covalent solid Molecular solid

Constituent particles are

held by :

Ionic bonds Metallic bonds | Covalent bonds Weak van der Waals forces
or hydrogen bonds

Constituent particles :

Ions Metal ions and|Non-metal atoms Atoms or molecules

sea of electrons

Physical nature : Hard and | Hard, malleable | Hard Soft

brittle and ductile

Electrical conductivity :

Insulator Conductor Insulator except graphite | Insulator

Melting point : High Fairly high Very high Low

Examples : NaCl, ZnS,|Fe, Cu, Ag, Na, | Diamond, graphite, quartz, |Ice, I,, P,, Sg, naphthalene,

CaF,, MgO, etc. Mg, etc. carborundum, AIN, etc. camphor, solid CO, (dry
ice), etc.

©O 0 O

Crystal lattice : The regular three dimensional arrangement of constituent particles in a crystal is called
crystal lattice.

Lattice points : Constituent particles (atoms, molecules or ions) of a solid crystal are represented as
points which are known as lattice points or lattice sites.

Unit cell : The smallest repeating pattern which represents structure of a crystalline solid is called
unit cell.

A portion of a three h‘{ -~ X
dimensional cubic
lattice and its unit cell Y
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Q It is the smallest portion of a crystal lattice which when repeated in different directions generates the

entire lattice.

Q A unit cell has characteristic dimensions along the three edges a, b and ¢ and interfacial angles
o (between b and ¢), B (between a and c) and y (between a and b).

@ On the basis of primitives or axial distances and interfacial angles there are seven crystal systems and
fourteen Bravais lattices.

Seven primitive unit cells or crystal systems

Axial distances
Crystal system Axial angles Examples
or edge lengths
Cubic (most symmetrical) a=b=c oa=P=y=90° Cu, Zinc blende, KCI, NaCl
Tetragonal a=b#c o=p=y=90° Sn(White tin), SnO,, TiO,,
CaSO,
Orthorhombic or Rhombic |a=b=#c¢ oa=P=y=90° Rhombic sulphur, KNO;, BaSO,
Monoclinic azb#c o =y=90%p=90° | Monoclinic sulphur, PbCrO,,
Na,SO, 10H,0
Hexagonal a=b#c o= =90%vy=120° | Graphite, ZnO, CdS
Rhombohedral or Trigonal a=b=c oa=PB=y=90° CaCO; (Calcite), HgS (Cinnabar)
Triclinic (most unsymmetrical) | a #b # ¢ o= P #y=90° K,Cr,0,, CuSO,-5H,0, H;BO;

Unit cell constant (Z) for different types of unit cells

Type of unit cell Simple cubic bee cep/fec hep
. 1 1 1 1 1 1
No.ofpartldes(Z) §x—=1 §X—+1=2 EX—+6X—=4 12X—4+2X—4+3=6
8 8 8 2 6 2
Packing in solids
Arrangement Space | C.No. | Relation between | Examples
occupied d,aand r
Simple cubic AAA ... type 52.4% 6 d=a=2rr=2 |[Po
packing (scp) 2
Hexagonal close ABABAB ... type 74% 12 |a=2r Mg, Zn, Mo,
packing (hcp) 2 V, Cd
3
Cubic close packing | ABCABC... type 74% 12 deor= % Cu, Ag, Au,
(ccp) or Face centred \/E ’ Ni, Pt, etc.
cubic (fec) r= a_
2V2
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Body centred cubic | The spheres in square| 68% | 8 | \/gaLl Na, K, Rb,

packing (bcc) close packing are slightly d =2r= T »|Cs, Ba, Cd,
opened up, in second layer, \Ea Fe, Mn, etc.
the spheres are at the top = 4

of hollows and third layer
is exactly over the first

layer and so on.

(M)
(M)

©O 0 ©O

In a unit cell some empty space exists between spheres, this is called void space or hole, also called
interstitial void, or interstices.

Two types of interstitial voids are present in three dimensional

close packing systems : 0“

Tetrahedral voids : These are holes or interstices surrounded by Tetrj(gzdral

four spheres present at the corners of a tetrahedron.

Octahedral voids : These are holes surrounded by six
spheres located on a regular octahedron.

If N is the number of close packed spheres, then
the number of octahedral voids generated = N,
the number of tetrahedral voids generated = 2N

Radius (r) of tetrahedral void = 0.225 R; Radius () of octahedral void = 0.414 R
where R is the radius of the spheres in close packing.

Radius ratio rules : For the stability of an ionic compound, each cation should be surrounded by
maximum number of anions and vice versa for maximum electrostatic forces of attraction.

Radius of the cation (r,)

Radiusratio =
Radius of the anion (r_)
Radius ratio C. No. Structural arrangement Example
0.155 -0.225 3 Planar triangular Boron trioxide (B,O5)
0.225-0.414 4 Tetrahedral Sphalerite (ZnS)
0.414 - 0.732 6 Octahedral Rock salt (NaCl)
0.732-1.0 8 Body centred cubic Caesium chloride (CsCl)

(M)

(M)

Calculations involving unit cell dimensions :

ZXM
p=——"x1

: 030
a X NA

g cm™> where Z = no. of atoms per unit cell, a = edge length in pm, p = density of

solid, M = molar mass and N, = Avogadro’s no.

Imperfections in solids : Any deviation from the perfectly ordered arrangement of constituent particles
in a crystal is called imperfection or defect.
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Deviations from ideal arrangement

Imperfections/Defects in Solids

v

Point defects

around a point or an atom.
I

v

Line defects

Deviations from ideal arrangement in
entire rows of lattice points.

v

Stoichiometric/Intrinsic/Thermodynamic defects
Do notdisturb stoichiometry of solid.

v

Impurity defects

Arise when foreign atoms are present at

Non-stoichiometric defects

lattice site e.g., SrCly, CdCl,, AgCl etc.

v

Vacancy defect : Arises
when lattice sites are
vacant. Decreases density,
shown by non-ionic

v

Interstitial defect : Arises
when constituent particles
occupy interstitial site.
Increases density, shown

Frenkel defect : Smaller ion
(usually cation) dislocates
from its normal site to an
interstitial site. Does not

v

Schottky defect : Arises
when equal number of
cations and anions are

Disturb stoichiometry of solids.

missing. Decreases

solids. bynon-ionicsolids. change density, shown by
ionic solids, e.g., ZnS, AgCl,

AgBr, Agl, etc.

density, shown by ionic
solids, e.g., NaCl, KCl,
CsCl, AgBr, etc.

Metal excess defect Metal deficiency defect

s 3 Arises when metal shows

variable valencye.g., Fe?* Fe*

Due to anionic vacancies Due to the presence of extra cations

A negative ion is missing from its lattice site, Usually arises when metal oxides are
leaving a ‘hole’ which is occupied by an electron ~ heated, e.g., ZnO.

to maintain electrical neutrality, e.g., LiCl, NaCl

@ Electrical properties : The electrical conductivity of solids varies from 102 to 107 ohm™ m™. So on the

basis of electrical conductivity solids are classified as :

Semi-conductors
Conduct electricity due to
presence of impurities.
Conductivity : 107 to 10* ohm™'m™!

Insulators
Do not allow the passage of electric current.
Conductivity : 10° - 1071 ohm™' m™!

Conductors
Allow the passage of electric current.
Conductivity : 10* - 107 ohm'm!

Metallic conductor
Conducts electricity in solid as
well as molten state. e.g., Cu, Ag.

Electrolytic conductor
Conducts electricity only in molten state or aqueous

solution. e.g., NaCl, KCL

» Distinction among metals, insulators and semi-conductors :

Conduction
Conduction Band
Conduction Band 7y
Band Overlapping A Very large
Valence | or very small "Small energy gap energy gap
\
e TR Valence Valence
Metal Band Band
(Conductor) Semi-conductor Trealator

Electrical conductivity of semi-conductors increases with rise in temperature because more electrons

can jump to the conduction band.
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Q Doping : It is a process of adding an appropriate amount of suitable impurity to increase the conductivity
of intrinsic semiconductors.

» By doping with electron rich impurities, e.g., group 14 elements like Si or Ge with group 15 elements
like P, As etc. Free electrons become available which increase conductivity. Such solids are called n-type
semiconductors.

» Bydoping with electrons deficit impurities, e.g., group 14 elements like Si or Ge with group 13 elements
like B, Al or Ga. As a result, holes are created. Electrons move to occupy the holes. Thus, holes move
towards negatively charged plate as if they carry positive charge. These are called p-type semiconductors.

O Magnetic properties :

Solids
|
Paramignetic Diamignetic Ferror*agnetic
 Possess permanent dipole and o Weakly repelled by magnetic « Strongly attracted by magnetic field and
attracted by magnetic field. field. show permanent magnetism even when
o They contain unpaired electrons. « These materials have all paired magnetic field is removed.
e.g, Cu®, Fe¥*, Cr**, O,, etc. electrons. o Magnetic moment of domains in the
e.g, NaCl, water, benzene, etc. same direction, TTT1
e.g., Fe, Co, Ni, CrO,, etc.
Antiferromagnetism Ferr.:'magnetism
« Expected to possess paramagnetism « Expected to have large magnetism but actually have small net magnetic
or ferromagnetism but magnetic moment as magnetic moment of domains are aligned in parallel and
momentof domainsinacompensatory anti-parallel directions in unequal number. TT{ T
way so as to give a net zero magnetic e.g., Fe;0,, MgFe,0, and ZnFe,0,, etc.
moment, VT « These substances lose ferrimagnetism on heating and become paramagnetic.

e.g., MnO, etc.
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1.2 Amorphous
Solids

(1 mark)

1.  Why are crystalline solids anisotropic?
(AI2014C)

and Crystalline

2. Some of the glass objects recovered from
ancient monuments look milky instead of being
transparent. Why? (1/3, A1 2012C)

3.  “Crystalline solids are anisotropic in nature
What does this statement mean?
(Delhi, Foreign 2011)

4. Why is glass considered supercooled liquid?
(AT 2008C)

5.  Assign reason for the following :

Some of the very old glass objects appear
slightly milky instead of being transparent.
(1/3, AI 2007)

1.3 Classification of Crystalline Solids
(1 mark)

6. Give an example each of a molecular solid and
(AI 2016)

7.  Which one of the following is an example of

an ionic solid.

molecular solid :
CO, or SiO,?
8.  Write a feature which will distinguish a metallic
(Delhi 2010)

9. What type of interactions holds the molecules

(1/3, Foreign 2014)
solid from an ionic solid.

together in a polar molecular solid? (AI2010)

10. Write a distinguishing feature of metallic solids.
(AI2010)

11. How do metallic and ionic substances differ in

conducting electricity? (AI2009)

12. “Stability of a crystal is related to the magnitude

of its melting point” How? (AI 2009C)

1.4 Crystal Lattices and Unit Cells
(1 mark)

13. Define primitive unit cells.
(AI 2015,Delhi 2009)

14. How will you distinguish between the following
pair of terms :
Crystal lattice and unit cell?

(AI 2014)

15. Define crystal lattice. (AI2010C)

m (2 marks)

16. Name the parameters that characterise a unit
cell. (AI 2009C)

1.5 Number of Atoms in a Unit Cell
(1 mark)

17. How many atoms per unit cell (Z) are present in
bcc unit cell? (Delhi 2014C, 2007)

18. How many atoms constitute one unit cell of a
face-centred cubic crystal?
(Delhi 2013,AI 2009)

19. Calculate the number of atoms in a face centred
cubic unit cell. (Delhi 2013C)

20. How many atoms are there in one unit cell of a
body centred cubic crystal? (Foreign 2011)

21. What is the total number of atoms per unit cell
in a face centred cubic (fcc) structure?
(Delhi 2008)

22. How many effective sodium ions are located
at the edge centre of a unit cell in a sodium
chloride crystal? (Delhi 2008C)

23. Find out the number of atoms per unit cell in a
face-centred cubic structure having only single
atom at its lattice points. (AI 2007)

1.6 Close Packed Structures
(1 mark)

24. What is the formula of a compound in which
the element Y forms ccp lattice and atoms of X
occupy 1/3" of tetrahedral voids?

(Delhi 2015)




25. What is the formula of a compound in which
the element Y forms ccp lattice and atoms of X
occupy 2/3" of octahedral voids?

(Foreign 2015)

26. How will you distinguish between the following
pair of terms :

Tetrahedral and octahedral voids?  (AI 2014)

27. An ionic compound AB, possesses CaF, type
crystal structure. Write the coordination
number of A** and B ions in crystals AB,.

(AI 2009C)

28. What is the coordination number of each type
of ions in a rock-salt type crystal structure?
(Delhi, AI 2008)

m (2 marks)

29. A compound forms hcp structure. What is
the total number of voids in 0.5 mol of it?
How many of these are tetrahedral voids?

(AI 2013C)

30. An alloy of gold and cadmium crystallises with
a cubic structure in which gold atoms occupy
the corners and cadmium atoms fit into the

face centres. Assign formula for this alloy.
(AI2011C)

m (3 marks)

31. The radius of Na* ion is 95 pm and that of
Cl" ion is 181 pm. Predict whether the
coordination number of Na* ion is 6 or 4.

(Delhi 2010)

32. Inaface centred lattice of X and Y, X atoms are
present at the corners while Y atoms are at face
centres.

(a) What is the formula of the compound?
(b) What would be the formula of the
compound if
(i) one of the X atom is missing from a
corner in each unit cell.
(if) two atoms of X are missing from the
corners.
(iii) one atom of X from a corner is replaced

by Z atom (also monovalent)?
(Delhi 2008)

CBSE Chapterwise-Topicwise Chemistry

1.7 Packing Efficiency
(1 mark)

33. Express the relationship between atomic radius
(r) and the edge length (a) in the bcc unit cell.
(Foreign 2014)

34. Express the relationship between atomic radius
(r) and the edge length (a) in the fcc unit cell.
(Foreign 2014)

m (2 marks)

35. Aluminium crystallises in a fcc structure.
Atomic radius of the metal is 125 pm. What
is the length of the side of the unit cell of the
metal? (AI 2013, Foreign 2011)

36. Calculate the packing efficiency of a metal for a
simple cubic lattice. (AI2011)

37. Chromium metal crystallises in a body centred
cubic lattice. The length of the unit cell edge is
found to be 287 pm. Calculate the atomic radius

(Delhi 2010C)

38. The edge of the face-centred cubic unit cell of
aluminium is 404 pm. Calculate the radius of
(Delhi 2010C)

of chromium.

aluminium atom.

m (3 marks)

39. Tungsten crystallises in body centred cubic unit
cell. If the edge of the unit cell is 316.5 pm, what
is the radius of tungsten atom?  (Delhi 2012)

40. Silver crystallises in face cented cubic unit cell.
Each side of this unit cell has a length of 400 pm.
Calculate the radius of the silver atom. (Assume
the atom just touch each other on the diagonal
across the face of the unit cell, that is each face
atom is touching the four corner atoms).

(Delhi 2011)

41. Aluminium crystallises in a cubic close-packed
structure. Radius of atom in the metal is 125 pm.

(i) Whatisthelength oftheside of the unitcell?

(ii) How many unit cells are there in 1 cm’ of
aluminium? (Foreign 2011)

42. Silver crystallises with face-centred cubic unit

cell. Each side of this unit cell has a length of

409 pm. What is the radius of silver atom?

Assume the atoms just touch each other on the
diagonal across the face of the unit cell.

(Foreign 2011, AI 2009)
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1.8 Calculations Involving Unit Cell

Dimensions

m (2 marks)

43.

44.

45.

46.

47.

48.

49.

An element with density 11.2 g cm™ forms a fec
lattice with edge length of 4 x 10~® cm. Calculate
the atomic mass of the element.

(Given : N, = 6.022 x 10* mol™") (Delhi 2014)

An element with density 2.8 g cm™ forms a fec
unit cell with edge length 4 x 10~ cm. Calculate
the molar mass of the element.

(Given: N, = 6.022 x 10 mol™") (A 2014)

An element crystallises in structure having
fec unit cell of an edge 200 pm. Calculate
the density if 200 g of this element contains
24 x 10* atoms. (AI2013C)

The unit cell of an element of atomic mass 108 u
and density 10.5gcm isacubewith edgelength,
409 pm. Find the type of unit cell of the crystal.
[Given : Avogadro’s constant = 6.023 x 10* mol™]

(Delhi 2012C)

An element X crystallises in fcc structure. 208 g

of it has 4.2832 x 10** atoms. Calculate the edge

of the unit cell, if density of X is 7.2 g cm ™.
(Delhi 2012C)

Explain how we can determine the atomic mass

of an unknown metal if you know its density

and the dimension of unit cell of its crystal.
(AI 2011)

A copper crystal has a face-centred cubic lattice
structure. Atomic radius of the copper atom is
128 pm. Calculate the density of copper.

Atomic mass of copper = 63.5 (AI2011C)

m]l (3 marks)

50.

51.

52.

An element crystallises in a fcc lattice with cell
edge of 250 pm. Calculate the density if 300 g of
this element contains 2 x 10** atoms.

(Delhi 2016)

An element crystallises in a bec lattice with cell
edge of 500 pm. The density of the element is
75¢g cm™, How many atoms are present in 300 g
of the element? (AI 2016)

An element with molar mass 27 g mol ™ forms a
cubic unit cell with edge length 4.05 x 10™® cm.
If its density is 2.7 g cm ™, what is the nature of
the cubic unit cell? (Delhi 2015)

53.

54.

55.

56.

57.

58.

59.

60.
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An element X (molar mass = 60 g mol™) has
density of 6.23 g cm ™. Identify the type of cubic
unit cell, if the edge length of the unit cell is
4x107° cm. (Foreign 2015)

The density of copper is 8.95 g cm ™. It has a face
centred cubic structure. What is the radius of
copper atom? (Atomic mass Cu=63.5¢g mol ™,
N, =6.02 x 10 mol™)

(Delhi 2014C, AI 2010)

Iron has a body centred cubic unit cell with a
cell dimension of 286.65 pm. The density of
iron is 7.87 g cm™. Use this information to
calculate Avogadro’s number.
(Gram atomic mass of Fe = 56 g mol ™).

(AI 2014C, 2012, 2009, Delhi 2012, 2009)

An element occurs in bcc structure. It has a
cell edge length of 250 pm. Calculate the molar
mass if its density is 8.55 g cm ™. Also calculate
the radius of an atom of this element.

(Delhi 2013C)

Niobium crystallises in body-centred cubic
structure. If its density is 8.55 g cm ™, calculate
atomic radius of niobium, given its atomic mass
93 . (Delhi 2013C)

Copper crystallises with face centred cubic unit
cell. If the radius of copper atom is 127.8 pm,
calculate the density of copper metal. (Atomic
mass of Cu = 63.55 u and Avogadro’s number,
N, =6.02 x 10 mol™) (Al 2012)

The density of lead is 11.35 g cm ™ and crystallise
with fcc unit cell. Estimate the radius of lead
atom.

(At. mass of lead = 207 g mol ™" and

N, = 6.02 x 10 mol™) (Delhi 2011)

The well known mineral fluorite is chemically
calcium fluoride. It is known that in one unit
cell of this mineral there are 4Ca®" jons and
8F ions and that Ca** ions are arranged in a fcc
lattice. The F~ ions fill all the tetrahedral holes
in the face centred cubic lattice of Ca*" ions.
The edge of the unit cell is 5.46 x 10°® cm in
length. The density of the solid is 3.18 g cm™.
Use this information to calculate Avogadro’s
number. (Molar mass of CaF, = 78.08 g mol™)

(Delhi 2010)
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61.

62.

63.

64.

The density of copper metal is 8.95 g cm™.
If the radius of copper atom be 127.8 pm, is the
copper unit cell simple cubic, body-centred
cubic or face-centred cubic?

(Given : atomic mass of Cu = 63.54 g mol ' and
N, =6.02 x 10 mol™) (AI 2010, 2008)

Silver crystallises in fcc lattice. If the edge length
of the unit cell is 4.077 x 10~® cm and density of
the crystal is 10.5 g cm ™, calculate the atomic
mass of silver.

(N, = 6.02 x 10* atoms mol™) (AI2010)

Copper crystallises in face-centred cubic lattice
and has density of 8.930 g cm™ at 293 K.
Calculate the radius of copper atom.

[Atomic mass of Cu = 63.55 u,

N, =6.02 x 10* mol™’] (AI 2010C)

Copper crystallises into an fcc lattice with
edge length 3.61 x 10 cm. Calculate the
density of copper. [Given : Cu = 63.5 g mol ™,
N, = 6.022 x 10* mol™] (Delhi 2009C)

1.9 Imperfections in Solids

(1 mark)

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Define the following term :
Schottky defect (1/3, AI 2015)

Which stoichiometric defect does not change
the density of the crystal? (1/2, A1 2014)
What type of stoichiometric defect is shown by
KCl and why? (1/2, Foreign 2014)
What type of stoichiometric defect is shown by
NaClI? (Delhi 2014C)
What type of stoichiometric defect is shown by
AgCl? (Delhi 2013)
What type of point defect is produced when
AgCl is doped with CdCl,? (Delhi 2013)

Account for the following :
Schottky defects lower the density of related
solids. (1/2, AI 2013, 2007)

What change occurs when AgCl is doped with
CdCLy? (1/2, AI 2013)
Which type of ionic substances show Schottky
defect in solids? (Delhi 2013C)

Which stoichiometric defect increases the
density of a solid? (AI2012)

75.

76.

77.

CBSE Chapterwise-Topicwise Chemistry

What type of stoichiometric defect is shown by
AgBr and Agl? (AI 2012C)

What type of defect can arise when a solid is
heated? (AI 2012C)

Which stoichiometric defect in crystals
increases the density of a solid?  (Delhi 2011)

78. Why is Frenkel defects not found in pure alkali
metal halides? (Delhi 2010)
79. Give an example of an ionic compound which
shows Frenkel defect. (AI2010C)
80. Which point defect of its crystals decreases the
density of a solid? (AI 2009)
m (2 marks)
81. Examine the given defective crystal.
A" B~ A" B~ A"
B~ O B~ A" B~
A" B~ A" O A"
B~ A" B~ A" B~

82.

83.

84.

85.

86.

Answer the following questions :

(i) What type of stoichiometric defect is
shown by the crystal?

(ii) How is the density of the crystal affected
by this defect?

(iii) What type of ionic substances show such
defect? (Delhi 2014)

(i) What type of non-stoichiometric point
defect is responsible for the pink colour of
LiCI?

(i) What type of stoichiometric defect is
shown by NaCl? (AI 2014)

If NaCl is doped with 10~ mole percen SrCl,,
what will be the concentration of cation
vacancies? (N, = 6.02 x 10 mol™") (AI 2013C)

Explain the following terms with suitable
examples :
(i) Schottky defect

(ii) Interstitial defect (Delhi 2010C)

Account for following :

(i) Zinc oxide on heating becomes yellow.

(ii) Frenkel defect does not change the density
of AgCl crystals. (AI 2008C)

How would you account for the following?

(a) Frenkel defects are not found in alkali
metal halides.

(b) Schottky defects lower the density of
related solids. (Delhi 2008)
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m (3 marks)

87. What are point defects? Describe two types of

point defects. (Delhi 2008)
88. Explain the following terms with suitable

examples :

(a) Crystal defects

(b) Metal deficiency defects  (Delhi 2008C)

89. A metal crystallises in a face centred cubic unit
cell with a = 0.560 nm. Calculate the density of
the metal if it contains 0.1% schottky defects.
Given : Atomic mass of metal = 40 g mol ™)

(AI 2008C)

1.10 Electrical Properties

(1 mark)

90. What type of semiconductor is formed when
silicon is doped with As?

(1/3, Foreign 2014)

91. What type of semiconductor is obtained when
silicon is doped with boron?
(1/3, Delhi, AI 2013)

92. Account for the following :
Conductivity of silicon increases on doping it

with phosphorus. (AI2013)

93. What is meant by ‘doping’ in semiconductor?
(Delhi 2012)
94. How may the conductivity of an intrinsic
semiconductor be increased? (AI 2012)
95. What are n-type semiconductors? (A 2012)
96. What is meant by an ‘intrinsic semiconductor’?
(Foreign 2011)

97. Impurity doped silicon is a semiconductor.

(Delhi 2008)

98. Assign reason for the following :
Phosphorus doped silicon is a semiconductor.
(AI 2007)

99. Explain the following with suitable examples:
Piezoelectric effect (Delhi 2007)

(2 marks)

100. What is a semiconductor? Describe the two
main types of semiconductors and contrast
(AI 2013C)

101. What is a semiconductor? Describe the two
main types of semiconductors. (Delhi 2013C)

their conduction mechanism.
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1.11 Magnetic Properties
(1 mark)

102. What type of magnetism is shown by a substance
if magnetic moments of domains are arranged
in same direction? (Delhi 2016)

103. Define the following term :
Ferromagnetism

(1/2, AI 2015)

104. Write the type of magnetism observed when

the magnetic moments are oppositely aligned

and cancel out each other. (AI 2014)

105. Write the type of magnetism observed when the

magnetic moments are aligned in parallel and
anti-parallel directions in unequal numbers.

(AI 2014)

106. What is meant by ‘antiferromagnetism’?
(AI 2014C)

107. What type of substances would make better
magnets, ferromagnetic or ferrimagnetic?
(1/3, Foreign 2014, Delhi 2013)

108. What type of magnetism is shown in the
following alignment of magnetic moments?

TTTTTT (1/3, Delhi 2013)
109. What  type of  substances  exhibits
antiferromagnetism? (Delhi 2008)

110. What are diamagnetic susbtances? (AI 2008C)

111. Account for the following :
Fe;O, is ferrimagnetic at room temperature
but becomes paramagnetic at 850 K.
(1/3, A1 2008C)

112. Explain the following with suitable example:
Paramagnetism (Delhi 2007)

m (2 marks)

113. Explain the following terms with suitable examples :
Ferromagnetism and ferrimagnetism
(Delhi 2012C)

114. Explain the following terms with suitable
example of each.
(a) Ferromagnetism

(b) Antiferromagnetism (Delhi 2011C)
115. How is ferromagnetism different from
paramagnetism? (Delhi 2011C)

116. Explain the following terms with one suitable
example of each.
(a) Ferromagnetism

(b) Paramagnetism (Delhi 2010C)
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Detailed Solutions /

1. Crystalline solids are anisotropic in nature
because of different arrangements of particles
in different directions. Some of their physical
properties like electrical conductivity,
refractive index, etc., shows different values
in different directions in the same crystals.
2. Some of the glass objects from ancient
monuments look milky instead of being transparent
because it undergoes heating during the day and
coolingatnighti.e., annealing over anumber of years.
As a result, it acquires some crystalline character.
They become a bit opaque.

3. Refer to answer 1.

4. Glass is considered as super cooled liquid
because glass is an amorphous solid and has tendency
to flow very slowly like liquids.

5. Refer to answer 2.

6. Molecular solids : HCI, SO,, H,0 (any one)
Ionic solids : KCI, CuSOy,, ZnS (any one)

7. Carbon dioxide (CO,) is a molecular solid.
Quartz (Si0,) is a covalent solid.

8. (i) Metallic solids are malleable and ductile
whereas ionic solids are hard and brittle.

(ii) Insolid state,ionicsolidsare electrical insulators
because ions are not free to move about, e.g. NaCl,
Na,SO,, etc. while metals are good electrical
conductors in solid state because of the presence of
free electrons e.g. copper, nickel etc. (any one)

9. Strong dipole-dipole interactions

10. Malleable, ductile, lustrous and conductor of
heat and electricity.

11. Refer to answer 8.

12. The crystalline solids have sharp melting points.
Melting point of a solid is related to the force of
attraction between its molecules. Higher the melting
point of a crystalline substance, greater is the force
between the constituent particles and hence, greater
is the stability.

13. A unit cell in which constituent particles (lattice
points) are present only at the corner positions is
called primitive or simple unit cell.

14. Arrangement of lattice points in three
dimensional space is called crystal lattice.

The smallest repeating unit which represents
arrangement of lattice points in a crystal lattice is

called unit cell.
15. Refer to answer 14.

16. A unit cells is characterised by the two types of
parameters :

B S b
B —

(i) Dimensions along the three edges represented
asa,bandc.

(ii) Angles between edges o, B and v.

Hence, a unit cell is represented by six parameters
a,b,c, o,Pandy.

17. Inabody centred cubic unit cell.

1 1
(i) 8 corners x g per corner atom = 8 X —

=1 atom
(ii) 1 body centre atom =1 x 1 =1 atom
Total number of atoms per unit cell
=1+1=2atoms

18. In face centred cubic unit cell
(i) No. of atoms contributed from the corners of
the unit cell

= 8 corner atoms X L atom per unit cell
= 8><l =1 atom
8
(ii) No. of atoms contributed from the faces
1
= 6 face centred atoms x > atoms per unit cell
1
= 6X— =3 atoms
2
Total no. of atoms per unit cell = 4 atoms
19. Refer to answer 18.

20. Refer to answer 17.
21. Refer to answer 18.

1
22. Na units in edge =12 X i 3

23. Refer to answer 18.
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24. No. of Yatoms per unit cell = 1 X8+ 1 X6=4
8 2

No. of tetrahedral voids =2 x 4 =8
8

1
No. of X atoms = —x 8§ =—
3 3

Formula of the compound = X, v, = X,Y;
3

25. No. of Y atoms per unit cell in ccp lattice
1 1
=—X8+—-x6=4
8 2

[ ccp is same as face-centred cubic packing. Thus,
no. of atoms = 4]
No. of octahedral voids = No. of atoms present in
cep lattice
No. of octahedral voids occupied by atoms

2 8

=Zx4 ==
3 3

Therefore, formula of the compound = XY, =X,Y;
3

26. A void surrounded by four atoms whose centre

when joined forms tetrahedron is tetrahedral void.

Number of tetrahedral voids = 2 x Number of atoms.

A void surrounded by six atoms whose centre when

joined forms an octahedron is called octahedral

voids.

Number of octahedral voids = Number of atoms.

27. Coordination number of A>" = 8

Coordination number of B = 4

28. Inarocksalttype crystal structure, coordination
numberis 6: 6

= Coordination number of M" = 6

Coordination number of A = 6

29. Number of atoms in 0.5 mol hcp lattice
=0.5x 6.022 x 10° =3.011 x 107
.. Number of octahedral voids = Number of atoms
=3.011 x 10*
Number of tetrahedral voids = 2 x Number of atoms
=2x3.011 x 10 = 6.022 x 10*
Total number of voids = Number of octahedral voids
+ Number of tetrahedral voids
=3.011 x 10” + 6.022 x 10*
=9.033 x 10* voids
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30. When the particles are present not only corners
but also at the centre of each face of the unit cell. It is
called face-centred unit cell.

Number of atoms in a unit cell of the face-centred-
cubic (fcc) = 8 atoms on the corners (gold) and
6 atoms of cadmium on the face (one of each face).
Contribution by atoms (gold) on the corners

1
=—X%x8=1
8
Contribution by atom (cadmium) on the faces
1
=—X6=3
2

Number of atoms present in the unitcell=1+3 =4
Hence, formula for the given alloy = AuCd;
31. Radius of Na* =95 pm
Radius of CI” = 181 pm
r Na®') 95
Radius ratio, + = riNa)) 95 _ 0.524
T r(Cl7) 181
The radius ratio lies between 0.414 - 0.732.
Hence, Na" ions prefer to occupy octahedral holes
having coordination number 6.

1
32. (a) No. of X atoms in the unit cell =8 x 3 =1

1
No. of Y atoms in the unit cell=6x— =3
Formula = XY, 2
(b) (i) If one X atom is missing, no. of X atoms

Formula = XY, or X;Y,,
8
(ii) If two X atoms are missing, no. of X atoms = 6
Formula = X,Y; or XY, 8
4
7 1
(iii) No. of X atoms ==, No. of Z atoms = —

8 8
No. of Y atoms = 3.

Formula= X Y,Z, or X;Y,,Z
8 8

3
33. In becunitcell r= Ta

a
34. Infccunitcell r=—=
242

35. For fec (or ccp), a = 2\2r
=2x1.414 x 125 pm = 354 pm
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36. Packing efficiency

Z x V olume of one atom
x 100

- Volume of cubic unit cell

4
Z X —mr’
:—zx 100
a

For a simple cubic lattice, a = 2rand Z =1

4
1x—mr’
Packing efficiency = 3—3 %100
(@r)
b1
= < x100=52.4%

3a
37. Atomic radius for bcc lattice r = T

1.732%x287 pm

or r =124.27 pm

38. Edge of the face-centred cubic unit cell,
a =404 pm

Radius r—L—ﬂ—&
o2 22 2
=&><£=—202‘5=101\/§

V2 o2 2

=101 x 1.414 = 142.814 pm
39. Given : Structure = bce, a = 316.5 pm, r =?
J3a 17323165
4

Using formula, r =
4

=137.04 pm

40. a =400 pm
a

For fce, r=—F—=

f 12

400 400 2
;o400 _ 400 V2 a00Va oo
W2 22 2

= r=100x1.414=141.4 pm

41. (i) Forfec(orcep), a=2+2r =2x1.414x125pm
=354 pm
(i) a=354pm=3.54x10"°cm
Volume of one unit cell = a® = (3.54 x 10 cm)?
=4.436 x 10 cm®

Total volume

Number of unit cells =
Volume of one unit cell

3
lcm

= —225x10%
4.44x107% cm®
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42. As the atoms just touch each other on the

diagonal across the face of unit cell, therefore
V=a’+a =2a

b=+2a ()
...(ii)

Also b=r+2r+r=4r

From (i) and (ii), we get
2
4r=~2a = r= %a;

1.414 X409 pm

4
= 144.58 pm

43. Given:d=112gcm™>, Z=4,a=4x 10" cm,
M =2?,N, =6.022 x 10* mol™

r

Mo dxa’xN, _ 11.2x(4x10°%)® x6.022x10%
Z 4
=108 g mol™
44. Given, Density of solid, d = 2.8 g cm™
For fcc unit cell, Z = 4
Edge length, a = 4 x 10™ cm,
Molar mass, M = ?
N, = 6.022 x 10 mol™
ZXM

3
N, Xa

Using formula, 4 =

_dxN, xa’
Z
Substituting these values, we get
M 2.8gcm™ x6.022x10* mol™ x (4 x10"%cm)’
- 4

or

2.8%X6.022%x6.4

or M= =26.98 gmol !

45. Edge length = 200 pm
Volume of the unit cell = (200 x 107 cm)?
=8x10** cm’
In a fec unit cell there are four atoms per unit cell.
200x 4

24x10%

Mass of unit cell = =333x10%g

333x10 g

Volume of unit cell 8x10%*cm?

Mass of unit cell

Density =

=41.6g cm™
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46. Atomicmass,M=108u,d=10.5 g/cm3,a:409pm
ZxXM
a’x107° x N,

dxa’>x107xN,
Z =
M
_10.5x(409)° X107 x6.022x10%
108
47. For fec structure Z = 4,d = 7.2 g/cm’
Let a be the edge length in pm
ZXM
a®x107%°
208
4.2832x10%*

We know, d = [ aisin pm]

Z =4

We know that density, d =

Mass per atom, M =
3 ZXM

=
dx10

_ 4x208
7.2x4.2832x10%* x107°°

=26.97 x 10° pm’® = a = (27 x 10%)"”* = 300 pm

48. We can determine the atomic mass of an

unknown metal by using the formula of density of

its unit cell.

d (Density)
Z(No. of atoms per unit cell) X M(Atomic mass)

a’(Cell edge) x N, (Avogadro’s number)
By knowing density d, dimension of unit cell we can
calculate M, the atomic mass of metal as for a given
unit cell, Z is fixed and N, is a universal constant.

49. For fee, Z=4
a or a=2\/£r

r=—m=
242
a=2x1.414x 128 pm = 362 pm

a=362x10""cm

ZXM 4x63.5 g/mol
@*xN, (362x107'% cm)’ x(6.02x10% mol ™
=89¢g cm™
50. Molar mass of element (M)
300%6.02 x10% _
=—————=90.3gmol "'
2x10
Density (d) = ZxXM
a’ x N,
4x90.3 -3
=384gcm

T (250%1071°)® x6.02 X102
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51. Given, edge length a = 500 pm = 500 x 107 cm
Mass of substance = 300 g
Number of atoms = ?
Density, d = 7.5 g cm ™

ZxXM
N, X a’
_dxN, xa’

Z

Using formula d =

or

or
S gem ™ x6.022x10% mol ! x (500x107cm)?
- 2

or M =282.28gmol"’

6.022 x10% %300
282.28

= 6.40 x 10> atoms

Number of atoms =

52. M=27gmol,a=4.05x10"°cm,d=27gcm"

ZxM dxN 4 xa®
d:—3 ..- Z:—

NAXIZ M

2.7%6.022x10% x (4.05x107%)*

Z= 4

27
As Z = 4, hence cubic unit cell is face centred cubic
unit cell.

53. Given,d=6.23gcm >, a=4x 10" cm,

M =60gmol™

N, =6.023x10%,Z=2

ZxM dxN, xa’
— or Z=—F~——
N, Xa M

,_ 6238 cm ™ x6.023x10% x (4x10"cm)?

Using formula d =

60 g mol !
or Z=40
Hence, structure is fcc.

54. Let us assume Z = 4 (copper has fcc)
ZXM
a’xN A
4Xx63.5

a® x6.02%x10%
a®=47.145x 107 * cm?

a=13/47.145x107%*

a=3.612x10"°cm =361.2 pm
For fec, 4r =2a

It shows Cu has fcc structure,
a 361.2

r=—m—=—™m
22 2x1.414

8.95=

=127.7pm
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55. Given : For bee, Z=2
a =286.65pm=2.87 x 10 cm
d=7.874gcm>, N, =2

ZXM
Using formula d = ———
N, Xa
ZxM 2% 56 g mol ™!

or,

Y dxa® 7.87x(2.87 x1078 cm)®
or, N,=6.022x 10%

56. a =250 pm
d=855gm™;Z=2

ZXM
d:

@’ xN, x107°

_dxa’ XN, x10™°

- z

_8.55%250 X250 % 250 X 6.02 X10% x 107
2

M=4021u
bee unit cell body diagonal is equal to 4 times the
radius of atom.
4r = \/g a= \/5 X250
4r=1.732x%x250=r =108 pm
57. Given density (d) = 8.55 gcm ™
Atomic radius (r) = ?
Atomic mass (M) =93u=93¢g mol ™!
For bcc structure Z =2

ZxM
Using formula 4 = ZxM 3= X
N, xa’ N, xd
; 2 x93 g mol ™!

or a

© 6.022x10% mol ' x8.55 gem ™
or a=36.1x10"cm’

or a=3304x10"cm=330.4pm
J3a  1.732x330.4

Again for bec r= 2

pm
or r=143.1pm

58. Given : Structure fcc, hence Z = 4, r = 127.8 pm,
M =63.55u,N,=6.02x 107 mol™,d=?

Using formula, 4= M
N, x a’
We get
. 4x63.55 g mol ™!

©6.02x10% mol ™! x (232 x127.8x10710)?
= 8.940 g/cm’
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50, 4 7ZXM a3 _ ZXM
Ld=—0——— = 4=
a’ x N, d X Ny

For fec unit cell, Z =4
Given, M = 207 gmol ', N, = 6.02 x 10> mol ™
d=1135gcm™
Substituting these value in equation (i), we get
5 _ 4x207g mol ™’

11.35g cm ™ x6.02x10* mol ™!
e 4%207x10 s

= cm
11.35%6.02 x 10**

a= 8280 " x10"% cm
= 11.35%6.02

a=4949 x 10 cm = a=494.9 pm

()

a

a
For fecc, r=——=

22
494.9 49492 494.9x1.414
r= b pm= 2 pm= 2 pm
r=174.95 pm

60. Given for fcc lattice Z=4,d=3.18gcm™

a=546x 1078 cm, Ny =7

Using formula 4 = ZX—M

N, xa’
4x78.08 g mol ™"

o, N

4318 g cm (5461078 cm)’

or, N, =6.033x10% mol™’
61. Given:d=895¢g cm™, r=127.8 pm,
M = 63.54 g mol’
N, =6.02 x 10” mol™*
ZXM

3
=d><a XN,
3
a’xN, M

d=

a
For fcc, r=—=>a=2\/5r
f N/
8.95 g cm™ x (22 x127.8x107%)em?

5 X 6.02x10%>mol !

63.54 g mol ™’

Z=4
Hence, copper is the face-centred cubic unit cell.
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62. Given, edge length a = 4.077 x 10™® cm
density d = 10.5 g cm™
For fcc lattice Z = 4, Atomic mass M =?

Using formula J = ZX—M
N, X a’

dxN, xa’

or, AT
Z
10.5 gecm % 6.022 x 10> atoms mol ™"
% (4.077 %1078 cm)®

or M=

4 atoms
or M=107.12 g mol™

63. Refer to answer 54.
64. In fcc lattice, Z = 4 atoms,
Given, M =63.5gmol™, N, =6.022 x 10> mol’
a=3.61x10"°cm

ZXM

a’xN A
~ 4Xx63.5
 (3.61x107%)° x6.022 x10%
~ 254
© 47.046X107* x6.022 X107
254 254
©283311x107 28.33
65. Schottky defect : The defect in which cations
and anions are missing in the stoichiometric ratio

of compound is called Schottky defect. Schottky
defect is actually vacancy defect in ionic solids.

Density, d =

=8965¢g cm™

In this defect, electrical neutrality is maintained.
In this defect, density of solid decreases. Schottky
defect is shown by ionic solids in which the cation
and anion are of almost similar sizes.

Examples : NaCl, KCl, CsCl, AgBr, etc.

66. Frenkel defect does not change the density of
the solid.

67. Refer to answer 65.
68. Refer to answer 65.
69. Frenkel defect

70. Addition of CdCl, to AgCl crystal causes
impurity defect.

In this defect also one Cd** ion replaces two Ag"
ions from the crystal. One site is occupied by one
Cd** ion and other site remains vacant.
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71. Schottky defects occur when cations and anions
are missing from their lattice site. Mass of unit cell
decreases which decreases the density of the solid.

72. Refer to answer 70.
73. Refer to answer 65.
74. Interstitial defect

75. Frenkel defect is shown by ionic solids in which
difference in size of cations and anions is large.
Examples : ZnS, Agl and AgBr.

76. On heating a solid vacancy defect is produced
in the crystal. This is because on heating, some lattice
sites become vacant.

77. Refer to answer 74.
78. Frenkel defects is not found in alkali metal
halides because the ions cannot get into the

interstitial sites due to their larger size.
79. Refer to answer 75.

80. Schottky defect.
81. (i) Schottky defect
(if) Density of the crystal decreases.

(iii) This defect is shown by ionic substances in
which the cation and anion are of almost similar
sizes.

82. (i) Metal excess defect is responsible for pink
colour of LiCl It is also known as anion vacancy
defect.

(ii) NaCl crystal shows Schottky defect.

83. The number of cation vacancies created in the
lattice of NaCl is equal to the number of divalent Sr**
ions added.
Concentration of St?* = 10~ mol%
-3

= & =10"> mol

100
1 mole of Sr** = 6.023 x 10%°Sr*" ions
10~ mol of Sr** = 6.023 x 10 x 107

=6.023 x 10" Sr** ions.

