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Syllabus

CENTRAL BOARD OF SECONDARY EDUCATION, NEW DELHI
CHEMISTRY (Theory)
CLASSXII

Total Periods (Theory 160+ Practical 60)

One paper Time: 3 hours 70 marks
e me  Noofferiods  Marks |
I Solid State 10
II Solutions 10
11 Electrochemistry 12 23
v Chemical Kinetics 10
\% Surface Chemistry 08
VI General Principles and Processes of Isolation of Elements 08
VII p-Block Elements 12
VIII | d- and f-Block Elements 12 "
IX Coordination Compounds 12
X Haloalkanes and Haloarenes 10
XI Alcohols, Phenols and Ethers 10
XII Aldehydes, Ketones and Carboxylic Acids 10
XIII Amines 10 28
XIV Biomolecules 12
XV Polymers 08
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, Raoult’s law, colligative properties—relative lowering of vapour pressure, elevation of boiling
point, depression of freezing point, osmotic pressure, determination of molecular masses using colligative
properties, abnormal molecular mass, Van't Hoff factor.



Unit llI: Electrochemistry (12 Periods)

Redox reactions, 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, 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, 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, Arrhenius equation.

Unit V: Surface Chemistry (8 Periods)

Adsorption—physisorption and chemisorption, factors affecting adsorption of gases on solids, catalysis:
homogenous and heterogenous, activity and selectivity of solid catalysts; enzyme catalysis, colloidal state:
distinction between true solutions, colloids and suspension; lyophilic, lyophobic, multi-molecular 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 (8 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, [UPAC 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 XIIl: Amines (10 Periods)

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

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 (8 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 (6 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.



Design of Question Paper

CHEMISTRY (Theory)

CLASS-XII (2020-21)
S SNoo Domains  TowlMaks %

1. Remembering and Understanding:

Exhibit memory of previously learned material by
recalling facts, terms, basic concepts and answers. 98 40
Demonstrate understanding of facts and ideas by
organizing, comparing, translating, interpreting,
giving descriptions and stating main ideas.

2. Applying:
Solve problems to new situations by applying 21 30

acquired knowledge, facts, techniques and rules in
a different way.

3. Analysing, Evaluating and Creating:

Examine and break information into parts by
identifying motives or causes. Make inferences and
find evidence to support generalizations.

Present and defend opinions by making 91 30
judgments about information, validity of ideas or
quality of work based on a set of criteria.

Compile information together in a different
way by combining elements in a new pattern or
proposing alternative solutions.

Note:
1. No chapter wise weightage. Care to be taken to cover all the chapters.
2. Suitable internal variations may be made for generating various templates.
Choice(s):
® There will be no overall choice in the question paper.

® However, 33% internal choices will be given in all the sections.

The changes for classes XI-XII (2021-22) internal year-end/Board Examination are as under:

Year-end
Examination/Board
Examination (Theory)

(2020-21) (2021-22)
Existing Modified

® Objective type Questions including | ®  Competency Based Questions will be 20%

Multiple Choice Question-20% ® These can be in the form of Multiple-

® Case-based/Source-based Choice Questions, Case-based Questions,
Integrated Questions-10% Source Based Integrated Questions or
Composition ® Short Answer/Long Answer ety @it e (g
Questions- Remaining 70% ® Objective Questions will be 20 %

® Remaining 60% Short Answer/Long
Answer Questions—(as per existing
pattern)
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The particles in solid are closely packed and held together by strong intermolecular forces. The building
constituents have fixed positions and can only oscillate about their mean positions. They have definite shape and

The Solid State

definite volume. The density of solids is high and they have low compressibility.

1. Classes of Solids: Two types of solids are known:

(/) Amorphous solids, (ii) Crystalline solids.

(/) Amorphous solids: In amorphous solids, the arrangement of o o o

building constituents is not regular but haphazard. They may
have a short range order. Their melting points are not sharp. They
are isotropic in nature, i.e., their properties such as mechanical
strength, electrical conductivity, etc. are same in all directions.

Examples: rubber, quartz glass, etc.

(7f) Crystalline solids: In crystalline solids, the arrangement of
building constituents is regular throughout the entire three-
dimensional network. A crystalline solid has sharp melting point
and is anisotropic in nature i.e., some of their physical properties

%
@) Al O (@)

of crystal

such as electrical resistance or refractive index show different

values when measured along different directions in the same crystal. It has a definite geometrical

shape with flat faces and sharp edges. Examples: sodium chloride, quartz, etc.