Hence, the concentration of cation vacancies is
6.023 x 10',

84. (i) Refer to answer 65.
(ii) Interstitial defect : The defect in which some

constituent particles occupy the interstitial site in

the crystal is called interstitial defect. This defect
increases density of solid. e.g., non-ionic solids.
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85. (i) Zinc oxide is white in colour at room
temperature. On heating, it loses oxygen and turns

yellow.
Heating

1 _

Zn0 ——=> Zn?" + EOZ +2e
Now, there is excess of zinc in the crystal and excess
Zn*" ions move to interstitial sites and the electrons
to neighbouring interstitial sites.
(ii) Due to Frenkel defect, no ions are missing from
the crystal as a whole. Thus, there is no change in
density.
86. (a) Refer to answer 78.
(b) Refer to answer 71.

87. Point defects are the irregularities or deviations
from ideal arrangement around a point or an atom
in a crystalline solid. Types of point defects are :
Stoichiometric defects : These are the point defects
that do not disturb the stoichiometry of the solid.
They are also called intrinsic or thermodynamic
defects.

In non-ionic solids :

(i) Vacancy defect : Some of the lattice sites are
vacant, decreases the density of the substance.

(ii) Interstitial defect : Some constituent particles
(atoms or molecules) occupy an interstitial site,
increases the density of the substance.

In ionic solids :

(i) Frenkel defect or dislocation defect : The
smaller ion (usually cation) is dislocated from its
normal site to an interstitial site.

It does not change the density of the solid and is
shown by ionic substances in which there is a large
difference in the size of ions, e.g., ZnS, AgCl, AgBr
and Agl due to small size of Zn*" and Ag" ions.

(ii) Schottky defect : Equal number of cations and
anions are missing. It decreases the density of the
substance and is shown by ionic substances in which
the cation and anion are of almost similar sizes e.g.,
NaCl, KCI, CsCland AgBr. AgBr shows both, Frenkel
as well as Schottky defects.

Non-stoichiometric defects : When the ratio of the
cations to the anions becomes different from that
indicated by the ideal chemical formula, the defects
are called non-stoichiometric defects.
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Metal excess defect :

(i) Duetoanionicvacanciese.g.,on heating crystals
of NaCl in presence of Na vapour, some anions (Cl")
leave lattice sites which are occupied by electrons
called F-centres giving colour to crystals.

(ii) Due to presence of extra cations at interstitial
sites e.g., on heating, white ZnO turns yellow as it
loses oxygen and Zn*" ions and the electrons occupy
interstitial sites.

Metal deficiency defect : There are many solids
which are difficult to prepare in the stoichiometric
composition and less amount the metal as compared
to the stoichiometric proportion (any two).

88. (a) Point defects are the irregularities or
deviations from ideal arrangement around a point or
an atom in a crystalline substance, whereas the line
defects are the irregularities or deviations from ideal
arrangement in entire rows of lattice points. These
irregularities are called crystal defects.

(b) This type of defects generally occurs when
metal shows variable valency. The defect arises due
to the missing of cation from its lattice site and the
presence of the cation having higher charge in the
adjacent lattice site, e.g., Fe,O.

89. Due to Schottky defects, the vacant spaces will
increase resulting in decrease in number of atoms
per unit cell.

4x%x0.1
Z:(4— )=3.996
100
_ZXM

a’ XN,
3.996 x (40 g mol ")

(0.560x1077)* x (6.022 %10 mol ™

d

=151g cm™
90. n-type semiconductor is formed when silicon is
doped with arsenic.

91. p-type semiconductor is obtained when silicon
is doped with boron.

92. Silicon when doped with phosphorus, which
contains five valence electrons, they occupy some
of the lattice sites in silicon crystal. Four out of five
electrons are used in the formation of four covalent
bonds with the four neighboring silicon atoms.
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The fifth electron is extra and becomes delocalised.
These delocalised electronsincreases the conductivity
of doped silicon.

93. Addition of an appropriate amount of suitable
impurity in a crystalline solid is called doping.
Doping is done to increase the conductivity of
intrinsic semiconductors.

94. The conductivity of intrinsic semiconductor
like silicon is too low to be of practical use. This
conductivity is increased by adding an appropriate
amount of suitable impurity like Al or As which is
electron deficient or electron rich. So, the electrical
conductivity of silicon is increased.

95. A semiconductor in which doped impurity
has more valence electrons than the pure element
is called #n-type semiconductor. e.g, Ge or Si
(Group-14) doped with P or As (Group-15).

96. Pure substance which acts as semiconductor is
called intrinsic semiconductor. e.g., Si and Ge at high
temperature.

97. Refer to answer 94.

98. Phosphorusis pentavalent. When phosphorusis
doped in silicon it increases the number of electrons
which increases the conductivity of doped silicon
and makes it semiconductor.

99. Piezoelectric effect : When the electricity is
produced by applying mechanical stress on some
polar crystals, it is known as piezoelectric effect.
Quartz shows this property.

100. The solids which have conductivities between
10 to 10* ohm™" m™ are called semiconductors.
e.g, Germanium and silicon. The two main types of
semiconductors are as follows :

(i) n-type semiconductor : When a silicon crystal
is doped with atoms of group-15 elements, such
as P, As, Sb or Bi then only four of the five valence
electrons of each impurity atom participate in
forming covalent bonds and fifth electron is almost
free to conduct electricity. Group-14 elements
doped with a group-15 elements are called n-type
semiconductors.

(ii) p-type semiconductor : When a silicon crystal
is doped with atoms of group-13 elements, such as
B, Al, Ga or In. Each impurity atoms form only three
covalent bonds with the host atom. The place where
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the fourth electron is missing is caused a hole which
move through the crystal like a positive charge and
hence increases its conductivity. Group-14 elements
doped with group-13 elements are called p-type
semiconductors.

©@—>0— <— DD
“Ho—so—->H <ot
O—>0— <—PD<—D

n-type semiconductor  p-type semiconductor

101. Refer to answer 100.
102. Ferromagnetism

103. Ferromagnetism : Materials which are strongly
attracted by magnetic field are called ferromagnetic
materials and the property thus exhibited is caused
ferromagnetism.

e.g, Fe, Co, Ni show ferromagnetism at room
temperature.

104. Antiferromagnetism
105. Ferrimagnetism

106. Antiferromagnetism : Paramagnetic substances
which show very poor magnetic effect are
antiferromagnetic and this property is called
antiferromagnetism.

Examples : MnO, Fe, O3, Cr,0;.

107. Ferromagnetic  substances because these

substances become a permanent magnet.
108. Ferromagnetism
109. Refer answer 106.

110. Substances which are weakly repelled by
magnetic field are called diamagnetic and this
property is called diamagnetism. Diamagnetism is
shown by those substances in which all electrons are
paired.

Examples : NaCl, H,0, C4Hy, Zn**

111. On heating at 850 K, the magnetic domains
undergo realignment and become paramagnetic.

112. Paramagnetism Materials which are
weakly attracted by magnetic fields are called
paramagnetic materials and this property is called
paramagnetism.

Paramagnetic substances contain unpaired electrons.

e.g., TiO, CuO, O, and VO,, etc.
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113. Ferromagnetism Substances which are
very strongly attracted by the magnetic field are
called ferromagnetic and this property is called
ferromagnetism.

Examples : Iron, cobalt, nickel, gadolinium and
CrO,.

These substances can be permanently magnetised
i.e., they retain magnetic property even in absence
of applied magnetic field.

In ferromagnetic substance all the domains (tiny
magnet formed by grouping of metal ions in small
region) are oriented in the direction of the applied
magnetic field and produce a strong magnetic effect.
This ordered orientation of domain persists even
when the magnetic field is removed.
Ferrimagnetism : Substances which are weakly
attracted by the magnetic field as compared to
ferromagnetic substances are called ferrimagnetic
and this property is called ferrimagnetism.
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Examples : Fe;O, (Magnetite, Ferrites - MgFe,O,,
ZnFe,0,.

Ferrimagnetism is observed when the magnetic
domains are aligned in parallel and antiparallel
directions in unequal numbers. Hence, net magnetic
moment is never zero.

These substances lose ferrimagnetism and become
paramagnetic on heating.

RIOIOIOIOINI)
ROIGIOBIOIO

Schematic alignment of magnetic moments in
(a) ferromagnetic (b) ferrimagnetic.

114. (a) Refer to answer 113.
(b) Refer to answer 106.

115. Refer to answers 113 and 112.

116. (a) Refer to answer 113.
(b) Refer to answer 112.

“«O»
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2.1 Types of Solutions 2.5 Ideal and Non-ideal Solutions

2.2 Expressing Concentration of Solutions 2.6 Colligative Properties and Determination
2.3 Solubility of Molar Mass

2.4 Vapour Pressure of Liquid Solutions 2.7 Abnormal Molar Masses
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» Maximum total weightage is of Colligative » Maximum SA | and SA Il type questions
Properties and Determination of Molar Mass. were asked from Colligative Properties and
» Maximum VSA type questions were asked from Determination of Molar Mass.
Colligative Properties and Determination of Molar
Mass.
( QUICKRECAP )
@ Solution : A perfectly homogeneous mixture of in lesser amount or whose physical state is
two or more components is called solution. changed during the formation of solution is

@ Solute : The component which is present called solute.
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Q Solvent : The component which is present in Volume .............................................................................................
larger amount and determines the physical percentage (%)% = ( +2V ) x100
state of the solution is called solvent. 172

0 Types of solution : Depending upon the nature Mass by w), w,
of solute and solvent, solutions are classified as volume V % = V— x100
follows : percentage solution(in mL)
» Gaseous solutions : Solutions in which -

Mass fraction w. wy
gas acts as solvent are known as gaseous X, = L o Xy =
solutions. wy +w, wp+w,

1 1 E 1 Strength Wo (i
Solute | Solvent | Examples " Lilz‘;’ 2(in g) %1000
Solid Gas Iodine vapours in Violution (in mL)
air, dust or smoke
. .. Parts per w, 6
particles in air. o —=——x10
million (ppm) (W) +wy)
Liquid Gas Water vapours in
air (humidity) Molarity, (M) w, X1000
11!
Gas Gas Air (mo ) M, x Vsolution(in mL)
» Liquid solutions : Solutions in which Molality, (m) w, X1000
. . . -1 -
liquids are present in larger amount. (mol kg™") M, x Wi(in g)
Solute | Solvent | Examples Mole fraction, L™ M
- or - >
Solid | Liquid | Salt/sugar in water (x) ! N +n, 2 m+n,
Liquid | Liquid | Alcohol in water (1 +x=1)
. - In case of gases only,
Gas Liquid | Aerated drinks, O, P Py
in water Nn= or Y = >
ptp tp
» Solid solutions : Solutions in which solids Gi+y,=1)

are present in larger amount.

Q Solubility : Maximum amount of substance

Solute | Solvent | Examples that can be dissolved in a specified amount of
Solid | Solid |Alloys, copper solvent at a specified temperature is called its
dissolved in gold solubility.
Liquid | Solid |Hg in Ag, Hg in Zn 0 Factors affecting solubility of a solid in a
(Amalgam) liquid :
Gas Solid | Solution of hydrogen » Nature of solute and solvent : Polar solutes
in palladium. dissolve in polar solvents and non-polar
solutes in non-polar solvents. (i.e., like
Q@ Different  methods  for  expressing dissolves like).
concentration of solution : > Effect of temperature::
- Ifthe dissolution process is endothermic
Method of Formula (AgoiH > 0), the solubility increases with
expressing rise in temperature.
Mass w w, - If dissolution process is exothermic
percentage (—)% =—=—x100 (AgoH < 0), the solubility decreases with
............................................ WO rw) rise in temperature.
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» Effect of pressure : Pressure does not have
any significant effect on solubility of solids in
liquids as these are highly incompressible.

Q Factors affecting solubility of a gas in a liquid :

» Effect of pressure : Henry’s law states that
“the partial pressure of the gas in vapour
phase (p) is proportional to the mole
fraction of the gas (x) in the solution”

p = Ky x where, Ky is the Henry’s law
constant and is different for different gases
at a particular temperature.

Higher the value of Kj; at a given pressure,
the lower is the solubility of the gas in the
liquid.

» Effect of temperature : As dissolution is
an exothermic process, then according to
Le Chatelier’s principle, the solubility should
decrease with increase of temperature.

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

@ Ideal and non-ideal solutions :
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solution. p; = p$ x, and p, = pSx, where p?
and p$ of pure
components 1 and 2 respectively, at the same
temperature.

are vapour pressures

Dalton’s law of partial pressures :
Poa =p1+p2=xp° + %, 0,°
=(1-x)p,° + x,05°
=P+ (2 - pio)xs
If y, and y, are the mole fractions of the

components 1 and 2 respectively in the vapour
phase then, p; =y, Py and p, =y, Pyl

Raoult’s law for solid-liquid solutions : It
states that relative lowering in vapour pressure
of a solution containing a non-volatile solute is
equal to the mole fraction of the solute.

o a—
PP = x, where,
e]
p° = vapour pressure of pure solvent
ps = vapour pressure of solution

x, = mole fraction of solute.

Ideal solutions

Non-ideal solutions

Positive deviation from Raoult’s law

Negative deviation from Raoult’s law

!

2

g

a

=

2.

<

>xA:1 xA:0
XBZO XBZI

Mole fraction —>

XB

Vapour pressure

l/ of solution

W P
N

XA=1 XAZO
xg=0 xg=1
Mole fraction —>
XB

S
]

pour pressure —>

Va

Vapour pressure

'I‘ of solution

- Pi

g

a.

]

s

5]

&

>XA = XA= 0
xg=0 xg=1

Mole fraction —>

XB

A - B interactions = A -
A and B - B interactions

A - Binteractions << A - Aand B- B
interactions

A - Binteractions >> A - Aand B- B
interactions

AH,, =0,AV,, =0

mix —

AH mix

>0,AV, ;>0

AH,; < 0, AV ;. <0

mix

e.g., dilute solution,
benzene + toluene,
n-hexane + n-heptane

e.g., acetone + ethanol,
acetone + CS,,
water + methanol

e.g., acetone + aniline,
acetone + chloroform,
CH,;O0H + CH,COOH
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Q Azeotropes : The mixtures of liquids which boil
at constant temperature like a pure liquid and
possess same composition of components in
liquid as well as vapour phase are called constant

boiling mixtures or azeotropic mixtures.
» Minimum boiling azeotropes

(M)

They

formed by those liquid pairs which show
positive deviations from ideal behaviour
e.g., ethanol-water mixture.
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» Maximum boiling azeotropes : They are
formed by those liquid pairs which show
negative deviations from ideal behaviour
e.g., nitric acid-water mixture.

Colligative properties : Properties which
depend only on the number of solute particles
dissolved in a definite amount of the solvent
and not on the nature of the solute are called
colligative properties.

in the solution.

Colligative properties Expression
Relative lowering of vapour pressure : When a non-| p°—p n,
volatile solute is dissolved in a solvent, vapour pressure of . X = 4
P Ty

the solution is lower than that of the pure solvent which is
known as lowering of vapour pressure. Relative lowering of
vapour pressure is equal to the mole fraction of the solute

(" for dilute solutions, n, << n,)

point.

Elevation in boiling Dvapour | AT, =T, - T,°
/ ressure
point : The boiling point 2 i_}ciu_rve AT, mor AT,=K,m
of a solution containing 3 ! w,, X1000
a non-volatile solute is & ! Boiling TR N o oo
1 hish h h g | point M2 X w1 (ln g)
always higher than the E‘ I elevation
boiling point of the pure ! or M. = K}, xw, x1000
solvent. This increase in Ty z- AT, Xw (in g)
boiling point is termed Temperature (K) . i . .
o . K, is called boiling point elevation constant
as elevation in boiling . ) .
oint or molal elevation constant or Ebullioscopic
pomnt. constant, having unit K kg mol.
Depression in freezing I AT =T7 - Ty
hY
point: The freezing point Frozen & JE ATy o mor ATy=Kym
of a solution containing solvent 7 w, 1000
O |2
a non-volatile solute 3 =Ky M xw(in o) (in g)
is always less than the g 2 XM S
freezing pointof thepure 5 ! ! Ky xw, x1000
| This d . 3 A i ATy | Freezing or My =————
solvent. This decrease in 5 —— point ATy X wy (ing)
freezing point is termed | i depression ) . . .
Co : L L K; is known as freezing point depression
as depression in freezing T, T}

Temperature (K)

constant or molal depression constant or
Cryoscopic constant, having unit K kg mol..

Osmosis and osmotic pressure :
solvent molecules from less concentrated solution to more
concentrated solution through semipermeable membrane
is termed as osmosis. The hydrostatic pressure which
develops on account of osmosis is called osmotic pressure or
the excess pressure that must be applied on the solution to
prevent osmosis is called osmotic pressure.

The movement of




Solutions

» Two solutions having same osmotic pressure
at a given temperature are called isotonic
solutions.

» If one solution is of lower osmotic pressure,
it is called hypotonic with respect to the
more concentrated solution. The more
concentrated solution is said to be hypertonic
with respect to the dilute solution.

» Ifapressurehigherthantheosmoticpressure
is applied on the solution, the solvent will
flow from the solution into the pure solvent
through the semipermeable membrane and
the process is called reverse osmosis. It is
used in desalination of sea water.

@ Abnormal molecular mass : When the
molecular mass of a substance determined by
any of the colligative properties comes out to be
different than the expected value, the substance
is said to show abnormal molecular mass.

» Abnormal molecular masses are observed
when the solution is non-ideal (not dilute)
or the solute undergoes association or
dissociation.

Q van’t Hoff Factor : It is defined as the ratio
of the experimental value of the colligative
property to the calculated value of the colligative

property.

25

. Observed value of the colligative property

1=
Calculated value of the colligative property

. _ Calculated molecular mass

l =
Observed molecular mass

(Total number of moles of particles
after association / dissociation)

1=
(Total number of moles of particles

before association / dissociation)

» If i > I, solute undergoes dissociation in

the solution and if i < 1, solute undergoes

association in the solution.

i—1
Olgissociation = 7
n—1

1-i

O(association = 1
n

» For substances undergoing association or

dissociation in the solution, the various
expressions for the colligative properties are

modified as follows :
i S ) )
po - sz; ATh = lem; ATf = lem,
1
m =iCRT




26

CBSE Chapterwise-Topicwise Chemistry

2.2 Expressing Concentration of

Solutions

(1 mark)

1.

Define the following term :

Molarity (1/5 A12014)

Define the following term :
Mole fraction (1/2 Delhi 2012, AI 2012, 2009)

What is meant by molality of a solution?
(1/5 AI 2009)

State the main advantage of molality over
molarity as the unit of concentration.
(Delhi 2009C)

m (2 marks)

5.

10.

Calculate the molarity of 9.8% (w/W) solution
of H,SO, if the density of the solution is
1.02gmL™".
(Molar mass of H,SO, =98 ¢ mol ™)

(2/5 Foreign 2014)

Differentiate between molarity and molality of
a solution. How can we change molality value
of a solution into molarity value?

(Delhi 2014C)

Define :
(i) Mole fraction (ii) Molality

(2/5 AT 2014 C)
A solution of glucose (CcH[,04) in water is
labelled as 10% by weight. What would be the
molality of the solution?
(Molar mass of glucose = 180 g mol™")

(2/5 AI 2013)

Differentiate between molarity and molality
in a solution. What is the effect of temperature
change on molarity and molality in a solution?

(2/5 Delhi 2011, 2009, 2/5 A1 2011)

Differentiate between molarity and molality

of a solution. Explain how molarity value of a

solution can be converted into its molality?
(Foreign 2011)

11.

12.

Define the term, ‘molarity of a solution’ State
one disadvantage in using the molarity as the
(2/3 AI 2010C)
An antifreeze solution is prepared from 222.6 g
of ethylene glycol (C,H,(OH),) and 200 g of
water. Calculate the molality of the solution.
If the density of this solution be 1.072 g mL™"

what will be the molality of the solution?
(Delhi 2007)

unit of concentration.

LYW (3 marks)

13.

A solution of glucose (molar mass = 180 g mol )

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™")
(3/5A12014)

2.3 Solubility
(1 mark)

14.

15.

16.

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 Ky; (Henry’s

constant) and why? (1/2 AI 2016)
Explain the following :

Henry’s law about dissolution of a gas in a
liquid. (1/5 AI 2012)
State the following :

Henry’s law about partial pressure of a gas in a

mixture. (1/5 Delhi, AI 2011)

m. (2 marks)

17.

18.

19.

State Henrys law and mention two of its
important applications. (2/5, AI 2013C, 2012C)

Explain why aquatic species are
comfortable in cold water rather than in warm
(Delhi 2012C)

State Henry’s law correlating the pressure of a
gas and its solubility in a solvent and mention
two applications for the law. (Delhi 2008)

more

water.



Solutions

m (3 marks)

20.

21.

22.

2.4 Vapour

The partial pressure of ethane over a saturated
solution containing 6.56 x 10™> g of ethane is
1 bar. If the solution contains 5.0 x 107 g of
ethane, then what will be the partial pressure
of the gas? (Delhi 2013C, AI2012C)

If N, gas is bubbled through water at
293 K, how many millimoles of N, gas would
dissolve in 1 litre of water? Assume that N,
exerts a partial pressure of 0.987 bar. Given
that Henry’s law constant for N, at 293 K is
76.48 k bar. (AI2012C)

What concentration of nitrogen should be

present in a glass of water at room temperature?

Assume a temperature of 25°C, a total pressure

of 1 atmosphere and mole fraction of nitrogen

in air of 0.78.

[Ky for nitrogen = 8.42 x 10”7 M/mm Hg]
(3/5 AI 2009)

Pressure of Liquid
Solutions

(1 mark)

23.
24.

25.

Define Raoult’s law. (1/5 AI 2014C)

State the following :
Raoult’s law in its general form in reference to
solutions. (1/5 Delhi, 1/2 AI 2011)

State ‘Raoult’s law’ for a solution of volatile
liquids. (AI 2009C)

m. (2 marks)

26.

27.

28.

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

(Delhi 2014, AI 2013)

State Raoult’s law for a solution containing
volatile components. Name the solution which
follows Raoult’s law at all concentrations and
temperatures. (2/5 Foreign 2014)

State Raoult’s law. How is it formulated for
solutions of non-volatile solutes? (Delhi 2012C)

m (3 marks)

29.

The vapour pressure of pure liquids A and
B are 450 and 700 mm Hg respectively, at
350 K. Find out the composition of the liquid

2.5

27
mixture if total vapour pressure is 600 mm
Hg. Also find the composition of the vapour
phase. (3/5 A12013C)

Ideal and Non-ideal Solutions

(1 mark)

30.

31.

32.

33.

34.

In non-ideal solution, what type of deviation
shows the formation of maximum boiling
azeotropes? (1/2 AI2016)

Some liquids on mixing form ‘azeotropes.

What are ‘azeotropes’? (Delhi 2014)
Define the following term :
Azeotrope (1/5 Foreign 2014)

Define the following term :
Ideal solution
(1/5 AI 2013, 2012, 1/2 Delhi 2012)

How is it that alcohol and water are miscible in
all proportions ? (AI 2007)

(2 marks)

35.

36.

37.

38.

39.

40.

41.

42.

What is meant by positive deviations from
Raoult’s law? Give an example. What is the sign
of A H for positive deviation?  (Delhi 2015)

Define azeotropes. What type of azeotrope is
formed by positive deviation from Raoults
law? Give an example. (Delhi 2015)

What is meant by negative deviation from
Raoult’s law? Give an exmaple. What is the sign
of A i H for negative deviation?

(Foreign 2015)

Define azeotropes. What type of azeotrope is
formed by negative deviation from Raoult’s
law? Give an example. (Foreign 2015)

What type of deviation is shown by a mixture
of ethanol and acetone? Give reason.
(2/5 A12014)

What is meant by positive and negative
deviations from Raoult’s law and how is the
sign of A; H related to positive and negative
deviations from Raoult’s law? (AI 2013 C)

Explain why a solution of chloroform and
acetone shows negative deviation from Raoult’s
law. (2/5 Delhi 2011C)

Non-ideal solutions exhibit either positive or
negative deviations from Raoult’s law. What
are these deviations and why are they caused?
Explain with one example for each type.

(Delhi 2010)
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43.

44.

45.

2.6 Colligative

What type of intermolecular attraction exists
in each of the following pairs of compounds:
(i) n-hexane and n-octane

(ii) methanol and acetone (Delhi 2010C)

State Raoults law for solutions of volatile
liquids. Taking suitable examples explain the
meaning of positive and negative deviations
from Raoult’s law. (Delhi, AI 2008)

What is meant by negative deviation from
Raoult’s law? Draw a diagram to illustrate the
relationship between vapour pressure and
mole fractions of components in a solution to
represent negative deviation. (AI 2008C)

Properties and
Determination of Molar Mass

(1 mark)

46.
47.

48.

49.

50.

51.

52.

53.

What are isotonic solutions? (Delhi 2014)
Define the following term :
Molal elevation constant (K,)  (1/5 A1 2014)

How is the vapour pressure of a solvent affected
when a non-volatile solute is dissolved in it?

(1/2 Delhi 2014C)
Define the following term :
Osmotic pressure (1/5 AI2013)
Define the following term :
Isotonic solutions (1/2 Delhi 2012)
Explain the following :
Boiling point elevation constant for a solvent.
(AI2012)
What is meant by colligative properties?
(1/5 AI 2009)
State the condition resulting in reverse
0smosis. (AI 2007)

m. (2 marks)

54.

55.

(i) Outof1M glucose and 2 M glucose, which
one has a higher boiling point and why?

(ii) What happens when the external pressure
applied becomes more than the osmotic
pressure of solution? (2/5 Delhi 2016)

Blood cells are isotonic with 0.9% sodium
chloride solution. What happens if we place
blood cells in a solution containing

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

CBSE Chapterwise-Topicwise Chemistry

(i) 1.2% sodium chloride solution?
(ii) 0.4% sodium chloride solution?
(2/5 Delhi 2016)

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? (AI2015)
Calculate the mass of compound (molar mass
= 256 g mol™!) to be dissolved in 75 g of
benzene to lower its freezing point by 0.48 K.
(K;=5.12 K kg mol ). (Delhi 2014)

18 g of glucose, C4H;,0¢ (Molar mass =
180 g mol™) is dissolved in 1 kg of water in
a sauce pan. At what temperature will this
solution boil?

(K, for water = 0.52 K kg mol ™, boiling point
of pure water = 373. 15 K) (Delhi 2013)

An aqueous solution of sodium chloride freezes
below 273 K. Explain the lowering in freezing
point of water with the help of a suitable
diagram. (Delhi 2013C)

Define the terms osmosis and osmotic pressure.
Is the osmotic pressure of a solution a colligative
property? Explain. (2/5 Delhi 2011)

List any four factors on which the colligative
properties of a solution depend.
(2/5 AI 2011C)

Define the terms, ‘osmosis and ‘osmotic
pressure. What is the advantage of using
osmotic pressure as compared to other
colligative properties for the determination of
molar masses of solutes in solutions? (AI 2010)

Outer hard shells of two eggs are removed.
One of the egg is placed in pure water and the
other is placed in saturated solution of sodium
chloride. What will be observed and why?

(AI 2010C)

Find the boiling point of a solution containing
0.520 g of glucose (C¢H,,O4) dissolved in
80.2 g of water.

[Given : K, for water = 0.52 K/m] (AI2010C)

Define the term ‘osmotic pressure. Describe
how the molecular mass of a substance can be
determined on the basis of osmotic pressure
measurement. (Delhi, AI 2008)



Solutions

m (3 marks)

66.

67.

68.

69.

70.

71.

72.

73.

Calculate the freezing point of the solution
when 31 g of ethylene glycol (C,H4O,) is
dissolved in 500 g of water.

(K for water = 1.86 K kg mol ") (AI 2015)

A solution containing 15 g urea (molar mass =
60 g mol ") per litre of solution in water has the
same osmotic pressure (isotonic) as a solution
of glucose (molar mass = 180 g mol ') in water.
Calculate the mass of glucose present in one
litre of its solution. (3/5AI2014)

Calculate the boiling point elevation for a
solution prepared by adding 10 g of CaCl, to
200 g of water. (K, for water = 0.52 K kg mol ™,
molar mass of CaCl, = 111 g mol ™)

(2/3 Foreign 2014)

Define the following terms :
(i) Osmotic pressure
(ii) Colligative properties (Foreign 2014)

Some ethylene glycol, HOCH,CH,OH, isadded
to your car’s cooling system along with 5kg
of water. If the freezing point of water-glycol
solution is —15.0°C, what is the boiling point of
the solution?

(K, =0.52Kkg mol ™! and K;=186K kg mol™!
for water) (Delhi 2014C)
1.00 g of a non-electrolyte solute dissolved in
50 g of benzene lowered the freezing point of
benzene by 0.40 K. The freezing point depression
constant of benzene is 5.12 K kg mol . Find
the molar mass of the solute. (AI 2013, 2008)

A 5% solution (by mass) of cane-sugar in
water has freezing point of 271 K. Calculate
the freezing point of 5% solution (by mass) of
glucose in water if the freezing point of pure
water is 273.15 K.
[Molecular masses : Glucose CgH,,0¢ : 180 amu;
Cane-sugar C;,H,,0,; : 342 amu]
(3/5A12013C)

A solution of glycerol (C;HgO;3) in water
was prepared by dissolving some glycerol in
500 g of water. This solution has a boiling point
of 100.42°C while pure water boils at 100°C.
What mass of glycerol was dissolved to make
the solution?
(K, for water = 0.512 K kg mol ")

(Delhi 2012, 2010, AI 2012)

74.

75.

76.

77.

78.

79.

80.

81.
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15.0 g of an unknown molecular material
was dissolved in 450 g of water. The resulting
solution was found to freeze at -0.34°C. What
is the molar mass of this material?
(Kffor water = 1.86 K kg mol ™)

(Delhi 2012, 3/5, AI 2012, 2010)

A solution containing 30 g of non-volatile
solute exactly in 90 g of water has a vapour
pressure of 2.8 kPa at 298 K. Further 18 g of
water is added to this solution. The new vapour
pressure becomes 2.9 kPa at 298 K. Calculate
(i) the molecular mass of solute and
(ii) vapour pressure of water at 298 K.

(Delhi 2012C)

Calculate the boiling point of a solution
prepared by adding 15.00 g of NaCl to 250.00 g
of water. (K}, for water = 0.512 K kg mol ™),
(Molar mass of NaCl = 58.44 g)

(3/5 Delhi 2011)

A solution prepared by dissolving 8.95 mg of a
genefragmentin35.0 mLof waterhasanosmotic
pressure of 0.335 torr at 25°C. Assuming the
gene fragment is a non-electrolyte, determine
its molar mass. (3/5 Delhi, AI 2011)

What would be the molar mass of a compound
if 6.21 g of it dissolved in 24.0 g of chloroform
to form a solution that has a boiling point of
68.04°C. The boiling point of pure chloroform
is 61.7°C and the boiling point elevation
constant, K, for chloroform is 3.63°C/m.

(3/5 Delhi 2011)

What mass of NaCl must be dissolved in
65.0 g of water to lower the freezing point of
water by 7.50°C? The freezing point depression
constant (Kf) for water is 1.86°C/m. Assume
van’t Hoff factor for NaCl is 1.87.

(Molar mass of NaCl=58.5g mol™). (AI2011)

The molecular masses of polymers are
determined by osmotic pressure method and
not by measuring other colligative properties.

Give two reasons. (3/5A12011C)
Calculate the boiling point of one molar
aqueous solution (density 1.06 g mL™") of KBr.
[Given : K}, for H,O = 0.52 K kg mol ™, atomic
mass : K =39, Br = 80] (3/5AI2011C)
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82.

83.

84.

85.

86.

87.

88.

89.

A solution prepared by dissolving 1.25 g of oil
of winter green (methyl salicylate) in 99.0g
of benzene has a boiling point of 80.31°C.
Determine the molar mass of this compound.
(B.pt. of pure benzene = 80.10°C and K, for
benzene = 2.53°C kg mol ™) (Delhi 2010)

What mass of ethylene glycol (molar mass
= 62.0 g mol™") must be added to 5.50 kg of
water to lower the freezing point of water from
0°C to - 10.0°C?

(Kffor water 1.86 K kg mol ™) (AI 2010)
100 mg of a protein is dissolved in just enough
water to make 10.0 mL of solution. If this
solution has an osmotic pressure of 13.3 mm Hg
at 25°C, what is the molar mass of the protein?
(R = 0.0821 L atm mol ' K™ and 760 mm Hg
=1atm.) (Delhi, 3/5, AI 2009)

Calculate the amount of sodium chloride which
must be added to one kilogram of water so that
the freezing point of water is depressed by 3 K.
[Given : K= 1.86 K kg mol !, atomic mass : Na
=23.0, Cl = 35.5] (3/5, Delhi, AI 2009C)

x g of a non-electrolytic compound (molar
mass = 200) is dissolved in 1.0 L of 0.05 M
NaCl aqueous solution. The osmotic pressure
of this solution is found to be 4.92 atm at 27°C.
Calculate the value of x. Assume complete
dissociation of NaCl and ideal behaviour of the
solution. (R = 0.082 L atm mol ' K™)

(AI 2009C)
Calculate the freezing point of a solution
containing 18 g glucose, C4H;,O4 and 68.4¢
sucrose, C;,H,,0;; in 200 g of water. The
freezing point of pure water is 273 K and K} for
water is 1.86 K m™. (AI 2009C)

Calculate the temperature at which a solution
containing 54 g of glucose, (C¢H,,0), in
250 g of water will freeze.

(K for water = 1.86 K mol ' kg)  (Delhi 2008)
A solution containing 8 g of a substance in
100 g of diethyl ether boils at 36.86°C, whereas
pure ether boils at 35.60°C. Determine the
molecular mass of the solute. (For ether
K, =2.02 K kg mol ™) (AI 2008)

90.

CBSE Chapterwise-Topicwise Chemistry

A 0.1539 molal aqueous solution of cane sugar
(mol. mass = 342 g mol™") has a freezing point
of 271 K while the freezing point of pure
water is 273.15 K. What will be the freezing
point of an aqueous solution containing 5 g of
glucose (mol. mass = 180 g mol ™) per 100 g of
solution. (AI 2007)

2.7 Abnormal Molar Masses

(1 mark)

91.

Define the following term :
Van't Hoff factor (1/5 Delhi 2012, AI 2009)

m (2 marks)

92.

93.

94.

95.

What is van't Hoft factor? What types of values
can it have if in forming the solution the solute
molecules undergo
(i) Dissociation (ii) Association?

(2/5 AI 2014C)
Assuming complete dissociation, calculate
the expected freezing point of a solution
prepared by dissolving 6.00 g of Glauber’s salt,

Na,SO,-10H,0 in 0.100 kg of water.

(K for water = 1.86 K kg mol ™, atomic masses :
Na=23,S=32,0=16,H=1) (2/5 AI2014C)
A 1.00 molal aqueous solution of trichloroacetic
acid (CCI3COOH) is heated to its boiling
point. The solution has the boiling point of
100.18°C. Determine the van't Hoff factor for
trichloroacetic acid.

(K, for water = 0.512 K kg mol™") (Delhi 2012)

What is van’t Hoff factor? What possible value
can it have if the solute molecules undergo
dissociation? (2/5 Delhi 2011C)

VAN (3 marks)

96.

97.

Calculate the freezing point of solution when
1.9 g of MgClL,(M = 95 g mol™") was dissolved
in 50 g of water, assuming MgCl, undergoes
complete ionization.

(Kffor water = 1.86 K kg molfl) (Delhi 2016)

When 2.56 g of sulphur was dissolved in
100 g of CS,, the freezing point lowered by
0.383 K. Calculate the formula of sulphur (S,).
(K the CS, = 3.83 K kg mol ', atomic mass of
sulphur=32¢ mol ™) (3/5 Delhi 2016)



Solutions

98.

99.

100.

101.

102.

103.

104.

105.

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

(K for water = 0.52 K kg mol ) (AI 2016)

3.9 gofbenzoicacid dissolved in 49 g of benzene
shows a depression in freezing point of 1.62 K.
Calculate the van’t Hoft factor and predict the
nature of solute (associated or dissociated).

(Given : Molar mass of benzoicacid =122 ¢ molfl,
Kffor benzene = 4.9 K kg mol ™)  (Delhi 2015)

Calculate the mass of NaCl (molar =58.5g mol ™)
to be dissolved in 37.2 g of water to lower the
freezing point by 2°C, assuming that NaCl
undergoes complete dissociation.

(Kffor water = 1.86 K kg mol ™) ( Foreign 2015)

Determine the osmotic pressure of a solution
prepared by dissolving 2.5 x 107 g of K,SO,
in 2 L of water at 25°C, assuming that it is
completely dissociated.

(R = 0.0821 L atm K! molfl, molar mass of
K,S0, = 174 g mol ™) (Delhi 2013)
Calculate the amount of KCl which must be
added to 1 kg of water so that the freezing
point is depressed by 2 K (the K for water
=1.86 K kg mol ). (Delhi 2012)

Calculate the freezing point of an aqueous
solution containing 10.50 g of MgBr, in 200 g
of water. (Molar mass of MgBr, = 184 g mol ")
(Kffor water = 1.86 K kg mol™)

(3/5 Delhi 2011)

A 0.561 m solution of an unknown electrolyte
depresses the freezing point of water by 2.93°C.
What is van't Hoff factor for this electrolyte?
The freezing point depression constant (Kj) for
water is 1.86°C kg mol ™. (Foreign 2011)

Phenol associates in benzene to a certain extent
to form a dimer. A solution containing 20 g of
phenol in 1.0 kg of benzene has its freezing
point lowered by 0.69 K. Calculate the fraction
of phenol that has dimerised
[Given K for benzene = 5.1 Km™']

(3/5 Delhi 2011C)

106.

107.

108.

109.
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An aqueous solution containing 12.48 g of
barium chloride in 1.0 kg of water boils at
373.0832 K. Calculate the degree of dissociation
of barium chloride.
[Given K, for H,0 =0.52 K m_l;
Molar mass of BaCl, = 208.34 g mol ]

(3/5, Delhi 2011C)

A decimolar solution of potassium ferrocyanide
K,[Fe(CN)¢] is 50% dissociated at 300 K.
Calculate the value of van't Hoft factor for

potassium ferrocyanide. (Delhi 2010C)

The boiling point elevation of 0.30 g acetic acid
in 100 g benzene is 0.0633 K. Calculate the
molar mass of acetic acid from this data. What
conclusion can you draw about the molecular
state of the solute in the solution?
[Given K, for benzene = 2.53 K kg mol ']

(AI 2008C)

The freezing point of a solution containing
0.2 g of acetic acid in 20.0 g of benzene is
lowered by 0.45°C. Calculate.
(i) the molar mass of acetic acid from this
data
(ii) van’t Hoff factor
[For benzene, K=5.12K kg mol™}]
What conclusion can you draw from the
value of van’t Hoff factor obtained?
(AI 2008C)

(5 marks)

110.

(i) The depression in freezing point of water
observed for the same molar concentration
of acetic acid, trichloroacetic acid and
trifluroacetic acid increases in the order as
stated above. Explain.

(ii) Calculate the depression in freezing point
of water when 20.0 g of
CH;CH,CHCICOOH is added to 500 g of
water.

[Given : K, = 1.4 x 107, K= 1.86 K kg mol ]

(Delhi 2008C)
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Detailed Solutions /

1. Number of moles of solute dissolved in one
litre solution is called molarity. It is denoted by M.
_ Number of moles of solute

~ Volume of solution in litre

2. Mole fraction is the ratio of number of moles
of solute or solvent and total number of moles of
solution. It is denoted by x.

i i

Xsolute = > Xsolvent —

3. Molality of a solution can be defined as the
number of moles of solute dissolved in one kg

solvent. It is denoted by m.
_ Number of moles of solute ny

Mass of solvent in kg 14

4. Molality is independent of temperature,
whereas molarity is a function of temperature.
5. Massofsolute=9.8g
Mass of solution = 100 g
Density of solution = 1.02 g mL™"
Mass of solution

Volume of solution = : -
Density of solution

100 g
== = 98.039 mL
1.02gmL"
=0.098 L
98¢
Number of moles of solute, n = F =0.1mol
g
. Number of moles of solute
Molarity =
Volume of solution (in L)
0.1 mol
= =1.02M
0.098 L
6.
Molarity Molality

Number of moles of | Number of moles of
solute dissolved in one | solute dissolved in one kg
litre solution is called | solvent is called molality.
molarity.

No. of moles of
solute

No. of moles
of solute

" Mass of solvent
in kg

" Volume of solution
in litre

Molarity depends on | Molality is independent
temperature as volume | of temperature as mass
dependsontemperature. | does not change with
Molarity decreases with | temperature.

rise in temperature.

7. (i) Refer to answer 2.

(ii) Refer to answer 3.

8. Mass of solution = 100 g
Mass of solute=10 g

90
Mass of solvent = 100 - 10 =90 g =——Xkg
1000 _ 6 09 kg

Number of moles of solute, n = % =0.055mol

B 0.055 mol B
©0.09kg

61m

9.  Refer to answer 6.

10. Refer to answer 6.
If My is the molar mass of solute, d is the density
of solution then molarity (M) value of a solution
can be converted into its molality () by using the
following formula,
1000 x M

(1000 x d) — (M x M)
11. Refer to answer 1.
Disadvantage in using molarity as the unit of
concentration is that it depends upon temperature.

12. Mass of the solute, C,H,(OH), =222.6 g
Molar mass of solute, C,H,(OH), = 62 g mol ™'

2226¢g
Moles of the solute = -7 =3.59
g mol
Mass of the solvent = 200 g = 0.200 kg
4226
Volume of solution = — =3%42mL
1.072 g mL — 03942 L
Molalitv = Number of moles of solute _ 3.59
Y =" Mass of solvent in kg 0.2
=1795m
) 3.59 moles 1
Molarity =—————— =9.11mol L

0.3942 L



Solutions

13. Given : Mass of solute, W, =10 g

Mass of solvent, W; =90 g

Molar mass of solute, M, = 180 g mol "

Density of solution = 1.2 g mL™"

W, x1000 10Xx1000

M, xW,  180x90
=0.62 mol kg™

mass 100g

density - 1.2gmL!

(i) Molality =

(ii) Volume of solution =

w, x1000
M2 xV
10x1000 _ 10X1000x1.2

X
ISOX% 180x100

14. AccordingtoHenry’slaw, the solubility of a gas
is inversely proportional to the Henry’s law constant

(Ky) for that gas. Hence, gas (B) being less soluble,
would have a higher Ky; value.

Molarity =

=0.66 mol L™}

15. Henry’s law states that, the partial pressure of
the gas in vapour phase (p) is proportional to the
mole fraction of the gas (x) in the solution.

P =Ky'x where, Ky = Henry’s law constant.
Different gases have different Ky; values at the same
temperature.

16. Refer to answer 15.

17. Refer to answer 15.

Applications of Henry’s law :

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

(ii) To minimise the painful effects of decompression
sickness in deep sea divers, oxygen diluted with less
soluble helium gas is used as breathing gas.

18. Increase in temperature decreases the solubility
of oxygen in water. As a result, amount of dissolved
oxygen decreases. It becomes more difficult to
breathe as oxygen is less. Hence, the aquatic species
are not comfortable in warm water.

19. Henry’s law states that at a constant
temperature, the solubility of a gas in a liquid is
directly proportional to the partial pressure of the
gas present above the surface of liquid or solution.

Refer to answers 17.

20. Applying the relationship,
m=KyXxp

In the first case, 6.56 x 107> g = Kyy x 1 bar
or, Ky =6.56 x 10> g bar™’
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In the second case,
50x1072g=(6.56x 102 gbar ') x p

50x107% g

= > 7 =0.762 bar
6.56x10"“ gbar™

21. According to Henry’s law, PN, = Ky x XN,

PN,  0.987 bar
" Ky 76480 bar

If n moles of N, are present in 1 L (i.e., 55.55 moles),
n

" n+55.55 55.55

xN, =1.29%107°

of water

xNZ

n -5
—=1.29%x10
55.55

or n=129x%10" x 55.55 moles
=71.659 x 10~ moles = 0.716 millimoles

22. T=25°C+273=298K

Total pressure (P ) = 1 atm

Pn, = mol fraction of N, in air x Py, = 0.78 x 1 atm

=0.78 atm = 0.78 x 760 mm = 592.8 mm

As Ky is in the units of M(mm)~', Henry’s law is

applied in the form :

Conc. in solution = Ky py;, = 8.42 x 107 M (mm)™!
x 592.8 mm

=4.99x10*M

23. Raoult’s law : For a solution of volatile liquids,
the partial pressure of each component in the
solution is directly proportional to its mole fraction.
Thus, for any component, partial vapour pressure,
pecx= Pi= po. X
where p° = vapour pressure of pure component

x = mole fraction of that component

24. Refer to answer 23.
25. Refer to answer 23.

26. Refer to answer 23.
Henry’s law : If gas is the solute and liquid is the
solvent, then according to Henry’s law,

p=Kyx
i.e., partial pressure of the volatile component (gas)
is directly proportional to the mole fraction of that
component (gas) in the solution.
Hence, Raoults law and Henry’s law has been
identical except that their proportionality constant
are different. It is equal to p° for Raoult’s law and Ky
for Henry’s law.

Therefore, Raoult’s law becomes a special case of
Henry’s law in which Ky; becomes equal to vapour

pressure of pure component p°.
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27. Refer to answer 23.

Let a solution consists of two volatile liquids A and B
with their mole fraction x, and xp respectively. If p
and py are their partial vapour pressures,

then,

Pa o x4 = pa=Paxyand pgoc xp=> pp = ppXp
where p% and P§ represent the vapour pressures of
pure liquid components A and B.

Piotal = Pa + PB

A plot of p, or pp against x, or xp for a solution will
be a straight line.

o o
by vpp 1 s
PTotalsz /’/

5} -7

I e

: o

a. S~
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3 AN

& .

Sl
- ba -,
x4=1 Mole fraction—> %4 =0
XR=O XRH 'szl

Ideal solutions obey Raoult law at all concentrations
and temperature.

28. Refer to answer 23.

Raoult’s law for solution containing non-volatile

solute : It states that partial vapour pressure of a

solution of non-volatile solute, pyjuion 1S directly

proportional to the mole fraction of the solvent in

the solution.

Mathematically,

Psolution = pgolvent X Xsolvent

where pg |vent = Vapour pressure of the pure solvent at
the given temperature.

or, p°- Psol =x
pO
29. Given : p3 = 450 mm Hg, pz = 700 mm Hg,
Prota =600 mm Hg, x4 = ¢
Applying Raoult’s law, p, = x, x p%
pp=xpxpp=(1-x)pp
Prow1 = pa+Pp =% X Pa + (1 - x4)p3
=P+ (Pi ~ PB)XA
Substituting the given values, we get
600 = 700 + (450 - 700)x, or, 250x, = 100

100
or x,= 250 =0.40

2

Thus, composition of the liquid mixture will be
x, =0.40
xp=1-0.40 = 0.60
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Calculation of composition in the vapour phase,
Pa=x4 % py =040 x 450 mm Hg = 180 mm Hg
pp=xpx pg=0.60 x 700 mm Hg = 420 mm Hg
Mole fraction of A in the vapour phase

P4 180

Cpytpp 1804420

0.30

Mole fraction of B in the vapour phase =1 - 0.30
=0.70

30. Non-ideal solutions that show negative
deviation from Raoult’s law form maximum boiling
azeotropes.

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

It is not possible to separate the components of
azeotropes by fractional distillation.

32. Refer to answer 31.

33. A solution which obeys Raoults law at all
concentrations and temperatures is called an ideal
solution.

34. Both alcohol and water are polar in nature
hence, they are miscible in all proportions. Water
and ethanol molecules attract —H—0--H—0
eachotherbecause of the formation | |

of H-bonds. This property also R
makes them miscible.

35. Positive deviation : For non-ideal solutions,
if the vapour pressure is higher, then it is said to
exhibit positive deviation. A—B interactions are
weaker than A—A or B—B interactions. Due to this,
vapour pressure increases which results in positive
deviation. In positive deviation, intermolecular
force decreases, volume increases, vapour pressures
increases. enthalpy increases. Therefore, AH,,;, = +ve,
AV,.. = + ve. e.g., ethanol + acetone and carbon
disulphide + acetone show positive deviation.

Vapour pressure of solution

» p>p1tpy

1 N

§ 2 = P1

[

il

-

=

o

s/

> K .

x;=0 Mole fraction x, =1

x=1 Xj—> x,=0
<—Xx

Plot for non-ideal solution showing positive deviation
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36. Refer to answer 31.

A minimum boiling azeotrope is formed by solutions
showing a large positive deviation from Raoult’s law
at a specific composition. For example an ethanol-
water mixture containing approximately 95%
ethanol by volume.

37. Negative deviation : For non-ideal solution, if
the vapour pressure is lower, then it is said to exhibit
negative deviation. A—B interactions are stronger
than A—A and B—B interactions. Due to this,
vapour pressure decreases which results in negative
deviation. In negative deviation, intermolecular
force increases, decreases, vapour
pressure decreases and heat is released. Therefore,
AH,,;, =-ve,AV, .. = - ve Example, phenol + aniline
and chloroform + acetone show negative deviation.
Vapour pressure of solution

volume

5] .

T N PSP P

g Py ‘

o > P

=S N

3 .

gL

x;=0 Mole fraction x;=1
x=1 Xy x=0

ko)

Plot for non-ideal solution showing
negative deviation

38. Refer to answer 31.

A maximum boiling azeotrope is formed by solutions
showing a large negative deviation from Raoult’s law
at a specific compostion.

For example Chloroform - acetone mixture.

39. A mixtureof ethanoland acetone shows positive
deviation from Raoult’s law. Pure ethanol possesses
hydrogen bonding. Introduction of acetone between
the molecules of ethanol results in breaking of some
of these hydrogen bonds. Due to weakening of
interactions, the solution shows positive deviation
from Raoult’s law.

40. Refer to answers 35 and 37.

41. A mixture of chloroform and acetone shows

negative deviation from Raoult’s law because
chloroform molecule forms H-bonding with acetone

molecule. As a result of this A—B interaction
becomes stronger than A—A and B—B interactions.
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This leads to the decrease in vapour pressure and
resulting in negative deviation.

H,C al
Sc=0-H—C<(l
H;C Cl

42. Refer to answers 35 and 37.

43. (i) n-Hexane and n-octane : London dispersion
forces as both the molecules are non-polar.

(ii) Methanolandacetone: Dipole-dipoleinteractions
as both the molecules are polar.

44. Refer to answers 23, 35 and 37.
45. Refer to answer 37.

46. Two solutions having same osmotic pressure at
a given temperature are called isotonic solutions.

47. Molal elevation constant may be 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 (1000 g) of the solvent). The units of K, are
therefore, degree/molality ie, K/m or °C/m or
K kg mol ™.

48. When a non-volatile solute is added to a
solvent, the vapour pressure of the solvent (above the
resulting solution) is lower than the vapour pressure
above the pure solvent.

49. Osmotic pressure is the extra pressure which
is applied on the solution to just prevent the flow of
solvent into the solution through a semi-permeable
membrane.

50. Refer to answer 46.

51. Ebullioscopic constant is the boiling point
elevation constant when one mole of solute is
dissolved in 1000 g of solvent. It is denoted by Kj,.

52. Colligative properties are the properties of

solution which depend upon the number of solute
particles and not upon the nature of the solute.

53. Reverse osmosis occurs when a pressure larger
than the osmotic pressure is applied to the solution
side.

54. (i) Theelevationinboiling pointofasolutionisa
colligative property which depends on the number of

moles of solute added. Higher the concentration of
solute added, higher will be the elevation in boiling

point. Thus, 2 M glucose has higher boiling point
than 1 M glucose solution.

(ii) When the external pressure applied becomes
more than the osmotic pressure of solution then the
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solvent molecules from the solution pass through
the semipermeable membrane to the solvent side
and the process is called reverse osmosis.

55. (i) 1.2% sodium chloride solution is hypertonic
with respect to 0.9% sodium chloride solution or
blood cells thus, on placing blood cells in this solution
exosmosis takes place that results in shrinking of
cells.

(b) 0.4% sodium chloride solution is hypotonic with
respect to 0.9% sodium chloride solution or blood
cells thus, on placing blood cells in this solution
endosmosis takes place that results in swelling of
cells.

56. The boiling point of the solution is always
higher than that of the pure solvent. As the vapour
pressure of the solution 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 the vapour pressure equal to the
atmospheric pressure.

Elevation of boiling point is a colligative property
because it depends on number of solute particles
present in a solution.

57. Given: W, ="? M, =256 gmol ', AT;= 048 K
W, =758, K;=5.12Kkg mol™
Ky XW, x1000

ATf:
M, XxW;
w2 A XMy X Wy 0.48%256x75
27 K[ x1000 5.12x1000 188

58. Given W; =1kg=1000g, W,=18g,

M, =180 g mol™*
Ty =373.15K, K, = 0.52 K Kg mol ', T}, = ?
Using formula,

W, x1000
AT, = Kp x —2——
M, xW,
0.52 Kx18x1000
or b= =0.052K
1801000
ATb = Tb - T;;)

0.052 = T, - 373.15
T, =373.15+0.052 =373.202 K

59. Whenanon-volatile solute is added to asolvent,
the freezing point of the solution is always lower
than that of pure solvent as the vapour pressure of
the solvent decreases in the presence of non-volatile
solute.
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Plot for the lowering in freezing point of water when
NaCl is added to it is shown as :

Vapour pressure ——>

Temperature/K—>

60. Osmosis : The spontaneous movement of the
solvent molecules from the pure solvent or from a
dilute solution to a concentrated solution through a
semi-permeable membrane is called osmosis.
Osmotic Pressure : The minimum excess pressure
that has to be applied on the solution to prevent
the passage of solvent molecules into it through
semipermeable membrane is called osmotic
pressure.

Osmotic pressure is a colligative property because it
depends on the number of solute particles and not
on their nature.

61. (i) Number of particles of solute

(ii) Association or dissociation of solute
(iii) Concentration of solute

(iv) Temperature

62. Refer to answer 60.

The osmotic pressure method has the advantage over
other methods because

(i) osmotic pressure can be measured at room
temperature and the molarity of the solution is used
instead of molality.

(ii) its magnitude is large as compared to other
colligative properties even for very dilute solutions.

63. The egg placed in pure water will swell because
the concentration of proteins is high inside the egg
as compared to water. Therefore, endosmosis occurs
and water diffuses through the semipermeable
membrane. The egg which is placed in sodium
chloride solution will shrink due to osmosis of water
out of the egg.

64. Given, W,=0.520g,

W, =802gK,=052Km"

M, of CgH 05 =6 x 12 +12x 1+ 6 x 16
=180 g mol ™



Solutions

K, X W, x1000
My XW;
_0.52x0.520x1000
© 180x80.2
Boiling point of solution, T}, = T + AT,
=373 K +0.019 K=373.019K
65. Refer to answer 49.
Relation between osmotic pressure and molar mass,
TV = n,RT
W,RT { W }
Sy =—=
M, M,
_W,RT
Conv
where T is osmotic pressure and
M, is molar mass of solute.
66. Mass of ethylene glycol (C,HO,), W, =31¢g
Mass of water, W; =500 g
M, (Mol. mass of C,HsO,) =62 ¢ mol ™,
Ky=1.86 Kkgmol ', Ty=?

ATb =

=0.019K

nV =

M,

, W, x1000
Using formula, ATy= K ¢ X ——r—
M, xW,;
31x1000
=186 X ——=1.86K
62 %500
ATf = Tf _Tf

or T =T} —AT; =273-1.86=271.14K

67. Massofurea=15g

Molar mass of urea = 60 g mol "

Molar mass of glucose = 180 g mol ™"

Mass of glucose = ?

For isotonic solution, osmotic pressure, T; = T,
n, = n, (when volume is same)

o w15 W,
M, M, 60 180
15x180
= W,= =45g
60

68. Mass of CaCl, (W,)=10g
Mass of water (W;) =200 g
Molar mass of CaCl, (M,) = 111 g mol ™
Molal Elevation constant = 0.512 K kg mol ™
W, X 1000
m=—————
M, xW;
101000

m= X——=0.450 m
111 200
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AT, =K, m=0.512 % 0.450 = 0.2306 K

69. (i) Refer to answer 61.
(ii) Refer to answer 52.

70. Ty=-15°C, K;= 1.86 K kg mol ™
ATy = T;=T; =0 - (-15°C) = 15°C =288 K
ATf: fo m
288 = 1.86 x —22__

0.062 x5
W, =48kg
AT, =K, xm

48

0.062 x5
AT, =80.51 K

AT,=T,- T},

80.51 = T}, - 373

T, =80.51 + 373 = 453.51 K

71. W,=1.00g, W, =50g, K;= 512 K kg mol ",

ATb =0.52 x

Asz 0.40 K
KXW, x1000
ar, - KX Wa 1000
M, XW,
- K¢ XW, x1000 5,12 x1x1000
2 W, X ATy 50 % 0.40
=256¢ mol ™!
72. Molality of sugar solution
W, x1
_ _Wpx100 5 1000 _ oo,

T M,xW, 342 95
ATy= T;—Tf=273.15-271=2.151<

ATy 215

AT;=Kyxm o Kp=—L = =2

U 7" m 0154
Molality of glucose solution

__W,x100_ 5 1000

T MyxW, 180 95
AT, (Glucose) = K;x m = —-x0.292 = 4,08
f ucose) = f m—0154 . .

Freezing point of glucose solution =
=273.15-4.08 =269.07 K

73. W,=500g
Boiling point of solution (T},) = 100.42°C
K, for water = 0.512 K kg mol "
M,(C3HgO5) = (3% 12) + (8 x 1) + (3 x 16)
=92 gmol™
AT, =T,- T,
=373.42K-373K=042K
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K}, X W, 1000
AT, =—b" 2= "7
My xXW,
AT, X MyX Wy 0.42x92 X500
A Y e LAt R =37.73g
K, x1000  0.512x1000

74. W,=450g, W,=15.0¢g
ATy= 7;— Ty=273K-272.66 K=034K
Ky=1.86 Kkg mol ™!
K s X W, 1000
M, xW;

K ¢ X W, x1000
a ATf XVVI
3 1.86 x15x1000
27 0.34%450

75. The relative lowering of vapour pressure is
given by the following expression,
(posolvent - psolution)/posolvent = 1’12/(1’11 + ”2)
for dilute solutions, 1, << n,, therefore
(posolvent - psolution)/posolvent = n2/n1
= (W, x M)/(M, x W)

(posolvent - 2'8)/p°solvent = (30 x 18)/(M2 x 90)
(posolvent - 2'8)/p°solvent = 6/M2 (1)
Similarly for second case we get,
(posolvent - 2'9)/posolvent = (30 X 18)/(M2 X 108)
(posolvent - 2'9)/p°solvent =5/M, -(2)
On solving eq. (1) and (2), we get
(Posolvent - 2'8)/(p°solvent -29)=6/5

posolvent =34 kPa
i.e., vapour pressure of water at 298 Kis 3.4 kp,
Substituting the value of p°, i eq int (1) we get,

(3.4-2.8)/34=6/M,
or 0.6/3.4=6/M,

M,=34¢g
76. i=2,K,=0.512Kkgmol™, Wy=15g
Mg =5844gmol™, W,=250¢g
i X Kj X Wy x1000

ATf =
M2

=182.35 g mol™’

ATh =
My X W,
2x0.512%15x1000
58.44 X250

Therefore, boiling point of aqueous solution,
T,=T§+AT,=373.15K + 1.05K = 37420 K
77. Wp=8.95mg=895x10"g,
R=0.0821 Latm K 'mol™, V=35x107L
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0.335
T=(25+273)K=298K, m=
760

atm

Substituting these values in the equation,
_ WpXRXT
XV
8.95x107>gx0.0821 LatmK ' mol ™! x298K

5=
0'3?)5 atm x35x107° L

Mg

My = 14193 .29 g mol ™'

78. W,=621g W,;=240g

T, = 68.04°C, T, = 61.7 °C

and Kj=3.63°C/m

AT, =T, - T, =68.04°C - 61.7°C = 6.34°C
K}, X W, x1000

ATb:
My, xW;
Ky X W, x1000
o TR xw,

3.63°C m™! x6.21g %1000
2 6.34°Cx24.0 g
79. W, =650g, AT;=7.50°C,

K= 1.86°C/m, i = 1.87 and M, =58.5 g mol '
iX K f X W, X1000

M, xW,

= 148.15 g mol ™

ATf =

ATy X My xW;  7.50°Cx58.5gmol ™' x65g

W, = =
2 ixK [ x1000 1.87 x1.86°C/m x 1000
=8199¢g

80. Refer to answer 63.

81. Concentration of the solution = 1 molar
Density of the solution = 1.06 g mL™"

M,, molar mass of KBr=39+80=119¢ mol !
K, for H,0 = 0.52 K kg mol '

M x1000
1000 d — M X M,
1x1000

m =
1000x1.06—-1x119
AT, = Kym = 0.52 K kg mol ™" x 1.0626 mol kg™
AT, =0.5525K = 0.553 K
T,=Tg+AT,=373K +0.553 K = 373.553 K

82. W,=125g W,=990g
AT, =T, - T{ = (80.31 - 80.10)°C = 0.21°C = 0.21 K
ATb = Kb-m

Molality, m=

= 1.0626 mol kg™
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AT, = Ky W2X1000 Ky Xty x1000
M2 XW]_ ATb XW]_
_ 2.53x1.25x1000 _ 3162.5 _15211=152¢ mol-!
0.21x99 20.79

83. M, (ethylene glycol) = 62 g mol ',
W, =550 kg = 5500 g, ATy= Ty~ Ty=0°C - (-10°C)

=10°C=10K

and K;=1.86Kkg mol ™!

Ky xW, x1000
ATf=——rr—

My XW;
ATy XMy xXWp 10 x62 %5500
W, = = =1833.33 g
K¢ <1000 1.86 1000
=1.833kg

84. W,=100mg=0.1g,
V=10.0mL=0.01L,
13.3
T =133 mmHg= ——atm
760

T =25°C = 273 + 25 = 298 K

R =0.0821 L atm mol ! K™
WZ

nV =—2RT
M2

W,RT

M, (Protein) =

0.1gx0.0821 L atm mol 'K ™! x298 K

E atm x0.01L
760

M, = 13980.45 g mol "
85. W;=1kg=1000g, ATf: 3K
K;=1.86 K kg mol
M,(NaCl) = 23 + 35.5 = 58.5 g mol '
i K ¢ X W, X1000
M, xW;

ATy x My X W

ix Kf x1000
[For NaCl, i = 2 because 1 mole of NaCl on

dissociation gives 2 moles of ions]
3x58.5x1000

T 2x1.86X1000

ATf =

W2 =

) 47.18¢g

86. Total moles in solution
=2 4005x2=——40.1 (- i=2forNaCl)
200 200

pV=nRT

39
nVv
n=——-
RT
X i0d= 4.92atrl1><1l_1 ~ 020
200 0.082 L atm K™ mol™ x 300 K
2 _020-0.1=0.1
200

x=0.1x200=20g

87. Molar mass of glucose, CcH,0q
=6x12+12x1+6x16=180 gmol™

Molar mass of sucrose, C;,H,,0;;
=12x12+22x1+11x 16=342gm01_1

18 68.4

Mglucose = @ =0.1 fgycrose = % =V

Total moles of solute, 1, =0.1 + 0.2 =0.3

Ky X W, x1000

ATf =
M, xXW;
K Xn, x1000
AT; Y BANC
W
1.86 K m ™ X 0.3 mol x1000
200¢g

Freezing point of aqueous solution, Ty = T}) - ATy
=273-2.79=270.21K
88. M, (glucose, C4H,,0¢) = 180 g mol ™
W, =548, W, =250 g, K;=1.86 K kg mol "
Ky xW, x1000
My xXW;
_ 1.86x54 %1000
© 180%250
Freezing point of solution, Tf= T; - ATf
=273K-223K=270.77K
89. T,=36.86°C, T} = 35.60°C
AT, =Ty~ Tj = 36.86 - 35.60 = 1.26°C
W, 1000 8 1000 80
Mm=—=-X——=—X—=—o
M, W, M, 100 M,
AT, =Kym

126=2.02% 2
MZ

=128.25 g mol ™!

ATf =

=2.23K

_ 80x2.02
27126
90. Molality = 0.1539 m,
ATy=Tf - T;=273.15- 271 = 2.15K
ATy 215

AT;=K;m or K, =——
= F = m 01539
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Again mass of solute, W, =5g
Molar mass of solute, M, =180 g mol ™!
Mass of solution = 100 g
Mass of solvent, W, =95 g
K § X W,x 1000

Using, ATf = JYRNETY
2 1

2.15%5x1000
=——=408K
0.1539%x180%95

Freezing point of solution, Ty= Tf° - ATy
=273.15-4.08 =269.07 K
91. van’t Hoff factor : It is defined as the ratio
of the experimental value of colligative property
to the calculated value of the colligative property
and is used to find out the extent of dissociation or
association. Mathematically, it is represented as

Experimental (or observed value) of colligative
. property
1=
Calculated (or normal value) of colligative
property

92. Refer to answer 91.

(i) van't Hoff factor (i) > 1 for solutes undergoing
dissociation

(ii) van’t Hoff factor (i) < 1 For soutes undergoing
association

93. Molecular mass of Na,SO,-10H,0

=[2x23432+16x4+10x (2x1+16)]

= (46 + 32 + 64 + 180) g mol ' = 322 g mol ™

Na,SO,-10H,0 ionises as :

Na2804’10H20 # 2Na+ + SO4_ + 10H20

= i=3

ng _ Wg _ 6.00g

Wy Mg xWyu  322gmol™! x0.1kg
=0.186 mol kg’ = 0.186 m

Also,ATf: in-m
=3x1.86Km™ x0.186 m = 1.04 K
= Tj= T}’ - ATy = (273 - 1.04) K = 271.96 K

94. Molality of solution, m = 1.00 m

Boiling point of solution, T}, = 100.18°C = 373.18 K
Boiling point of water (solvent), T}, = 100.00°C = 373 K
AT,=T,-T,=37318 K-373K=0-18 K

AT, =iKym

0.18 K =i x Kym

0.18 K=ix0.512Kkg mol™ x 1 mol kg_1
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0.18K
i= N N =0.35
0.512K kg mol™" X1 mol kg~

95. Refer to answer 91 and 92 (i).

i for MgCl, =3
W, x1000 .

Molality, m= 2 = 1.9%1000 =04 m
M, xW, 95X 50

ATf= 3x1.86x04=2232K

Freezing point of solution, , Tf= TJ? - ATf
=273-2232K=270.77K

97. W,=2.56g W, =100g AT;=0383K

K;=3.83 Kkgmol ', ATy=Kyx m

W, 1000
= ATf =K % —Lx—
2 W
W, x1000 2.56 x 1000
A']} X W 0.383 x 100
=256 g mol ™’
Normal atomic mass 32 1
= = =
Observed atomic mass 256 8
Sulphur exists as Sg.
98. W,=4g,M,=120¢g mol ™!
W, =100 g, K}, = 0.52 K kg mol ™"
For complete dissociation, i = 2
Using formula, AT, = iKym
iX Ky xW, x1000 4x1000
or AT, = b= 2 =2X0.52X ————
My, XxW; 120x100
=0.34K

Ty =Ty, + AT, =100+ 0.34 =100.34°C
99. W,=39g W, =49 AT;=162K,M,=122gmol ",
Ky=4.9Kkg mol ™

ATy= i Ko = ixIg, x X100
My XW;
i X4.9%3.9X1
o Lep=iX 9x3.9x1000
122X 49
1.62X122x 49
= i=———=0.506

i= =0.
4.9%3.9%x1000
As i < 1, solute is associated.

iXK ; X W, X1000

100. Asz lem =
My XW;

2_2><1.86><W2><1000

58.5%37.2
= W,=117g




Solutions

101. Mass of K,S0,, W, =25x 107 g
Molar mass of K,8O,, M, = 174 g mol "
V=2L,T=25C=298K
R=0.0821Latm K ' mol™

_ W, RT
We know, osmotic pressure, 7=
M,V
- 25107 x0.0821x 298
174 %2
_61.1645x10°

=0.1758 1072 atm
348

102. AT;=2K, K;=1.86 K kg mol
W, = 1kg, ATy=i Kym, My(KCl) = 74.5 g mol
i =2 for KCl
ixK X W, 1000
My XW;
- 2x1.86 X W, x1000
74.5x1000
= W,=4005g
103. W,=10.50g, W, =200 g
M;,(MgBr,) = 184 g mol ™’
Ky=1.86 Kkg mol™’

MgBIy(g) — Mg(hg) + 2Br(yy, i = 3
iXK § X W, 1000
My xXW,

3x1.86x10.50 X 1000

184 %200
Freezing point of solution, Ty= Ty~ ATy=273 - 1.592

=271.408 K

ATf =

ATf: lem, ATf =

=1.592K

104. m =0.561 m, AT;=2.93°C and
Ky=1.86°Ckg mol ™!
ATy 2.93°C

= = N =2.807
Kym 1.86°C kg mol ™ x0.561 m

i

105. Here, n = 2 because phenol forms dimer on
association.
W, =20 g W, = 1 kg = 1000 g, AT} = 0.69 K,

Kf=51Km™"

K ¢ X W, 1000
ATf e —

My xXW;

KXW, x1000 51x20x1000

M, = S = =147.82
ATy xW, 0.69 %1000

MZ(observed) = 147.82
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M2(calculated)
CeHsOH=6x12+6x 1+ 16 =94 gmol "

- M2(calculated) _ 94

= =0.635
147.82

observed)
i—1 _ 0.635-1 _ 0.365

=N

106. Here, n = 3 because 1 molecule of BaCl, on
dissociation gives three ions.

W,=1248¢ W, =1.0kg=1000g

T, = 373.0832 K, K}, for H,O = 0.52 K m™"

and M,(BaCl,) = 208.34 g mol "

AT, =T, - Ty = 373.0832 K - 373 K = 0.0832 K

K}, X W, X1000

o= =0.73=73%

Mz(observed) = ATb x W,
1
0.52x12.48 %1000
Mj(observed) = 0.0832 %1000 =78

1
M2(observed) =78¢g mol

-1
i = Mz(calculated) _ 208.34 g m‘j =267
M2(observed) 78 g mol

i—1 267-1 1.67
=l e T Y 0.835=83.5%
n—1 3-1 2

107. C= i M
10
K,[Fe(CN)4] — 4K" + [Fe(CN)¢]*

n=>5

50
Degree of dissociation, o= ﬁ =0.5

i—1 i—-1 i—1
,05= ,05=——

n—1 5—-1 4

= i-1=2 .. i=3

So, osmotic pressure, T = iCRT

o=

=3X L % 0.0821 x 300 = 90 x 0.0821=7.389 atm
10

Ky xW, x1000  2.53x0.30 1000
AT, xW,  0.0633x100
=120 gmol™
Molar mass of CH;COOH = 60 g/mol

108. M2 =

;= M2(calculated) _ ﬂ _

1
= —=0.5
M2(observed) 120 2
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Here, i < 1, therefore the solute acetic acid is
associated in benzene.

Ky W, x1000 512 x0.2x1000
ATeXW,  045x20
=113.77 g/mol ™’
(ii) Molar mass of acetic acid = 60 g/mol

109. (i) M, =

_ M2(calculated) _ 60
113.77

MZ(observed)
i < 1, the solute acetic acid is associated in benzene.

110. (i) The depression in freezing point is in the
order :
Acetic acid < trichloroacetic < trifluoroacetic acid

H_ Cl F
H— C—COOH < c1— C—COOH < F— C—COOH
H” cl” i

Fluorine has the highest electron withdrawing
inductive effect (I effect) so trifluoroacetic acid is
the strongest acid and acetic acid is the weakest acid.
Therefore, trifluoroacetic acid ionises to the greater
extent and acetic acid ionises to the minimum extent.
Greater the number of ions produced, greater is the
depression in freezing point.
(ii) Molar mass of CH;CH,CHCICOOH
=4x12+7x1+355+2%x16= 122.5gmol"1
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Number of moles of CH;CH,CHCICOOH
20

=0.1632 mol
22
Molalitv of solution = Moles of solute X 1000
Oy OF SOTHOR T fass of solvent (g)
0.1632x1000
=———=0.3264m

500

CH3CH2CHCICOOH(aq) =

CH,CH,CHCICOO(, + H; g
Initial conc. C

Equili. conc. C- Ca COL COL
where, Ot is the degree of dissociation of acid.
2
Cal
- (Co)” _ 2
C(l—-o)

/ . /14><10
0.3264
1

o=— = 0065=—
n—1

(" I>>>0)

.- For the given acid n =2
because 1 molecule gives
2 particles on dissociation.]
i=1+0.065=1.065
ATy =iKym
=1.065 x 1.86 x 0.3264
ATf= 0.6465 = 0.65 K

“«WO»



~ Electrochemistry

3.1 Electrochemical Cells 3.5 Electrolytic Cells and Electrolysis
3.2 Galvanic Cells 3.6 Batteries

3.3 Nernst Equation 3.7 Fuel Cells

3.4 Conductance of Electrolytic Solutions 3.8 Corrosion

Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2016-2007)
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Topic—>
» Maximum total weightage is of Nernst Equation. » Maximum SA Il type questions were asked from
»  Maximum VSA and SA | type questions were asked GBI,
from Conductance of Electrolytic Solutions.
( QUICKRECAP )
Q Electrochemistry : It is the study of the use of electrical energy to bring about
production of electricity from energy released non-spontaneous chemical transformations.

during spontaneous chemical reactions and
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Differences between electrochemical cell and electrolytic cell :

Electrochemical cell (Galvanic or Voltaic cell)

Electrolytic cell

1. Itis a device which converts chemical energy into
electrical energy.

1.1t is a device which converts electrical energy into
chemical energy.

2.1t is based upon the redox reaction which is
spontaneous. i.e., AG = -ve

2. The redox reaction is non-spontaneous and takes place
only when electrical energy is supplied. i.e., AG = +ve

3. Two electrodes are usually set up in two separate
beakers.

3. Both the electrodes are suspended in the solution or
melt of the electrolyte in the same beaker.

4. The electrolytes taken in the two beakers are
different.

4. Only one electrolyte is taken.

5. The electrodes taken are of different materials.

5. The electrodes taken may be of the same or different
materials.

6. The electrode on which oxidation takes place is
called the anode (or —ve pole) and the electrode
on which reduction takes place is called the
cathode (or +ve pole)

6. The electrode which is connected to the —ve terminal
of the battery is called the cathode; the cations migrate
to it which gain electrons and hence, a reduction takes
place, the other electrode is called the anode.

7. To set up this cell, a salt bridge/porous pot is used.

7. No salt bridge is used in this case.

@ Nernst equation : For a reduction reaction,
Mn+(aq) + ne —> M(s),

E .= o 2.303RT o 1
cell = Fcell
nF (M)
aq)
° 0.0591 1
Ecell = Ecell - n lOg [Mn+ ]
(aq)

For concentration cell, EMF at 298 K is given by

Mlog& where C, > C;

1

cell =

Q Applications of Nernst equation :

»  To calculate electrode potential of a cell :
aA+bB—"— xX+yY
o 00591  [XT*[Y)
Ecen = Ecenn = lo ar b
n [A][B]
»  To calculate equilibrium constant :

At equilibrium, E.; =0
0.0591

o

Ecell =

logK, at298 K

©

Relation between cell potential and Gibbs
energy change :

AG® = -nFE° 4 ; AG® =-2.303 RT log K,
0 Conductance in electrolytic solutions :
Property Formula Units Effect of dilution
Conductance (G) 1 4  Ka Ohm™ (Q!)/Siemens (S) | Increases as larger number of
R = a = T ions are produced.
Specific conductance (k) 1 I Ohm!'cm™/Sm™! Decreases as number of ions per
or conductivity 5 or G; cm?® decreases.
Equivalent conductivity K x Vor Q'cm?eq/Sm?eq! Increases with dilution due to
(Agp) y 1000 large increase in V.
N
Molar conductivity (A,,) K x Vor Q! cm? mol™'/S m? mol™! | Increases with dilution due to
1000 large increase in V.
M
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©

When
concentration approaches zero i.e. ; at infinite
dilution, the molar conductivity is known as
limiting molar conductivity (A5,).

Limiting molar conductivity

Variation of molar
concentration :

conductivity with

For a strong electrolyte it is shown by Debye-
Huckel Onsager equation as follows :

A, =A, —AJC

Atxan
40\0\0*0_0-0 Strong electrolyte
T oo T like KCI
A \
m Q\O\-O’ Weak electrolyte like
CH,COOH

c—>

Here, A,,= Molar conductivity at infinite
dilution (Limiting molar
conductivity)

A,, = Molar conductivity at V-dilution

A = Constant which depends upon nature of

solvent and temperature

C = Concentration

Plot of A,, against C'? is a straight line with

intercept equal to A,, and slope equal to ‘~A’

Thus, A, decreases linearly with \/E , when
C=0,A°, =A and AS, can be determined
experimentally.

For weak electrolytes : There is a very large
increase in conductance with dilution especially
near infinite dilution as no. of ions increases. A°
m increases as C decreases but does not reach a
constant value even at infinite dilution. Hence,
their A,, cannot be determined experimentally.
For a strong electrolyte : there is only a small
increase in conductance with dilution. This
is because a strong electrolyte is completely
dissociated in solution and so, the number of
ions remain constant and on dilution, inter-
ionic attractions decreases as ions move far apart.

Kohlrausch’s law of independent migration of
ions : It states that limiting molar conductivity
of an electrolyte can be represented as the sum
of the individual contributions of the anion and
cation of the electrolyte.

45

A5, =V, A5 +V_A°whereA’ and A’ arethelimiting
molar conductivities of the cation and anion
respectively and v, and V_ are stoichiometric
no. of cations and anions respectively in one
formula unit of the electrolyte.

© Applications of Kohlrausch’s law :

>

Calculation of molar conductivity of weak
electrolytes :

Am (cH,cO0H) = )‘CH3COO‘ t hyge

= ()‘H+ thar )+ ()‘CH3coo* t )_
(}\'NaJr + }‘cr )

= A% Hel) + A (CH,COONa) ~ An (NaCl)

Calculation of degree of dissociation :
Cc

Degree of dissociation (o) =

o
m

_ Molar conductivity at concentration ¢

~ Molar conductivity at infinite dilution

Calculation of dissociation constant (K.) of
weak electrolyte :

AB=—A"+B"
Initial conc. c 0 0
Conc. at equil. (c-ca) oL coL
_colXceo COC2
C (c—ca) (1-a)

Electrolysis : It is the process of decomposition
of an electrolyte by passing electricity through
its aqueous solution or molten state.

Faraday’s first law of electrolysis : The amount
of chemical reaction which occurs at any
electrode during electrolysis by a current is
proportional to the quantity of electricity passed
through the electrolyte (solution or melt).

wo Qorw=2Q =72 x 1 x t where Z is
electrochemical equivalent of the substance
Eq. wt. of substance

96500

Faraday’s second law of electrolysis : The
amounts of different substances liberated by the
same quantity of electricity passing through the
electrolytic solution are proportional to their
chemical equivalent weights.

deposited and Z =

Wi _E
=— where E is the equivalent weight.
w, E
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o Products of electrolysis :

Products Reactions involved
plecrolre catﬁ:)de anlttde At cathode Atanode
Molten NaCl | Na metal | Cl, gas Na(’;) +e —> Nag, Cly—> %Clz@ +e
Aqueous NaCl | H, gas | Cl, gas | H,Oy) + e —> % Hyy + OHy) | Clpy —> %Cll(g) +e
Dil. H,S0, H,gas |O,gas |Hg,+e —> %Hz@ 2H,0 ) —> Oy + 4H{,,) + 4e”
Conc. H,8O, |[H,gas |S,0% |H(,+e —> % Hy 2507 p = $:05(ug + 26

0 Some commercial cells :

»  Primary cells : Cells once exhausted cannot be used again e.g., dry cell and mercury cell.

»  Secondary cells : Rechargeable cell which can be used again and again e.g., nickel-cadmium cell and lead
storage battery.

»  Fuel cells : Cells which can convert the energy of combustion of fuels such as H,, CO, CH,, etc. into
electrical energy e.g., H, - O, fuel cell.

0 Dry cell, lead accumulator and fuel cell :

Dry cell Lead storage battery Fuel cell

Anode Zinc Lead Porous carbon containing
catalysts (H, passed)

Cathode | Graphite Lead dioxide Porous carbon containing
catalysts (O, passed)

Electrolyte | MnO, + C (touching cathode) H,SO, (38%) Conc. aqueous KOH

NH,CI + ZnCl, (touching anode)

Anode Zny —> ZnG,) +2e Pb(, + SO%y —> Hy + 20H ) —>

reaction PbSO,, + 2e 2H,0() + 2¢e”

Cathode | MnO,, + NHY,, + ¢ PbO,( + SO%, + 4H" + 2e | Oy + 2H,0) + de”

reaction —> MnO(OH),, + NHy, —> PbSO,, + 2H,0y, —> 40Hj,,

0 Corrosion : The slow eating away of metals when exposed to the atmosphere is called corrosion.

0 Corrosion of iron (Rusting) : It is an electrochemical phenomenon which occurs in the presence of
moisture and oxygen.

At anode : 2Fe,) —> 2Fe’" () + 4e”
At cathode : OZ(g) + 4H+(aq) +4e —> 2H20(l)
Overall reaction : 2Fe,) + Oy, + 4H*(,;) —> 2Fe’" ) + 2H,0.

o Methods used for prevention of corrosion : Barrier protection, sacrificial protection, anti-rust
solutions.
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Previous Years’ GBSE Board Questions

3.1 Electrochemical Cells

m. (2 marks)

1.

Define electrochemical cell. What happens if
external potential applied becomes greater than
E°.. of electrochemical cell? (2/5, AI 2016)

3.2 Galvanic Cells
(1 mark)

2.

Represent the galvanic cell in which the
reaction

2 2
Zny + Cu'gy) — Zn'g, + Cu takes place.

(1/3, Delhi 2013C)

What is the necessity to use a salt bridge in a
Galvanic cell? (Delhi 2011C)

(2 marks)

On the basis of standard electrode potential
values stated for acid solutions, predlct whether
Ti** species may be used to oxidise Fe' to Fe''’.
Reactions :

Ti*' + e — Ti**
Fe** + e — Fe’*

;+0.01
;+0.77 (AI 2007)

Two half-reactions of an electrochemical cell
are given below :
MnOyq) + 8H g 15 — Mn%! (aq) +4H,0(p), E°
=+ 151V
Snihy — Sn'y +2¢7, E°=+0.15V
Construct the redox equation from the standard
potential of the cell and predict if the reaction
is reactant favoured or product favoured.
(Delhi 2011, AI 2010, 2009)

Given that the standard electrode potential (E°)
of metals are :
K'/K=-2.93V,Ag"/Ag=0.80V,

Cu’*/Cu =034V,

Mg”'/Mg = -2.37 V, Cr’*/Cr = -0.74 V,

Fe’* /Fe=-0.44 V.

Arrange these metals in an increasing order of
their reducing power (AI2010)

Formulate the galvanic cell in which the
following reaction takes place :

2
Zn(s) + 2Ag?aq) —_—> Zn (-;‘1) + 2Ag(s)

State :
(i) Which one of its electrodes is negatively
charged.
(ii) The reaction taking place at each of its
electrode.
(iii) The carriers of current within this cell.
(Delhi 2008)

m]l (3 marks)

8.

A cell is prepared by dipping copper rod in 1 M
copper sulphate solution and zinc rod in 1 M
zinc sulphate solution. The standard reduction
potential of copper and zinc are 0.34 V and
-0.76 V respectively.
(i) What will be the cell reaction?
(i) What will be the standard electromotive

force of the cell?
(iii) Which electrode will be positive?

(Delhi 2011C)

Depict the galvanic cell in which the reaction
Zngy + 2Ag(, — an(;q) + 2Ag, takes place.
Further show :
(i) Which of the electrode is negatively
charged?
(ii) The carriers of the current in the cell.
(iii) Individual reaction at each electrode.
(Delhi 2010C)

3.3 Nernst Equation
(2 marks)

10.

11.

12.

Calculate A G° for the reactlon

Mg Bk Cu(aq) —> Mg@q + Cugg

Given E3; =+2.71 V,1F = 96500 C mol™
(2/3,A12014)

Equilibrium constant (K,) for the given cell

reaction is 10. Calculate E°

A

cell*
2

Al *+ By
(2/3,Foreign 2014)

The standard electrode potential (E°) for

Daniell cell is +1.1 V. Calculate the AG® for the

reaction.

Zn(s + Cu _) Zn (aq) + CU(S)

(1F= 96500 C mol™)

2+
© T By =

(A 2013)



48

13.

14.

15.

16.

The standard electrode potential for Daniell cell
is 1.1 V. Calculate the standard Gibbs energy for
the cell reaction.

(F = 96,500 C mol ™) (Delhi 2013C)

A zincrod is dipped in 0.1 M solution of ZnSO,.
The salt is 95% dissociated at this dilution at 298
K. Calculate the electrode potential.

(E°y2+ /7 = — 0.76 V] (Delhi 2012C)

Determine the value of equilibrium constant
(K,) and AG® for the following reactions :
Ni() + 2Ag(y — Ni*ly,) + 2Ag(, E° = 1.05V
(1 F=96500 C mol™)

(Delhi 2011, Foreign 2011)
Calculate the emf for the given cell at 25° C:
Cr|Cr’* (0.1 M) || Fe** (0.01 M)| Fe
Given :

E

o

ooy =074V, E;ez+ Jpe = 044V

(2/5, Delhi 2009C)

m (3 marks)

17.

18.

19.

20.

21.

Calculate e.m.f. of the following cell at 298 K
2Cr(y + 3Fe**(0.1M) — 2Cr**(0.01M) + 3Fe,)
Given : Efc3+cpy = =0.74 V, Efpe2+pe) = —0.44 V
(Delhi 2016)
Calculate E°. for the following reaction at
298 K.
2Al +3Cu”(0.01M) — 2AI**(0.01M) + 3Cuyy
Given: E g =198 V (3/5,A1 2016)

Calculate emf of the following cell at 25°C:

Fe|Fe” (0.001 M)||H'(0.01 M)[H,q(1 bar)[Pt

E°(Fe’'|Fe) = -0.44 V, E°(H'|H,) = 0.00 V
(Delhi 2015)

Calculate the emf of the following cell at 25°C

Zn|Zn* (0.001 M) || H'(0.01M)| Hy (1 bar) | Pt

=076 V, E . i) = 000 \%

(Foreign 2015)

o

E(Zn“/Zn) -

For the cell reaction

. .2
Ni(y) [Ni'Gag)||Ag ag)| Ao
Calculate the equilibrium constant at 25°C.
How much maximum work would be obtained
by operation of this cell?

22.

23.

24,

25.

26.

27.