Table 1.1: Distinction between Crystalline and Amorphous Solids

(@)

Fig. 1.1: Anisotropic behaviour

Property Crystalline Solids Amorphous Solids

Shape Definite characteristics and geometrical | Irregular shape.
shape.

Melting point Melt at a sharp and characteristic | Gradually soften over a range of
temperature. temperature.

Cleavage property When cut with a sharp edged tool, they | When cut with a sharp edged tool,
split into two pieces and the newly | they cut into two pieces with irregular
generated surfaces are plain and smooth. | surfaces.

Heat of fusion They have a definite and characteristic | They do not have a definite heat of
heat of fusion. fusion.

Isotropy Anisotropic in nature. Isotropic in nature.

Nature True solids. Pseudo solids or super cooled liquids.

Order in arrangement of Long range order. Only short range order.

constituent particles

The Solid State



Table 1.2: Different Types of Solids

Type of Solid | Constituent | Bonding/ Examples Physical Electrical
Particles Attractive Nature Conductivity
Forces
1. | Molecular
solids
(7) Non-polar Molecules | Dispersion | Ar, CCly, H,, I, Soft Insulator Very low
or London CO,
forces
(i) Polar Dipole- HCI, SO, Soft Insulator Low
dipole
interactions
(iii) Hydrogen Hydrogen H,0 (ice) Hard Insulator Low
bonded bonding
2. | lonic solids Tons Coulombic | NaCl, MgO, ZnS, | Hard but Insulators in High
or CaF, brittle solid state but
electrostatic conductors in
molten state
and in aqueous
solutions
3. | Metallic solids | Positive Metallic Fe, Cu, Ag, Mg Hard but | Conductors Fairly high
ions in bonding malleable | in solid state
a sea of and ductile | as well as in
delocalised molten state
electrons
4. | Covalent or Atoms Covalent Si0O, (quartz), SiC, | Hard Insulators Very high
network solids bonding C (diamond), AIN,
C (graphite) Soft Conductor
(exception)
2. Space Lattice and Unit Cell
Space Lattice: It is the three- P> = Z8 - —— -
dimensional arrangement of identical
points in the space which represent
how the constituent particles (atoms, = -~ — c
ions, molecules) are arranged in a e
cr}{stal. Each particle is depicted as a a /:,\; Y
point. — — Fig. 1.3: lllustration of
Unit Cell: A unit cell is the smallest — ~ ~ parameters of
: : ; a unit cell
portion of a .Spaf:e lattlc(? Wl,uCh’ Fig. 1.2: A portion of a three dimensional
when repeated in different directions, cubic lattice and its unit cell

generates the entire lattice.

A unit cell is characterised by six parameters, i.e., axial angles a,  and y and axial lengths @, b and c. Thus,
unit cell of a crystal possesses all the structural properties of a given crystal.

3. Crystal Systems: On the basis of the axial distances and the axial angles between the edges, the various
crystals can be divided into seven systems. These are listed in Table 1.3.

Table 1.3: Seven Primitive Unit Cells and their Possible Variations as Centred Unit Cells

Crystal Possible variations Axial distances or Axial angles Examples
system edge lengths
Cubic Primitive, Body-centred, a=b=c a=B=7=90° | NacCl, Zinc blende, Cu,
Face-centred KCl, Diamond
Tetragonal Primitive, Body-centred a=b#c oa=pB=y=90° | White tin, SnO,, TiO,,
CaSO,




Orthorhombic | Primitive, Body-centred, azb+#c o =P =7=90° | Rhombic sulphur, KNO;,
or Rhombic Face-centred, End- BaSO,
centred
Hexagonal Primitive a=b#c a =B =90°, Graphite, ZnO, CdS, Mg,
y =120° Zn
Rhombohedral | Primitive a=b=c a=B=y#90° | Calcite (CaCO;) HgS
or Trigonal (cinnabar), ICl, As, Sb, Bi
Monoclinic Primitive, End-centred azb+#c o=y =90° Monoclinic sulphur,
B #90° PbCrO,4, Na,SO,.10H,0
Triclinic Primitive azb#c azB#y=90° |K,Cr,0, CuSO,.5H,0,
H;BO;

There can be 14 different ways in which similar points can be arranged in a three-dimensional space. These
are called Bravais lattices.

Primitive Body-centred Face-centred
(or simple) X X .
The three cubic lattices: all sides of same
length, angles between faces all 90°
-
e e
L L
Primitive Body-centred

The two tetragonal: one side different in length from the other,
two angles between faces all 90°

Primitive End-centred Body-centred Face-centred

The four orthorhombic lattices: unequal sides,
angles between faces all 90°

More than ey

7 90° "

o~ Less than
90°

Primitive End-centred
The two monoclinic lattices: unequal sides,
two faces have angles other than 90°



o less than 90°
a r—GO a 7 a
a i ] &2 5 i :

Hexagonal lattice:

one side different in

length to the other two, :

the marked angles on \ TPER PR -

Rhombohedral lattice:
all sides of equal

o > = length, angles on two
/ two faces are 60° and | .- — faces are less than 90°
the remaining angle
is 120°.
a

Triclinic lattice:

unequal sides a, b, ¢,

A, B, C are unequal

angles with none equal to 90°

Fig. 1.4: Unit Cells of 14 Types of Bravais Lattices
4. Number of Atoms in a Unit Cell

(/) An atom lying at the corner of a unit cell is shared equally by eight unit cells and therefore, only one-
eighth (1/8) of an atom belongs to the given unit cell.

(if) An atom present on an edge is distributed among the four unit cells, therefore only one-fourth (1/4) of
an atom belongs to the given unit cell.

(iii) A face-centred atom is shared between two adjacent unit cells. Therefore, one-half (1/2) of an atom
lies in each unit cell.

(iv) A body-centred atom belongs entirely to one unit cell since it is not shared by any other unit cell.
Therefore, its contribution to the unit cell is one.

Applying above stated points, let us calculate the number of atoms in the different cubic unit cells.

Simple cubic: 8 (corner atoms) X % atom per unit cell = 1 atom

Body-centred cubic: 8 (corner atoms) x é atom per unit cell + 1 (body centre atom) x 1 atom per unit cell

=1+1=2
1 .
Face-centred cubic: 8 (corner atoms) x g atom per unit cell
1 .
+ 6 (face atoms) x 5 atom per unitcell=1+3 =4
1/8 Atom
1/8 Atom — 1/8 Atom
1 Atom — 1/2 Atom

Simple cubic Body-centred cubic Face-centred cubic

Fig. 1.5: Space-filling structures and actual portions of atoms belonging to one unit cell




Table 1.4: Number of Atoms per Unit Cell

Type of cell Number of atoms | Number of atoms | Number of atoms Total
at corners in faces in the body of cube

Simple or primitive cubic o 5 L -1 0 0 1
8

Body-centred cubic (bce) 8 x 1_ 1 Ix1=1 2
8

Face-centred cubic (fcc) 8 x 1 _ 1 6 % 1 _ 3 0 4
8 2

and M is the molar mass, then in case of cubic crystal,

Mass of unit cell = Number of atoms in unit cell X Mass of each atom

Mass of each atom (m) =

=zXm

Molar mass

M

m:N_A

Avogadro number

Mass of unit cell = z

x M

Ny

Volume of a unit cell = a*

Therefore, density of the unit cell,

Mass of unit cell

- Volume of unit cell

d=

zX M

Cl3><NA

6. Other Parameters of a Cubic System

(a) Atomic radius: It is defined as half of the distance between nearest neighbouring atom in a crystal. It

, where d is in g/cm3 and « is in cm.

is expressed in terms of length of the edge (@) of unit cell of the crystal.

(i) Simple cubic structure (sc): Radius of atom ‘»’ = =

(i) Body-centred cubic structure (bcc): Radius of atom ‘7’ =

along the cross diagonal of the cube.

(iii) Face-centred cubic structure (fcc): Radius of atom ‘7’

along the face diagonal of the cube.

(b) Coordination number: It is defined as the number of nearest neighbours that a particle has in a unit
cell. It depends upon the structure of unit cell of the crystal.

3
4

a
= —— as the atoms touch each other

2v2

(7)) Simple cubic structure (sc): Coordination number (C.N.) = 6
(ii) Body-centred cubic structure (bcc): C.N. =8
(iii) Face-centred cubic structure (fcc): C.N. =12

7. Packing Efficiency

Packing efficiency is the percentage of total space filled by the particles.

Packing efficiency =

Volume occupied by atoms in unit cell (v)

X 100

Total volume of the unit cell (V)
(a) Packing efficiency in simple cubic structures:

Let ‘a’ be the cube edge and ‘7’ the atomic radius.