28.
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o o

E(Zn2+/Zn) =-0.25 Vand EAg*/A

(3/5, Delhi 2015C)

Calculate the standard cell potential of the

galvanic cell in which the following reaction

takes place :

Felig) + A8 lap = Felag + Ag

Calculate the A,G° and equilibrium constant of

the reaction also,

=0.80V; EFe3+/Fe2+ =077V
(3/5, Delhi 2015C)

Calculate the emf of following cell at 298 K :

Mg, | Mg”*(0.1 M) || Cu®*(0.01 M)|Cu,

[Given: E% = +2.71 V, 1 F = 96500 C mol ']

(3/5, Delhi 2014)

Estimate the minimum potential difference
needed to reduce Al,O; at 500°C. The Gibbs
energy change for the decomposition reaction

=0.80V
8

(EAg+ /Ag

2 4
5A1203 - gAl + 02 is 960 k]
(F =96500 C mol™) (3/5,Delhi 2014C)

Calculate the emf of the following cell at 298 K :
Fe(y|Fe®"(0.001 M)|[H"(1 M)[H, (1 bar), Pt
(Given E° ;= +0.44 V) (Delhi 2013)
Calculate the emf of the following cell at 25°C :
Agy|Ag' (107 M)[|Cu®* (107" M)|Cuy
Given: E°. =+ 0.46 V and log 10" = n.

(A1 2013)

In the button cell, widely used in watches, the
following reaction takes place.
Zngy + A0y + Hy0( — Zn', + 2Ag,
+20H,,
Determine E° and AG® for the reaction.
(Given : Eygs/pg = +0.80 V, E%21/7, =~ 076 V)
(3/5, Delhi 2012)
A voltaic cell is set up at 25°C with the following
half cells :
AI/AT** (0.001 M) and Ni/Ni** (0.50 M)
Write an equation for the reaction that occurs
when the cell generates an electric current and
determine the cell potential.
Eyizon = — 0.25 V and E° 3+ = - 1.66 V.
(log8x 10°=-509)  (3/5 AI 2012, 2011,
3/5, Foreign 2011, 3/5, Delhi 2009)
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29.

30.

31.

32.

33.

34.

35.

The cell in which the following reaction occurs :
2Fely) + 2Ly — 2Felly + Ly
has E° = 0.236 V at 298 K, Calculate the
standard Gibbs energy and the equilibrium
constant of the cell reaction.
(Antilog of 6.5 = 3.162 x 10°; of 8.0

=10 x 10%; 0of 8.5 = 3.162 x 10°)

(Delhi 2012C)

Calculate the potential for half-cell containing
0.10 M K,Cr,05(,)» 0.20 M Cr** ) and
1L.0x107*M H{,,)- The half cell reaction is :
Cry0%yy) + 14H ) + 66" — 2Cr{;,) + 7H,0
and the standard electrode potential is given as
E°=133V. (3/5, A12011)

For the cell

Zng | Zn** (2 M) || Cu** (0.5 M) | Cu,
(a) Write equation for each half-reaction.
(b) Calculate the cell potential at 25°C
Given :

o o

E, 2, ==076 ViE, 5, . =+034V
(Delhi 2011C)

Calculate the equilibrium constant, K for the
reaction at 298 K,
2 N2
Zn(s) + Cu (;q) — Zn (-;q) + Cu(s)
Given : AG® = - 212.300 kJ mol ™

E =-0.76 V; E

o

cutticy= T 034V

(AI 2011C)

A copper-silver cell is set up. The copper ion
concentration is 0.10 M. The concentration

zn*" /Zn

of silver ion is not known. The cell potential
when measured was 0.422 V. Determine the
concentration of silver ions in the cell.

Given :

E =+0.80V, E’

Agt/Ag Cu**/Cu
(3/5, Delhi 2010, AI 2009)

A voltaic cell is set up at 25° with the following

half cells :

Ag'(0.001 M) | Agand Cu** (0.10 M) | Cu

What would be the voltage of this cell?

(E°. = 0.46 V) (AI 2009)

=+034V

A voltaic cell is set up at 25°C with the following
half-cells :
Al | APP* (0.001 M) and Ni [Ni** (0.50 M)

36.

37.

38.

39.
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Calculate the cell voltage
[EN12+|Ni =-025V, EA13+|A1 =-1.66 V]
(3/5, Delhi 2009)

Calculate the equilibrium constant for the
reaction
2 N T2
Fe(s) + Cd (;q) — Fe (;q) + Cd(s)
Given :
[E

o

cticd = 0.40 V, E;e2+|Fe =-044V]

(3/5, Delhi 2009, 2009C, 3/5, AI 2009)

One half-cell in a voltaic cell is constructed
from a silver wire dipped in silver nitrate
solution of unknown concentration. Its other
half-cell consists of a zinc electrode dipping in
1.0 M solution of Zn(NO;),. A voltage of 1.48 V
is measured for this cell. Use this information
to calculate the concentration of silver nitrate
solution used.

(B2t 7 == 076 Vo )

o

=+0.80V
|Ag ]

(3/5, Delhi 2009)

Calculate the standard cell potential of a
galvanic cell in which the following reaction
takes place :

2Cr(y + 3CdT,,) — 2Cr{, + 3Cd

Calculate A,G° and equilibrium constant, K of
the above reaction at 25°C.

Given :

ECr3*/Cr
(F=96,500 C mol™") (Delhi 2008C)
(i) Formulate the electrochemical
representing the reaction ;

ZCI’(S) + 3Fe%;q) > ZCr?;q) + 3Fe(s)

(ii) Calculate E°_.

(iii) Calculate E_ at 25°C if

[Cr’*] = 0.1 M and [Fe**] =0.01 M
Given :

o

cr*tic

=—074V,E ,, ~=-044V
Fe“" /Fe

cell

=—074V,E ,, ~=-044V
r Fe“" /Fe

(3/5, AI 2008C)

(5 marks)

40.

Calculate e.m.f and AG for the following cell
Mg | Mg™* (0.001 M) || Cu** (0.0001 M) | Cuyg)

=-2-37V,E =+0.34V

E(Mg2+ /Mg) (Cu?*/Cu)

(AI 2015)
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41.

42,

Calculate the standard electrode potential of
Ni**/Ni electrode if emf of the cell

Ni(,)|Ni**(0.01M) || Cu** (0.1M)| Cuyyis 0.059 V.

[Given : E Cu?t /Cu = + 0.34 V] (Delhi 2009C)

Calculate the cell emf and A,G° for the cell
reaction at 25°C

Zn, | Zn** (0.1 M) || Cd** (0.01 M)| Cd,
Given :

o

E
Z0%* 1 Zn

1 F=96,500 Cmol ™}, R=8.314] K ! mol™
(AI 2009C)

=-0.763V,E’ ,, =-0403V
Cd="/Cd

3.4 Conductance of Electrolytic

Solutions

(1 mark)

43.

44.

45.

46.

47.

48.

49.

50.

51.

Define limiting molar conductivity. Why

electrolyte

decreases with the decrease in concentration?
(1/2, Delhi 2015)

conductivity of an solution

State Kohlrausch’s law of independent migration
of ions. Write its one application.
(1/2, Foreign 2015)

Define the following term :

Molar conductivity (A,,)  (1/5, Delhi 2015C)

Define the following term :
Kohlrausch’s law of independent migration of

ions. (1/5, Delhi 2015C)

Define the following term : Limiting molar
(1/5, Delhi 2014)

State and explain Kohlrausch’s law.
(1/3, Delhi 2013C)

conductivity

Express the relation between conductivity and
molar conductivity of a solution held in a cell?
(Delhi 2011)

Express the relation among the conductivity
of solution in the cell, the cell constant and the
(Delhi 2011)

Express the relation between the conductivity

resistance of solution in the cell.

and the molar conductivity of a solution.
(AI 2008)

CBSE Chapterwise-Topicwise Chemistry

m (2 marks)

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Define the term degree of dissociation. Write an
expression that relates the molar conductivity of
a weak electrolyte to its degree of dissociation.

(2/5, Delhi 2015C)

Define conductivity and molar conductivity
for the solution of an electrolyte. Discuss their
variation with concentration. (2/5, AI 2015C)

State Kohlrausch law of independent migration
of ions. Why does the conductivity of a solution
decrease with dilution? (AI2014)

Define the terms conductivity and molar
conductivity for the solution of an electrolyte.
Comment on their variation with temperature.

(Delhi 2014C)

The resistance of 0.01 M NaCl solution at 25°Cis
200 Q. The cell constant of the conductivity cell
used is unity. Calculate the molar conductivity
of the solution. (2/3, AI 2014C)

Define conductivity and molar conductivity
for the solution of an electrolyte. Discuss their
variation with change in temperature.

(A 2014C)

The conductivity of 0.20 M solution of KCI
at 298 K is 0.025 S cm™'. Calculate its molar
conductivity. (Delhi 2013, 2008, AI 2007)

The conductivity of 0.001 M acetic acid is
4 x 107 S/cm. Calculate the dissociation
constant of acetic acid, if molar conductivity at
infinite dilution for acetic acid is 390 S cm®/mol.

(2/3, Delhi 2013C, 2012C)

Express the relation among cell constant,
resistance of the solution in the cell and
conductivity of the solution. How is molar
conductivity of a solution related to its
conductivity? (AI 2012, 2010, 2/5,Delhi 2009)

The molar conductivity of a 1.5 M solution of
an electrolyte is found to be 138.9 S cm” mol ™.
Calculate the conductivity of this solution.
(AI 2012, 2010C)
The resistance of a conductivity cell containing
0.001 M KCl solution at 298 K is 1500 Q. What
is the cell constant if conductivity of 0.001 M
KCl solution at 298 K is 0.146 x 10> S em™'?
(Delhi 2010C, 2009C, 2008, 2007)
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63.

64.

65.

66.

Define molar conductivity of a substance and
describe how for weak and strong electrolytes,
molar conductivity changes with concentration
of solute. How is such change explained?

(2/5, Delhi 2009)

Define the term molar conductivity. How is it
related to conductivity of the related solution?
(2/5, Delhi 2009)

State Kohlrausch’s law of independent migration
of ions. How can the degree of dissociation of
acetic acid in a solution be calculated from its
molar conductivity data? (2/5, AI 2008C)

Explain with examples the terms weak and
strong electrolytes. (Delhi 2007)

YN (3 marks)

67.

68.

69.

70.

71.

The conductivity of 0.001 mol L™ solution
of CH,COOH is 3.905 x 10° S cm™.
Calculate its molar conductivity and degree of
dissociation (o).

Given : A° (H") = 349.6 S cm? mol™! and
A°(CH;COO") =40.9 S cm® mol ™

(3/5, AI 2016)

The conductivity of 0-20 mol L™ solution of
KCl is 2.48 X 107 S cm™". Calculate its molar
conductivity and degree of dissociation (ct).
Given X° (K") = 73.5 S cm” mol ™

and 2° (CI") = 76.5 S cm” mol . (AI 2015)

Resistance of a conductivity cell filled with
0.1 mol L™ KClsolutionis 100 Q. If the resistance
of the same cell when filled with 0.02 mol L™ KCI
solution is 520 Q, calculate the conductivity and
molar conductivity of 0.02 mol L' KCl solution.
The conductivity of 0.1 mol L™ KCl solution is
129%x10°Q " em™. (3/5, AI 2014)

The value of A°,, of A1,(SO,) is 858 S cm”mol ™,
while A’ SO}~ is 160 S cm” mol ™" calculate the
limiting ionic conductivity of AI’*.

(AT 2013C)
The electrical resistance of a column of 0.05 M
NaOH solution of diameter 1 cm and length
50 cm is 5.55 x 10° ohm. Calculate its resistivity,

conductivity and molar conductivity.
(A 2012)

72.

73.

74.
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When a certain conductance cell was filled with
0.1 MKCl, it has a resistance of 85 ohms at 25°C.
When the same cell was filled with an aqueous
solution of 0.052 M unknown electrolyte,
the resistance was 96 ohms. Calculate the
molar conductance of the electrolyte at this
concentration.
[Specific conductance of 0.1 M KCl
=129x% 102 ohm em™]
(AI 2012C)

Calculate the degree of dissociation of acetic
acid at 298 K, given that :

A,, (CH,COOH) = 11.7 S cm® mol ™!
A°,(CH;COO™) = 49.9 S cm” mol™

A°,(H") =349.1 Scm® mol™!  (Delhi 2011C)

The resistance of a conductivity cell when filled

with 0.05 M solution of an electrolyte X is

100 ohms at 40°C. The same conductivity cell

filled with 0.01 M solution of electrolyte Y has

a resistance of 50 ohms. The conductivity of

0.05 M solution of electrolyte X is 1.0 x 10* S cm ™.

Calculate

(i) Cell constant

(ii) Conductivity of 0.01 M Y solution

(iii) Molar conductivity of 0.01 M Y solution
(3/5, AI 2008C)

(5 marks)

75.

76.

(a) Define molar conductivity ofasolutionand
explain how molar conductivity changes
with change in concentration of solution
for a weak and a strong electrolyte.

(b) The resistance of a conductivity cell
containing 0.001 M KCI solution at 298 K
is 1500 Q. What is the cell constant if the
conductivity of 0.001 M KCI solution at
298 Kis 0.146 x 10> Scm™'?  (AI2012)

(a) State Kohlrausch’s law of independent
migration of ions. Write an expression for
the molar conductivity of acetic acid at
infinite dilution according to Kohlrausch’s
law.

(b) Calculate A°,, for acetic acid.

Given that

A°,(HCl) =426 S cm? mol™

A°,(NaCl) =126 S cm? mol™

A°, (CH,COONa) = 91 S cm?® mol™
(Delhi 2010)
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77.

Conductivity of 0.00241 M acetic acid is
7.896 x 107 S cm'. Calculate its molar
conductivity if  A°, for acetic acid is
390.5 S cm® mol™!. What is its dissociation
constant? (Delhi, AI 2008)

3.9 Electrolytic Cells and Electrolysis
(1 mark)

78.

79.

80.

81.

82.

Following reactions occur at cathode during the
electrolysis of aqueous silver chloride solution :
Ag+(aq) +e —> Age, E°=+080V

H' — lH E°=0.00V
(aq) T € 5 2g) B =

On the basis of their standard reduction
electrode potential (E°) values, which reaction
is feasible at the cathode and why?

(1/2, Delhi 2015)

How much charge is required for the reduction
of 1 mol of Zn** to Zn? (Delhi 2015)

Following reactions occur at cathode during
the electrolysis of aqueous copper (II) chloride
solution :

Cu2+(aq) +2e —> CU(S) E°=+40.34V

H{,,) E°=0.00 V

- 1
te —> JHyg
On the basis of their standard reduction
electrode potential (E°) values, which reaction
is feasible at the cathode and why?

(1/2, Foreign 2015)

State the Faraday’s first law of electrolysis.
(Delhi 2015C)

How much charge is required for the reduction
of 1 mole of Cu** to Cu? (Delhi 2007)

m. (2 marks)

83.

84.

State Faraday’s first law of electrolysis. How
much charge in terms of Faraday is required for
the reduction of 1 mol of Cu”" to Cu.
(2/5, Delhi 2014)
A solution of Ni(NOj3), is electrolysed between
platinum electrodes using a current of
5.0 ampere for 20 minutes. What mass of nickel
will be deposited at the cathode?
(Given : At. mass of Ni = 58.7 g mol ™,
1F = 96500 C mol™")
(Foreign 2014)

85.

86.

87.

88.

89.

90.

91.

92.

93.

CBSE Chapterwise-Topicwise Chemistry

Predict the products of electrolysis in each of

the following :

(i) An aqueous solution of AgNO; with
platinum electrodes.

(i) An aqueous solution of H,SO, with

(2/5, Delhi 2014C)

How much electricity in terms of Faradays
is required to produce 20 g of calcium from
molten CaCl,? (2/3, Delhi 2013C)

Silver is uniformly electrodeposited on a
metallic vessel of surface area of 900 cm” by
passing a current of 0.5 ampere for 2 hours.
Calculate the thickness of silver deposited.
Given : the density of silver is 10.5 g cm™ and
atomic mass of Ag = 108 amu. (2/3, AI 2013C)

How many coulombs are required to reduce
1 mole Cr,03" to Cr’*? (2/3, Delhi 2012C)

How many moles of mercury will be produced
by electrolysing 1.0 M Hg(NO;), solution with
a current of 2.00 A for 3 hours? (2/5, AI 2011)

platinum electrodes.

A solution of CuSO, is electrolysed for
10 minutes with a current of 1.5 amperes. What
is the mass of copper deposited at the cathode?

(AT 2009)

Explain why electrolysis of aqueous solution
of NaCl gives H, at cathode and Cl, at anode.
Write overall reaction.

Given :

E\ it e =271V, By o g, =083V,

E. _=+136V,E , =+1.23V
cl,/cl H*/H,/H,0

(2/5, Delhi 2009C)
Consider the reaction :
Cr,07 + 14H" + 66" — 2Cr’" + 8H,0
What is the quantity of electricity in coulombs
needed to reduce 1 mol of Cr,07°? (Al 2008)
Explain why electrolysis of an aqueous solution
of NaCl gives H, at cathode and Cl, at anode.

ENaJr/Na =-2.71 V, EHZO /H2 =-0.83 V
EClz nar =+136V,
E° =+1.23V

aHt/ L 0,/H,0
2
(2/5, Delhi 2008C)
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94. Predict the products of electrolysis obtained at
the electrodes in each if the electrodes used are
of platinum?

(i) Anaqueous solution of AgNO;.
(ii) An aqueous solution of H,SO,. (AI 2007)

m (3 marks)

95. Calculate the strength of the current required
to deposit 1.2 g of magnesium from molten
MgCl, in 1 hour.

[1F =96,500 C mol ™ ;
Atomic mass : Mg =24.0]  (3/5, Delhi 2009C)

96. A solution of CuSO, is electrolysed for
16 minutes with a current of 1.5 amperes. What

is the mass of copper deposited at the cathode?
(AI 2007)

(5 marks)

97. Three electrolytic cells A, B and C containing
solutions of zinc sulphate, silver nitrate and
copper sulphate, respectively are connected in
series. A steady current of 1.5 ampere is passed
through them until 1.45 g of silver is deposited
at the cathode of cell B. How long did the
current flow? What mass of copper and what
mass of zinc were deposited on the concerned
electrodes? (Atomic masses of Ag = 108,
Zn = 65.4, Cu = 63.5) (Delhi, AI 2008)

3.6 Batteries
(1 mark)

98. Define : Secondary batteries

(1/5, Delhi 2015C)

m. (2 marks)

99. From the given cells :

Lead storage cell, Mercury cell, Fuel cell and

Dry cell

Answer the following :

(i) Which cell is used in hearing aids?

(ii) Which cell was used in Apollo Space
Programme?

(iii) Which cell is used in automobiles and
invertors?

(iv) Which cell does not have long life?

(Delhi 2016)
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100. What type of battery is mercury cell? Why is it
more advantageous than dry cell?
(2/5, AI 2015)

101. What type of a batteryis the lead storage battery?
Write the anode and the cathode reactions and
the overall reaction occurring in a lead storage
battery when current is drawn from it.

(2/5, Delhi 2012)

102. Write the reactions taking place at cathode and
anode in lead storage battery when the battery is
in use. What happens on charging the battery?

(AI 2012C)

103. What type of a battery is lead storage battery?
Write the anode and cathode reactions and the
overall cell reaction occurring in the operation
of a lead storage battery.

(2/5, AI 2011, 2009, 2/5, Delhi 2009)

104. Mention the reactions occurring at (i) anode,
(ii) cathode, during working of a mercury cell.
Why does the voltage of a mercury cell remain

(Delhi 2011C)

105. Write the anode and cathode reactions and

constant during its operation?

the overall reaction occurring in a lead storage
battery. (2/5, Delhi 2010)

m (3 marks)

106. What is a nickel-cadmium cell? State its one

merit and one demerit over lead storage cell.
Write the overall reaction that occurs during

discharging of this cell. (AI2010C)

3.7 Fuel Cells
(1 mark)

107. Define : Fuel cell (1/5, Delhi 2015C, 2014)

108. Name the type of cell which was used in Apollo
space programme for providing electrical
(1/3, AI 2014)

power.

m. (2 marks)
109. Write two advantages of H,— O, fuel cell over
ordinary cell. (2/3, Foreign 2014)

110. What are fuel cells? Explain the electrode
reactions involved in the working of
H, — O, fuel cell. (2/3, Delhi 2013C, 2009)
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111. Give an example of a fuel cell and write the
cathode and anode reactions for it. (AI 2011C)

3.8 Corrosion

(1 mark)

112. Using the E° values of A and B predict which is
better for coating the surface of iron

[E(Fez+ ) = 0.44}

to prevent corrosion and why?

-237 V3E°,, =014V
(B“"/B)

Ep2tjay=
(AI 2016)

CBSE Chapterwise-Topicwise Chemistry

m]l (2 marks)

113. The chemistry of corrosion of iron is essentially
an electrochemical phenomenon. Explain the
reactions occurring during the corrosion of
iron in the atmosphere. (Delhi 2011)

114. Corrosion is essentially an electrochemical
phenomenon. Explain the reactions occurring
during corrosion of iron kept in an open
atmosphere. (2/5, AI 2009)

m]l (3 marks)

115. What is corrosion? Explain the electrochemical
theory of rusting of iron and write the reactions
involved in the rusting of iron.  (Delhi 2012C)
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Detailed Solutions /

1. The device which converts the chemical energy
liberated during the chemical reaction to
electrical energy is called electrochemical cell.
If external potential applied becomes greater than

E°.q of electrochemical cell then the cell behaves
as an electrolytic cell and the direction of flow of
current is reversed.
2. Representation of the galvanic cell for the given
reaction is :

Zn | Zn%;rq) II Cu%;rq) | Cu

Anode Salt Cathode
bridge
3. The salt bridge allows the movement of

ions from one solution to the other without mixing
of the two solutions. Moreover, it helps to maintain

the electrical neutrality of the solutions in the two

half cells.
4. Because standard electrode potential of
Ti*'/Ti’* is less than that of Fe’*/Fe*" so, it cannot

oxidise Fe!! to Fe'™l.

5. Atanode: Snz(;rq) —> Snﬁq) +2e]x5
At cathode : MnOj,,) + 8H" ;) + 56 —>

an(;q) + 4H20(1)] X2
Net cell reaction :
- 2
2Mn04(aq) + SSH(;:D + 16HJ(ruq) —>
2 4
. . . 2Mn (-;q) + 5Sn (Zq) + SHZO(Z)
E°eil = E°cathode = E%anode = 1.51 V = 0.15V = 1.36 V.
Since, cell potential is positive therefore the reaction
is product favoured.

6. The reducing power increases with decreasing
value of electrode potential. Hence, the order is
Ag<Cu<Fe<Cr<Mg<K.

7.  The cell reaction is
2
Zn(s) + 2Ag2—aq) —> Zn(;q) + 2Ag(s)
The cell is represented as
2
Zn(y | Znigg || Aglag | A8y
(i) Anode ie., zinc electrode will be negatively
charged.
(ii) At anode :
Zng —> Zn2+(aq) + 2¢ (oxidation)
At cathode :
Agap + € —> Ag( (Reduction)
(iii) Ions are the carriers of current within the cell.

8. (i) The cell reactions are :
Zngy—> Zn%;rq) +2e” (Anode)
Cu%;'q) +2¢” —> Cu, (Cathode)
Net reaction :

2 2
Zl’l(s) + CU(;—q) — Zn(:{q) + CU(S)
(11) Eocell = Eoright - Eoleﬂ = 034V - (— 076 V) = 110 V
(iii) Copper electrode will be positive on which
reduction takes place.
9. The reaction is

2
Zl’l(s) + 2AgJ(ruq) — Zn(;rq) + 2Ag(s)
Cell can be represented as
2

Zn | Zn(;rq) ” Agzaq) | Ag

Flow of
Electrons

&)

Zn electrode | (-) <+<— Current )

(Anode) KCl salt bridge

Ag electrod
(Cathode)

Z
wo‘—>0<— W+
“':;L
[F—

solution

Reduction
Aglgt e —Ag

Oxidation
Zny — Zn?;q) +2e”
(i) The zinc electrode is negatively charged (anode)
as it pushes the electrons into the external circuit.
(ii) Ions are the current carriers within the cell.
(iii) The reactions occurring at two electrodes are :
At zinc electrode (anode) : Zny —> an;q) +2e

Atsilver electrode (cathode) : Ag(,,) + e —> Ag
10. (a) Given:E° 4 =271V
For the reaction,
Mg + Cuf;q) —> Mgz(;q) + Cuyy,
n=2,AG°=7?
Using formula, A,G° = - nFE2y
AG® =-2 x 96500 Cmol ' x2.71V
or AG°=523.03kJ mol™
11. Ay + B,y == A(,+By
Here, n =2
using formula,
0.059

n

Eoce]l = 0(;—59 IOg 10

E° = 0.0295V

Eocell =

logK

c
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12. Heren=2,E° =11V
F=96500 C mol™
A,G° = -nFE°
A,G° = -2 x1.1 x 96500 = — 212300 ] mol ™"
=-212.3k mol™
13. Refer to answer 12.
14. The electrode reaction written as reduction
reaction is
Zn*t +2e —> Zn(n=2)
Applying Nernst equation, we get,
0.0591 1
|:EZn2+/Zn - EOZnZJr /Zn Tlog Zn2+ j|

As 0.1 M ZnSO, solution is 95% dissociated, this
means that in the solution,

[Zn®"] = == x0.1=0.095M
0.0591 1
Ey 2+, =—-0.76 - ———log——
Iz 2 %0095

=-0.76 - 0.02955 (log 1000 - log 95)
=-0.76 - 0.0295 (3 - 1.9777) = - 0.79021 V

. <2
15. NI(S) + 2Ag(‘;q) — Ni (;q) + 2Ag(5), E° = 1.05V
Here, n =2

nE°
Using formula, log K. = —<ell.
8% = 70059
2 x1.05
or logK, = =35.5932

K. = antilog 35.5932 or K, =3.92 x 10°
Again, AG® = -nFE°

AG® = -2 x 96500 x 1.05 = - 202650 ]
AG® = -202.65 K]

16. E°e = E°yign~ E%hq =~ 0.44 — (- 0.74) =0.30 V

(0.1)?

(0.01)°
=0.30-0.0394=0.26 V

17. Refer to answer 16.

18. Given cell,

2Al +3Cu’" (0.01 M) —> 2A1*(0.01 M) + 3Cug,
Ey =198V, By =7

Using Nernst equation at 298 K

£ osg. 00591

cell — 6 IOg

o 0.0591. [AI’T]?
Ecell =E cell og [ 2 ]3
6 [Cu”"]
—272
0.0591, [10
198V =E° - log [ 2]3
6 [107%]

CBSE Chapterwise-Topicwise Chemistry

0.0591 2

198 V = Eocell - 10g10
0.0591
198 V = Eoce“ - 6 ><2
B =198+ %091 _ 199y
6

19. The cell reaction is
Fe(y + 2H {4 —> Fe’(,y) + Hyy
E°_ 1 = 0.00 - (-0.44) = 0.44 V

. 0.0591, [Fe*']

Ecenl = Ecen — P 08 [H+]2
0.0591 0.001
=0.44 - log 3

2 (0.01)

=0.44 - 0.02955=0.41045V
20. The cell reaction is
Zng + 2H (g —> Zn(oy + Hyg
E°, = 0.00 - (- 0.76) = 0.76 V

. 0.0591, [zZn?*

Ecell =E cell — 10 [ 2]
2 [H']

_ 076 00591, (0.001)

2 (0.01)%

=0.76 - 0.02955=0.730 V
21. Atanode: Ni —> Ni** + 2¢”
At cathode : [Ag" + e —> Ag] x 2
Cell reaction : Ni + 2Ag" —> Ni** + 2Ag
Ecen = E%cathode = Eanode

= Epgtiag — Bzt = 0.80 V - (- 0.25)
E°y =105V

o 0.0591
Ecen =

logK,

EqXn_1.05x2
0.0591  0.0591
logk, = 35.53
K, = antilog 35.53 = 3.38 x 10”
22. E°=+0.80V -0.77V =+0.03V
A,G° = —nFE° o = -1 x 96500 x 0.03

=-2895 ] mol ™' = -2.895 kJ mol ™'
AG°® =-2.303 RT'log K,
- 2895 = —2.303 x 8.314 x 298 x log K
or logK, =0.5074

K, = Antilog (0.5074) = 3.22

logK, =
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23. The cell reaction can be represented as :
2+ 2+

Mg(s) + Ctifag) = Mgag) + Cugg)

Given: E2,; =+271V,T=298K

According to the Nernst equation :

2
o 00591 [Mggn]
Ecen = Ecen = log——~
n [Cu(aq)]
_ gy 00591 0.1

log—— =2.6805 V
0.01

3
24. AlLO; 2AP" +30%) —> 2Al + S Onn=6c

2 4 2 - -
§A1203—> §A1+Oz,n: 3 X 6¢” =4e
AG =960 x 1000 = 960000

NOW, AG = _nFE‘ZCH

. AG _ =960000

cell —

nF  4x96500
°u=-2.487V
Minimum potential difference needed to reduce
ALO, is —2.487 V.
25. Feyy| Fe**(0.001 M) || H'(1 M) [Hy(1bar) | Pt
Reactions :
Anode : Fe, —> Fe%;'q) +2e
Cathode : 2H{,,) +2¢” —> Hy,

Cell reaction : Fe(s) + ZHEraq) —> Fe%;q) + Hz(g)
n=2.
Using Nernst equation at 298 K
2+
b g 00591, [FeT X py,
cell = “cell D) 08 [H+]2

For the given cell,
E°cent = Ecathode = Eanode = E?—I+/H2 - E(;e2+/Fe
=0-(-0.44) =+ 0.44 V
Given [Fe**] =0.001 M; [H'] =1 M; Py, =1bar
Putting in Nernst equation
0.001x1
12
=0.44 - 0.0295 log 10~
=0.44 - [(0.0295) x (-3)]
=0.44 + 0.0885=0.53 V
26. The cell may be represented as
Ag(s) |Ag+ (10_3 M)l |Cu2+ (10_1 M)l Cu(s)
0.0591, [Ag'T
cell 2 g [Cu2 +]

E_q = 0.44 — 0.0295 log

Using formula E_; = E° lo
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(107)>

10
=046 - 0.0295 g 1-5= 046 — 0.0295 (-5)

E.q=0.46 V - 0.0295 log

=0.46 + 0.0295 x 5=0.6075V

27. The cell reaction in button cell :

Zny+Ag,0+Hy0—> Zn{;,) +2Ag +20H

(i) Calculation of E°_y

Reactions :

Anode : Zn, —> Zn%;rq) +2e

Cathode :

Ag,0( +HyO) + 26" —> 2Ag + 20H ) + 2

n=2

E°cen = E°cathode = E”anode = EoAgZO/Ag = E°z0241z2n
=+080-(-0.76) V=156 V

(ii) Calculation of A,G°

AG® = -nFE°

- 2% 96500 C mol™ x 1.56 V

-301080 C V mol ™"

~301080 ] mol'= - 301 kJ mol ™"

28. Atanode: Al — A13(J;q) +3e]x2

At cathode : Ni** +2¢” — Nigy] x 3

Cell reaction : 2Al,) + 3Ni2(;q) - 2Al3(;rq) +3Ni,

Applying Nernst equation to the above cell reaction,

_ 00591 (A>T
cell 2 X 3 g [Ni2+]3

Eq = E°

o

NOW, Ecell =E

NiZ*/Ni EA13*/A1
=-025V - (-1.66) =141V

—342
— 141V 0.0591 log (10 l
(0.5)

E
cell 6
log (8 x 10_6)

_ Ly 00591

0.0591
= 1.41v— 2091 < 6oy

=141V +0.050V =146V
29. 2Fe’ +2¢”—> 2Fe* and 2T —> I, + 2¢”
Hence, for the given cell reaction, n = 2
A,G®=-nFE° 4 =-2x96500x0.236 =-45.55k] mol !
A,G°=-2.303 RT log K,
AG°
2.303RT

—45.55 k] mol ™!
=— — =7.983
2.303x8.314x10°kJ K 'mol ! x 298K

K, = Antilog (7.983) = 9.616 x 10’

or logK, =
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30. For half cell reaction,

Cr,07 ) + 14H{,,) + 66" — 2Cr';, + 7H,0(

0.0591 [Crt P
Ecell =E cell — lOg _

n [Cr,O3 J[HT™
Given, E° ;= 1.33V,n=6,[Cr'*] =02 M
[Cr,02]1=01M,[H']=1x10"*M

2
0.0591 0.20
= Ecell =1.33V- IOg ( )4 14
6 0.1)(107%)
0591
— 133y 2091 log (4 x10%)
0.0591
=133V - [log 4 + log 10°]
0.0591
=133V - [log 4 + 55 log 10]
0591
—133y - 209 [0.602 + 55]

=133V -0.548V=0.782V
31. (a) Oxidation half reaction :
Zn(s) ﬁzn%;—q) +2e
Reduction half reaction :
Cu%;q) +2¢ —> Cuy,
(b) E%;=0.34-(-0.76) = 1.10 V

. 00591, [Zn®']
Ecell = Lcell = lo p
2 [Cu™]
— B =110- 0.059110gi
0.5
0.0591 2
=1.10 - 2 log—
0.5
0.059

=1.10- —— x0.6021
2

=1.10-0.0177=1.0823 V

32. AG°=-RTInK =-2.303 RTlog K.
= -212300 = - 2.303 x 8.314 x 298 x log K,
212300
or logK, = =37.2074
2.303x8.314x298

K, = Antilog 37.2074 = 1.6 x 10”.

33. 'The given cell may be represented as
Cuy, [Cu?* (0.10 M)|| Ag" (O)] Ag,
Eoceﬂ = Leathode — an.node =0.80 V -0.34 V =046 V
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0.0591, [Cu®™]

Ecen=E°can - 0og
2 T[Ag'P
or, 0422V =046V - 0.0591 log 0.1
-0.038 V =-0.0295 log . 5
[Ag]
0.1 —0.038
or, log = =1.288

[Agt]P  —0.0295

or, 5 = antilog 1.288 = 19.41
[Ag”]
0.1
[Ag']* = ol - 51519 x 107

[Ag']=7.1x107M
34. Refer to answer 26.
35. Refer to answer 28.

36. E°=Eouhode—Eonode=—0.40V—(~0.44V)=0.04V

0
anode
o

. nkE
Using formula, log K, = 0.0591 at298 K

2x0.04 V

0.0591 V
or, K, =antilog1.356 =22.38

or, K, =antilog

37. The cell may be represented as

Zn(s) |Zn%;q)(1 M) ||Agz—aq)|Ag(s)
Eocell = Egathode - Egnode =0.80V - (_ 0.76 V) =156V

Using formula,

0.0591, [Zn*]

E ,=E° oll — o
cell cell 2 g[ ]2
148 = 1.56 0.05911 1
or, . = 1. - Og
2 [ A g+ ]2

or, log[Ag']=-1.354

or, [Ag']=antilog (- 1.354)

or, [Ag']=4.426x107"M

38. T=273+25°C=298Kandn=6

E e = E°cathode = Eanode = —0.40 — (- 0.74) = 0.34 V
A,G°=-nFE° ;= -6x96500 x 0.34=-196860] mol '
Again A,G° = -2.303 RT'log K

= - 196860 = - 2.303 x 8.314 x 298 x log K

= log K=34.5014

= K =antilog 34.5014 = 3.172 x 10**
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39. (i) The cell can be represented as
Crig | Criag || Felap | Fegy
(i) EZen = Elathode — Ednode
=-0.44-(-0.74)=-0.44+0.74=030 V
(iii) Refer to answer 16.
40. Mg | Mg**(0.001 M) || Cu**(0.0001 M) | Cuyy
Reactions :

Anode: Mg, —> Mg%;q) +2e”
Cathode : Cu2+(aq) +2¢—> Cu,
Net cell reaction : Mg, + Cu%;q) —> Mg%;q) + Cuy,
n=2

Using Nernst equation :

. 2303RT, [Mg*']
Ecell =E cell log 2+

nF [Cu™"]

For the given cell

E°cent = Ecathode = Eanode = E°cuz+/cu = EOMg2+/Mg
=034V -(-237V)=271V

Given [Mg**] = 0.001 M, [Cu®*] = 0.0001 M

Putting in Nernst equation at 298 K

0.059 0.001
Ecell =271 V - _10
2 0.0001
Egy=2.71-0.0295log 10 =2.71 - 0.03 = 2.68 V

ArG == nFEcell
=~ 2% 96500 C mol " x 2.68
=-517,240 J mol ' = - 517.24 kJ mol "

41. Wehave

2+
. 0.059 I:Nl(aq):|
Eeen = Eca - 10g ot
[eudiy]
0.059 .
0.059 = E°_ - —log(mJ [Here n = 2]
2 0.1
0.059 1
0.059 = E°_; - log| —
2 10
0.059 = Eoceu - M (— log 10)
2
0.059
0059 = Eoceu +
0.059

= E° 4y =0.059- =2
2

1= 0059 _ 0.0295 = 0.03
2

Eocel
Now Eocell = Eocathode - annode
0.03=0.34- E°__,.
E° 0.=0.34-0.03 =031V

Hence, EoNi2+/Ni =+031V
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2. B cell = Eocathode -E Danode
=-0.403 - (- 0.763) = - 0.403 + 0.763 = 0.360 V

2+
o 2.303RT [Zn J
Ecen = E®en - lo (@)

2+

. 0059 [Zn(aq)J

Eeen=Ecan - 10g
e ]

2.303RT
- ——=0.059

0.059 0.1 0.059
=0.36——log(—):0.36— log10
2 0.01 2

=0.36 - 0.0295 = 0.3305=0.33 V
A,G° = - nFE°

=—2x 96500 X 0.36 = — 69480 ] mol ™

= - 69.48 k] mol™!

43. The

electrolyte is defined as its molar conductivity when

limiting molar conductivity of an
the concentration of the electrolyte in the solution
approaches zero.

Conductivity of an electrolyte decreases with dilution
because the number of current carrying particles
i.e., ions present per cm® of the solution becomes less
and less on dilution.

44. Kohlrausch’s law of independent migration
of ions : It states that limiting molar conductivity of
an electrolyte can be represented as the sum of the
individual contributions of the anion and cation of
the electrolyte.

If A°\,+ and A°q- are limiting molar conductivities
of the sodium and chloride ions respectively then
the limiting molar conductivity for sodium chloride
is given by

A° (Nacl) = ANat A

Kohlrausch’s law helps in the calculation of degree of
dissociation of weak electrolyte like acetic acid.

The degree of dissociation o is given by

where A,, is the molar conductivity and A°,, is the
limiting molar conductivity.
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45. Molar Conductivity : Molar conductivity of
a solution at a dilution V is the conductance of all
the ions produced from one mole of the electrolyte
dissolved in V cm” of the solution when the electrodes
are one cm apart and the area of the electrodes is so
large that the whole solution is contained between
them.

A, =xV

It units is S cm”mol ™’

46. Refer to answer 44.
47. Refer to answer 43.
48. Refer to answer 44.

k1000

49. A, in CGS units

-3
Kx10
A = —-

" in SI units

where x is the conductivity, M is the molar
concentration and A,, is molar conductivity.
1 1
50. K=—X—
R A
where K is the conductivity R is resistance and //A is
the cell constant.

51. Refer to answer 49.

52. The fraction of the total number of molecules
present in solution as ions is known as degree of
dissociation.

Molar conductivity (A,,) = aA°,

where A°, is the molar conductivity at infinite
dilution.

53. 'The reciprocal of resistivity is known as specific
conductance or simply conductivity. It is denoted by

K (kappa).

K= 1 or K=GX l

0] a
Hence, conductivity of a solution is defined as
the conductance of a conductor of 1 cm length
and having 1 sq. cm as the area of cross section.
Alternatively, it may be defined as conductance of
one centimetre cube of the solution of the electrolyte.
Molar conductivity of a solution at a dilution V'is the
conductance of all the ions produced from 1 mole
of the electrolyte dissolved in V cm” of the solution.
It is represented by A,

A, =xV
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Variation of conductivity and molar conductivity
with concentration : Conductivity always decreases
with decrease in concentration, for both weak and
strong electrolytes. Because the number of ions per
unit volume that carry the current in a solution
decreases on dilution.

400 —CH;COOH

200
KCl

] ] >
0 0.2 0.4
Cl/2 (mol/L)l/Z

Molar conductivity vs C'/2 for acetic acid (weak electrolyte) and
potassium chloride (strong electrolyte) in aqueous solutions

A, /(S cm? mol ™)

Molar conductivity increases with decrease in
concentration.Because that total volume, V, of

solution containing one mole of electrolyte also
increases. It has been found that decrease in k on
dilution of a solution is more than compensated by
increase in its volume.

54. Refer to answers 43 and 44.

55. Refer to answer 53.
Variation of conductivity and molar conductivity
with temperature : Both increase with increase in

temperature as degree of ijonisation increases.
1 1
56. Conductivity (k) = =X G=—-xX1
R 200
=5x107°Q " em™
Molar conductivity (A,,)
Kx1000 _ 5x107° x1000
M 0.01

57. Refer to answer 55.
58. Here, K =0.025 S cm ™', Molarity = 0.20 M

=500 Q! cm? mol™

Molar conductivity Aj, = _kx1000
Molarity
= M — 125 S cm2 mol,l
0.20

59. C=0.001 M,k=4x10"Scm™,
A° =390 S cm?*/mol
Kx1000

C

Substituting the values,

4x107> 1000 ,
A, =————— =40S cm/mol
0.001

A, =
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A;, 40
o= —=— -0.10256
AZ 390
CH,COOH == CH,CO0™ + H*
c 0 0
co(l-a) co co
« _ICHCOOTJH] co-cor _ co
. =
[CH;COOH] cl-a) 1-a
0.001(0.103)> 1.061x10™> -
= = =1.18x 10
(1-0.103) 0.897
60. Refer to answers 49 and 50.
KX 1000
61. A= ——r
M
Ay, xM 138.9x1.5 0
K=—T = —————= -(.20835S cm
1000 1000

62. Here, conductivity (k) = 0.146 x 10~ S cm™,
resistance (R) = 1500 Q

Conductivit
Cell constant = ~ONCuCHvVity

Conductance
= Conductivity x Resistance

=KXR

l: conductance = —}
resistance

=0.146 x 10 x 1500 = 0.219 cm™*

63. Strong electrolyte : The molar conductivity of
strong electrolyte decreases slightly with the

increase in concentration. This increase is due to
increase in attraction as a result of greater number
of ions per unit volume.With dilution the ions are
far apart, interionic attractions become weaker and
conductance increases.

Weak electrolyte : When the concentration of
weak electrolyte becomes very low, its degree of
ionisation rises sharply. There is sharp increase in
the number of ions in the solution. Hence the molar
conductivity of a weak electrolyte rises steeply at low
concentration.

Molar conductivity
—>

4] Concentration
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64. Refer to answers 45 and 49.
65. Refer to answer 44.

66. Weak electrolytes : The electrolytes which are
not completely dissociated into ions in solution are
called weak electrolytes e.g., CH;COOH, NH,OH,
HCN, etc.

Strong electrolytes : The electrolytes which are
completely dissociated into ions in solution are called

strong electrolytes. e.g., HCI, KCl, NaOH, NaCl, etc.