5. Density of Unit Cell: Suppose edge of a unit cell of a cubic crystal is «, d is the density of the substance

as atoms touch each other along the edges.

a
——, as the atoms touch each other




As the particles touch each other along the edge, therefore a = 2r

Volume of the unit cell = *
Since one atom is present in a unit cell, its volume

4 5 4 <a>3:7t_a3

vV = ETU’ —gTC E 6
v T[(ZS/6
.. Packing efficiency = v X100 = ——— X 100
a
= £x100-1% x100

=52.36% = 52.4%

Therefore, 52.4% of unit cell is occupied by atoms and the
rest 47.6% is empty space.

Fig. 1.6: Simple cubic unit cell. The spheres
are in contact with each other along
the edge of the cube.

(b) Packing efficiency in ccp and hep structures: The efficiencies of both types of packing, ccp and hcp,
are equally good since in both, atom spheres occupy equal fraction (74%) of the available volume. We
shall now calculate the efficiency of packing in ccp structure. Let the unit cell length be ‘a’ and face
diagonal be ‘b’ (represented as AC in Fig. 1.7). In this figure other sides are not shown for the sake of

clarity.
In triangle ABC, ZABC is 90°, therefore,
AC*=b* =BC*+ 4AB*
=d*+a*=2d*

S b=4y2a
If 7 is the radius of the sphere, we find
b=4r=y2a
4r a
or a=——==24/2r or, r=
e 23

As ccp structure has 4 atoms per unit cell, therefore the total volume

of 4 spheres (v) is = 4 x %nr3

Total volume of the unit cell (V) = a® = (22 r)°
Packing efficiency = % x 100

AX@EB3) X’

2v2r)

~(163)x y

16X y21° 3y2

100 = —— x 100 = 74%

G B

F 7‘fc

E D
Fig. 1.7: Cubic close packing

Therefore, 74% of unit cell is occupied by atoms and the rest 26% is empty space.

(¢) Efficiency of packing in bee structures: In this case the atom at the centre is in touch with other two
atoms which are diagonally arranged (see Fig. 1.8). The spheres along the body diagonal are shown

with solid boundaries.

In AEFD,

b =d* +a* =2d*

o b=4y2a

In AAFD,
c=d+b=d+2 =3d

C=\/§a



The length of the body diagonal c is equal to 47, r being the radius of

the sphere (atom). As all the three spheres along the diagonal touch
each other, / H p
c=4r
Therefore, c=4r= \/ga
=Y o= ﬁa C\‘
J3 4

As already calculated, the total number of atoms associated with a E E
bcc unit cell is 2, the volume (v) is, therefore, RN

4 53 8 4 Fig. 1.8: Body-centred cubic unit cell
2X o =

3 3
Volume of the unit cell (V) = a® = (ﬂf = 64r°
V3] 343
8/3)mr’ 3
Packing efficiency = Y %100 = % X100 = £7t X 100 = 68%
V (64/3/3) X r 8

Therefore, 68% of unit cell is occupied by atoms and the rest 32% is empty space.
8. Close Packing of Constituents
(a) Close packing in one dimension

There is only one way of arranging spheres in a one-dimensional close packed structure, that is to
arrange them in a row and touching each other. In one-dimensional close packed arrangement, the
coordination number is 2.

Fig. 1.9: Close packing of spheres in one dimension
(b) Close packing in two dimensions

Two-dimensional close packed structure can be generated by stacking (placing) the rows of close
packed spheres. This can be done in two different ways as shown in Figs. 1.10(a) and (b).

W

Fig. 1.10(a): AAA ..... type arrangement, C.N. = 4, Fig. 1.10(b): ABAB.... type arrangement, C.N. = 6,
Square close packing in 2-D Hexagonal close packing in 2-D

(i) Square close packing [Fig. 1.10(a)]
(if) Hexagonal close packing [Fig. 1.10(b)]

> > > >

(¢) Close packing in three dimensions

(i) Hexagonal close packing (icp): The first layer is formed utilizing maximum space, thus wasting
minimum space. In every second row the particles occupy the depressions (also called voids)
between the particles of the first row (Fig. 1.11). In the third row, the particles are vertically
aligned with those in the first row giving AB AB AB... arrangement. This structure has hexagonal
symmetry and is known as hexagonal close packing (4cp). This packing is more efficient and
leaves small space which is unoccupied by spheres. In 4cp arrangement, the coordination number

is 12 and only 26% space is free. A single unit cell has 4 atoms.
The Solid State .