67. Using formula, A] _ k<1000
" C

Given k = 3.905x 10> S cm™"

C=0.001 mol L™
-5
3.905x10 - x1000
Ay, = =39.05 S cm” mol ™
0.001
The degree of dissociation,
A, 39.05
a=—m="""2-0]
A, 3905

[ A%, = 349.6 + 40.9 = 390.5 S cm”mol ']

68. Given : Conductivity, k = 0.0248 S cm ™!
Molarity, C = 0.20 M = 0.20 mol L™

Using formula, A,, = 1000 xK
C
e _ (1000em® L7 x(0.0248 S em ™)
-
(0.20 mol L)

=124 S cm® mol™

A; 124
o= 0.82

AL 7354765

69. Resistance of 0.1 M KClI solution R = 100 Q
Conductivity Kk = 1.29 Sm™

Cell constant G =k x R=1.29x 100 =129 m™"
Resistance of 0.02 M KCl solution, R = 520 Q

cell constant _ 129 m™!

R 520 Q
=0.248 Sm™

Conductivity, kK =

Concentration, C = 0.02 mol L™!
=1000 x 0.02 mol m~ = 20 mol m™>
K 0248 Sm™!

C 20molm™
=0.0124 S m? mol™

Molar conductivity, A, =
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70. A°, AlL,(SO,); = 2A°, A" + 31°,S0;
= 858 =2)°, A" + 3 x 160

858 — 480

= A°,APY = =189 S cm?® mol™

71. Given : Diameter = 1 cm, length = 50 cm
R=5.5x 10 ohm, M = 0.05 M

p=2? K=? A, =7?

Area of the column,

2
1 3.14
a=mr=314x| - cm| =2 cm®
2 4
Resistivity,

3.14 cm?
4 x50 cm

p=R-==55%10> ohm X

N

=86.35 ohm cm
1
Again, conductivity, K = —

1 _ _ -
=——=1.158x10"2 ohm ' em™!
86.35
10°
and molar conductivity, A, =K -—

-2 -1 -1 10°
=1.158 x10“ ohm™ cm™ X ——

=231.6 ohm™! cm? mol ™!

72. k¥ =129%102ohm cm™
1

K= E x Cell constant

= Cellconstant=kxR=1.29Sm ' x85=109.65m "
For second solution,

1
K= E x Cell constant = x 109.65 m™"

6 Q
=1.142Q'm™!

k%1000 1.142 @ 'm~'x1000 cm?

" M 0.052
1142 Q 'em ™' x1072x1000 cm’
m 0.052 mol

=219.61 S cm? mol™

73. According to Kohlrauch’s law,
A°CH;COOH = A°CH;COO™ + A°H"

Degree of dissociation, a0 = —

m

117 Sem’mol ™ 117

-2
(49.9+349.1) S cm?mol ™! 390
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74. For electrolyte X :

Molarity = 0.05 M

resistance = 100 ohms

conductivity = 1.0 x 10* S cm™"

For electrolyte Y':

Molarity = 0.01 M

resistance = 50 ohms

conductivity = ?

(i) Cell constant, G’
= conductivity (k) x resistance (R)
=100x1x10*=10%cm™
Conductivity of solution Y'is

G 107
= =g =002x 10°=2x10"*Scm™
K x1000
Molar conductance, A,, = Y

—4
_ —wa x1000 =20 ohm™ cm® mol™!

0.01
75. (a) Refer to answers 45 and 63.
(b) Refer to answer 62.

76. (a) Refer to answer 44.
A%(CH;COOH) = A+ + A, coo

(b) A, (HCI) =X+ + Ag-

A°, (NaCl) = A5y, + + A

A}, (CH;COONa) = Ay coo + Aa*

A°,(CH;COOH) = 7»°CH3coo- + A

=N+ A+ }"OCH3COO‘ + Mt~ A~ At

= A5, (HCl) + A°,,(CH;COONa) - A, NaCl

=426 +91 - 126 = 391 S cm” mol '

77. Conductivity of acetic acid,

K=7.896x107Scm ™,

A°,, for acetic acid = 390.5 S cm? mol .

K %1000

Molarity

=32.76 S cm® mol ™'

Molar conductivity, AS, =

_ 7.896x10~> x1000

0.00241
Degree of dissociation,
A;, 3276 5
o=—"F =7———=84x10
A, 3905

Dissociation constant of acetic acid,
Co®  (0.00241)x (8.4x107%)?
1-o 1-0.084

78. 'The species that get reduced at cathode is the
one having higher value of standard reduction

potential. Hence, the reaction that will occur at
. + —
cathode is Ag(,q) + & —> Ags).

K, = =1.86x 107
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2+
79. Zn(aq) + 2e” —)Zn(s)

1 mol 2 mol
One mole of Zn®* requires 2 moles of electrons for

reduction i.e.
Q=2X%xF =2x96500 =193000 C

80. The species that get reduced at cathode is the
one which have higher value of standard reduction
potential. Hence, the reaction that will occur at
cathode is

2+ -
Cu @t 2¢. —> Cuyy

81. Faraday’s first law of electrolysis : During
electrolysis the amount of any substance deposited
or liberated at an electrode is directly proportional
to the quantity of electricity passed through the
electrolyte i.e.,
woQ or
w=ZXxIxt
where, Z is a constant of proportionality known
as electrochemical equivalent of the substance
deposited.

[ Q=1Ixt]

weoe I Xt

82. The electrode reaction is Cu** + 2¢” — Cu
- Quantity of charge required for reduction of
1 mole of Cu®* = 2F = 2 x 96500 = 193000 C

83. Refer to answers 81 and 82.

84. Given:Current[=5A;t=20x60s, w=72¢
Q=Ixt=5x20x60=6000C
Reaction for deposition of Ni,
Ni** + 26 —> Ni
2 mol 1 mol
2x96500C  58.7g
Thus, 2 x 96500 C of electricity produces 58.7 g Ni
6000 C of electricity would produce

58.7x6000
= _1825g
2x96500
85. (i) At cathode : The following reduction

reactions compete to take place at the cathode.
Ag-{aq) +e —> Ag(s) ;Eo =0.80V

B 1
H‘an)+e — EHz(g),E =000V

The reaction with a higher value of E° takes place at
the cathode. Therefore, the deposition of silver will
take place at the cathode.

Since, Pt electrodes are inert, the anode is not
attacked by NOj3 ions. Therefore, OH™ or NOJ ions

can be oxidized at the anode. But OH™ ions having

a lower discharge potential get preference and
decompose to liberate O,.

63

OH —> OH +e”

40H —> 2H,0 + O, + 4e”

(ii) At the cathode, the following reduction reaction
occurs to produce H, gas.

_ 1
H-{uq) +e —> E HZ(g)

At the anode, the following processes are possible :
2H20(1) —_—> OZ(g) + 4H-E—aq) +4e” 5 E°=+123V (1)

2805, — Sy05ug + 26 E°=+196V (i)
For dilute sulphuric acid, reaction (i) is preferred to
produce O, gas but for concentrated sulphuric acid,

(ii) occurs.

86. Reaction for production of Ca from molten
CaCl,:
CaCl, —> Ca®* +2CI°
Ca®* +2¢ —> Ca
2F 40¢g
Electricity required to produce 40 g=2F
... Electricity required to produce20g=0.5x2F=1F

87. Calculation of mass of Ag deposited

The electrode reaction is Ag" + e —> Ag

The quantity of electricity passed = Current x Time
=0.5 (amp) x 2 x 60 x 60 (sec) = 3600 C

From the electrode reaction, it is clear that 96500 C
of electricity deposit Ag =108 g

3600 C of electricity will deposit Ag

= x 3600=4.03¢g
96500
Calculation of thickness :

Let the thickness of deposit be x cm
Mass = volume x density = Area x thickness x density
[ volume = area x thickness]
4.03 g =900 (em?) x x (cm) x 10.5 (g cm™)
4.03

X= —
900x%10.5
88. The given reaction is
Cr,07 + 14H" + 6 —> 2Cr’* + 7H,0
one mole Cr,03" requires 6 mol of electrons for
reduction. Hence, quantity of electricity required
=6 mol x 96500 C mol™'= 5.79 x 10> coulomb

89. Quantity of electricity passed
Q=Ixt=20A%x3x60x60s=21600C
Hg** +2¢ —> Hg

cm =426 x 107 cm.

2F 1 mol
2 % 96500 C electricity produces 1 mole Hg
21600
21600 C will produce = ————
2X 96500

=0.112 mole of Hg
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90. Current (I)=15A
Time () = 10 min = 10 x 60 = 600 s
Quantity of electricity passed = I x ¢
= (1.5 A) x (600 s) =900 C
Copper is deposited as :
Cu** +2¢"—> Cuy
2 x 96500 C of current deposit copper = 63.56 g
. 900 C of current will deposit copper
63.56

2x96500
91. Aqueous NaCl ionises as
NaCl—> Na® + CI”
(i) Following reactions are possible at cathode,
2Naf,, +2e —> 2Na; E°=-271V
2H,0) + 26 —> Hy(p) + 20H,; E° = - 083 V
The reaction with higher E° value will take place,
hence H, is produced at cathode.
(ii) Following reactions may take place at anode
2Cl, —> Clyy + 263 E° =136 V

X900 =0.296 g

1 + - o _

The reaction with lower E° value will take place,

but due to over voltage. Cl, is liberated at anode.

92. Refer to answer 88.

93. Refer to answer 91.

94. Refer to answer 85.

95. Reaction for deposition of Mg from molten

MgC12 .

MgCl, —> Mg** + 2CI”

Mg”" +2¢e —> Mg

24 g of Mg is deposited by 2 x 96500 C of electricity
1.2 g of Mg will be deposited by

2x96500
————X1.2 = 9650 C of electricity
Now, Q =1t
Izgz 2650 =2.68 A
t 60x60

96. According to the reaction :

Cuz(;q) +2e — Cuy,

Charge=Currentx time=1.5ampx 16 x60s=1440C
2 % 96500 C electricity deposits = 63.5 g Cu

. . 63.5x1440
. 1440 electricity deposits = ——————=0.47¢g
2 X 96500

97. Reaction for deposition of silver :

Agt + & —> Ag

1 mol 1 mol

1 F=96500 C 108 g

108 g of silver is deposited by 96500 C of electricity
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1.45 g of silver would be deposited by
96500x1.45

=1295.6 C
108
Q=12956C
Given, current strength I =1.5 A
Q 1295.6 .
=—= =863.7 s = 14.4 min
I 1.5

Reaction for deposition of zinc :

Zn*t 4+ 260 —> 7n
2 mol 1 mol

2 x 96500 C 653¢g
Thus, 2 x 96500 C electricity deposits 65.3 g Zn
1295.6 C electricity would deposit

65.3%1295.6
= _0438gZn
2x96500
Reaction for deposition of copper :
Cu** + 22 —> Cu
2 mol 1 mol
2x96500C 635g

Thus, 2 x 96500 C electricity deposits 63.5 g Cu
1295.6 C electricity would deposit
_ 63.5x1295.6
2x96500
98. Secondary batteries : The batteries which
can be recharged again and again are called as
secondary batteries. e.g., lead storage battery.

=0.426 g Cu

99. (i) Mercurycellisused forlow current devices
like watches and hearing aids.

(ii) The hydrogen oxygen fuel cell was used in
Apollo space programme.

(iii) Lead storage battery is used in automobiles and
invertors.

(iv) Dry cell

100. Mercury cell is a primary battery. Hence, it can
be used only once and cannot be recharged.
Advantage : The cell potential remains constant
during its life time. Hence, it is useful for devices
requiring constant current e.g., hearing aids and
watches.

101. Lead storage battery is a secondary cell.

Cell reactions during operation

Atanode : Pb(y) + SOj(,4) —> PbSOy( + 2¢”

At cathode :

PbO,(y + SO (4 + 4H {4 + 26" — PbSO, () + 2H,0
Opverall reaction :

Pb(s) + PbOz(S) + 2H2804E — 2Pb504(s) + ZHZO(I)

aq)
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102. The lead storage battery is most important
secondary cell. The cell reactions when the battery is
in use :
At anode:
2- _
Pb(s) + SO4(aq) —> PbSO4(S) + 2e
At cathode :
2- _
PbOz(s) + SO4(aq) + 4H?aq) +2e — PbSO4(S) + 2H20(l)
The overall cell reaction is
Following reaction takes place during recharging
At cathode : PbSO4(S) +2e — Pb(s) + SOian)
Atanode : PbSO, )+ 2H,0() — PbO,y + SO )
+4H{,) +2¢
Net reaction : 2PbSO, ) + 2H,0(;) — Pb(, + PbOy,
+ 2H,80,(4g)

103. Refer to answer 101.

104. Mercury Cell : It is a miniature cell which
finds a frequent use these days to supply energy
for watches, video cameras, hearing aids and other
compact devices. In mercury cell the anode is
zinc-mercury amalgam, and the cathode is a paste of
mercury (IT) oxide and carbon, electrolyte is a moist
paste of KOH - ZnO.

The cell reactions are as follows :

Anode:

Zn(Hg) +20H —> ZnO(S) + HZO(Z) +2e”
(Amalgam)

Cathode :

HgO(S) + HZO(I) +2e —> Hg(l) +20H"

Net reaction :

Zn(Hg) + HgO(s) —> ZnO(S) + Hg(l)

The cell potential remains constant during its life as
the overall reaction does not involve any ion in
solution whose concentration can change during its
use.

105. Refer to answer 101.

106. Nickel cadmium cell is a secondary battery
which consists of a cadmium anode, nickel hydroxide

as cathode and sodium or potassium hydroxide acts
as electrolyte.

Merit : It has longer life than lead storage battery.
Demerit : It is more expensive than lead storage
battery.

The following
discharging :
Cdy) + 2Ni(OH);() — CdO,) + 2Ni(OH),(,) + H,0Oy
107. Those galvanic cells which give us direct
electrical energy by the combustion of fuels like
hydrogen, methane, methanol etc. are called fuel
cells.

reaction takes place during
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108. H, — O, fuel cell was used in Appollo space
programme.

109. (i) Itis pollution free.
(ii) It has high efliciency of 70 - 75% and its
rate can be controlled.

110. Fuel cells : Refer to answer 107.

The reactions taking place in hydrogen - oxygen fuel
cell :

At cathode : Oy + 2H,0() + 4e” — 40H
Atanode : 2Hy ) + 4OH ) — 4H,0() + 4e”

Net reaction : 2H2(g) + OZ(g) — ZHZO(I)
111. Refer to answer 111.

112. Metals of lower electrode potential value when
connected with iron protect it from oxidation and
prevent corrosion. Hence, coating of metal A having
lower electrode potential will be better than B which
has higher Efg21/g) = - 0.14 V.

113. According to electrochemical theory of
rusting the impure iron surface behaves like small
electrochemical cell. In this any point of iron acts
as anode and other iron surface acts as cathode.
Moisture having dissolved CO, or O, acts as an
electrolyte. The reactions are given below.

At anode :

2+ —. o -
Fe —» Fe“ " +2¢e ;E Fe2* /Fe = 0.44V.
At cathode :
1 _
+ . o _
2H +202+2e %HZO,EHUOZ/HZO—I.Z?:V

Overall reaction :
1
Fe +2H'+ 502 — Fe?t+ H,0;

E =167V

The Fe** ions are further oxidised by atmospheric
oxygen to Fe’* ions, which form hydrated ferric
oxide (rust).

1
Fe,05 + xH,0 — Fe,05-xH,0 (Rust)
114. Refer to answer 113.

115. Corrosion is the process of slowly eating away
of the metal due to attack of the atmospheric gases on
the surface of the metal resulting into the formation
of compounds such as oxides, sulphides, carbonates,
etc. The corrosion of iron is called rusting.
Electrochemical theory of rusting of iron : Refer to
answer 113.

“«O»
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(_QUICKRECAP )

Chemical kinetics: Itis the branch of chemistry a reactant or a product in unit time. For the
which deals with the study of reaction rates and reaction, AR AlP
their mechanisms. R—> P, Rate = - L or + _[ ]

At At

Rate of a reaction : The rate of a reaction can o 1

ie.,
be defined as the change in concentration of

Units of rate : Concentration time~
mol L' s7! or atm s7! for gaseous reactions.
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Average rate of reaction : It is the average
value during a large time interval.

—A[R] +A[P]

CAY At
Instantaneous rate of reaction : It is the rate
of a reaction at a particular instant of time i.e.,
when At approaches zero.

—d[R] +d[P]
linst =7 T T gy
Factors influencing rate of a reaction :
Concentration : Greater the concentrations of
the reactants, faster is the rate of reaction.
Physical state of reactants : Reactions involving
gaseous reactants are faster than reactions
containing solid and liquid reactants.
Temperature : The rate of reaction increases
with increase of temperature. For most of the
reactions, rate of reaction becomes almost
double with 10° C rise of temperature.
Presence of catalyst : A catalyst generally
increases the speed of a reaction.
Surface area of reactants : For a reaction
involving a solid reactant or catalyst, the greater
is the surface area, the faster is the reaction.
Presence of light : Photochemical reactions
take place in the presence of light only.
Activation energy : Lower the activation energy
faster is the reaction.

Rate law and rate constant : The equation that
correlates the rate of reaction with concentration
of reactants is known as rate law.

)
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For a simple reaction, A+ B— C+ D

Rate = k[A][B] where k is the rate constant
which is equal to the rate of reaction when
concentration of each of the reactant is unity.

Order and molecularity :

Molecularity of
reaction

Order of reaction

It is the total number of
species taking part in a
chemical reaction.

Itisthe sum ofthe powers
of the concentration
terms of reacting species
in the rate law equation.

It is a theoretical

concept.

It is an experimental
quantity.

It is derived from the
mechanism of reaction.

It is derived from the
rate expression.

It can neither be
zero nor fractional.
It is always a whole
number.

It may be zero, fractional
or an integer (may range
from 0 to 3).

It is applicable only to
elementary reactions.
Theoverallmolecularity
of a complex reaction
has no significance.

It is applicable to
elementary as well as
complex reactions.

0 Half life of reaction : The time in which the

concentration of a reactant is reduced to one
half of its initial concentration is called half life

of the reaction.

typ o<
a®”

- where # is the order of the reaction.

Rate law, integrated rate law, half-life, units of rate constant and graph for the reactions of different orders :

Order Rate law Integrated rate law Half-life Units of rate Graph
constant

Rate = k[A]° [A], = -kt + [A], tin = [Alg/2k mol L1 s7! [A] vs t; slope = -k

Rate = k[A]' In[A], = -kt + In [A], ty, = 0.693/k s In[A] vs t; slope = -k

Rate = k[A]? 1/[A], = kt + 1/[A], t, = 1k [A], L mol! s7! 1/[A] vs t; slope = k

Rate = k[A] [B] | kt=—— Il 4] L mol ! s! 1/[A] vs t; slope = k
wes [Aly =Bl [Alo[B] } ot nhsepes

Rate = k[A]" (n—1)kt = L ! t —ﬁ 1 L-1)n gl -l =k
ate = k[A] (A" [Ao]VH 1/2 K1) [A]g_l (mo s A]n—l vs t; slope =
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(M)

VO

Pseudo first order reactions : Those reactions

which are not truly of the first order but under

certain conditions become reactions of the first

order are called pseudo first order reactions.

eg.

Acid hydrolysis of ethyl acetate

CH,COOCGC,H; + H,0 —> CH,COOH
+ C,H;OH

Rate = k’'[CH;COOC,H:]|[H,0]

= k[CH;COOC,H;]
where k = kK'[H,0]

Acid catalysed inversion of cane sugar :
H+

C,H,04; + H,O > CeH 1,06
Cane sugar Glucose
+ C¢H,,0¢
Fructose

Rate = k[C,,H,,0]

Effect of temperature on rate of reaction :
For a chemical reaction with rise in temperature

by 10° C, the rate constant is nearly doubled.
E,/RT

Arrhenius equation : k = Ae”

logk =log A———9—
B 8T 303 RT

Intercept = log A

log k

/T —>
where, k = Rate constant,
A = Pre-exponential factor (frequency factor),
E, = Activation energy,
T = Temperature

k2 Ea |:T2 Tl:|

log -2 =
%8, T2303R| T,

(M)

v

vvve
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Activation energy : The minimum amount
of energy required by reactant molecules to
participate in a reaction is called activation

energy (E,).

Activated Activated

complex complex
A A7
5 5 [ |5
g & Products
= = AH

Reactants
Products

Progress of the
reaction
(Exothermic)

Progress of the
reaction
(Endothermic)
Activation energy =
Threshold energy — Average kinetic energy of
reacting molecules
Activation energy (E,)
= E(activated complex) — E(gmund state)
AH = Activation energy of forward reaction -
Activation energy of backward reaction

Collision theory of chemical reactions :
Reaction occurs due to collision of molecules.
All collisions are not effective.

Effective collisions are those collisions in
which molecules collide with sufficient
kinetic energy (called threshold energy
which is equal to activation energy + energy
possessed by reacting species) and proper
orientation.

Rate = PZ,zeP/RT where, P = probability
or steric factor which takes into account the
fact that in a collision, molecules must be
properly oriented and Z, = collision frequency
(i.e., the no. of collisions per second per unit
volume of the reaction mixture) of reactants, A
and B.
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4.1 Rate of a Chemical Reaction

(1 mark)

1. Express the rate of the following reaction in
terms of the formation of ammonia.

Ny + 3Hy) = 2NHj (Delhi 2013C)
2. Define elementary step in a reaction.
(1/5, Foreign 2011)

3.  Why does the rate of a reaction not remain
constant throughout the reaction process?

(AI 2009C)
m. (2 marks)

4.  What is meant by rate of reaction? Differentiate
between average rate and instantaneous rate of
reaction. (AI2012C)

5. Explain the difference between the average rate
and instantaneous rate of chemical reaction.
(2/5, AI 2010C)

4.2 Factors Influencing Rate of a
Reaction

(1 mark)

6. Define the rate constant.
(1/5, Foreign 2015, Delhi 2015C)

7.  Define the specific rate of reaction.

(AI 2014C)

8. For areaction A + B — P, the rate law is given
by,
r = k[A]"? [B]?

What is the order of this reaction?  (AI 2013)

9. If the rate constant of reaction is k = 3 x 107%™},
then identify the order of the reaction.

(Delhi 2013C, 2011C)

(AI 2011)

11. Identify the reaction order from the following
rate constant :

k=2.3%10"L mol's™ (Delhi, AI 2011C)

12. Distinguish between molecularity and order of
a reaction. (1/5, AI 2010C)

10. Define ‘order of a reaction’

14.

15.

. Define the term ‘order of reaction’ for chemical

(Delhi, AT 2008)
For the reaction, Cly, + 2NO(,) — 2NOCl,
the rate law is expressed as

Rate = k[Cl,] [NOJ?

What is the overall order of this reaction?
(Delhi 2007)

Express the rate of the following reaction in
terms of disappearance of hydrogen in the
reaction :

3H2(g) + NZ(g) — 2NH3(g)

reactions.

(AI 2007)

m. (2 marks)

16.

17.

18.

19.

20.

21.

22.

For a reaction : 2NHj,, Lty Ny + 3H()

Rate = k

(i) Write the order and molecularity of this
reaction.

(ii) Write the unit of k. (Delhi 2016)

For a reaction : H, + Cl, dvs 2HCI

Rate =k

(i) Write the order and molecularity of this
reaction

(ii) Write the unit of k. (AI 2016)

For a reaction A + B—> P, the rate is given by

Rate = k[A][B]’

(i) How is the rate of reaction affected if the
concentration of B is doubled?

(ii) What is the overall order of reaction if A is
present in large excess?  (2/5, Delhi 2015)

Define rate of reaction. Write two factors that
affect the rate of reaction. (AI 2015)

Write units of rate constants for zero order
and for the second order reactions if the
concentration is expressed in mol L™ and time
in second. (AI 2015C)
Write two differences between ‘order of reaction’
and ‘molecularity of reaction.
(Delhi 2014, 2011C)
(i) For a reaction, A + B — Product, the rate
law is given by, Rate = k[A]'[B]*. What is
the order of the reaction ?
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23.

24.

25.

26.

27.

28.

29.

30.

31.

(ii) Write the unit of rate constant ‘k’ for the
(Delhi 2014C)

A reaction is of second order with respect to its
reactant. How will its reaction rate be affected
if the concentration of the reactant is (i) doubled
(ii) reduced to half ?

(AI 2014C, 2012, Delhi 2009)

What do you understand by the ‘order of a
reaction’? Identify the reaction order from each
of the following units of reaction rate constant.
(i) L'mols™ (ii) Lmol™'s! (Delhi2012)
Distinguish between ‘rate expression’ and ‘rate
constant’ of a reaction. (Delhi 2011)

What do you understand by the rate law and
rate constant of a reaction? Identify the order of
a reaction if the units of its rate constant are :
(i) L'mols™ (ii) L mol™ s (AI 2011)
Express clearly what do you understand by ‘rate
expression’ and ‘rate constant’ of a reaction
(2/5, Foreign 2011)

first order reaction.

Explain the term ‘order of reaction’ Derive the
unit for first order rate constant. (Delhi 2009C)

What is meant by the ‘rate constant, k¥’ of a
reaction? If the concentration be expressed in
mol L™ units and time in seconds. What would
be the units for k (i) for a zero order reaction
and (ii) for a first order reaction? (Delhi 2008)

List the factors on which the rate of a chemical
(2/5, Delhi, AI 2008)

Distinguish between order and molecularity of
a reaction. When could order and molecularity
(Delhi 2008C)

reaction depends.

of a reaction be the same?

m (3 marks)

32.

33.

A reaction is second order in A and first order
in B.
(i) Write the differential rate equation.
(ii) How is the rate affected on increasing the
concentration of A three times?
(iii) How is the rate affected when the concent-
ration of both A and B are doubled?
(3/5, Delhi 2013)

Thereaction, Ny + Oy o) = 2NO,) contributes
to air pollution whenever a fuel is burnt in air

34.

35.

36.

37.

CBSE Chapterwise-Topicwise Chemistry

at a high temperature. At 1500 K, equilibrium
constant K for it is 1.0 x 10™°. Suppose in a case
[N,] =0.80 mol L'and [0,] =0.20 mol L' before
any reaction occurs. Calculate the equilibrium
concentrations of the reactants and the product
after the mixture has been heated to 1500 K.
(AI 2012)

(i) A reaction is first order in A and second
order in B.
(a) Write differential rate equation.
(b) Howisrateaffected when concentration
of B is tripled?
(¢) Howisrateaffected when concentration
of both A and B is doubled?
(if) What is molecularity of a reaction?
(AI2012C)
A + 2B — 3C+ 2D. The rate of disappearance of
Bis1x 1072 mol/L/s.
What will be (i) rate of the reaction (ii) rate of
change in concentration of A and C?
(3/5, AI 2008)
The data given below is for the reaction,
2N,05() = 4ANOyq) + Oy at 298 K :

S. | [N,Os] Rate of disappearance of
No. | (mol L") N,O;(mol L' min™)
1. [1.13x107* 34x107
2. 10.84% 107 25%107°
3. 10.62x107° 18x107°
Determine for this reaction :
(i) order of reaction
(ii) rate constant
(iii) rate law. (AI 2008C)

The decomposition of NH; on platinum

surface :

2NHj ) —> Ny + 3Hy

isa zero order reaction with k=2.5x 10 mol L' s™*

What are the rates of production of N, and H,?
(Delhi 2007)

(5 marks)

38.

The following results have been obtained during
the kinetic studies of the reaction :
2A+B —>C+D
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Experi- [A] [B] |Inital rate of
ment No. formation of D
1. 01M [0.1M [6.0x 107 M min™"
2. [03M [02M [7.2%x 10> M min!
3. [03M [04M [2.88x10"M min™
4. 104M [0.1M [240x 10> M min*

Calculate the rate of formation of D when
[A] =0.5mol L™  and [B] = 0.2 mol L™".
(Delhi 2010C)

4.3 Integrated Rate Equations
(1 mark)

39.

40.

Define the half-life period of reaction ().
(Delhi 2014)

If half-life period of a first order reaction is x
and 3/4™ life period of the same reaction is y,
how are x and y related to each other?

(1/5, Delhi 2013C)

m. (2 marks)

41.

42.

43.

44,

45.

46.

For a chemical reaction R — P,

the variation in the concentration [R]

[R] vs. time (¢) plot is given as

(i) Predict the order of the reaction.

(ii) What is the slope of the curve? (AI2014)

Define half-life of a reaction. Write the
expression of half-life for
(i) zero order reaction and

(ii) first order reaction. (Foreign 2014)

For a first order reaction, show that time
required for 99% completion is twice the time
required for the completion of 90% of reaction.

(2/5, Delhi 2013)

Rate constant k for a first order reaction has
been found to be 2.54 x 107 sec”. Calculate its
3/4™life. (log 4 = 0.6020) (Delhi 2013C)

The thermal decomposition of HCO,H is a first
order reaction with a rate constant of 2.4 x 107 s™"
at a certain temperature. Calculate how long
will it take for three-fourth of initial quantity of
HCO,H to decompose. (log 0.25 = - 0.6021)
(AI 2011)

In a first order reaction, the concentration of
the reactant is reduced from 0.6 mol L™ to

47.

48.
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0.2 mol L' in 5 minutes. Calculate the rate
constant of the reaction. (AI2011C)

Show that for a first order reaction, the time
required for half the change (half-life period) is
independent of initial concentration.

(Delhi 2009C)

A first order decomposition reaction takes
40 minutes for 30% decomposition. Calculate
its t,, value. (Delhi, AT 2008)

m]l (3 marks)

49.

50.

51.

52.

53.

54.

For the first order thermal decomposition
reaction, the following data were obtained :
CZHSCI(g) —> C2H4(g) + HCl(g)

Time/sec Total pressure/atm
0 0.30
300 0.50

Calculate the rate constant.
(Given: log2=10.301,log3=04771,log 4 = 0.6021)
(AI 2016)

A first order reaction takes 30 minutes for 50%
completion. Calculate the time required for 90%
completion of this reaction. (log 2 = 0.3010)

(3/5, Delhi 2015)

A first order reaction takes 10 minutes for 25%
decomposition. Calculate ¢, for the reaction.

(Given : log 2 = 0.3010, log 3 = 04771,
log 4 =0.6021) (3/5, Foreign 2015)

For a chemical reaction R —> P, the variation
in the concentration, In [R] vs. time (s) plot is

given as
In[R] \

ts) —>
(i) Predict the order of the reaction.
(ii) What is the slope of the curve?
(iii) Write the unit of the rate constant for this
reaction. (3/5, Foreign 2015)

The rate constant for a first order reaction is
60 s”'. How much time will it take to reduce
the initial concentration of the reactant to its
1/10" value? (AI 2015C, 2007)
The following data were obtained during the
first order thermal decomposition of SO,Cl, at
a constant volume :

SO,Clyy —> SOy + Clyg
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55.

56.

57.

58.

59.

Experiment | Time/s | Total pressure/atm
1 0 0.4
2 100 0.7

Calculate the rate constant.
(Given : log 4 = 0.6021, log 2 = 0.3010)
(Delhi, Al Foreign 2014)
Hydrogen peroxide, H,0,,, decomposes to
H,0() and Oy, in a reaction that is first order in
H,0, and has a rate constant k = 1.06 x 10> min™".
(i) How long will it take for 15% of a sample of
H,0, to decompose?
(ii) How long will it take for 85% of the sample
to decompose? (Delhi 2014C)
The first order reaction take 100 minutes for
completion of 60% of the reaction. Find the time
when 90% of the reaction will be completed.
(3/5, Delhi 2013C)
For the reaction :
2NOy,) + Cly) —> 2NOCl
The following data were collected. All the
measurements were taken at 263 K.

Exp. | Initial Initial | Initial rate of
No. | [NO](M) [CL,] disapp. of Cl,
(M) (M/min)
1. 0.15 0.15 0.60
2. 0.15 0.30 1.20
3. 0.30 0.15 2.40
4. 0.25 0.25 ?

(i) Write the expression for rate law.

(ii) Calculate the value of rate constant and
specify its units.

(iii) What is the initial rate of disappearance of
Cl, in exp. 4? (Delhi 2012)

A first order reaction is 15% completed in

20 minutes. How long will it take to complete

60% of the reaction? (3/5, Delhi 2012C)

Nitrogen pentoxide decomposes according to
equation :

ZNZOS(g)ﬁ 4N02(g) + OZ(g)

This first order reaction was allowed to proceed
at 40° C and the data below were collected :

60.

61.

62.

63.

CBSE Chapterwise-Topicwise Chemistry

[N,O:] (M) | Time (min)
0.400 0.00
0.289 20.0
0.209 40.0
0.151 60.0
0.109 80.0

(i) Calculate the rate constant. Include units
with answer.
(i) What will be the concentration of N,Os
after 100 minutes?
(iii) Calculate the initial rate of reaction.
(Delhi 2011)

Nitrogen pentoxide decomposes according to
the equation :

2N205(g) —> 4N02(g) + OZ(g)
This first order reaction was allowed to proceed
at 40°C and the data given below were collected :

[N,Os] (M) Time (min)
0.400 0.00
0.289 20.00
0.209 40.00
0.151 60.00
0.109 80.00

(i) Calculate the rate constant for the reaction.
Include units with your answer.
(ii) Calculate the initial rate of reaction.
(iii) After how many minutes will [N,O;] be
equal to 0.350 M? (3/5, Delhi 2011)
A first order reaction has a rate constant value
of 0.00510 min'. If we begin with 0.10 M
concentration of the reactant, how much of the
reactant will remain after 3.0 hours?
(3/5, Foreign 2011)

A reactant has a half-life of 10 minutes.
(i) Calculate the rate constant for the first
order reaction.
(i) What fraction of the reactant will be left
after an hour of the reaction has occurred?
(Delhi 2011C)

The decomposition of a compound is found
to follow a first order rate law. If it takes
15 minutes for 20 per cent of original material
to react, calculate
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(i) the rate constant.
(ii) the time at which 10% of the original
material remains unreacted.
(3/5, Delhi 2010C)
64. The half-life for a first order reaction is
5x 10*s. What percentage of the initial reactant
will react in 20 hours? (3/5, AI 2009C)

65. A first order reaction is 20% complete in
5 minutes. Calculate the time taken for the
reaction to be 60% complete. (AI 2009C)

66. The half-life for decay of radioactive '*C is
5730 years. An archaeological artifact
containing wood has only 80% of the 'C
activity as found in living trees. Calculate the
age of the artifact. (Delhi, AI 2008)

4.4 Pseudo First Order Reaction
(1 mark)

67. Define the following term :

Pseudo first order reaction  (1/2, Delhi 2014)

YN (3 marks)

68. In a pseudo first order hyrolysis of ester in
water, the following results are obtained :

tin seconds 0 30 60 90
[Ester]M 0.55 0.31 | 0.17 | 0.085

(i) Calculate the average rate of reaction

between the time interval 30 to 60 seconds.

(ii) Calculate the pseudo first order rate
constant for the hydrolysis of ester.

(3/5, AI 2010C)

(5 marks)

69. For the hydrolysis of methyl acetate in aqueous
solution, the following results were obtained :

t/s 0 30 |60

[CH;COOCH;]/mol L™ | 0.60 | 0.30 | 0.15

(i) Show that it follows pseudo first order
reaction, as the concentration of water
remains constant.

(ii) Calculate the average rate of reaction
between the time interval 30 to 60 seconds.
(Given : log 2 = 0.3010, log 4 = 0.6021)

(Delhi 2015)
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4.5 Temperature Dependence of
the Rate of a Reaction

(1 mark)

70. Define the following :
Energy of activation of reaction.
(1/5, Foreign 2015, AI 2014C, 2008)

m. (2 marks)

71. How does a change in temperature affect
the rate of a reaction? How can this effect on

the rate constant of reaction be represented
quantitatively? (AI2014C)

72. With the help of diagram, explain the physical
significance of energy of activation (E,) in
chemical reactions. (AI2013C)

73. With the help of a labelled diagram explain the
role of activated complex in a reaction.
(2/5, Delhi 2012C)
74. Therate of most of the reactions becomes double
when their temperature is raised from 298 K to
308 K. Calculate their activation energy.
[Given R=8.314]J mol ' K™']  (Delhi 2011C)
75. Define “order of a reaction” and “activation
energy of a reaction”. (AI2009)

m]l (3 marks)

76. Therateconstantforthefirstorderdecomposition
of H,0, is given by the following equation :

1.0x10*
logk=14.2—TK

Calculate E, for this reaction and rate constant k

if its half-life period be 200 minutes.

(Given: R=8314JK ' 'mol™)  (Delhi 2016)
77. 'The rate constant of a first order reaction

increases from 2 x 107 to 4 x 10 when the

temperature changes from 300 K to 310 K.

Calculate the energy of activation (E,).

(log 2 = 0.301, log 3 = 0.4771, log 4 = 0.6021)

(Delhi 2015)

78. The rate constants of reaction at 500 K and

700 K are 0.02 s and 0.07 s™' respectively.

Calculate the value of activation energy,
E,(R=8.314JK ' mol™). (Delhi 2015C, 2008)
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79.

80.

81.

82.

83.

For a decomposition reaction, the values of k at
two different temperatures are given below :

k, =2.15 x 10" L/(mol.s) at 650 K

k, =2.39 x 10" L/(mol.s) at 700 K

Calculate the value of E, for the reaction.
(R=8.314] K 'mol™) (AI 2014C, 2009)
Rate constant ‘6’ of a reaction varies with
temperature ‘T” according to the equation :

E, (1
2.303R\ T

where E, is the activation energy. When a graph

logk=1log A -

is plotted for log k vs %, a straight line with a

slope of - 4250 K is obtained. Calculate ‘E, for

the reaction.

(R=8.314)JK ' mol™). (3/5, Delhi 2013)

The rate of a reaction becomes four times when

the temperature changes from 293 K to 313 K.

Calculate the energy of activation (E,) of the

reaction assuming that it does not change with

temperature.

[R=8314] K" mol ™, log 4 = 0.6021]
(AI2013)

The decomposition of A into products has a
value of k as 4.5 x 10° s™" at 10°C and energy of
activation is 60 kJ mol™". At what temperature
would kbe 1.5 x 10*s™'?2  (3/5, Delhi 2013C)

In general it is observed that the rate of a
chemical reaction doubles with every 10 degree
rise in temperature. If the generalisation holds
good for a reaction in the temperature range
295 K to 305 K, what would be the value of
activation energy for this reaction?

[R=8.314]/K ' mol™!] (AI 2012C)

84.

85.

CBSE Chapterwise-Topicwise Chemistry

The decomposition of phosphine,
4PHj ) —> Py + 6Hy,)
has the rate law, Rate = k[PH,].
The rate constant is 6.0 x 10~*s™ at 300 K and
activation energy is 3.05 x 10°J mol ™. Calculate
the value of rate constant at 310 K.
[Given: R =8.314] K mol™!]
(Delhi 2008C)
The first order rate constant for the decom-
position of ethyl iodide by the reaction :
CHsl () — CyHy( + Hly
at 600 Kis 1.6 x 107 s Its energy of activation
is 209 kJ mol ™",
Calculate the rate constant of reaction at 700 K.
(AI 2007)

(5 marks)

86.

(i) What is the physical significance of energy
of activation? Explain with diagram.

(ii) In general, it is observed that the rate of
a chemical reaction doubles with every
10 degree rise in temperature. If the
generalisation holds good for the reaction
in the temperature range of 295 K to
305 K, what would be the value of activation
energy for this reaction?

[R=8.314 /K" mol™] (Delhi 2012C)

4.6 Collision Theory of Chemical

Reactions

(1 mark)

87.

In some cases it is found that a large number
of colliding molecules have energy more than
threshold energy, yet the reaction is slow,
Why? (Delhi 2013C)
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Detailed Solutions /

1. N2 © + 3H2(g) —> 2NH3(g)
~dIN,] __1diH,] __ 1dINH,]
dt 3 dt 2 dt

2. Elementary step : Each step of a complex
reaction is called an elementary step.

3. The rate of a reaction does not remain constant
throughout the reaction process because the rate

of the reaction depends upon concentration of
reactants which keeps on decreasing.

4. Change in concentration i.e., either (decrease in
concentration of reactant orincrease in concentration
of product) per unit time is called rate of reaction.

C,-C _AC

Rate of reaction =
t,—t, At

The ratio of change of concentration of reactants to
the time consumed in that change is called average
rate of reaction.

Ax G -G
27 h

The rate of reaction at a particular instant (time) is
called instantaneous rate of reaction.
- dx
ms dt
dx = small change in concentration
dt = small time interval

5.  Refer to answer 4.

6. Rate constant is the proportionality factor in
the rate law expression for a chemical reaction. It is
defined as the rate of a chemical reaction for which
the concentration of each of the reacting species is
unity.

7. At a given temperature, rate is equal to the rate
constant of reaction when concentration of the
reactant in unity. Thus rate constant is also known as
specific reaction rate.

In the case of two reactants, the reaction may be
written as :

A + B — Products
d
r= d—’tc =kC,C,

where all the terms have their usual meaning as :
ifCy=Cg=1 then r=k.

8. A+ B— Product

Rate law, r = k[A]' [B]*

Order of reaction is sum of the powers of
concentration terms,

1 5
Order of reaction = E +2= 5 =25

9. First order reaction.

10. It is defined as “the sum of the powers or
exponents to which the concentration terms are
raised in the rate law expression.”

If rate = k[A]™ [B]", then order = m + n.
11. Second order reaction :

mol I 1

X — =Lmol's™
s (mol L)

12. Distinction between order and molecularity of a

(any one)

Molecularity of a
reaction

reaction :

Order of a reaction

1. It is the sum of | 1. It is the number of

powers of the reacting species(atoms,
concentration ions or molecules)
of the reactants taking part in an
in the rate law elementary  reaction
expression. which must collide

simultaneously in

order to bring about a
chemical reaction.

2. It need not be a | 2.
whole number.

It is always a whole
number.

Generally, in a complex reaction the order of reaction
is equal to the molecularity of the slowest step.

13. Refer to answer 10.

14. Rate = k[CL,] [NOJ?
Hence order of the reaction=1+2=3

-1 d[H
15. Rate = —1 [ 2]
3 dt
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16. (i) The decomposition of gaseous ammonia
on a hot platinum surface is a zero order reaction at
high pressure.

In this reaction, platinum metal acts as a catalyst.

At high pressure, the metal surface gets saturated
with gas molecules. So, a further change in reaction
conditions is unable to alter the amount of ammonia
on the surface of the catalyst making rate of the
reaction independent of its concentration.

However, two molecules of ammonia react to give
products thus, the molecularity is two.
(ii) For a zero order reaction, unit of rate constant is
mol L™ sec™".
17. (i) Rate=k
Experimentally, it is found that the rate of reaction
is independent of the concentration of H, and Cl,.
Hence, it is a zero order reaction.

Molecularity = 2
(i) Unit of k = mole litre " sec™"
18. (i) From the ratelaw equation, order of reaction
w.r.t. B is 2. Hence, if concentration of B is doubled,
rate will become four times.
(ii) If A is present in large excess, rate of reaction will
be independent of concentration of A and hence,
order of reaction will be 2.

19. Refer to answer 4.

Following factors affect the rate of a chemical reaction :
Higher the

concentration of reactants, faster would be the rate
of reaction.

(i) Concentration of reactants

Rate = k C", where C = concentration of reactant.
(ii) Temperature : The rate of reaction increases with
the temperature. For every 10°C rise in temperature
rate of reaction increases 2 to 3 times.

20. Unit of rate constant (k), for zero order
reaction.

Rate = k[A]°= k=mol L s}
Unit of rate constant (k),
reaction

Rate = k[A]* = k=mol ' Ls™
21. Refer to answer 12.