2-fold axis

(@) (b) (c)
Fig. 1.11: Hexagonal close packing (hcp) of spheres in 3-D

(i) Cubic close packing (ccp): Again, if we start with hexagonal layer of spheres and second layer
of spheres is arranged by placing the spheres over the voids of the first layer, half of these holes
can be filled by these spheres. Presume that spheres in the third layer are arranged to cover
octahedral holes. This arrangement leaves third layer not resembling with either first or second
layer, but fourth layer is similar to first, fifth layer to second, sixth to third and so on giving pattern
ABCABCABC... . This arrangement has cubic symmetry and is known as cubic closed packed
(ccp) arrangement. This is also called face-centred cubic (fcc) arrangement [Fig. 1.12(a) and (b)].

i .
(b)

Fig. 1.12: Cubic close packing (ccp) of spheres in 3-D

3-fold axis

> w O >

(c)

The free space available in this packing is 26% and coordination number is 12.
9. Voids or holes: The empty spaces left between closed packed spheres are called voids or holes.

Fig. 1.13: Tetrahedral (T) and octahedral (O) voids

Voids are of three types:

(a) Octahedral voids: This void is surrounded by six spheres and formed by a combination of two
triangular voids of the first and second layer. There is one octahedral void per atom in a crystal. The

. . K/oid .
radius ratio is 0.414.

Ksphere
. Xam idea Chemistry-XI|



10.

11.

12.

13.

Tetrahedral Tetrahedral
hole
hole
Tetrahedron

0ct§h|edra| l Octahedral
ole hole
‘5 Octahedron
(b)

(a) (c)

Fig. 1.14: Tetrahedral and octahedral voids (a) top view, (b) exploded side view, and

(c) geometrical shape of the void

(b) Tetrahedral voids: These voids are surrounded by four spheres which lie at
the vertices of a regular tetrahedron. There are 2 tetrahedral voids per atom in
a crystal and the radius ratio is 0.225.
(¢) Trigonal voids: The void, enclosed by three spheres in contact is called a
trigonal void. There are 8 trigonal voids per atom in crystal and the radius
ratio is 0.155. Fig. 1.15: Trigonal void

Locating Tetrahedral and Octahedral Voids: All closed packed structures have both octahedral and
tetrahedral voids. In a ccp pattern, there is one octahedral void at the centre of body and 12 octahedral voids
on each of the 12 edges of the cube. Each void on the edge is shared by four other unit cells.

Octahedral void at centre of cube = 1

Effective number of voids at edges = 12 x % =3

Total number of octahedral voids=1+3 =4

In ccp structure, there are 8 tetrahedral voids. These are located at the body diagonals, two on each body
diagonal at one-fourth of the distance from each end.

Radius Ratio: For ionic solids, the ratio of the radius of cation to that of anion is called radius ratio.
Radius of the cation r_+

Radius ratio = Radius of the anion 7

Crystal Defects: The defects are basically irregularities in the arrangement of constituent particles. Broadly,
crystal defects are of two types, namely, point defects and line defects. 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.

Point Defects

Interstitials: Atoms or ions which normally occupy voids in a crystal are called interstitials.

Vacancy: When one of the constituent particles is missing from the crystal lattice, this unoccupied position
is called vacancy.

Point defects can be classified into three types:
(A) Stoichiometric defects, (B) Impurity defects, and (C) Non-stoichiometric defects.

(A) Stoichiometric Defects: The point defects that do not disturb the stoichiometry of the solid are called
stoichiometric defects. They are also called intrinsic or thermodynamic defects. These are of two
types, vacancy defects and interstitial defects.



(a) Vacancy defect: When some of the lattice sites are vacant, the crystal is said to have vacancy
defect. It results in decrease in density of the substance. This defect can arise when a substance is
heated.

(b) Interstitial defect: When some constituent particles (atoms or molecules) occupy an interstitial
site, the crystal is said to have interstitial defect. Due to this defect the density of the substance
increases.

Vacancy and interstitial defects are generally shown by non-ionic solids because ionic solids must
always maintain electrical neutrality. Ionic solids show these defects as Schottky and Frenkel
defects as explained below:

(7)) Schottky defect: This defect arises when equal number of cations and anions are missing
from the lattice. It is a common defect in ionic compounds of high coordination number where
both cations and anions are of the same size, e.g., KCl, NaCl, KBr, etc. Due to this defect,
density of crystal decreases and it begins to conduct electricity to a smaller extent [Fig. 1.16(a)].