22. (i) Order of reaction is sum of powers of
concentration terms,
Order of reaction=1+2=3

for second order
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(ii) Refer to answer 28.

23. Let the concentration of the reactant [A] = a
Order of reaction = 2 so that
Rate of reaction = k [A]? (1)
= ka®
(i) Given that concentration of the reactant is doubled
So, that [A] = 2a,
Putting the value in equation (1) we get
New rate of reaction, R, =k(2a ) = dka®
Hence, rate of reaction will increased to 4 times.
(ii) Given that concentration of the reactant is
reduced to half
So that [A] = (1/2)a
Putting the value in equation (1), we get
New rate of reaction R, = k((1/2)a)*
= (1/4)ka’
Hence, rate of reaction will reduced to 1/4.
24. Order of a reaction : Refer to answer 10.
(i) L'mols™? - Zero order reaction
(ii) Lmol's! - Second order reaction

25. Rate expression is a way of expressing rate of
reaction in terms of concentration of reactants, e.g.,
for a general reaction, aA + bB —> ¢C+ dD

Rate = k[A]* [B)
Rate constant (k) is equal to the rate of reaction
when molar concentration of reactant is unity. Its
units depends upon the order of reaction.

26. Refer to answers 25 and 24.

27. Refer to answer 25.

28. Order of a reaction : Refer to answer 10.
Unit for first order rate constant :

For first order reaction,

Rate = d_x =k[A]
dt

mol L' o 1 o
=k moll” =>k=—=sec .
sec sec
29. Refer to answer 6.
Unit for k :

(i) For a zero order reaction : mol L™ s7!
(ii) For a first order reaction : s .

30. Factors affecting the rate of a chemical reaction :
(i) Concentration of reactants: In general the rate of
a reaction increases when concentration of reactants
is increased.

Rate = kC"
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(ii) Temperature : Most of the chemical reactions
are accelerated by increase in temperature.

(iii) Catalyst: Rate of areaction increases in presence
of a catalyst.

(iv) Nature of reactants : Reactions involving ionic
reactants are fast as compared to those involving
covalent reactants.

(v) Surface area of the reactants : In case of solid
reactants, the rate of reaction increases with the
surface area of the particles of the reactants.

(vi) Light : In case of photochemical reactions,
the rate of reaction increases with increasing the
intensity of light.

31. Refer to answer 12.

32. Since the reaction is second order in A and first

order in B

(i) Differential rate equation is

Rate = k[A]*[B]

(ii) The new concentration of A = [3A]
New rate = k[3A]*[B] = 9k[A]*[B]
New rate = 9 times of the original rate

(iii) New concentration of A = [2A]

New concentration of B = [2B]

New rate = k[2A]*[2B] = 8k[A]*[B]
New rate = 8 times of the original rate.

33. Given reaction is
Nyy + Oy =2NO);K=1.0x10"
Initially:  0.80 molL™ 020molL™" 0
Atequil.: 0.80 - x 0.20 - x 2x
According to law of mass action,

__INoP
[N,][0,]
(2x)°
(0.80 — x)(0.20 — x)
x is very small hence can be neglected in the

denominator. Thus,

2 4x2

— or1.0x107° =—
0.8%0.2 0.16

or, 4x*=1.0x107°x0.16 or 4x*=16x 10"’

or, x¥*=4%x107 or x=632x107"
[N,] =0.80 - 0.000632 = 0.7994 mol Lt
[0,] =0.20 - 0.000632 = 0.199 mol Lt
[NOJ =2x =2 x 0.000632 = 0.001264 mol Lt

34. (i) (a) Differential rate equation of reaction is
dx
i K[AT'[B]* = k[A][B]*

or 1.0X107° =

1.0x107° =
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When conc. of B is tripled, it means conc. of B
becomes [3 x B]

ax’
dt

New rate of reaction,

dx
= 9K[A][BI*=9| —
[A][B] ( pm )
i.e., the rate of reaction will become 9 times.
(i) When conc. of A is doubled and that of B is also
doubled, then conc. of A becomes [2A] and that of B
becomes [2B].
Now rate of reaction, (jj)f[ =k[2A][2B]
= 8k [A][B)?
i.e., the rate of reaction will become 8 times.
(if) Molecularity of a reaction is the number of
reacting particles which collide simultaneously to
bring about the chemical change. It is a theoretical
concept.

= k[A][3B]?

35. (i) Rate = _1d[B]_ 1x1><10‘2
2 dt 2
=0.5x 1072 mol/L/s.

~d[A] _-1d[B] _ 1d[C]

(ii) Rate=

dt 2 dt 3 dt
Rate of change in concentration of A,
_—d[A] _ 1d[B]
Codt 2 dt

=0.5x 1072 mol/L/s.

Rate of change in concentration of C,

_ dIC]_ _3d[B]_ 3,442
dt 2 dt 2
=1.5x% 107> mol/L/s.

36. (i) Let rate law for the disappearance of N,Os is
Rate = k[N,0s]*
34%x107  k(1.13x107%)"
25x10°  k(0.84x107)"
34 (113Y
o, —=|— | ora=1
25 84
Thus, order of reaction = 1
(i) r=k[N,Os] or,34x 107 =k x 1.13 x 107
34x107°
o, k=———
1.13x10
(iii) Rate law = k[N,Os]

h
Then — =
rZ

=3.0x107 min™
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. The reaction is
2NH3(g Nagg + 3Hag
Here: k=2.5x 10" mol L™}
The order of reaction is 0 i.e.,
Rate = k [Reactant]’
Rate=2.5x10*x1=2.5x10"mol L™
AN 1 di,)
d 3 dt
The rate of formation of N, = 2.5 x 10~ *molL7's
_1dH,]
dt

Rate of reaction =

1 -1

Again, 2.5x107*

d[H
[, ] =75%x10 4 mol L' s7!

Therefore, rate of formation of H,
=75x10"mol L™ s™!

38. Suppose order with respect to A is m and with
respect to B is n. Then the rate law will be
Rate = k[A]"[B]"
Substituting the value of experiments 1 to 4, we get
Expt. 1:Rate=6.0x 10~ = k(0.1)" (0.1)" ..(i)
Expt.2:Rate=72x 1072 = k(0.3)"(0.2)" ..(ii)
Expt. 3 : Rate = 2.88 x 107 = k(0.3)™ (0.4)" ...(iii)
Expt. 4:Rate =24 x 1072 = k(0.4)" (0.1)" ...(iv)
Comparing equation (i) and equation (iv),

(Rate),  6.0x10” _ k(0.1)" (0.1)"

(Rate), 2.4x107  k(0.4)"(0.1)"

1 D" (1)
—=—l =l =| ~m=1
4 (04" \4
Comparing equation (ii) and equation (iii)
(Rate),  7.2x107  £(0.3)"(0.2)"
(Rate), 2.88x10"  k(0.3)"(0.4)"
2 n n

or, l :(0'2) = l son=2

2 (0.4)" 2

Rate law expression is : Rate = k[A] [B]?
The rate constant can be calculated from the given

>

data of any experiment using expression :

_ Rate
[A][BI
-3
From Expt. 1, k = ﬂ =
0.1x (0.1

Rate constant k = 6.0 mol ™ L? min™"

d
Unit of k, d—’t‘ = k[A]'[BF =6.0[0.5][0.2]
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=6x5x4x107

=12% 10" mol L' min™!

39. The time taken for half of the reaction to
complete, i.e., the time in which the concentration
of a reactant is reduced to half of its original value

Is called half-life period of the reaction.

t=t,, when[R]= [R ]

0.693 _0.693
Y x

40. For a first order reaction, k =

For Zth life period,a =a

1
a-x=a-—a=—a
4 4
2.
= 303 log a
y (a—x)
0.693 2.303 a
=——Ilog—
X y al4
. 2.
0.693 _ 303210g2
X y
0.693 0.693x2
X y
y=2x

41. (i) The reaction is of zero order.
(ii) Slope of the straight line graph gives ‘k’
dt
42. Refer to answer 39.

(i) For zero order reaction rate constant is given by :

= B[R] t_[ ], Att=t1/2,[R]=%

2
[R]o
R~ IRy, _[Ry
=k= =ty =—
fir2 2t 2k
In zero order reaction, t,/, is directly proportional
to [R],.
(ii) For first order reaction,
2303, [R],
k=—"—log —>,
AT

R
c. k = @ log ﬁ e}
a7 [Rlp /2

2.303%0.3010
t1/2 = T

k=

[Rly
2

2.
L, tyy = % log 2

Att:tl/z, [R] =

0.693
=hp ==
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In first order reaction, t,,, is independent of initial
concentration.

2303 . [R)]
= log -
k (R ]

t

43, For first order reaction, t =

For 99% completion of reaction
t=1ty00 [Rlg=1,[R],=(1-0.99)=0.01 =107
2303 1 2303 _2303

— ———log 10

fo =108 T =T Pl

..(1)

For 90% completion of reaction

t= t()‘90) [R]() = 17 [R]t = (1_09) = 01 = 10_1
2.303 1 2303 2.303
0= BT g 10T

Comparing equations (i) and (ii),

log 10 ..(ii)

t0.99 =2 X ty9p

44. The integrated rate equation for first order
reaction is

B 2.303 log ]
T 5ax10 sec 025

tsy=546's

Therefore, the 3/4th life of the

546 seconds.

45. For a first order reaction,
_2303 IRl

kK °R]

reaction is

Givenk=2.4x 1025}

_Rhy
(R==0, =7

Substituting these values in the equation, we get
2.303 R
= lo [Rly

= — log
24x107° 57! [R]
2303
24 %1037
t=577.7s="578s.

46. a=0.6 mol/L, (a — x) = 0.4 mol/L
t =5 min

2.303

log4 = T % 0.6021 s
24 x10°
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2303, 06

k log — =0.0811 min "'
0.4

5 min
47. Refer to answer 42(ii).
48. Here t =40 min, t,, = ?
Leta =100 .. x =30% of 100 = 30
Using the formula,
2.303 a
=——1log—
k a—x
2.303 100
log
k 100-30
_ 2303

k 70

2.303

t

= 40=

= 40=

(log10-1log7)

2.303
40= T(l —-0.8451)

2.303 0.357
=40= x0.1549 = k = 0 - 0.0089 min™
0.693  0.693
typ= ——=———=77.86min.
k 0.0089

49. The given reaction is
C,H,Clig) —> CH, (g + HCl )

Attimet=0 0.30 atm 0 0
At time £ = 300 sec 0.30 - x x x
Total pressure = 0.30 — x + x + x = 0.50
or 0.30 + x =0.50

x =0.50 - 0.30 = 0.20

Initial pressure, P, = 0.30 atm
Pressure of C,H-Cl after 300 sec, P,=0.30-0.20 =0.10 atm
Using formula for first order reaction,

2303, B
k= log—0
t °P
2.303. 0.30
k=——log—
300 0.10
k= 2.303 log3 = 2.303x0.4771 ~366% 10" sec”"
300 300
50. 509, OF £}/, = 30 minutes
0.693 0.693 -
k= =—""=0.0231 min "
1)
2.303 100 2.303

tono, = 10 = 0
90% = %8 10090  0.0231

= 99.69 minutes
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51. For a first order reaction,
2. 303 R
k= log R],
t (R]
2.303 100
k= log
10 100-25

2.303
k= 0 ——x0.124=0.02

_ 0693 —0 693 =34.65 min

2T T 002
52. (i) The reaction is of 1% order.
(ii) For first order reaction
In[R] = -kt + In [R],
comparing eqn. y =m X x + ¢
we get a straight line with slope = -k and intercept
equal to In[R],,.
(iii) Unit of rate constant for first order reaction

mol I 1 .
x _
s (mol L)'
2. R
53. t = 2303 log —[ ]O
k [R]

= k=60s",[R]= %[R]o
or, [R],=10[R]

2.303 10[R] 2.303
=——log——= t="—1log 10
60 [R] 60
2.303 x1
= t=——
60

t =0.0384 second

54. The given reaction is
80,Clyg = SOyg + Clyg)

Att=0 0.4 atm 0 0
Attimet (0.4 - x)atm xatm  xatm
Total pressure at time ¢ will be
Pr=(04-x)+x+x=04+x
x =(P;-0.4)
Pressure of SO,Cl, at time ¢ will be
Pso,cl, = 04 - x =04 - (Pr - 0.4) =
At time t =100 s, Pt = 0.7 atm

Pso,c, = 0.8 - 0.7 = 0.1 atm
According to first order kinetic equation
= 2.303 log

t pSOZCIZ(after reaction)

2.303 [0 A4
=——Ilog

0.8-P;

P50, (initial)

=1.3x1072
100 0.1
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. 2. A
55. (i) ¢t = ﬁlog [A],
k [A]
Given k = 1,06 x 10 min”!, 2t =%
fven 6= 106 X 10 min "y ™ g
2.303 100
t= ——— = ——log——
1.06 X107 min 85
2
t= 13003[2 log10—log85]min
2303 2303x0.0706
t= =2 [2x1-1.9294] =
1.06 1.06
t=153.39 min = 153.4 min.
(ii) Given k =1.06 x 10> min™! [A], :@
o T [Al 15
2.303 100
= . log—
1.06 10" min 15
2303
= 1—[2 log10—-log15]min
=20 2303x0.8231

—[2x1-1.1761] = min= 1788 min

 1.06

56. For the first order reaction,

Rate constant, k _gl og a

00 a—x

For 60% completion of the reaction, if a = 100%
a-x=100-60=40%

2 303 100 .
Then, k= log— ..(1)
100 40
For 90% completion of the reaction,
a=100%
anda - x=100-90=10%
Tt 10
Substituting the value of k in eq. (ii),
we have, 2.303 10g@ = 2.303 [+ logl0=1]
100 40 t
1 1 100
or —=—lo g—
t 100
1_03979
t 100
100
0.3979
t =251 min

57. Given reaction :
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Exp. | Initial Initial | Initial rate of
No. [NO] [CL] | disapp. of Cl,
(M) M) (M/min)
1. 0.15 0.15 0.60
2. 0.15 0.30 1.20
3. 0.30 0.15 2.40
4. 0.25 0.25 ?

(i) Let rate of this reaction r = k[NO]™[CL,]"
then [ _ 060 _ k(0.15)"(0.15)"
r, 120 k(0.15)"(0.30)"

1 (1Y
or —=|-— = n=1
2 \2
n 120  k(0.15)"(0.30)"

Again from = 1
r; 240 k(0.30)"(0.15)

1_(1)’” 2 1_(1)’” ~
or —=|—| .— or —=|-— = m=2
2 2 1 4 2
Hence, expression for rate law is

r=k[NOJ* [CL]!
(if) Substituting the values in experiment (1),

0.60 M min~' = k(0.15 M)? (0.15 M)"

0.60 Mmin "
0.0225%0.15 M?

(iii) r=177.7 M2 min"! x (0.25 M)? (0.25 M)

1

or k= =177.77 M™% min~

=2.77 M min™"
2.303 100
58. k= log
20min " 100-15
2.303 100 2.303x0.0706 .
—log = min
20min 100-15 20

t_2.303 100 2.303x20 1 100

log = og
k 100-60 2.303x0.0706 40
= 20 %x0.3979=112.7 min
0.0706

59. (i) When t =20 min, [R] = 0.289 mol L™
[R], = 0.400 mol L™
For a first order reaction,

2. R
p - 2303 log [R],
t [R]
2.303 . 0.400
k=—— og ——
20 0.289
p o 2303, 400

O —
20 & 2.89
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2303

= k [log4.00 — log 2.89]

2.303
k= = [0.6021 — 0.4609]

2.303
= k=——x0.1412
20
= k=2.303x 0.00706
= k=1.626x 102 min!
. 2.303 R
(ii) t = ——log Rly
k [R]
Here, [R], = 0.400 mol L™, t = 100 min,
k=1.626x102min}, [R] =?
2.303 0.400
100 = > log
1.626 x 10~ (R]
100 X 1.626 X 1072 0.4
= Og —_—

2.303 [R]
0.4
[R]
or Antilog (0.7060) = 0_4

R

0.7060 = log

0.4 0.4
5082 = — = [R]= —— =0.079 M

[R] 5.082
(iii) Initial rate, i.e., rate of reaction when t = 0
When ¢ = 0.00 min, [R] = 0.400 mol L™
Also, k = 1.626 x 102 min™*
. Initial rate = k[R]
=1.626 x 107> min~' x 0.400 mol L'
=6.504 x 10~ mol L™! min ™"
60. (i) Refer answer 59(i).
(if) Refer answer 59(iii).
(iii) ¢ =229 jog [Rly
k [R]
Here, k = 1.6259 x 10> min"’, [R], = 0.400 M,
[R] = 0.350 M
Substituting these values in the equation, we get
_ 2.303 1 0.400

1.6259 x 1072 0.350
2303

1.6259 x 1072
= 141.583 [1.6021 - 1.5441] = 141.583 x 0.0580
=8.21 min

[log 40 - log 35]
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61. Given:k=>5.10x 10" min,

t =3 x 60 min = 180 min

[R],=0.1M

Substituting these values in the equation

_ 2303 (Rl

2999 10g 20,

kPR

2.303 0.1
log —

5.1% 10~ min~! (R]

1

We get, 180min =

0.1 180min X 5.1 X 10~ min~

0og — = =0.398
[R] 2.303
0.1 .
— = Antilog 0.398=2.50
(R]
[R] =0.1/25=0.04 M
0.693 .
62. (i) k= = 0.693 =0.0693
b, 10
y 1)
(i) N=N, >
where, 1 = Total time _60_ p
t1/2 10
o )6 L W
Ny \2) 64
[where N, = initial amount of reactant and

N = amount of reactant left after time, ¢].

63. 20% decomposition means that x = 20% of
a=020a

2.303
For first order reaction, k = log 2
a-x
2.303 a 2.303 a
= log = log
15 a—0.20a 15 0.80a
2.303
= log1.25

2303

% 0.0969 =0.0148 min~"

64. Heret,,, =5 x10*sand t = 2 hours
=2x60x60=7200s

[Al,

[A]

0.693 ~2.303

and k

k:

log

t1/2

0.693 2303 [A],
=——Iog

t t [A]

1/2
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0.693 _2.30310 [A],
5x10* 7200 & [A]

[A], _0.693 7200  4989.6
[A] 5x10* 2.303 11.515x10*
_ 4989.6 —0.0433
115150
A
1Al =antilog 0.0433=1.105
[A]
ﬂ = ; %100 =90.49%
[4,] 1.105
65. For the first order reaction :
2.303 A
k= —log[ h
t [A]
Let [A],=x
then [A] =x-20% of x=x - 0.20 x=0.80 x
2.303 X
=——log——
5 0.80x
2.303
k= s log1.25 i)

In second case, let [A] 0 =X then
[A] =x-60% of x =x - 0.60 x=0.40 x

= 2.303 log X
t 0.40x
k=230 0025 ()

From (i) and (ii), we have

2.303 2.303
——log2.5= Tlogl.ZS

log2.5 logl.25 e 5xlog2.5
t 5 - log1.25
| 5%0.3979
0.0969
66. Radioactive decay follows first order kinetics.
Let [A], = 100
[A] = 100 x 80% = 80
0.693 0.693
3

5730

=20.53 minutes

Decay constant (k) =
1/2

2303 [A], 2.303 100
t=——l]og——=————log—
k [A] 0.693/5730 ~ 80
_2.303x5730 2.303x 5730
0.693
1278.7108

0.693

xlogl.25 = % 0.0969

=1845.18 =1845years
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67. A reaction of second order which obeys the
first order rate law is known as pseudo first order
reaction.

e.g., Inversion of cane sugar :

CIZHZZOII + HZO + C6H1206 + C6H1206

Cane sugar Glucose Fructose

Rate = k[C,H,,0,,]'[H,0]°

68. (i) Average rate of reaction between the time
interval 30 to 60 seconds is

_ -0.17-031] _0.14

rav
60-30 30
=4.67 x 107 s [Taking only difference]
2.303, [R]
ii) k= ——log—=
(ii) T
Att=30s,
2. . 2.
k= ﬁlogﬁz 2303 0249 =1.91%10%"
30 031 30
Att=60s,
2303, 0.55  2.303
k= log = X0.5099 =1.96x107s™"
60 0.17
Att=90s
2303, 055
k=——log——
90 0.085
2.303

k==""=x0.8109=2.07x107s""
90
Average value of k

_1.91x107 +1.96 X107 +2.07 10"

3 =1.98x107%""
69. (i) For a first order reaction,
2.303 A
2308 14
t [A]
Whent=30s
2. . 2.
f=229 log 060 2303 43010 = 0.0231 5!
30 0.30
Whent=60s

2,303, 0.60 2.303
60 0.15 60
Asthevalue of k is constant at different time intervals,
the reaction is first order w.r.t. ester when [H,O] is
constant. Hence, it is pseudo first order reaction.
G, -C¢  —(0.15-0.30)

1 _ -1 —
=E=5x10 3 mol L'ls7!
30

k x0.602 =0.0231s"'

(ii) Average rate =—
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70. The minimum extra energy which must be
supplied to the reactants to enable them to cross over
the potential energy barrier between reactants and
productsiscalledactivation energy. Itisdenoted by E,.

E,=Er - Ep

71. The rate constant is nearly doubled with a rise in
temperature by 10° for a chemical reaction.
The temperature effect on the rate constant can be
represented quantitatively by Arrherius equation :

k = Ae~Ea/RT
where k — Rate constant

A — Arrhenius factor

R — Gas constant

T — Temperature

E, — Energy of activation for the reaction.
72. The energy required to form activated complex
is called activation energy. It is the difference between
the threshold energy and the average energy
possessed by the reacting molecules.

—

Energy

Reactants

A+B AH

l Products
C+D

Progress of the reaction —»

Activation energy (E,) = Threshold energy — Average
energy possessed by reacting molecules.

73. When the colliding molecules possess the
kinetic energy equal to E,, the atomic configuration
of species formed at this stage is different from the
reactant as well as the products. This stage is called
the activated state and the specific configuration
bearing state is called activated complex.

For example, in the reaction between H, g and I,
activated complex has configuration in which H—H
and I—I bonds are breaking and H—I bonds, are
forming as shown below.
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H I H I H—1
| + | —> ! —>
H I H 1 H— 1
Reactants Activated Products
complex

Potential energy diagram of this reaction is shown

below :

Activated
complex (energy barrier)

Activation energy

Threshold energy

Potential energy —

2HI
Reaction coordinate —

74. Here k, = 2k;, T, = 298 K, T, = 308 K

E,=?
3 k__E |L-T
k 2.303R| T[T,
2k, E, [308 - 298}
log— =
k. 2.303R[308x298

. 10
log2= ——| ——
2.303R[ 91784
1.089x10™'E,
2.303x8.314
~0.3010x2.303x8.314
‘ 1.089x10™*

75. (i) Order of a reaction : Refer to answer 10.
(ii) Activation energy of a reaction : Refer to answer 70.

0.3010 =

=52922.77] mol ™

76. For first order reaction, t,,, = _0'?{93
t1, =200min = 200X 60 =12000 s
= 0693 _5g8y1055!
12000 s

Also, for first order decomposition of H,O,, rate
constant is

4
logk =14.2 - 10X107 ¢

Comparing the above equation with the Arrhenius
equation,

CBSE Chapterwise-Topicwise Chemistry

E
logk=log A———2
B BTy S03RT

= E,=2303x8314x1.0x10"=1.91x10"Jmol™

77. Given, T; =300 K, T, =310 K
ky=2x107 ky=4x 107, Ey=?
Using Arrhenius equation,

ogka Fa [1_1
k, 2303R|T, T,

4x102  E, {L_ 1 }

or lo 5=
2%x10™ 2.303x8.314| 300 310

E, 310—-300
or log 2= X
2.303x8.314 310x300
B 0.301%x2.303 x8.314 X 310 x 300

10
=53598 ] mol~" = 53.598 kJ mol ™

78. k; =0.02s", k,=0.07s"
T, =500 K, T, = 700 K
log k_ E |L-T
k.~ 2303R| LT,

007 E, [700—500}

or E,

Og =
0.02  2.303R | 700%500
0.544%2.303%8.314X 700X 500
Eo = 200

=18228.07 ] mol™

79. log k_z:L(Tz_le

k, 2.303R\ TT,
2.303XRXT, XT, k
E =| 22207200 |gg 2
‘ Tz_T; kl

E 2.303%8.314Jmol " K™ x 650K x 700K

a 700K — 650K

o 2.39%x107°

g2.15><10*8

£ - 19.147x650x700
‘ 50
=174237.7 (1.3783 - 0.3324) ] mol !
=174237.7 x 1.0459 ] mol ™
=1822235.2 ] mol™ = 182.24 kJ mol™

80. Given : Slope, m = - 4250 K,
R=8314]K ' mol™
E =2

a

(log 23.9 - log 2.15) ] mol ™
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Using formula,

logk=log A Eq !
ogk=logA- —
8 8 2303R\T

Comparing with y = mx + ¢ [straight line equation]
E,  -4250
2.303R 1
E,=2.303 x 8314 J K mol™ x 4250 K
= 81,375.35 ] mol ' = 81.37 kJ mol ™’
81. Since the rate of a reaction quadruples when
temperature changes from 293 K to 313 K.
k, = 4k,
T,=293Kand T, = 313K
According to Arrhenius equation

lgk_E_{u}

k. 2303R| TT,
Putting the values
oo 2K E, (313 -293)K
8k T 2303x 8314 K mol ' | 293K x 313K
E, x20
0.6021 =

2.303x8.314 JK ™' mol™ x293 K x 313K

p _ 0:6021x2.303 X 8.314 X 293 313
. 20

=52863.3 ) mol ™" = 52.86 k] mol ™

82. k;=45x10°s, T, =10+ 273K, k, = 1.5x 10*s™"

T,=?E, =60k mol™

From Arrhenius equation,

lOg k—z = Ea |:—T'2 _ ’Tl i|
kl

J mol™

2.303R| T[T,
log L3X10° 60000 Jmol " T, - 283
og—=
"84 5%10° 2.303x8.314JK mol” 283T,

log 3.333 = 3133.63| =222
orlog3.333 = . 2837,

0.5228 T,-283
r =
3133.63  283T,
or 0.0472T,=T, - 283 or 0.9528T, = 283

283
or T,=
0.9528
83. T, =295K, k; = k (say)
T,=305K, k, =2k, E,=?
Using Arrhenius equation,

oghe e B [ETs
k, 2303R| TT,

0

=297K or (297 - 273)°C = 24°C

1

85

2k E, 305 —295
log— =

k  2.303x8.314 x 295 x 305
E = 2.303 x 8.314 x 295 x 305 X log2
¢ 10
2,303 x8.314 x 295X 305 % 0.3010

10
=51855.2 ] mol™!

84. k=60x10"s", T, =300K,E,=305x10°Jmol "
k,=2T,=310K
Using Arrhenius equation,

logkeo B (LT
k. 2303R| TT,
k, 3.05x10° J mol™ 310 - 300
or, log = = - — X
2.303 x 8.314 JK™' mol 300 x 310

k

1

oo B2 3.05x10°J mol ' x10K
og—= =
ki 1780684.2 JK 'mol ™!

k
logk—2 =171 = 2= antilog(1.71)
ky ky

k2
7 =51.28

6x10~
k,=3.07x107%s™
85. Here T, =600K, T, =700 K
E, = 209 kJ/mol = 209000 J mol™"
k=16x107s"
Using formula,

log k_2 — Ea T2 B Tl
k, 2303R| TT,

209000 700 — 600
2.303 x 8.314 | 700 x 600
log k, - log (1.60 x 10™°) = 2.598
log k, = 2.598 + log (1.6 x 10™)
log k, = - 4.796 + 2.598 = - 2.198

k, = Antilog (- 2.198)
or, k,=6.34x107s"

86. (i) Refer to answer 72.
(ii) Refer to answer 83.

log k, — logk, =

87. It is due to improper orientation. Energy more
than threshold energy and proper orientation are the
two main factors which are responsible for a reaction
to occur.

“«N»
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5.1 Adsorption 5.4 Classification of Colloids
5.2 Catalysis 5.5 Emulsions
5.3 Colloids 5.6 Colloids Around Us

Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2016-2007)

30 —

Number of questions —>

e e e e S N S I N R (S T )
(= S > - =T S T e e R e R S e e )

» Maximum total weightage is of Classification of » Maximum SA | and SA Il type questions were
Colloids. asked from Classification of Colloids.

» Maximum VSA type questions were asked from
Classification of Colloids.

e D
(_QUICKRECAP )

o Surface chemistry : It deals with phenomena o Adsorbate : The molecular species or
that occur at the surfaces or interfaces. substance, which concentrates or accumulates at

Adsorption : It is the process of accumulation the surface.

of molecular species at the surface rather than o Adsorbent : The material on the surface of
in the bulk of a solid or liquid. which the adsorption takes place.
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[»)

Desorption: The process of removing anadsorbed

substance from the surface.

87

Its rate is high in the

[»)

Distinction between adsorption and absorption

Sorption : The term used when both absorption
and adsorption occur simultaneously.

beginning
decreases
brium is attained.

then
equili-

and
till

throughout the process.

o

©

Adsorption

Absorption

It is a  surface
phenomenon, ie., it
occursonlyatthesurface
of the adsorbent.

Itisabulk phenomenon,

i.e., occurs throughout
the body of the

material.

In this phenomenon,
the concentration on
the surface of adsorbent
is different from that in

In this phenomenon,
the concentration is
same throughout the
material.

the bulk.

AG, AH and AS all are - ve for adsorption.

Types of adsorption : Depending on forces
which hold the adsorbate on the surface of
adsorbent, adsorption is divided into two
classes :

Physical adsorption : When the particles are
held to the surface by the physical forces like
van der Waals forces, the adsorption is called
physical adsorption or physisorption.

Chemical adsorption : When the particles are
held to the surface by the chemical forces or
by chemical bonds, the adsorption is called
chemical adsorption or chemisorption.

Differences between Physisorption and Chemisorption

Property Physisorption Chemisorption

Enthalpy Low enthalpy, is the order of 20-40 k] mol™! | High enthalpy, is the order of 80-240 k] mol™

Reversibility | Reversible process Irreversible process

Effect of With the increase in temperature, extent of | Chemisorption first increases with temperature

temperature adsorption decreases because adsorption is a | upto a certain extent and then decreases. A
exothermic process and kinetic energy of gas | gas adsorbed at low temperature by physical
molecules increases with temperature. adsorption may change into chemisorption at

high temperature.

Selectivity | Not selective in nature. Does not depend | Highly selective in nature. Depends upon the
upon the nature or chemical properties of | nature of gas and adsorbent.
gas and adsorbent.

Nature and | The extent of adsorption depends upon the | The state of adsorbed molecules may be different

state of ease of liquefaction of the gas. from that in the bulk.

adsorbate

Activation | No appreciable energy needed. High activation energy needed.

energy

Pressure Increase in pressure increases Increase in pressure decreases adsorption.
adsorption.

Layers Multimolecular layer. Mono-molecular layer.

Q Factors affecting adsorption of gases on solids : >
» Nature of adsorbent : Greater are the strained
forces on the surface, more is the ease with >
which adsorption takes place on the surface.
The activated adsorbents have high adsorbing

power.

Surface area of adsorbent : Greater the surface

area, more is the adsorption.

Nature of gasbeingadsorbed: Easily liquefiable
gases like NH;, HCI, Cl,, SO,, CO,, etc. (whose
critical temperature is high) are adsorbed to
greater extent.
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Pressure : Adsorption increases with increase
in pressure. The effect of pressure is large at low
temperature.

Temperature Since adsorption is an
exothermic  process so according to
Le-Chatelier’s principle adsorption decreases
with increase in temperature.

Freundlich adsorption isotherm : The plot of
X

— vs pressure at constant temperature is called
m
Freundlich adsorption isotherm,
where, m = mass of the adsorbent x = mass of
the adsorbate

X
For low pressure, — o< p

m

X
For high pressure, — o< po
m

1/n

X
For intermediate pressures, —e<p " (n>1)
m

7z
Saturation
pressure, p;

Pressure

©

©
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log£=logk+llogp
m n

Similarly, for adsorption of solutes from

. X 1 .
solutions, —=k.C'" where, C is the
m
equilibrium concentration,
adsorption is complete.

ie., when

Plot of log X s log Cis linear.
m

Promoters : The substances that enhance the
activity of a catalyst e.g., Mo acts as a promoter
in Haber’s process.

Poisons : The substances that decrease the
activity of a catalyst.

Activity : It is the capacity of a catalyst to
increase the speed of the chemical reaction.
Selectivity : It is the ability of a catalyst to direct
a reaction to yield a particular product.

catalysis:
AN

p
Catalysis : Substances which accelerate the rate of a chemical reaction and themselves remain chemically
and quantitatively unchanged after the reaction, are known as catalysts, and the phenomenon is known as

N

J

4[Homogeneous Catalysis]

The process in which the reactants and the
catalyst are in the same phase.

e.g., oxidation of SO, to SO; by NO as catalyst
(lead chamber process), hydrolysis of methyl
acetate by HCI, hydrolysis of sugar by H,SO,.

The catalytic reaction that depends upon the
pore structure of the catalyst and the size of the
reactant and product molecules. e.g., Zeolites
(have honey-comb like structures).

[ Shape-selective Catalysis ]7

4[Heterogeneous Catalysis]

The process in which the reactants and the
catalyst are in different phases. e.g., oxidation of
SO, to SO; by Pt, manufacture of NH; from
N, and H, by Fe (Haber’s process), oxidation of
NH; to NO by Pt (Ostwald’s process),
hydrogenation of vegetable oils by Ni.

Many biochemical reactions are catalysed by
complex nitrogeneous organic compounds
(proteins or enzymes) which are also called
biochemical catalysts and the phenomenon is
known as biochemical catalysis.

[ Enzyme Catalysis

]7
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Some Enzymatic Reactions

Enzyme Source Enzymatic reaction

Invertase | Yeast Sucrose — glucose

and fructose

Zymase | Yeast Glucose — ethyl
alcohol and carbon

dioxide

Diastase | Malt Starch — maltose

Maltase Yeast Maltose — glucose

89
Urease Soyabean | Urea — ammoniaand
carbon dioxide
Pepsin Stomach | Proteins — Amino
acids

Q A colloid is a heterogeneous system in which

one substance (dispersed phase) is dispersed as
very fine particles in another substance called
dispersion medium. The range of diameters of
colloidal particles is between 1 and 1000 nm
(107 to 10° m).

[Classiﬁcation of colloids ]

v

Based on physical state of

; Based on nature of inte-
dispersed phase and ] raction between dispersed | thedispersed phase:

Based on type of particles of

dispersion medium: phase and dispersion
medium:
—[Multimolecular colloids]—
- Formed by aggregation of a
N large number of atoms or
Solidsinliquids e.g., paints Lyophilic colloids hmecl)clle({;l;rle\fve(fliairr;:eéej i/vr:;iz

Liquid-loving, directly
formed, reversible in nature,
quite stable, cannot be easily

forces.

-[ Macromolecular colloids ]—

coagulated.
| Formed by molecules of large
Liquidsinsolidse.g., cheese size y g
Associated colloids
- _[ Lyophobic colloids ]_ _[ ]_
Formed by substances which

Liqui.d? inliquids. . special methods, readily as normal strong electrolytes,
— Oil in water type emulsions | ¥ coagulated, irreversible, P but at higher concentrations
e.g, milk. not stable, and need exhibit colloidal behaviour

- Water in oil type emul-
sionse.g., butter.

Liquid-hating, prepared by

stabilising agents for their
preservation.

at low concentrations behave

due to the formation of
aggregates (called micelles).

@ Properties of colloidal solutions :
> Colligative properties : Colloids show

colligative properties like relative lowering of
vapour pressure, elevation of boiling point,
etc. and magnitude of colligative properties of
colloids is much less than true solutions due to
larger size of colloidal particles.

Tyndall effect (Optical property) : Scattering
of light by colloidal particles due to which the
path of light beam becomes visible.

Brownian movement (Mechanical property) :
Zig zag movement of colloidal particles due to
the unbalanced bombardment by the molecules
of dispersion medium.
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Charge on colloidal particles : Colloidal
particles always carry an electric charge and
nature of charge (+ve or -ve) is same on all
the particles in a given colloidal solution. The
charge is due to preferential adsorption of ions
from solution.

Positively charged sols Negatively
charged sols
Hydrated metallic Metallic particles.
oxides. e.g., AL,O;- xH,0, |eg,Cu, Ag, Au

Fe,05- xH,0, metal
hydroxides, Fe(OH)s,
Al(OH);, basic dye
stuff like Prussian blue,
haemoglobin (blood).

Metal sulphides - e.g.
As,S;, CdS, Acidic dyes
like eosin, congo red
etc, sols of gelatin, gum,
starch, etc.

>

Electrophoresis  (Electrical property)

Movement of colloidal particles towards one of

the electrodes on passage of electricity through

colloidal solution. The direction depends on
the type of charge on colloidal particles.

Coagulation of colloids : Precipitation of

colloidal solution by induced aggregation of

colloidal particles.

- Lyophobic sols: They can be coagulated by
electrophoresis, boiling, persistent dialysis,
mixing of oppositely charged sols and
addition of electrolytes.

(M)

>

>
>

>

CBSE Chapterwise-Topicwise Chemistry

- Hardy-Schulze rules :

o In case of electrolytes, the ion carrying
charge opposite to that of colloidal particles
is effective in causing coagulation and
greater the valency of the ion causing
coagulation, greater is the coagulating power.

o The minimum concentration of an
electrolyte in millimoles per litre required
to cause precipitation of a sol in two hours
is called coagulating value. The smaller the
quantity needed, the higher will be the
coagulating power of an ion.

- Lyophilic sols : They can be coagulated by
addition of electrolytes and addition of a
suitable solvent.

Emulsions : Colloids in which both dispersed

phase and dispersion medium are in liquid

state.

Types of emulsions :

- Oil in water : Dispersed phase is oil, e.g.,
milk, body lotion.

- Water in oil : D ispersed phase is water, e.g.,
butter, cold cream.

Emulsification : Process of making an emulsion.

Emulsifying agent : Used to stabilize the

emulsion e.g., soaps and detergents.

Demulsification: Separating thetwo components

of an emulsion. Methods used are boiling,

freezing, changing pH.
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Previous Years’ GBSE Board Questions

9.1 Adsorption
(1 mark)

1.

10.

11.

12.

13.

14.

15.

Differentiate ~ between

absorption.

adsorption  and

(1/3, Delhi 2016)
Physisorption is reversible while chemisorption
is irreversible. Why ? (Foreign 2015)

Define the following term :
Adsorption
(1/3 Delhi 2015C, 2014C, 1/2, AI 2013)

In reference to Freundlich adsorption isotherm
write the expression for adsorption of gases on
solids in the form of an equation. (1/3, Delhi 2014)

What is the effect of temperature on chemisorp-

tion? (AI 2014)
Why is adsorption always exothermic?
(AI 2014, 2009C)

What type of forces are responsible for the
occurrence of physisorption? (1/3, Foreign 2014)

Write the expression for the Freundlich
adsorption isotherm for the adsorption of gases
on solids, in the form of an equation.

(1/3, Foreign 2014)

Define the following term :

Sorption (1/3, Delhi 2014C)

Of physisorption or chemisorption, which has
a higher enthalpy of adsorption?
(AI 2013, 2008)

Out of NH; and CO,, which gas will be adsorbed
more readily on the surface of activated charcoal
and why? (Delhi 2012C)

Adsorption of a gas on surface of solid is
generally accompanied by a decrease in entropy,
still it is a spontaneous process. Explain.

(1/3, Delhi 2012C)

Write two applications of adsorption.
(AI2012C)

Physisorption is multi-layered, while chemisor-
ption is mono-layered. (1/3, Delhi 2012C)

Why is a finely divided substance more effective
as an adsorbent? (AI 2011C, Delhi 2010 C)

16. What is the basic difference between adsorption

and absorption? (AI2010C)

17. What are physisorption and chemisorption?
(AI2010C)
18. Name the two types of adsorption phenomenon.
(Delhi 2009C)

19. Why does physisorption decrease with the
increase of temperature ? (Delhi 2008C)

20. In chemisorption why x/m initially increases
and then decreases with rise in temperature?
(Delhi 2008C)

(2 marks)

21. Give reasons for the following observations:
(i) NH; gas absorbs more readily than N, gas
on the surface of charcoal.
(ii) Powdered substances are more effective
adsorbents. (2/3, Foreign 2015)

22. Write the differences between physisorption and
chemisorption with respect to the following :
(i) Specificity
(ii) Temperature dependence
(iii) Reversibility and
(iv) Enthalpy change

m (3 marks)

23. Giving appropriate examples, explain how
the two types of processes of adsorption
(physisorption and  chemisorption) are
influenced by the prevailing temperature, the
surface area of adsorbent and the activation
energy of the process? (AI 2014C)

24. What is an adsorption isotherm? Describe
Freundlich adsorption isotherm.
(Delhi 2013, AI 2012C)

25. What is an ‘adsorption isotherm’ ?
(Delhi 2010C)

26. How do the size of particles of adsorbent,
pressure of gas and temperature influence the
extent of adsorption. (Delhi 2009C)

27. Defineadsorption. Write any two features which

distinguish physisorption from chemisorption.
(Delhi 2007)

(Delhi 2013)
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9.2 Catalysis
(1 mark)

28.

29.

30.

31.

Give reasons for the following observation :
It is necessary to remove CO when ammonia is
prepared by Haber’s process.  (1/3 Delhi 2015)

Define the following term :
Shape selective catalysis
(1/3, Delhi 2015C, 2009C, 1/2, AI 2012, 2011,
2010, 2007)

What are biocatalysts ? Give an example.
(Foreign 2014)

Give an example of ‘shape-selective catalyst.
(Delhi 2010)

(2 marks)

32.

33.

34.

35.

Name the two groups into which phenomenon
of catalysis can be divided. Give an example
of each group with the chemical equation
involved. (Delhi 2012)
Explain how the phenomenon of adsorption
find application in the following processes :

(i) Production of vaccum

(ii) Heterogeneous catalysis (Foreign 2011)

Distinguish  between homogeneous and

heterogeneous catalysis. What role does

adsorption play in heterogeneous catalysis?
(AI 2008C)

Explain the following term giving a suitable
example.

Homogeneous catalysis (Delhi 2007)

5.4 C(lassification of Colloids
(1 mark)

36.

37.

38.

39.

Write the main reason for the stability of
colloidal sols. (Delhi, AI 2016)

Out of BaCl, and KCI, which one is more
effective in causing coagulation of a negatively
charged colloidal sol? Give reason.

(Delhi 2015)

Write the dispersed phase and dispersion
medium of butter. (AI 2015, Foreign 2014)
In reference to surface chemistry, define
dialysis.

(Delhi 2015C, 2014C, AI 2014C, 2007)

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.
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Define the following term :

Electrophoresis (1/3, Delhi 2015C)

Give one example each of sol and gel.

(Delhi 2014)
Give one example each of lyophobic sol and
lyophilic sol. (Delhi 2014)
What are the dispersed phase and dispersion
medium in milk? (Delhi 2014)

Name of the temperature above which the
formation of micelles takes place.

(Foreign 2014)
Based on the type of dispersed phase, what type
of colloid is micelles. (Foreign 2014)
What is the difference between lyophobic sol
and lyophilic sol ? (Delhi 2014C)
Which aerosol depletes ozone layer? (AI2013)

To which colloidal system does milk belong ?
(AI 2013C)

Which complex ion is formed when
undecomposed AgBr is washed with hypo
solution in photography ? (AI2013C)
Define peptization. (AI2012)

How can a colloidal solution and true solution of
the same colour be distinguished from each other
(Delhi 2012C)

How is a sol different from an emulsion ?
(AI 2012C)

What are lyophobic colloids? Give an example
for them. (AI2011)

Define the term “Tyndall effect’
(AI 2010, Delhi 2009)

What causes brownian movement in a colloidal

solution? (Delhi 2008)
Describe ‘electrophoresis’ briefly. (AI2008)
What happens when gelatin is added to gold
solution? (AI 2007)
Explain the following terms giving a suitable
example :

Emulsification (Delhi 2007)

m. (2 marks)

59.

(i) Out of MgCl, and AICl;, which one is
more effective in causing coagulation of
negatively charged sol and why ?

(ii) Out of sulphur sol and proteins, which one
forms multimolecular colloids?
(2/3, Delhi 2016)
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Give reasons for the following observations :

(i) Leather gets hardened after tanning.

(ii) Lyophilic sol is more stable than lyophobic
sol. (2/3, Delhi 2015)

(i) Based on type of particles of dispersed
phase, give one example each of associated
colloid and multimolecular colloid

(ii) Write an important characteristic of
lyophilic sols. (2/3, Delhi 2014)

Define the following terms :

(i) Peptization

(ii) Sol

Define the following terms :

(i) Tyndall effect

(ii) Electrophoresis

(2/3, Delhi 2014C)

(2/3, Delhi 2014C)

Write the dispersed phase and dispersion
medium of the following colloidal systems :
(i) Smoke

(i) Milk (Delhi 2013)
What is the difference between multimolecular
and macromolecular colloids? Give one
example of each. (Delhi 2013)

How are the following colloidal solutions
prepared?
(a) Sulphur in water (b) Gold in water

(Delhi 2013C)

Explain the following terms giving one example
for each.
(i) Micelles (ii) Aerosol

(Delhi, AI 2012)

Explain the cleaning action of soap. Why do
(AI 2012)

(i) Same substances can act both as colloids
and crystalloids. Explain
(ii) What will be the charge on Agl colloidal
particles when it is prepared by adding
small amount of AgNO; solution to KI
solution in water? What is responsible for
the development of this charge ?
(2/3, Delhi 2012C)

Define the following terms giving an example
of each :

soaps not work in hard water?

(i) Emulsion

(ii) Hydrosol (Foreign 2011)

71.

72.

73.

74.

75.

76.
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Define the following terms :
(i) Aerosol
(ii) Coagulation of colloids. (Foreign 2011)

What is meant by coagulation of a colloidal
solution? Name any method by which coagulation
of lyophobic sols can be carried out.

(AI 2010)
Define the following :
(i) Peptization
(ii) Reversible sols (AI 2010)
Explain the following terms :
(i) Electrophoresis  (ii) Dialysis
(AT 2009C)

Explain the following terms :
(i) Tyndall effect (ii) Coagulation

(AT 2009C)
Distinguish between micelles and colloidal

particles. Give one example of each.
(AT 2008C)

SV (3 marks)

77.

78.

79.

80.

81.

82.

Define the following terms :

(i) Lyophilic colloid (ii) Zeta potential

(iii) Associated colloids (AI 2016)
Define the following terms :

(i) Brownian movements

(ii) Peptization

(iii) Multimolecular colloids (AI 2015)

Describe the following processes :

(i) Dialysis

(ii) Electrophoresis

(iii) Tyndall effect (AI 2015C, 2011C)

What are the characteristics of the following

colloids? Give one example of each.

(i) Multimolecular colloids

(ii) Lyophobic sols

(iii) Emulsions (AI 2013)

Explain what is observed when :

(i) A beam of light is passed through a
colloidal solution.

(ii) NaCl solution is added to hydrated ferric
oxide sol.

(iii) Electric current is passed through a
colloidal solution.

(AI 2013C, 2009, Delhi 2008C)

What is meant by coagulation of a colloidal
solution? Describe briefly any three methods
by which coagulation of lyophobic sols can be
carried out. (Delhi 2012)
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83.

84.

85.

86.

87.

88.

89.

Classify colloids where the dispersion medium
is water. State their characteristics and write an
example of each of these classes.

(AI2011)
Distinguish between multimolecular,
macromolecular and associated colloids. Give
one example of each. (Delhi 2011C)
Explain the following terms:
(i) Electrophoresis
(ii) Coagulation
(iii) Tyndall effect (AI 2010C)

What is the difference between multimolecular
and macromolecular colloids? Give one example
of each type. How are associated colloids
different from these two types of colloids ?
(Delhi 2009)

How are the following colloids different from
each other in respect of dispersion medium
and dispersed phase? Give one example of each
type.
(i) Anaerosol
(ii) A hydrosol
(iii) An emulsion (Delhi 2009)
What are lyophilic and Iyophobic sols?
Give one example of each type. Which one of
these two types of sols is easily coagulated and
why?
(Delhi, AI 2008)
Explain what is observed when
(i) KCl, an electrolyte, is added to hydrated
ferric oxide sol,
(ii) an electric current is passed through a
colloidal solution,
(iii) a beam of light is passed through a colloidal
solution.
(AT 2008)
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5.5 Emulsions

(1 mark)

90. What are emulsions? Give an example.
(Delhi 2015C)
91. Give one example each of ‘oil in water’ and
‘water in oil’ emulsion. (Delhi 2014)

92. What is an emulsion?
(Delhi 2014C, 2010, AI 2012, Foreign 201 1)

93. What are emulsions? Name an emulsion in
which water is a dispersed phase. (Al 2014C)

94. Explain the following :

Artificial rain is caused by spraying salt over
clouds. (1/3, Delhi 2012C)

m. (2 marks)

95. What is the difference between oil/water (O/W)
type and water/oil (W/O) type emulsions?

Given an example of each type.  (Delhi 2013)
96. What are emulsions? State one application of
emulsification. (Delhi 2009C)

m (3 marks)

97. What are emulsions? What are their different
types? Give one example of each type.
(AI 2014, Delhi 2013C)
98. (i) What is the difference between a colloidal
solution and an emulsion? Give one example
of each.
(ii) What are emulsifiers ?

5.6 Colloids Around Us
(1 mark)

99. Give reasons for the following observations :
A delta is formed at the meeting point of sea
water and river water (1/3, Foreign 2015, 2014)

(Delhi 2008C)
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Detailed Solutions /

1. Adsorption is a surface phenomenon. In this
process the adsorbate is concentrated on the surface
of the adsorbent and does not penetrate into the

bulk whereas, absorption of a substance takes place
throughout the bulk of the material. In adsorption,

concentration of adsorbate is high on the surface of
adsorbent, while during absorption concentration is
uniform throughout. e.g., water vapour is adsorbed
by silica gel whereas absorbed by anhydrous calcium
carbide.

2. Physisorption takes place (any one) with the
help of non-covalent bonding between an adsorbate
and an adsorbent; it makes the process reversible.
Chemisorption, on the other hand, takes place with
the help of covalent bonding; it makes the process
irreversible.

3. Adsorption is the phenomenon of attracting
and retaining the molecules of a substance on the
surface of a liquid or a solid resulting in higher
concentration of the molecules on the surface.

4. Z=kp"(n>1)
m
logi =logk +llogp
m n

where = is the mass of gas adsorbed per gram of
m

the adsorbent and p is the pressure of gas.

5. Effect of temperature : Chemisorption is an
exothermic process. Hence, according to Le Chatelier
principle, rate of adsorption decreases with rise in

temperature.

6. In adsorption, there is always a decrease
in residual unbalanced forces on the surface.

This results in decrease in surface energy which
appears as heat. Hence, adsorption is uncondition-
ally an exothermic process.

7. The forces operating in these cases are weak
van der Wals’ forces.

8.  Refer to answer 4.

9. The term sorption is used to describe both the
processes adsorption and absorption.

10. Chemisorption has higher enthalpy of adsorption.

11. NH; gas will be adsorbed more readily on the
surface because it has higher critical temperature
than CO, gas.

Due to the greater attraction of the gas molecules
on the surface of the adsorbent, greater will be the
adsorption.

12. For the process to be spontaneous AG must be
negative.

As AS is negative, AG can be negative only if AH is
negative and greater than TAS.

13. Applications of adsorption :
(i) Deionisation of water
(ii) In chromatographic analysis.

14. Physical adsorption occurs due to inter-
molecular attractive forces between the adsorbate
and adsorbent. If the size of the adsorbent pores is
close to the size of adsorbate molecules, multilayer
adsorption takes place, i.e., adsorption takes place
until all the pores are filled with adsorbate molecules,
whereas in chemisorption chemical bonds are
formed between adsorbate and adsorbent molecules.
Therefore, it is monolayered.

15. A finely divided substance is more effective as
adsorbent because

(i) It has more surface area so more adsorption
occurs.

(ii) The number of active sites (active centres)
becomes more and the extent of adsorption increases.

16. Refer to answer 1.
17. Physisorption : The phenomenon in which

adsorbate and adsorbent are held by van der Waals’
forces.

It is reversible in nature. e.g., setting a layer of dust
particles on the furniture.

Chemisorption The phenomenon in which
adsorbate and adsorbent are held by chemical
bonds.

It is irreversible in nature. e.g,, painting on a furniture.
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18. The two types of adsorption phenomenon
are chemisorption or chemical adsorption and
physisorption or physical adsorption.

19. Since,adsorptionisexothermicandaccordingto
Le-chatelier’s principle, low temperatureisfavourable
for physicaladsorption hence, physisorption decreases
with increase in temperature.

Solid + Gas = Gas adsorbed on solid + heat

20. Refer to answer 5.

21. (i)

Higher the critical temperature of gas, more readily
it can get adsorbed on the surface of an adsorbent
due to stronger van der Waals’ forces.

NHj; (132°C) has a higher critical temperature than
dinitrogen (-147°C). Thus, NH; gas adsorbs more
readily than N, gas on the surface of charcoal.

(ii) Refer to answer 15.

22.

S. Criteria Physisorp- | Chemisorp-

No. tion tion

(i) | Specificity |It is mnot|It is highly

specific  in | specific in
nature. nature.

(ii) | Tempera-|It decreases | It increases
ture with in- | with increase
depen- crease in | intemperature.
dence temperature. | Thus, high

Thus, low | temperature is
temperature | favourable for
is favourable | chemisorp-
for  phys- | tion.
isorption.

(iii) | Revers- Reversible in | Irreversible in
ibility nature. nature.

(iv) | Enthalpy Lowenthalpy | High enthalpy
change of adsorption | of adsorption

23. Effect of temperature : Physisorption decreases
with increase of temperature and chemisorption
first increases then decreases with increase of
temperature.

Surface area : Greater the surface area, greater is the
physisorption and chemisorption.
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Activation energy : In physisorption, no appreciable
activation energy is needed. In chemisorption, some-
times high activation energy is needed.

24. Adsorption isotherm : It is the variation in
the amount of gas adsorbed by the adsorbent with
pressure at constant temperature.

195K
224K
X
m 273 K
r—>
Adsorption isotherm

Freundlich adsorption isotherm : It is an empirical
relationship between the quantity of gas adsorbed
by unit mass of solid adsorbent and pressure at a
particular temperature.

X o kp(n> 1) ()
m

X X
when,n=1,= — =kpor — o< p
m m

where x is the mass of gas adsorbed on mass m of the
adsorbent at pressure p. k and n are constants which
depend on the nature of the adsorbent and the gas at
the particular temperature.

These curves indicate that on increasing temperature,
physical adsorption decreases at a fixed pressure.
Taking log in Eq. (i), gives

logi =logk + L log p
m n

The validity of Freundlich isotherm can be verified
. X . .
by plotting — on y-axis and log p on x-axis.
m

If it comes to be a straight line, the Freundlich
isotherm is valid.

1
Slope = —
log 3 e
///
7
7
7

‘| log k (intercept)
log p

Freundlich isotherm
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25. Refer to answer 24.

26. Size of adsorbent particles : Smaller the size
of adsorbent particles, larger is the surface area and
hence, higher is the adsorption.

Pressure : Increase in pressure forces gas molecules
to come closer to the surface of adsorbent leading to
increase in the amount of adsorption.

Temperature : Adsorption is an exothermic reaction
hence is favoured at lower temperature, at higher
temperature the K.E. of adsorbate is high and hence
extent of adsorption is low.

27. Refer to answers 3 and 22.
28. CO is a catalytic poison. It reacts with iron to

form iron carbonyl thus inhibiting the activity of
catalyst.

29. The catalytic reaction that _

pore structure of the catalyst and the size of the
reactant and product molecules is called shape
selective catalysis.

30. Enzymes are termed as biocatalysts as they
help in catalysis of biological reactions.

For example, Inversion of cane sugar with the help of
invertase enzyme.

C12H25011(4g) + H2Og) dvertase s

C6H1206(uq) + CgH,,0

Glucose

Sucrose 6(aq)
Fructose

31. Zeolites (ZSM - 5) are good shape selective
catalysts which convert alcohols directly into gasoline
(petrol) by dehydrating them to give a mixture of

hydrocarbons.
32. Catalysis is divided into following two groups.

Homogeneous catalysis : When reactants and the
catalysts are in the same phase

i, liquid or gas, the catalysis is known as
homogeneous catalysis.

5
(aq)
e.g., 2H202(aq) L ZHZO(Z) + OZ(g)

3 NO)
or EOz(g) — > 05
Heterogeneous catalysis: When reactants and the
catalysts are in different phases, the catalysis is known
as heterogeneous catalysis. In most cases, the catalyst
is solid, while reactants are either liquid or gases.
Here, the catalyst is usually a metal or an oxide in
finely divided form e.g.,
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Ni
Vegetable oils () + Hy —s Vegetable ghee,,

Pt,,

33. (i) Production of Vacuum : Adsorption can be
applied to create condition of high vacuum. Vessel
which has already been exhausted by vacuum pump
is connected to a bulb containing charcoal. The
remaining traces of air inspite of low pressure are
adsorbed by the charcoal almost completely.

(ii) Role of adsorption in heterogeneous catalysis
The reactant molecules in gaseous state or in
solutions are adsorbed on the surface of the solid
catalyst by physisorption or chemisorption. As
result, the concentration of the reactant molecules on
the surface increases and hence, the rate of reaction
increases.

34. Refer to answers 32 and 33(ii).
35. Refer to answer 32.

36. The main reason for the stability of colloids is the
electrostatic stabilisation i.e., equal and same type of
charge on the colloidal particles which causes
repulsion between them and prevents the coagulation
of the sol.

37. BaCl, is more effective in causing coagulation
of negatively charged colloidal sol.

Because greater the valency of the coagulating ion,
greater is its power to bring about coagulation.

38. Dispersed phase : Liquid
Dispersion medium : Solid

39. Dialysis : It is the process of removing a
dissolved substance from a colloidal solution by
means of diffusion through a suitable membrane.

A bag of suitable membrane containing the colloidal
solution is suspended in a vessel through which fresh
water is continuously flowing.

The molecules and ions diffuse through membrane

into the water and pure colloidal solution is left
behind.

40. The movement of colloidal particles under an
applied electric potential is called electrophoresis.
Positively charged colloidal particles move towards
the cathode, while negatively charged particles move
towards the anode.
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B o S

Coagulated
sol particles

As,S, (negatively

charged sol)
Electrophoresis
41.
Type of | Dispersed | Dispersion

E 1
colloid phase medium xamples
Sol Solid Liquid Paints or
Cell fluids
Gel Liquid Solid Cheese or
Butter or

Jellies

42. A colloidal sol in which dispersed phase and
dispersion medium attract each other is called
lyophilic colloid. e.g., gum. A colloidal sol in which
dispersed phase and dispersion medium repel each
other is called lyophobic colloid. e.g, gold solution.

43. Liquid fat is the dispersed phase and water is
the dispersion medium.

44. The formation of micelles takes place only above a
particular temperature called Kraft temperature (7).

45, Associated colloids
46. Lyophilic sols : The colloidal solution in which

particles of the dispersed phase have a strong affinity
for the dispersion medium.

These colloidal sols, even if precipitated, change
back to the colloid form simply by adding dispersion
medium. So, lyophilic sols are reversible in nature.
e.g., glue, starch, rubber, etc.

Lyophobic sols : The colloidal solution in which

particles of the dispersed phase have no or very little
affinity for dispersion medium.

These are irreversible in nature i.e., once precipitated,
they have little tendency to get back into the colloidal

CBSE Chapterwise-Topicwise Chemistry

form on simply adding dispersion mediume.g., As,S;
solution. Lyophobic sols need stabilising agents for
their preservation.
47. CFC (Chlorofluorocarbon)
48. Emulsion
49. The developed film is immersed in sodium
thiosulphate (hypo) solution which removes unchanged
silver bromide as a complex ion.
This is known as fixing.
AgBr + 2Na,S,0; — Na;[Ag(S,0;),] + NaBr
After fixing, the film is not sensitive to light.
50. Peptization is the process of conversion of
a precipitate into colloidal state in the presence of
some electrolyte.
51. When a powerful beam of light is passed
through true and colloidal solutions each kept in a
glass vessel then, colloidal solution exhibits tyndall
effect whereas true solution does not.
52. Solis a type of colloid in which the dispersed
phase is solid and the dispersion medium is a liquid.
Examples include mud, milk of magnesia.
Emulsion is a type of colloid in which the
dispersed phase is liquid and dispersion medium is
also a liquid.

Examples include milk, face cream etc.
53. Refer to answer 46.

54. When a beam of light is passed through a
colloidal solution and viewed perpendicular to the
path of incident light, the path of beam is illuminated
by a bluish light. This phenomenon is called Tyndall
effect. This is due to the fact that colloidal particles
scatter light in all the directions in space.

Eye
|E:|(— Microscope

Tyndall cone Scattered
light

Light =5— Colloidal

source — solution
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55. 'The continuous rapid zig-zag motion of the
colloidal particles in the dispersion medium is called
Brownian movement.

Unbalanced bombardment of the particles of
dispersed phase by molecules of dispersion medium
causes Brownian motion.

This stabilises the sol.
56. Refer to answer 40.

57. Gold solution which is lyophobic solution
starts behaving like a lyophilic colloid when gelatin
is added to it.

58. Emulsification : The process of making
emulsion is known as emulsification. To stabilise
an emulsion, an emulsifying agent or emulsifier is
added. Soaps and detergents are most frequently
used emulsifiers.

59. (i) According to Hardy-Schulze rule, for
negatively charged sol greater the valency of positive
ion added to it, greater is its coagulation power.

In AICl;, Al has +3 charge which is more than Mg
with +2 charge in MgCl,. Thus, AICl, is more effective
in causing coagulation of negatively charged sol.

(ii) Proteins are macromolecules which cannot
form multimolecular colloids while sulphur sol have
smaller Sg molecules which can form multimolecular
colloids.

60. (i) Animal hides are colloidal in nature. When
a hide, which has positively charged particles is
soaked in tannin, containing negatively charged
colloidal particles, mutual coagulation takes place.
This results in the hardening of leather.

(ii) Lyophilic sol is more stable than lyophobic sol
because It is highly hydrated in the solution.

61. (i) Associated colloid : Soap

Multimolecular colloid : Sulphur sol
(ii) Lyophilic sols are reversible sols. These are quite
stable and cannot be easily precipitated.

62. (i) Refer to answer 50.
(ii) Solis a type of colloid in which dispersed phase
is solid and dispersion medium is liquid e.g., paints

63. (i) Refer to answer 54.
(ii) Refer to answer 40.

64. (i) Dispersed phase of smoke = Solid
Dispersion medium of smoke = Gas
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(ii) Dispersed phase of milk = Liquid
Dispersion medium of milk = Water (liquid)

65.

S.No.

Multimolecular
Colloids

Macromolecular
colloids

When a large
number of small
moleculesoratoms
(diameter < 1 nm)
of a substance
combine together
in a dispersion
medium to form

When  substances
which possess very
high molecular
masses are dispersed
in suitable dispersion
medium, the colloidal
solutions thus,
formed are called

macromolecular
colloids.

aggregates, having
size in the colloidal
range, the colloidal
solutions thus,
formed are known
as multimolecular
colloids.

2. e.g., gold sol,
sulphur sol, etc.

e.g., cellulose, starch,
etc.

66. (i) Sulphur sol is prepared by the oxidation of
H,S with SO.,.
SO, + 2H,S M(SSJ 2H,0
o)

(ii) Gold sol is prepared by Bredig’s arc process or by
the reduction of AuCl; with HCHO.

2AuCl, + 3HCHO + 3H,0 2xidations )
(Sol)
+ 3HCOOH + 6HCl
67. (i) Aggregated particles of associated colloids at
high concentration are called micelles. e.g., soaps.
(ii) Colloid of a liquid in a gas is called aerosol e.g.,

fog, sprays etc.

68. The cleansing action of soap is due to the fact
that soap molecules form micelle around the oil
droplet in such a way that hydrophobic part is in the
oil droplet and hydrophilic part interact with water,
the oil droplet surrounded by stearate ions is now
pulled in water and removed from the dirty surface.
Thus, soap helps in emulsification and washing away
of oils and fats. The negatively charged sheath around
the globules prevents them from coming together
and forming aggregates.
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(a) (b)

Hard water contains calcium and magnesium ions.
These ions form insoluble calcium and magnesium
salts when sodium or potassium soaps are dissolved
in hard water. These insoluble soaps separate as scum
in water and are useless as cleansing agent.

69. (i) The same substance can act as both colloid
and crystalloid. It depends on the size of the particles.

When the size of the particles lies between 1 to 1000 nm,
it behaves as a colloid. If particle size is less than
1 nm, it exists as a true solution and behave like a
crystalloid.

(ii) When AgNO; solution is added to aqueous KI
solution, a negatively charged sol of Agl is formed.
This is due to selective adsorption of I ions from the
dispersion medium.

Agl + 1" ——> [Agl]l™

Dispersion Negative

medium sol
70. (i) An emulsion : It is a colloidal system when
both the dispersed phase and the dispersion medium
are in the liquid state. e.g., milk.
(ii) A hydrosol: It is a colloidal solution of a solid in
water as the dispersion medium. e.g., starch solution.

71. (i) Refer to answer 67 (ii).

(ii) Coagulation: The process of aggregating together
the colloidal particles into large sized particle which
ultimately settle down under the force of gravity as a
precipitate is called coagulation.

72. Coagulation : Refer to answer 71 (ii).
Coagulation of lyophobic sol can be carried out by
adding electrolyte.

73. (i) Refer to answer 50.

(ii) Reversible sols : Lyophilic colloids are also known
as reversible sols. These sols are directly formed by
mixing substances like gum, gelatin, starch etc with
a suitable liquid. These sols are stable and cannot be
easily coagulated.

74. (i) Refer to answer 40.
(ii) Refer to answer 39.

75. (i) Refer to answer 54.
(ii) Refer to answer 71 (ii).
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76. Micelles : When small particles (ions) of an
electrolyte molecule form the aggregate particles
which behavelike colloidal particles, these aggregated
particles are known as micelles.

Examples : Soap and detergents.

Colloidal particles : Colloidal particles have an
enormoussurfaceareaper unit massasaresultof their
small size. Its size ranges between 1 nm to 100 nm.
e.g., sulphur sol.

77. (i) Refer to answer 46.

(ii) The difference of potential between fixed layer
and diffused layer of a colloidal sol is known as
electrokinetic or zeta potential. It is given by
4mNu

K

7 =

Z - Zeta potential

1 - Co-efficient of viscosity of sol

u - Velocity of sol particles; K - Dielectric constant.
(iii) Associated colloids: The substances which atlow
concentration, behave as normal strong electrolytes
but at higher concentration exhibit colloidal
behaviour due to the formation of aggregated
particles, are known as associated colloids.

These are also known as micelles. The formation
of micelles takes place only above a particular
temperature, called the Kraft temperature and above
a particular concentration, called the Critical Micelle
Concentration (CMC), e.g., surface active agents
such as soaps and synthetic detergents.

78. (i) Brownian movement : When the colloidal
particles are observed under the ultramicroscope,
the particles are seen to be in constant motion in
zig-zag path.

This zig-zag motion of dispersed phase particles is
called Brownian movement.

Importance : Avogadros number can be calculated
with the help of Brownian movement.

(ii) Refer to answer 50.

(iii) Multimolecular colloids : A colloid in which
large number of small molecules combine to form
a particle of colloidal size is called multimolecular
colloid e.g., sulphur sol.

79. (i) Refer to answer 39.

(ii) Refer to answer 40.

(iil) Refer to answer 54.

80. (i) Refer to answer 78 (iii).
(ii) Refer to answer 46.

(iil) Refer to answer 70 (i).
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81. (i) Scattering of light by the colloidal particles
takes place and the path of light becomes visible
(Tyndall effect).

(if) The positively charged colloidal particles of
ferric hydroxide sol get coagulated by the oppositely
charged CI” ions provided by NaClL

(iii) On passing electric current through a sol,
colloidal particles start moving towards oppositely
charged electrodes where they lose their charge and
get coagulated (electrophoresis).

82. The process of setting of colloidal particles is
called coagulation of the sol. It is also known as
precipitation. Following are the three methods by
which coagulation of lyophobic sols can be carried out:
(i) Electrophoresis: In this process, the colloidal
particles move towards oppositely charged electrodes
and get discharged resulting in coagulation.

(if) Mixing of two oppositely charged sols: When
equal proportions of oppositely charged sols are mixed,
they neutralise each other resulting in coagulation.

(iii) Dialysis: By this method, electrolytes present
in sol are removed completely and colloid becomes
unstable resulting in coagulation.

83. (i) Sol: When solids is dispersed in water, it is
called sol, e.g., gold sol starch sol.
(ii) Emulsion: When liquid is dispersed in water, it
is called emulsion, e.g., milk.
(iii) Foam : When gas is dispersed in water, it is called
foam or froth, e.g., soap lather, whipped cream.
84. Refer to answers 65 and 77 (iii).
85. (i) Refer to answer 40.
(ii) Refer to answer 71 (ii).
(iii) Refer to answer 54.
86. Refer to answer 65.
Refer to answer 77 (iii).
87. (i) Refer to answer 67 (ii).
(ii) Refer to answer 70 (ii).
(iii) Refer to answer 70 (i).
88. Refer to answer 46.
Hydrophobic solutions get easily coagulated on the
addition of small amount of electrolyte or by heating
or even shaking as they are not stable.

89. Refer to answer 81.
90. Refer to answer 70 (i).

91. Oil in water emulsion : Milk
Water in oil emulsion : Butter
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92. Refer to answer 70 (i).

93. (i) Refer to answer 70 (i).
(ii) Butter is an emulsion in water acts a dispersed
phase and oil acts as the dispersion medium.

94. Cloudsare colloidal dispersion of water particles
in air. These water particles carry some charge over
them. On spraying oppositely charged colloidal dust
or sand particles over a cloud from an aeroplane,
the colloidal water particles present in the cloud will
get neutralized and as a result they will come closer
and will grow in size to form bigger water drops
and ultimately will coagulate or precipitate causing
artificial rain.

95. The two types of emulsions are :

(i) Oil-in-water type in which small droplets of an
oil are dispersed in water.

Example : Milk, cod liver oil.

(ii) Water-in-oil type in which water droplets are
dispersed in an oil medium.

Example : Butter.

96. (i) Refer to answer 70 (i).

(ii) Application of emulsification Cleansing action
of soaps is due to the emulsification of oils and fats.
Actually, soaps help in emulsification of oils and fats.

97. Refer to answer 70(i).

Types of emulsions :
Oil dispersed in water e.g., milk.
Water dispersed in oil e.g., butter.

98. (i) Colloidalsolution : These are the solutionsin
which the diameter of dispersed phase particles may
range from 1 to 1000 nm. These are intermediate of
true solutions and suspensions. The colloidal particles
do not settle down under the force of gravity even on
long standing. A colloid is a heterogeneous system,
e.g., gold sol, sulphur sol, soap, etc. Emulsions are
one of the types of colloidal system, in which both
the dispersed phase and dispersion medium are
liquids, e.g., milk.

(ii) Emulsifiers : The substances which are added
to stabilise the emulsion are called emulsifiers.
e.g., various kinds of soaps, lyophilic colloids
(proteins, gum etc.).

99. Sea water contains a lot of electrolytes. River
contains colloids of sand and clay. When they meet
the electrolytes neutralise the charge on colloidal
particles which results in the precipitation of sand,
clay etc. thus, resulting in a delta formation.

“«e»
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w Concentration of ore :

Removal of gangue
from ore is known as concentration or dressing
of ore.
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» Depending upon the nature of the ore and the
impurities present, different methods are used
for concentration of ore.

Method Principle and ores specification

Process

Hydraulic
washing

It is based on the difference in the
specific gravities of the gangue
and the ore particles and is mostly

used for oxide ores.

The powdered ore is agitated with water. The heavier
ore particles settle down while lighter impurities
are washed away.

Electromagnetic
separation

It is based on the difference in
magnetic properties of the gangue
and ore particles and is used for
magnetite  (Fe;O,), haematite
(Fe,05), wolframite (FeWO,),
chromite (FeO-Cr,0,), etc.

The powdered ore containing impurity is dropped
on a belt which rotates around a magnetic roller.
The magnetic particles fall nearer to the roller while
non-magnetic particles fall farther off.

Froth floatation
process

It is based on the difference in
wetting properties of gangue and
ore particles and is mostly used for
sulphide ores.

Powdered ore is mixed with pine oil and water and
violently agitated with air. Ore particles rise to the
surface in the form of froth and impurities remain
in water.

Leaching

It is based on the difference in
chemical properties of gangue
and ore particles and is used for
extraction of Au, Ag and pure
alumina from bauxite ore.

Baeyer’s process :
ALO,2H,0 + 2NaOH + H,0 —> 2Na[Al(OH),]
2Na[Al(OH),] + 2CO, —> AL, 0;-xH,0

+ 2NaHCO;

ALO3xH,0 222%°C5 A1,0, + xH,0

Mac Arthur Forest cyanide process :

4Ag + 8NaCN + 2H,0 + O, —> 4Na[Ag(CN),]
+4NaOH

2Na[Ag(CN),] + Zn —> Na,[Zn(CN),] + 2Agl

@ Extraction and isolation of metals :

>

Calcination : It is the process of heating the ore
(like carbonate and hydrated oxide) strongly
below its melting point either in the absence of
air or in the limited supply.

Roasting : It is the process of heating the ore
strongly below the melting point in a sufficient
supply of air to bring about its oxidation and
remove volatile impurities.

Reduction or conversion of ores to metals :
The ore obtained after calcination or roasting is
reduced to metal and choice of reducing agent
depends upon the nature of ore.

Carbon or carbon monoxide is used for oxides
of Fe, Cu, Zn, Mg, Co, etc. and the process is
called smelting.

»  Electropositive metals like Na, Al, Mg or
hydrogen are used for reduction of ores of Mn,
Cr, Ti, Mo, W, etc.

»  Water gas is used for nickel ores.

»  Auto-reduction process is used for ores of Pb,
Hg, Cu, etc.

»  Electrolytic reduction is used for highly
electropositive metals.

» Hydrometallurgy or displacement method is
used for Ag, Au, etc.

Refining of metals : Purification of crude
metals by removing the impurities present in it
is called refining.

» Different methods are used depending upon

the differences in properties of the metal and

the impurity.
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Refining/purification of the crude metal

Methods Metals purified
Liquation Used for low melting metals like Sn, Pb, Hg, Bi, etc.
Distillation Used for volatile metals like Zn, Hg, Cd, etc. or metals containing non-volatile
impurities.
Poling Used for metals which contain impurities of their own oxides. e.g., Cu.
Cupellation Used for metals containing easily oxidisable impurities. e.g., Ag containing Pb
impurities.
Electrolytic Used for metals like Cu, Ag, Au, Al which get deposited at cathode and impurities get
refining deposited at anode. Solution of a soluble metal salt acts as the electrolyte.
Mond’s process Used for refining of Ni.
4CO + Ni 2=8%C5 Ni(C0), 2L Ni + 4CO
Impure Pure
Zone refining Used to produce extremely pure metals (semiconductors) like Si, Ge, Ga, B and In.
van Arkel Used for ultra-pure metals like Ti, Zr which are used in space technology.
method 53K
Tig + 2Ly — > Tily, 12Ks Ti + 21,
Impure Pure
Zr + 212 870K > ZrI4(g) 1800 K> Zr(s) + 212@

Impure Pure

Chromatographic | Based on the principle that different components of a mixture are differently adsorbed
methods on an adsorbent e.g,, lanthanoids are purified by using ion exchange as adsorbent.

Extraction of Fe, Cu, Al and Zn

Extraction of Al Extraction of Fe

Ores: Ores : Concentration :
Bauxite (AL,O5;-xH,0) Haematite (Fe,O5) (Electromagnetic separation)
Siderite (FeCO;) - A4

‘ Calcination and roasting : )
Concentration : (Leaching) (Removal of H,0, S, C and As)
A1203 + 2NaOH + 3HZO —> 2Na[Al(OH)4] FCZO3~3H20 A% F6203 + 3HZO
2Na[Al(OH)4]1;Og02% A1203'XHZO + 2NaHCO3 F6C03 —> FeO + CO2
ALO;xH,0 ——> Al,0; + xH,0 4FeO + O, —> 2Fe,0,

J S+0,—> SO,

(Electrolytic reduction : h A \4As + 30, — 2As,0, )
(Hall and Heroult process) (‘Smelting : (Blast furnace) )
Pure AL Oj; + cryolite (electrolyte) 400-700°C
2AL0;, + 3C —> 4Al + 3CO, Fe,0; + 3g0 — > 2Fe+3CO,

At cathode : AI*  + 3e- —> Al CaCO; —> Ca0 + CO,; CaO + SiO, — CaSiOs(slag)
T mel) o Hot iron 1200°C
. - . ; i ——>Si+2C0O
Atanode: C) + Oz(mel,) —> COg +2e 200 — > C0O,+C;  Si0,+2C
2 - MnO, +2C —> Mn + 2CO; P,0,,+ 10C —> 4P + 10CO
\_ Cig + 20nay —> COyy +4e Pig iron so formed is then remelted and cooled to form cast
\iron. )
Purification : Electrolytic method J
(Hoope’s process) (Purification : By oxidising impurities in reverberatory furnace )

lined with haematite.
\FeZO3 +3C—> 2Fe + 3CO
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(iii) Zincite : ZnO

Roasting :
2ZnS + 30, — 2Zn0 + 280,

ZnS + 20, —> ZnSO,
] A
2ZnSO, — 2Zn0 + 250, + O,
v
Reduction :
ZnO + C—> Zn + CO

J

Purification :
Electrolytic refining, distillation

Extraction of Zn Extraction of Cu
Ores : Ores : Concentration :
(i) Zinc blende : ZnS Concentration : Copper pyrites (CuFeS,) (Froth floatation method)
(ii) Calamine : ZnCO, (Froth floatation method)

Roasting :
2CuFeS, + O, —> Cu,S + 2FeS + SO, T
2FeS + 30, —> 2FeO + 250,

rSmelting :

Sand + coke

FeO + SiO, — FeSiO;(Slag)
N

(" R
Bessemerisation :

Sand + hot blast of air

2Cu,$ + 30,—> 2Cu,0 + 280,

2Cu,0 + Cu,S — 6Cu + SO,

| copper.

The copper so obtained upon bessemerisation is called blister

|}

(Puriﬁcation : Blister copper can be purified by poling or
kelectroly’[ic refining to get pure copper.

@ Thermodynamic  and  electrochemical
principles of extraction :
» Thermodynamic principles :

- Thermodynamics help in understanding
the conditions of temperature and selecting
suitable reducing agent in a metallurgical
process.

- Gibb’s Helmholtz equation is used to check
the feasibility of a reduction process.

- AG° =AH° - TAS®, if AG® < 0, the reduction

is feasible.

T ~100-
S’ ~200- 0
- O,
— e) —
o _ i 2CO+Y2
273007 om0 X
'S -400- 2c
g "0
i 2
= 500 Co
8 -600-
< 273K ' ! '
673K  1073K  1473K

Temperature —»

Ellingham diagram for formation of FeO
from Fe, CO from C and CO, from CO

- For a reaction, enthalpy change is fixed but
temperature factor can be controlled and it
can be the deciding factor for feasibility of
that reaction.

Coupled reactions : If reactants and products

of two reactions are put together in a system

and the net AG of two possible reactions is

-ve, the overall reaction will take place. These

reactions are called coupled reactions.

Ellingham diagram : It consists of plots of AfG°

vs. temperature for the formation of oxides of

elements.

T -100- C“?.O 5

~ Y C v

O 2007 07 5 5%

< ~3007 Aol C+0,CO,
'S -400 :

g 120,

_ = - N O.

= 500 . g
& —6004% 1180K: 1270 K

> P

T
273K 500K 1000 K 1500 K 2000 K

Temperature —»

Ellingham diagram showing the formation
of Cu,O from Cu, ZnO from Zn, CO from C
and CO, from C and CO.
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'O

It provides a sound idea about selecting a
reducing agent in reduction of oxides.

Such diagrams help in predicting the feasibility
of thermal reduction of an ore. AG must be
—ve at a given temperature for a reaction to be
feasible.

Electrochemical principles :

Electrolysis is used to carry out the reduction of
a molten metal salt.

The electrochemical principles of this method

CBSE Chapterwise-Topicwise Chemistry

can be understood through the equation,
AG® = -nFE°

More reactive metals have large negative values
of the electrode potentials so, their reduction is
difficult.

If the difference of two E° values corresponds
to a positive E° and consequently, negative AG®,
then the less reactive metal will come out of the
solution and the more reactive metal will go to
the solution.
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6.1 Occurrence of Metals

(1 mark)

1.

2.

3.

Name the chief ores of aluminium and zinc.
(A1 2014 C)

Differentiate between a mineral and an ore.
(AI2011)

Name the principal ore of aluminium.
(1/3, AI 2009, 2007)

6.2 Concentration of Ores

(1 mark)

4.

10.

11.

12.

In the extraction of Al, impure Al,O; is dissolved
in conc. NaOH to form sodium aluminate and
leaving impurities behind. What is the name of
this process? (1/3, Delhi 2016)

Write the principle of the following method.
Froth floatation method (1/2, Delhi 2014)

Describe the role of the following :
NaCN in froth floatation process (1/2, AI 2014)

What is the function of collectors in the froth
floatation process for the concentration of ores.
(Foreign 2014)

Name the depressant which is used to separate
ZnS and PbS ores in froth floatation process.
(Foreign 2014)

What role is played by CO, in getting pure
alumina (Al, O5) in the extraction of aluminium?
(Delhi 2014 C)

Describe the underlying principle of froth
floatation process of concentration of ores.
(1/2, Delhi 2014 C)

What are the collectors used in froth floatation
process? Name a substance that can be used as
such. (AI2014 C)

Describe the underlying principle of recovery
of silver from the solution obtained by leaching
silver ore with a solution of NaCN.

(1/2, A1 2014 C)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

What is the role of CO, in the extractive
metallurgy of aluminium from its ore?
(AI2014 C)

Which solution is used for the leaching of silver
metal in the presence of air in the metallurgy of

silver? (1/2, Delhi 2013)

Which of the following ores can be concentrated
by froth floatation method and why?
Fe,0s, ZnS, AL,O, (1/2, Delhi 2013)

Name the method used for removing gangue
from sulphide ores. (1/2, A1 2013)

Explain the role of the following :
NaCN in the extraction of silver from silver ore.
(1/2, Delhi 2013 C, AI 2010 and 2009)

What is the role of collectors in froth floatation
process? (AI 2012)

What is the role of depressants in the froth
floatation process of dressing of ores?
(Delhi 2012 C)

State the principle on which the following
process operates :

Recovery of silver after the silver ore has been
leached with NaCN. (1/3, Delhi, Foreign 2011)

Describe the principle controlling the following
process :
Froth floatation method of concentration of a

sulphide ore. (1/2, AI 2011)

Why is it that only sulphide ores are concentrated

by froth floatation process? (AI2011)

What type of ores can be concentrated by

magnetic separation method? (AI2011)

Describe the principle controlling the following
process :
Preparation of pure alumina (AL,O;) from

bauxite ore. (1/2, AI 2011)

Write the reactions involved in the following

process :

Leaching of bauxite ore to prepare pure alumina.
(1/2, Foreign 2011)
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26. Describe the principle involved in the following
process of metallurgy :

Froth floatation method. (1/3, AI 2010)

27. Why is the froth floatation method selected for
the concentration of sulphide ores. (Delhi 2009)

28. Describe the leaching of aluminium ore.
(1/2, AI 2009)

29. State briefly the principle which serves as basis
for the following operation in metallurgy :
Froth floatation process (1/3, Delhi 2008)

30. Describe the role of the following :
Depressant in froth floatation process
(1/3, Delhi 2008 C)

m. (2 marks)

31. Write the chemical reactions involved in the

extraction of silver from silver ore.
(Foreign 2014)

32. How can you obtain pure alumina (Al, O3) from
a bauxite ore? Give necessary reaction involved.
(AI 2010 C, 2009 C)

m]. (3 marks)

33. Write the principle behind the froth floatation
process. What is the role of collectors in this
process? (AI 2014)

6.3 Extraction of Crude Metal from
Concentrated Ore

(1 mark)

34. Answer the following :
Differentiate between roasting and calcination.
(1/3, A1 2015 C)

35. What is meant by the term ‘pyrometallurgy’?

(AT 2009)
m (2 marks)
36. Define the following terms :
(i) Roasting
(ii) Calcination (Delhi 2014 C)
37. Giving  examples  differentiate  between
calcination and roasting. (AI2013C)
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6.4 Thermodynamic Principles of
Metallurgy

(1 mark)

38. What is the role of coke in the extraction of iron
from its oxides? (1/3, Delhi 2016)

39. What is the role of limestone in the extraction of
iron from its oxides? (1/3, Delhi 2016)

40. What is the role of silica in the extraction of
copper? (1/3, Delhi 2015)

41. Which form of the iron is the purest form of
commercial iron? (1/3, Delhi 2015)

(1/3, Foreign 2015)

43. Describe the role of the following :
SiO, in the extraction of copper from copper
matte

42. What is ‘copper matte’?

(1/2, Al Foreign 2014, Delhi 2010)

44. What is the function of SiO, in the metallurgy of
copper? (Delhi 2014 C)

45. Out of C and CO, which is a better reducing
agent at the lower temperature range in the blast
furnace to extract iron from the oxide ore?

(1/2, Delhi 2013)

46. What is the composition of ‘copper matte’?
(Delhi 2013)

47. Give reason for the following :
Zinc oxide can be reduced to metal by heating
with carbon but Cr,0; cannot be reduced by
heating with carbon. (1/2, Delhi 2013 C)

48. Although thermodynamically feasible, in
practice, magnesium metal is not used for
reduction of alumina in the metallurgy of
aluminium. Why? (AI 2012 C)

49. Describe the principle controlling the following
process :
Preparation of cast iron from pig iron.
(1/2, AI 2011)

50. Copper matte is charged into a silica lined
converter in extraction of copper. What is the
role of silica lining here? (AI2010C)

51. Describe the role of the following :
Silica in the extraction of copper from copper
pyrites ore. (1/3, Delhi 2008 C)
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52. The reaction Cr,0; + 2Al — ALO; + 2Cr;
AG° = - 421 K] is thermodynamically feasible as
is apparant from the Gibbs energy value. Why
does it not take place at room temperature?

(1/3, Delhi, AI 2008 C)

m (2 marks)

53. (i) What is the role of silica in the extraction of
copper?
(if) How is ‘cast iron’ different from ‘pig iron’?
(2/3, AI 2015)
54. How is wrought iron different from steel?
(AI 2013)

55. Why is copper matte put in silicalined converter?
(Delhi 2012 C)

56. Describe how the following changes are brought
about :
(i) Pigiron into steel
(ii) Zinc oxide into metallic zinc.
(2/3, Delhi 2010)

57. Give reasons for the following :

(i) Zinc oxide can be reduced to the metal by
heating with carbon but not Cr,05.

(ii) Extraction of copper directly from sulphide
ores is less favourable than that from its
oxide ore through reduction.

(2/3, Delhi 2009 C)

m (3 marks)

58. Write down the reactions taking place in different
zones in the blast furnace during the extraction of
iron. How is pig iron different from cast iron?

(Delhi 2015 C)

59. Write the reactions taking place in different
zones of the blast furnace to obtain iron.
(AI 2015 C)

60. Write down the reactions which occur in upper,
middle and lower zones in the blast furnace
during the extraction of iron from iron ore.

(Delhi 2011 C)

61. What chemical principle is involved in choosing
a reducing agent for getting the metal from its
oxide ore? Consider the metal oxides, Al,O; and
Fe,03, and justify the choice of reducing agent
in each case. (AI 2008)
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62. What are the chief ores of zinc? Write chemical
reactions taking place in the extraction of zinc
from zinc blende. (AI 2008)

6.5 Electrochemical Principles of
Metallurgy

(1 mark)

63. What is the role of cryolite in the extraction of
aluminium?

(1/3, AI 2016, 2015 C, Delhi, AI 2013,

Delhi 2012, AI 2010, Delhi 2008 C)

64. Which reducing agent is employed to get copper
from the leached low grade copper ore?
(Delhi 2014)

65. Write the role of graphite rod in the
electrometallurgy of aluminium.
(1/2, Delhi, Foreign 2012)

66. How is copper extracted from a low grade ore of
it? (A 2012)

67. Which method is employed for extracting
copper from low grade ores and scraps?
(AI 2012 C)

68. Describe the role of cryolite in the extraction of
aluminium from pure alumina. (1/2, AI 2009)

69. Give reason for the following :
Alumina is dissolved in cryolite for electrolysis
instead of being electrolysed directly.
(1/3, Delhi 2009 C)

70. Which of the two scraps, zinc or iron would be
preferred for the recovery of copper from the
leached copper ore and why?

(Delhi 2009 C)

m. (2 marks)

71. Write all the reactions involved in the extraction
of aluminium from bauxite ore.(2/3, AI 2008 C)

6.6 Oxidation Reduction
(1 mark)

72. What is the role of dilute NaCN in the extraction
of gold? (1/3, Foreign 2015)

73. What is the role of zinc metal in the extraction
of silver? (AI2014)
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74.

75.

76.

Write the reaction involved in the following
process :

Recovery of gold after gold ore has been leached
with NaCN solution. (1/2, Foreign 2011)

Describe the role of NaCN in the extraction of

gold from gold ore. (1/3, Delhi 2010)

Why is electrolytic reduction preferred over
chemical reduction for the isolation of certain

metals? (AI 2009)

m (2 marks)

77.

78.

The extraction of gold by leaching with NaCN
involves both oxidation and reduction. Justify
giving chemical equations. (AI2012C)

How is chemical reduction different from
electrolytic reduction? Name a metal each which
is obtained by

(i) electrolytic reduction,

(ii) chemical reduction. (AI 2010 C)

6.7 Refining
(1 mark)

79.

80.

81.

82.

Name the method of refining of metals such as

germanium. (1/3, Delhi 2016)

Name the method of refining of nickel.
(1/3, A1 2016, 2014)

Indicate the principle behind the method used
for the refining of zinc. (1/3, Delhi 2015)

What is the principle behind the zone refining of
metals?

(1/3, AI 2015, Foreign 2014, Delhi 2013 C, AI 2012 C)

83.

84.

85.

86.

87.

Indicate the principle behind the method used
(1/3, Foreign 2015)

What is meant by the term ‘chromatography’?
(1/3, AI 2015 C)

Name the method used for refining of copper
metal. (AI2014)

for the refining of nickel.

Write the role of the following :
CO in the purification of nickel
(1/2, Foreign 2014)

Write the role of the following :
Iodine in the refining of zirconium.
(1/2, Foreign 2014)

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.
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Describe the underlying principle of the
following process :
Vapour phase refining of metals.

(1/2, Delhi 2014 C)

Describe the underlying principle of the
following process :
Electrolytic refining of a crude metal.

(1/2, AI 2014 C)

Name the methods used for the vapour phase
refining of impure titanium and nickel metals.
(Delhi 2013 C)

Explain the role of the following :
Iodine in the refining of titanium.
(1/2, Delhi 2013 C, AI 2010)

Write the chemical reaction which takes place in
Mond’s process for refining of nickel.
(Delhi 2013 C)

Describe the following :
The role of carbon monoxide in the refining of

crude nickel. (1/2, Delhi 2012)

Name the methods used for refining of following
metals.
(i) Nickel (ii) Titanium

(Delhi 2012 C)

What types of metals are usually purified by the
method of zone refining? Give an example.
(Delhi 2012 C)

Describe the principle controlling the following
process :
Vapour phase refining of titanium metal.

(1/2, A1 2011)

Write the reactions involved in the following

process :

Refining of zirconium by van Arkel method.
(1/2, Foreign 2011)

Describe how the following change is brought
about :
Impure titanium into pure titanium.

(1/3, Delhi 2010)

Describe the role of iodine in the refining of
zirconium. Write chemical equations for the

involved reactions. (1/3, Delhi 2010)
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m (2 marks)

100. Write the principle of the following method :
Vapour phase refining. (Delhi 2014)

101. Describe the principle involved in each of the
following processes.
(i) Zone refining of a metal
(ii) Vapour phase refining of metals.
(AI 2014, 2013)

102. Give an example of zone refining of metals.
(Delhi 2013)

103. Describe the principle involved in each of the
following processes.
(i) Mond process for refining of nickel.
(ii) Column chromatography for purification of
rare elements. (Delhi 2012)

104. Describe the principle controlling each of the
following processes :
(i) Zone refining of metals

(ii) Electrolytic refining of metals (AI2011)

105. Describe the underlying principle of each of the
following metal refining methods :
(i) Electrolytic refining of metals
(ii) Vapour phase refining of metals. (AI 2009)

106. State briefly the principles which serve as basis
for the following operations in metallurgy :
(i) Zone refining
(ii) Refining by liquation

m (3 marks)

107. Outline the principles of refining of metals by
the following methods :
(i) Distillation

(2/3, Delhi 2008)

111

(if) Zone refining

(iii) Electrolysis (Delhi 2015 C)

108. Outline the principles behind the refining of
metals by the following methods :
(i) Zone refining method

(if) Chromatographic method (Delhi 2014)

109. Explain the principle of the method of electrolytic
refining of metals. Give one example. (Al 2014)

110. Which methods are usually employed for
purifying the following metals?
(i) Nickel (ii) Germanium
Mention the principle behind each one of them.
(AI 2012)

111. State the principle on which each of the
following process operates :
(i) Electrolytic refining of a metal.
(ii) Vapour phase refining of a metal.
(Delhi 2011, Foreign 2010)

112. State the principles of the following methods of
refining crude metals :
(i) Zone refining
(ii) Liquation method

(iii) Chromatographic method (AI2011C)

113. State the principle involved in refining of metals
by each of the following methods :
(i) Zone refining
(if) Vapour phase refining
(iii) Electrolytic refining
(Delhi 2010 C, Delhi 2008)

114. What is meant by the term, ‘Chromatography’
What criterion is followed for the selection of
the stationary phase in chromatography?

(Delhi 2010 C)
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Detailed Solutions /

1. The chief ore of aluminium is bauxite and that of
zinc is zinc blende or sphalerite.

2. The naturally occurring chemical substances
present in the earth’s crust which can be obtained
by mining are called minerals. Those minerals from
which metals can be extracted economically are
called ores.

3. Refer to answer 1.

4. Leaching

5. The principle behind this method is that
the sulphide ore is preferentially wetted by oils
while gangue is preferentially wetted by water.

Then on agitation froth is formed that carries mineral
particles and can be skimmed off.

6. NaCN is used as a depressant in froth floatation

which  selectively prevents ZnS from

coming to the froth but allows PbS to come with the
froth.

process

7. Collectors enhance non-wettability of the
mineral particles. Pine oil can be used as collectors.

8. NaCN is used to separate ZnS and PbS ores in
froth floatation process.

9. The aluminate in solution is neutralised by

passing CO, gas and hydrated Al,Oj is precipitated.

2Na[Al(OH)4] (4q) + CO4) = AL O3.xH, 0
+2NaHCO3y),

10. Refer to answer 5.

11. Refer to answer 7.

12. During leaching Ag is oxidised to Ag" which
then combines with CN ™ ions (from NaCN) to form
soluble complex [Ag(CN),]". Silver is then recovered
from this complex by displacement method using
more electropositive zinc metal.

2[Ag(CN),] (4 + Zn() — 2Ag(y + [Zn(CN),]?

13. Refer to answer 9.

14. Dilute solution of NaCN or KCN in the presence
of air (for O,).

15. ZnS (Froth floatation method is used to remove
gangue from sulphide ores).

(ag)

16. Froth floatation method.
17. Refer to answer 12.

18. Refer to answer 7.

19. Refer to answer 6.

20. Refer to answer 12.

21. Refer to answer 5.

22. This is because the sulphide ore particles
becomes lighter when preferentially wetted by oil
and rise to surface along with the froth, whereas
gangue particles are preferentially wetted by water
become heavier and settle down.

23. If either the ore or the gangue particles are
capable of being attracted by magnetic field, then
such ore is concentrated by magnetic separation
method.

24. AL,O; present in bauxite is soluble in
concentrated NaOH solution whereas impurities are
not, Al,Oj is reprecipitated from the solution.

25. (i) Leaching of bauxite ore to prepare pure
alumina :

ALOj + 2NaOH,, + 3H,0() —
2Na[Al(OH)4] (4q)
2Na[Al(OH)4] (4q) + CO5p — AL O5xH,0)
+2NaHCO3y)
ALO5-xH,0) 14255 AL O, + xH,0
26. Refer to answer 5.
27. Refer to answer 22.
28. Refer to answer 25.
29. Refer to answer 5.
30. Refer to answer 6.
31. Ag,S +4NaCN<=—2Na[Ag(CN),]+Na,S

Argentite

4Na,S + 2H,0 + 50, — 2Na,SO, + 4NaOH + 2§
2Na[Ag(CN),] + Zn — Na,[Zn(CN),] + 2Ag
32. Refer to answer 25.

33. Froth floatation method : The method has
been in use for removing gangue from sulphide ores.
In this process, a suspension of the powdered ore is
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made with water. To it collectors and froth stabilisers
are added.

Collectors (e.g., pine oils, fatty acids, xanthates, etc.)
enhance non wettability of the mineral particles

and froth stabilisers (e.g., cresols, aniline) stabilise
the froth.

The mineral particles become wet by oils while the
gangue particles by water. A rotating paddle agitates
the mixture and draws air in it. As a result, froth is
formed which carries the mineral particles. The froth
is light and skimmed off.

34.

Roasting

Calcination

1. It is the

process of heating the
ore below its melting
point with excess of
air.
2. Sulphide ore is

1. It is the

process of heating the
ore below its melting
point in the absence or
limited supply of air.
2. Carbonate ores are

converted into oxide | converted into oxide.
form. ZnCO,—2 5 7n0
27nS+30, 2, A
+CO
2Zn0+250, T 2

and water and organic

and volatile impurities | ",
impurities are removed.

are removed as oxides
SO,, As, 05 etc.

35. The process of extraction of metal from its ore
by heating the ore with a suitable reducing agent is
known as pyrometallurgy.

36. Refer to anwer 34.
37. Refer to anwer 34.

38. Coke reduces iron oxide to iron.
FeO(S) + C(s) —> Fe(s/l) + CO(g)

39. Limestone decomposes to form CaO and CO,.
CaO thus formed acts as a flux and combines with
silica (present as impurity) to form fusible calcium
silicate slag.

CaCO; — CaO + CO,

CaO + SiO, — CaSiO,
(Silica) (slag)

40. During the metallurgy of copper from copper
pyrites, CuFeS,, its roasting gives FeO besides Cu,O
and SO,.
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4CuFeS, +1102(g)—>4FeO(s)+2CuZO(S)+SSO

(Copper pyrites)

To remove FeO, SiO, is added to form slag.
FeOy) + SiO,, — FeSiOy

(Acidic oxide) Slag

2(g)

(Basic oxide)
41. Wrought iron is the purest form of commercial
iron.

42. Copper matte is mixture of Cu,S and FeS.
43. Refer to answer 40.
44. Refer to answer 40.

45. Ellingham diagram for oxides of metals and
carbon shows

Ciy + Oz = COyy) (i)
2C) + Oy) = 2COy) (ii)
2CO ) + Oy — 2C0y¢) (ii)
that at 673 K, AfG°(COZ) < AfG°(CO) hence
formation of CO, gas is more favourable than CO gas.

Hence, out of C and CO, CO is a better reducing
agent.

46. Cu,S and FeS.

47. Carbon is suitable reducing agent for reduction
of zinc oxide. Reduction of Cr,03 by carbon is not
thermodynamically favourable.

48. Below the temperature (1623K) corresponding
to the point of intersection of Al,O; and MgO
curves in ellingham diagram magnesium can reduce
alumina. But magnesium is a much costlier metal
than aluminium and hence the process will be
uneconomical.

49. Pigiron is melted with scrap iron and coke using
hot air blast. Due to this, impurities such as C, S and
P present in the pig iron are removed as CO,, SO,
and P,0; and carbon content is reduced to about
3%.

50. The copper matte containing Cu,S and FeS is
putin silica lined converter. Some silica is also added
and hot air blast is blown to convert remaining FeS
to FeO, which is removed as slag with silica.

51. Refer to answer 40.
52. In solid state chance of contact between
reactants is negligible.

Some thermodynamically feasible reactions

also require some activation energy for initiation.
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Hence, the reaction does not take place at room
temperature.

53. (i) Refer to Answer 40.

(ii) Impure iron obtained from blast furnace is
known as pig iron and cast into pigs (blocks). It
contains 4-5 percent of carbon along with some
phosphorus, silicon, manganese and sulphur.

Cast iron contains a less percentage of carbon
(1.8 to 3 percent) made by melting pig iron with
scrap iron and coke using hot air blast.

54. Wrought iron is the purest form of iron. Steel is
an alloy of iron which contains requisite amount of
C, Mn, Ni, Cr, etc.

55. Refer to answer 50.

56. (i) Pig iron is mixed with scrap iron and heated
in a furnace. After removal of impurities required
quantity of spiegel is added to make steel.

(ii) Zinc oxide is mixed with coke and clay and
brickettes are made. The brickettes are heated at

1673 K to give metallic zinc.
1673 K

ZnOy + Cy——> Zng + CO(g)
57. (i) Refer to answer 47.
(ii) Free energy change for the reduction of copper
sulphide to copper by carbon is positive.
whereas, A,G° for the reduction of copper oxide to
copper by carbon is negative and hence feasible.

58. Reduction of iron oxide in blast furnace :
(i) Lower zone of the blast furnace :
C+ 0, —> CO, + heat
C+CO,—>2CO
Coke is burnt to give temperature up to 2200 K at
lower part of the blast furnace.
(ii) Middle zone of the blast furnace : CO and heat
move up in the furnace. The temperature range in
the middle zone of the blast furnace is 900-1500 K.
FeO + CO —> Fe + CO,
Lime stone is also decomposed to CaO which

removes silicate impurity of the ore as slag.

CaCO, 22X 5 ca0 + CO,

C+CO, —>2CO

CaO + $i0, —> CaSiO;
Slag
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(iii) Upper zone of the blast furnace : Temperature
range in this zone is 500-800 K.

3Fe,0; + CO —> 2Fe;0, + CO,

Fe;0, + 4CO —> 3Fe + 4CO,

Fe,05 + CO —> 2FeO + CO,
Impure iron obtained from blast furnace is known
as pig iron and cast into pigs (blocks). It contains
4-5 percent of carbon along with some phosphorus,
silicon, manganese and sulphur.
Cast iron contains a less percentage of carbon (1.8 to
3 percent) made by melting pig iron with scrap iron
and coke using hot air blast.

59. Refer to answer 59.
60. Refer to answer 59.

61. Thermodynamic factor helps us in choosing
a suitable reducing agent for the reduction of a
particular metal oxide to the metallic state.

Any metal will reduce the oxides of other metals if
AfG" of the oxide of the element is less than AfG° of
the metal oxide to be reduced.

Thus, both Al and Zn can reduce Fe,0; and Mg can
reduce AL,O; to Al

62. The chief ores of zinc are
(i) Zinc blende, ZnS
(ii) Calamine, ZnCO;,
(iii) Zincite, ZnO.
Extraction of zinc : From zinc blende zinc is extracted
by roasting followed by reduction with coke.
(a) Roasting : The concentrated ore is heated with
oxygen at 900°C in reverberatory furnace to convert
zinc sulphide to zinc oxide.
27ZnS + 30, — 2Zn0O + 2SO,

(Zinc blende)
(b) Reduction : The reduction of zinc oxide is done
using coke.

(Zinc oxide)

Zno + C—23Ks 70 4 coO

The metal is distilled off and collected by rapid
chilling.
63. Purified alumina (Al,O;) is mixed with cryolite

(NajAlF¢) which lowers the melting temperature of
electrolyte and also increase its conductivity.

64. Scrap iron or H,.

65. Graphite anode is used in the electrometallurgy
of aluminium from alumina, Al,O;.
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Oxygen liberated at high temperature reacts with
graphite to form both CO, and CO gases and prevent
the liberation of O, gas at the anode which may
react with Al metal to give Al,O; again.

Atanode: C) + 0*" (melt) > COy +2e

C(S) + 202_ (melt) — COz(g) +4e
66. Copper is extracted by hydrometallurgy from
low grade ores. Itisleached out using acid or bacteria.
The solution containing Cu®" is treated with scrap

iron or H,.
Cu™(ag) + Hygg = Cugy + 2H gy
67. Refer to answer 66.
68. Refer to answer 63.
69. Refer to answer 63.

70. Zinc scrap should be preferred because zinc is
more electropositive than iron.

But zinc is costlier metal than iron so using iron
scraps will be preferred.

71. Aluminium metal is extracted from bauxite
(AL;05:2H,0) in two steps.

Stage I (Leaching) : The ore is treated with sodium
hydroxide solution. Aluminium oxide and silica
dissolve to form sodium aluminate and sodium
silicate respectively. Iron oxide and TiO, is filtered
off.

ALOs ) + 2NaOH ) + 3H,0) — 2Na[Al(OH),] )

CcO
2Na[AI(OH), ], —=> ALO; - xH,0
+ 2NaHCO3(aq)

The hydrated alumina is filtered, dried and calcined

i.e., heated at 1470 K to get pure alumina.

ALO; - xH 0 — 7> ALOs  +xH,0

Aluminium hydroxide Pure alumina

Stage II (Electrolysis) : The alumina is dissolved
in molten cryolite Na;[AlF,] and then electrolysed
in a large steel tank lined with graphite which acts as
cathode. The anodes are made of carbon. On passing
current, molten aluminium is produced at cathode
and oxygen gas is evolved at the anode which reacts
with carbon anode producing CO and CO,. The
electrolytic reactions may be written as :
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Cathode : 2AI*" (melt) + 6" — 2Al,
Anode : Cyy + 0¥ — COy) + 2¢
C(S) + 2027 —> CO2(g) +4e
The anode burns away. Therefore the graphite rods
must be replaced from time to time.

72. NaCN is used for leaching of gold ore in the

presence of air to form soluble gold complex from

which metal is displaced by adding more reactive

metal.

4Au) + 8CN (o) + 2H,0 () + Oy = 4[Au(CN), ] 4)
+40H ()

73. (ii) Zinc in the extraction of silver : Role of zinc
is to recover silver from the complex by displacement
reaction. Silver ore is leached with dilute solution of
NaCN in the presence of air or oxygen to form a
soluble complex.
4Ag( +8CN™ () + 2H,0) + O, — 4[Ag(CN),]”
Soluble complex
+40H )
2[Ag(CN),]” + Zn — [Zn(CN),]*” + 2Ag

74. Gold is recovered from [Au(CN),]” complex by
displacement method using a more electropositive
metal zinc.

2[AU(CN),]" 4 + Zny — 2Au,) + [Zn(CN),] 7

75. Refer to answer 72.

76. Electropositive metals which cannot be
reduced by chemical reduction are easily reduced

electrolytically.

77. During the leaching process, Au is first oxidised
to Au’ by O, of the air which then combines with
CN" ions to form the soluble complex, sodium
dicyanoaurate (I).
4Au) + 8NaCN,,) + 2H,O ) + Oy
Gold (Impure)
— 4Na[Au(CN)2](aq) + 4NaOH(aq)
Sod. dicyanoaurate (I)
(Soluble complex)

Gold is then extracted from this complex, by
displacement method using a more electropositive
zinc metal. In this reaction,

Zn acts as a reducing agent. It reduces Au’ to Au
while itself gets oxidized to Zn*" which combines
with CNTions to form soluble complex, sodium
tetracyanozincate (II).
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2Na[Au(CN),] 4q) + Zng) — 2Aug)
Gold
+ Naz[Zn(CN)4](aq)
Sod. tetracyanozincate (II)
Thus, extraction of Au by leaching with NaCN
involves both oxidation and reduction.

78. In chemical reduction, metal is obtained by
reduction of its ore by a suitable reducing agent,
whereasin electrolytic reduction, reduction is carried
out by passing electric current through molten ore.
(i) Aluminium is obtained by electrolytic reduction.
(ii) Iron is obtained by chemical reduction.

79. Zone refining is used for refining of
semiconductors or other metals of very high purity.

80. Mond’s process : Impure nickel is treated with
carbon monoxide at 60-80°C to form volatile nickel
carbonyl which decomposes to give pure nickel at
180°C.

Ni + 4CO — Ni(CO), — Ni + 4CO

Impure Pure

81. Zinc is refined by electrolytic refining.

In this method, the impure metal is made to act as
anode. A strip of the same metal in pure form is used
as cathode. They are put in a suitable electrolytic bath
containing soluble salt of the same metal. The more
basic metal remains in the solution and the less basic
ones go to the anode mud.

Atanode : Zn — Zn*" + 2¢

At cathode : Zn*" +2¢” — Zn

82. Zone refining is based on the principle that

the impurities are more soluble in the melt than in
the solid state of the metal.

83. Refer to answer 80.

84. The term chromatography was derived from the
Greek word “chroma’, meaning colour and “graphy”,
for writing. It was used for the first time to separate
the colour pigments of plants. Chromatography is
a technique for analysing or separating mixtures of
gases, liquids or dissolved substances.

85. Copper is refined by electrolytic refining.

86. The role of CO is to convert impure nickel to
volatile nickel tetracarbonyl whereas the impurities
are left behind in the solid state. The vapour of nickel
tetracarbonyl on heating at 450-470 K decomposes
to give pure nickel metal and carbon monoxide.
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Ni +400 —330350K Ni(CO),
In}plilrle Nickel tetracarbonyl
fcke 450 470K o i

Pure nickel

87. In this method, crude metal is heated in an
evacuated vessel with ijodine. The metal iodide
formed is decomposed on a tungsten filament at
high temperature (1800 K) to get pure metal.

Zr + 21, = Zrly — Zr + 21,

Impure Pure

88. Vapour phase refining : In this method, the
metal is converted into its volatile compound and
collected elsewhere. It is then decomposed to give
pure metal. So, the two requirements are :

(a) The metal should form a volatile compound
with an available reagent.

(b) The wvolatile compound should be easily
decomposable, so that the recovery is easy.

89. Refer to answer 81.

90. Titanium is refined by van Arkel method and
nickel is refined by Mond’s process.

91. Todine forms a volatile compound with titanium
which on further heating decomposes to give pure
titanium.

Ti + 21, =2 Til, —&> Ti + 21,

(Impure) (Pure)

92. Ni +4C0 220K 5 Nji(co),
Impure

Ni(CO), 240K 5 Ni + 4CO

Pure

93. Refer to answer 86.
94. Refer to answer 90.

95. The metals such as germanium, silicon, gallium,
etc. which are used as semiconductors are purified
by zone refining which is based upon the principle
that impurities are more soluble in the melt than in
the solid state of metals.

96. In this method, the metal is converted into its
volatile compound and collected elsewhere. It is

then decomposed to give pure metal.

Ti + 21, 2255 Tif,
Impure
metal

Til, 22K 5 Ti + 21,
Pure
metal
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97. Refining of zirconium by van Arkel method.

870 K
Zr(s) + 212(5) > ZnI4(g)
2075 K
ZrI4(g) Tungsten Zr(s) + 212(5)
filament ~ Pure

98. Refer to answer 96.
99. Refer to answer 87.
100. Refer to answer 88.

101. (i) Refer to answer 82.
(ii) Refer to answer 88.

102. Refer to answer 95.

103. (i) Refer to answer 80.

(ii) Chromatographic method is based on the
principle that different components of a mixture
are differently adsorbed on an adsorbent. The
adsorbed components are removed (eluted) by using
suitable eluent. There are several chromatographic
techniques such as paper chromatography, colum
chromotagraphy, gas chromatography, etc.

104. (i) Refer to answer 82.
(ii) Refer to answer 81.

105. (i) Refer to answer 81.
(ii) Refer to answer 88.

106. (i) Refer to answer 82.

(ii) Refining by liquation : In this method a low
melting metal like tin is heated on a sloping surface
of a reverberatory furnace. Metal melts and flows
down leaving impurities behind.

107. (i) Distillation : This process is used for volatile
metals.

Impure metal is heated in a retort and its vapours are
separately condensed in a receiver. The non-volatile
impurities are left behind.
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e.g., Zn, Cd, Hg, etc. are purified by this method.
(ii) Refer to answer 82.
(ii) Refer to answer 81.

108. (i) Refer to answer 82.
(ii) Refer to answer 103(ii).

109. Refer to answer 81.

110. (i) Refer to answer 80.
(ii) Refer to answer 82.

111. (i) Refer to answer 81.
(ii) Refer to answer 88.

112. (i) Refer to answer 82.
(ii) Refer to answer 106(ii).
(iii) Refer to answer 103(ii).

113. (i) Refer to answer 82.
(ii) Refer to answer 88.
(iii) Refer to answer 81.

114. The term chromatography was derived from the
Greek word “chroma’, meaning colour and “graphy”,
for writing. It was used for the first time to separate
the colour pigments of plants. Chromatography is
a technique for analysing or separating mixtures of
gases, liquids or dissolved substances.

The criterion of selecting, the stationary phase
depends on the different adsorbing powers of the
components of a mixture to be separated.

Generally used adsorbent material is silica gel or
alumina. The adsorbent can be spread over a flat
glass plate (thin - layer chromatography) or taken in
a glass tube (column chromatography).

In paper chromatography, the stationary phase
is water held in the pores of the paper. Here, the
separation depends upon the different distribution
of the components between water in stationary
phase and the element.

“O»
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The p-Block Elements

©

( QUICK RECAP

N
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J

Elements in which the last electron enters any
one of the three p-orbitals of their respective

outermost shell are called p-block elements.

General

(>

characteristics :

GROUP 15 ELEMENTS (NITROGEN FAMILY)

Q Group 15 elements are collectively called

pnictogens.

Electronic configuration

ns? np?

Elements

7N, 15P, 3348, 5,Sb, g3Bi

Physical state and

N, (unreactive gas), P, (solid non-metal), As, and Sb, (Solid metalloids),

boiling points

metallic character Bi (metal)

Atomic radii Increase down the group, smaller than that of group 14 elements due to increased
nuclear charge.

Melting and M.pt. increases from N to As and then decreases whereas b. pt. increases from

N to Sb and decreases very slightly.

Ionisation enthalpy

Decreases regularly down the group due to increase in size.

Electronegativity

Decreases down the group.

Allotropy

Nitrogen (o and (-Nitrogen), phosphorus (white, red, scarlet, violet, c- black,
B-black), arsenic (grey, yellow, black), antimony (metallic, yellow, explosive)

Q Chemical properties : . Fase of formation Max . Reducing
»  Stability of +3 oxidation state increases and that .« Stability NH character
of +5 decreases down the group due to inert « Basic character 3 . Covalent
pair effect. « Solubility PH, character
» Halides : All the elements form trihalides of « Bondangle . « Poisonous
the type MX; and except nitrogen, all form . IS)treggth of M-H | #93 nature
on
pentahal.lc.les of the type MX. « Dipolemoment SbH, . ?oartrfb?lfs o
- Stability : NF; > NCl; > NBr; « Decomposition BiH, v
- Lewis acid strength : PCl; > AsCl; > SbCl, temperature Max
and PF; > PBr; > PI, »  Oxides : All these elements form oxides of the
- Lewis base strength : NI, > NBr; > NCl; > NF,; type X,03, X,0, and X, 0.
- Bond angle : PF; < PCl; < PBr; < PI4 N,0; |P,0; |As,O; |Sb,0; |Bi,O, Acidic
(increasing b.p. - b.p. repulsions) N,O, P,0, |As,O, |Sb,O, |Bi,O, nature
» Hydrides : All the elements form hydrides of N,O; |P,O; |As,O5 |Sb,O5 |Bi,O5 | |increases

the type MH; which are covalent and pyramidal

in shape

. Their general trends are :

»

>
Acidic nature decreases

Q Preparation, properties and uses of some important compounds :

Ba(N;), —2> Ba + 3N, T

Compound Preparation Properties Uses
N, NH,CI + NaNO; —>N,T + 2H,0 + NaCl 6Li+ N, Heat LN Us.zd in manufa.cture of 1n'%tric
(NH,),Cr,0, —=> N, T +4H,0 + Cr,0 Heat acid,  ammonia,  calciumy
U : : 27 |3Mg+ N, > Mg;N, cyanamide and other nitrogen

773 K
Ny +3Hyy = 2NH,,

compounds.

Liquid dinitrogen
as a refrigerant to preserve
biological ~materials, food

is used

items and in cryosurgery.
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NH,CONH, + 2H,0 —> NH,(, + H,0 = NHZ(uq) + OHy,) Used in
(NH,),CO; == 2NH; + H,0 + CO, |zns0, (g + 2NH,OH,,, —> refrigerators,
2NH,Cl + Ca(OH), —> 2NH, Zn(OH),1y + (NH,), S0 [20C1M IR
+ 2H,0 + CaCl, (white ppt) of rayon,
Q (NH,),80, + 2NaOH —> 2NH; |FeCl,,, + NH,0H,,, —> HNO,,
+2H,0 + Na,SO, Fe,0;. xH,0(, + NH,Cl,, NaHCO;,
N Habers process : (brown ppt.) nltr?genous
H/ I—ll\H 773 K Cu%;'q) +4NH,,,) = [Cu(NH3)4]?;q) fertilizers.
Ny +3Hyg <~ °2NH3®; (blue) (deep blue)
AH%= - 46.1 k]/mol Agfam + Clz:zq) e AgCl(s)
(colourless) (white ppt.)
AgCly, + 2NHy,,, — [Ag(NH,),ICl,)
(white ppt.) (colourless)
HNO, NaNO; + H,80, —> NaHSO, HNOs(,, + H,0q) —> H;Ol,,) + NOj,,, |Used as
+ HNO,|3Cu + 8HNO;(dilute) — 3Cu(NO;), fertilizers,
8 + 2NO + 4H,0|explosives,
Ostwalds Process Cu + 4HNOj;(conc.) — Cu(NO,), perfumes and
Pt/Rh gauge +2NO, + 2H,0|dyes.
4NH, + 50, SOCOaEI};Stbar 47n + 10HNO;(dilute) —>
’ 47n(NOy), + 5H,0 + N,0
— 4NO + 6H,0 Zn + 4HNO;(conc.) — Zn(NO;),
2NO + O, ==—2NO,
3NO, + H,0 —> 2HNO, + NO + 2H,0 + 2NO,
. y 2+ Hy 3 L, + 10HNO, —> 2HIO; + 10NO, + 4H,0
\O—N\ C + 4HNO, —> CO, + 2H,0 + 4NO,
S, + 48HNO, —> 8H,SO, + 48NO,
+ 16H,0
P, + 20HNO, —> 4H,PO, + 20NO,
+4H,0
NO; + 3Fe?* + 4H* —> NO + 3Fe’
+2H,0
[Fe(H,0),]** + NO —>
[Fe(H,0)s(NO)J** + H,0
(brown)
PH, Ca,P, + 6H,0 —> 3Ca(OH), + 2PH; |3CuSO, + 2PH; —> Cu,P, + 3H,SO, The
Ca;P, + 6HCl —> 3CaCl, + 2PH;  |3HgCl, + 2PH; —> Hg,P, + 6HCl spontaneous
P, +3NaOH + 3H,0 —> PH, PH,; + HBr —> PH,Br combustion of
+ 3NaH,PO, phosphine is
Q (sodium technically
P hypophosphite) used in
/1IN PH,I + KOH —> KI + H,0 + PH; Holme’s
H HH signals. 1t
is also used in
smoke
screens.
PCl; P, * 10Cl, —> 4PCl; PCl, — H,0 > H,PO, + HCI Used.as .
a (white (in excess) chlorinating
/J//'C.I or red) PCl, PySio pscl, and .
Cle=P__ ! SO dehydrating
1 PCl, ——> SOCl, + POCI, agent.
Cl

P4010
PClL, —> POCL,
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PCl, P, +6Cl, —> 4PCl, PCl, + 3H,0 —> H,PO; + 3HCI Used as reagent
P, + 8SOCL, —> 4PCl, + 480, 3CH,COOH + PCl, —> in organic
+2S,Cl, 3CH,COCI + H;PO;|synthesis and
3C,H;OH + PCl; —> 3C,H;Cl + H;PO; |as a precursor
Q of PCl, POCI,
P and PSCl,.
RN Itis used in
" ¢ a the synthesis of
some organic
compounds,
e.g., C,H;Cl,
CH,COCL
0 Preparation and properties of oxides of nitrogen :
Formula |O.S. |Preparation Properties
N,O +1  |NH,NO, _A N,O + 2H,0 colourless gas, neutral
NO +2  |2NaNO, + 2FeSO, + 3H,SO, —> Fe,(SO,); + 2NaHSO, | colourless gas, neutral
+ 2H,0 + 2NO
N,O, +3 |2NO + N,0, 20K 2N,0, blue solid, acidic
NO, +4 [ 2Pb(NO;), —ZX 5 2PbO + 4NO, + O, brown gas, acidic
| e -
N,O, +4 INO, ;OO > N0, colourless solid/liquid, acidic
eat
N,Os +5 |4HNO; + P,0,y — 4HPO; + 2N,0O; colourless solid, acidic

Q Allotropes of phosphorus :

Property White phosphorus Red Phosphorus Black phosphorus
Colour White, but turns yellow on exposure | Dark red Black
State Waxy solid, can be cut with knife | Brittle powder Crystalline with greasy touch
Smell Garlic smell Odourless —
Density 1.84 2.1 2.69
Ignition temperature | 307 K 543 K 673 K
Melting point 317K Sublimes in absence | 860 K
of air at 560 K
» White phosphorus consists of discrete
tetrahedral P, molecule.
Structure of red phosphorus
» Black phosphorus is thermodynamically
Structure of white phosphorus most stable at room temperature and has
» Red phosphorus is polymeric and consists of two forms : a-black phosphorus and [-black

inter linked P, tetrahedra.

phosphorus.
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o Oxoacids of phosphorus :
0 O
La
P
HO'/ “oH HO'/ 0" \“oH
OH OH

o]
|

OH
H,PO, H,P,0,
Orthophosphoric Pyrophosphoric
acid acid
(@) O
L
VRN RN
H” \ "OH H” \ "OH
OH H
H,PO, H,PO,
Orthophosphorous Hypophosphorous
acid acid
O
O\\ N /O
go’l 1Mo O OH O
. ° ll | ll
p P P
NV INATINAT TN A
7N o1 0710”1 o
0) OH OH
(HPO,), (HPO,),
Cyclotrimetaphosphoric ~ Polymetaphosphoric
acid acid

GROUP 16 ELEMENTS (OXYGEN FAMILY)

o Group 16 elements are collectively called
chalcogens.

o General characteristics :

Electronic 2, 4
. ns’np
configuration
Elements 3O, 165, 345€, 5, Te, g4Po
Physical state and |O, (gas), S; (solid non-metal),

metallic characters |Se and Te (solid metalloid),
Po (radioactive)

Atomic radii Increase down the group

Ionisation enthalpy |Decreases down the group

Electronegativity | Decreases down the group
Electron gain Increases from oxygen to
enthalpy sulphur and then decreases.
Melting and boiling | Increase down the group upto
points Te and then decreases.
Allotropy All elements show allotropy
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o Chemical properties :

»  Stability of -2 oxidation state decreases down the
group, stability of +4 oxidation state increases
and that of +6 oxidation state decreases down
the group due to inert pair effect.

»  Hydrides: All the elements form stable hydrides
of the type H,M. Their general trends are :

- Boiling point : H,0O > H,Te > H,Se > H,S

- Volatility : H,S > H,Se > H,Te > H,0

- Bond angle: H,0 > H,S > H,Se > H,Te

- Acidic character : H,O < H,S < H,Se <
H,Te

- Reducing power : H,Te > H,Se > H,S > H,O

»>  Halides : All elements form halides of the type
EX,, EX, and EX,.

» Ocxides:

Simple oxides

MgO, ALO;

Pb;0,, Fe;0,

SO,, Cl,0,, CO,, N,O4
Na,0, Ca0O, BaO

Mixed oxides

Acidic oxides

Basic oxides

Amphoteric oxides | AL,O;
Neutral oxides CO, NO, N,O
o Dioxygen (O,) :
» Preparation:

A
A
2A8,0(,) — 4Ag,, + Oy,
2Pb,0,,, ——> 6PbO,, +O
2HgO) —> 2Hg() + Oy
2Pb02($) —> 2PbO(S) + OZ(g)
ZHZOZ(aq) —> 2H20(]) + O2(g)
»  Properties:
- Dioxygen is colourless and odourless gas,

soluble in water and paramagnetic in
nature.

2(g)

- Dioxygen directly reacts with all metals
(except noble metals like Au, Pt ), non-
metals (except noble gases).

2Ca+ O, —> 2Ca0 (Basic oxide)

4Al + 30, —> 2A1,0; (Amphoteric oxide)
P,+50,—> POy (Acidic oxide)
C+0,— CO, (Acidic oxide)

27ZnS + 30, —> 2Zn0 + 2SO,  (Roasting)
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vve

CH, +20, —> CO, +2H,0 (Combustion)

V,0
2S0, + 0, —= 2S0; (Catalytic oxidation)

CuCl
4HCl + 0, — = 2Cl, + 2H,0

(Catalytic oxidation)

Uses :

- For artificial respiration in hospitals and by
mountaineers, pilots and divers.

- In oxy-hydrogen and oxy-acetylene torches
which are used for cutting and welding of
metals.

- Liquid dioxygen is used as a rocket fuel.

Ozone (O;) :

lectric disch
Preparation : 30, cecrie discnarge s, 20,
Properties : It is a pale blue gas, dark blue liquid
and violet black solid.

» Oxidising action :
0;—>0,+0
PbS + 40; —> PbSO, + 40,

21({%]) + HZO(Z) + OS(g) —_—> ZOH(MI) + Iz(g) + OZ(g)
(used for estimation of O; by reacting I, with
hypo.)

» Reducing action :

H,0, + O;—> H,0 + 20,
BaO, + O; —> BaO + 20,

»  Structure:

0 0
O O
o R e
Oxidation state of O is +1 and -1.

» Uses:

- Used for bleaching ivory, flour, delicate
fabrics, etc.

- Asgermicide and disinfectant for sterilising
water.

- Manufacture of KMnO, and artificial silk.

@Allotropes of sulphur :

» Rhombic sulphur (o-sulphur) Has Sq
molecules, yellow in colour, m.pt. 385.8 K,
specific gravity 2.06 g cm™, insoluble in water,
soluble in CS,.

» Monoclinic sulphur (B-sulphur) : Has Sg

molecules, colourless, needle-shaped crystals,
m.pt. 393 K, specific gravity 1.98 g cm, soluble
in CS,.
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0 Sulphur dioxide (SO,) :

>

Preparation :
- By heating sulphur in air :
S+0,-2> 50,
- Lab method : By heating Cu with conc.
H,SO,.
Cu + 2H,SO, —> CuSO, + SO, + 2H,0
It is also prepared by treating a sulphite with
dilute H,SO,.
SO3%g + 2H (4 —> H,0() + SOy
Properties :
- Asreducing agent :
SO, + Cl, + 2H,0 —> H,SO, + 2HCI
2KMnO, + 580, + 2H,0 —> K,SO,
+ 2MnSO, + 2H,SO,
- Asoxidising agent :
2H,S + SO, —> 2H,0 + 35 |
- Bleaching action : Its bleaching action is
due to reduction and is temporary.
SO, + 2H,0 —> H,SO, + 2[H]
Coloured matter + [H] —> Colourless
matter.
Structure : SO, is a gas having sp? hybridisation
and V-shape.
S, «——>» ,5. <«——> S
DIENGT o g oF

Uses :

- In the manufacture of sulphuric acid,
sulphites and hydrogen sulphide.

- Asadisinfectant, fumigant and preservative.

- For bleaching delicate articles.

© Oxoacids of sulphur:

0 I

S S
HO'7 N0 HO o
HO HO
H,SO, H,SO,
Sulphurous acid Sulphuric acid
O O O O
S N
Y AN Y N\
o’ \No—0"\ o o’ \No"\ Yo
HO HO HO HO
HZSZOS HZSZO7

Peroxodisulphuric acid

Pyrosulphuric acid (Oleum)
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Q Sulphuric Acid (H,SO,) :
»  Preparation : Contact process :
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Cooling - -
S SO, |  Dust R | Arsenic | Testing
@ 4 Chamber g Danfi | Purifier Box
rying
Impure SO, Pure
SO
Conc. H,SO 2
v 29V4 |
H,0 Absorption|  SO; | Catalytic |, Pre-
2H,S0, H,5,0; Tower [ Converter Heater
Oleum
Structure Properties Uses
NaOH It is used as
_ —>
P 0 2 NaHSO, + H,O oxidising
/ S : —> Na,SO, + 2H,0 .
’ : agent,
, S 157 pm 157 pmo ok —> ZnSO, + H, .
////y OH \ABQ ,S%O C12 22011 dehydratlng
-~ T s
HO ‘\-‘fé’&\, / O"/ \ H,S0,— Sg 12C + llHZO agent and
Sulphuri (zi Sulphate Na,$ 50,+ H,0 for the
U p uric aci . p ate ion Baél 3 NaZSO4 + HZS preparation Of
—>
P BaSO, + 2HCI dyes, drugs,
6 K,SO, + FeSO, + |explosives,
(NH,),S0, + COT|volatile acids,
etc.

GROUP 17 ELEMENTS (HALOGEN FAMILY)
Q© Group 17 elements are collectively called halogens.

Q General characteristics :

Electronic configuration

ns’np®

Elements

oF 17CL, 35Br, g5At

Colour and physical state

F, (pale yellow gas), Cl,

(greenish yellow gas),
Br, (reddish brown
liquid), I, (purple sol