(i) Frenkel defect: This defect arises when some of the ions of the lattice occupy interstitial
sites leaving lattice sites vacant. This defect is generally found in ionic crystals where anion
is much larger in size than the cation, e.g., AgBr, ZnS, etc. Due to this defect density does not
change, electrical conductivity increases to a small extent and there is no change in overall
chemical composition of the crystal [Fig. 1.16(b)].
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Fig. 1.16(a): Schottky defect Fig. 1.16(b): Frenkel defect
(B) Impurity Defects: These defects arise when foreign "~ ™. Jy W— >
atoms or ions are present in the lattice site (substitutional Na Cl Na Cl

solid solutions) or in the interstitial sites (interstitial solid ! H
solutions). For example, when molten NaCl containing o Y. PR - o T 6‘ ot
a little amount of SrCl, is crystallised, some of the sites

of Na' ions are occupied by Sr**. Each Sr** replaces two :

Na" ions. It occupies the site of one ion and the other site Qa,, ________ e - ’ 1. or

remains vacant. The cationic vacancies thus produced are ) L

equal in number to that of Sr** jons. ' i 5 '
(C) Non-stoichiometric Defects: These defects arise when ¢ ._._.__| Na* ... Ch ... < Na*

stoichiometry of a substance is disturbed. These are of

two types. Fig. 1.17: Introduction of cation vacancy in

(a) Metal excess defect: This may occur in either of the NaCl by substitution of Na* by Sr**.

following two ways:

(i) Metal excess defect due to anion vacancies: In this defect a negative ion from the crystal
lattice may be missing from its lattice site leaving a hole or vacancy which is occupied by
the electron originally associated with the anion. In this way crystal remains neutral. Alkali
halides like NaCl and KCI show this type of defect.

=> F-centres: These are the anionic sites occupied by unpaired electrons. F-centres impart colour
to crystals. They impart yellow colour to NaCl crystals, violet colour to KCl crystals and pink
colour to LiCl crystals. The colour results by the excitation of electrons when they absorb
energy from the visible light falling on the crystal.



14.

15.

(if) Metal excess defect due to interstitial cation: In this defect an extra positive ion occupies
interstitial position in the lattice and the free electron is trapped in the vicinity of this interstitial
cation. In this way crystal remains neutral. For example, zinc oxide on heating loses oxygen
and turns yellow.

710 Heating

The excess of Zn>" ions move to interstitial sites and the electrons to neighbouring interstitial
sites.

1 _
Zn*" + $0,+2e

(b) Metal deficiency defect: This type of defect 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. For example, Fe, O, where x = 0.93 to 0.96.

Fig. 1.18: Metal deficiency defect due to missing cations

(a) 13-15 Compounds: When the solid state materials are produced by combination of elements of groups
13 and 15, the compounds thus obtained are called 13-15 compounds. For example, InSb, AIP, GaAs,
etc.

(b) 12-16 Compounds: Combination of elements of groups 12 and 16 yield some solid compounds which
are referred to as 12-16 compounds. For example, ZnS, CdS, CdSe, HgTe, etc. In these compounds,
the bonds have ionic character.

Magnetic Moments: The magnetic properties

Magnetic Magnetic
of substances result from their magnetic moment moment
moments associated with individual electrons. Electron
Each electron has a magnetic moment, origin \r/
of which lies in two sources. It is a known fact Electron
that an electron shows two types of motions, _
i.e., it rotates (spins) around its own axis and ﬁ&%ﬁgﬁs ODfiga;:itri]on

simultaneously revolves around the nucleus (@) (b)
(orbital motion). An electron in motion is just
like a small current loop. Two types of motions
give rise to two types of magnetic moments—
spin and orbital magnetic moments. Spin moment is directed along the spin axis and is shown in up or
down direction [Fig. 1.19()]. Orbital motion also generates a magnetic field and thus gives rise to orbital
moment along its axis of rotation [Fig. 1.19(a)]. In this way each electron of the atom behaves like a small
bar magnet having permanent orbital and spin magnetic moments. Magnetic moments are measured in
Bohr magneton (p) unit (B.M.).

eh
41t mc

Fig. 1.19: Magnetic moment associated with (a) orbital
motion and (b) spin motion of an electron

1BM. = =927 x 102" Am? or 9.27 x 10! erg/gauss

where e is charge on electron; /4 is Planck’s constant; m is the mass of electron and c is the velocity of light.
Depending upon two spin motions (clockwise and anticlockwise), spin magnetic moment may acquire
two values + Mp. Contribution of the orbital magnetic moment is equal to M, . M, where M, is magnetic
quantum number of electron.



16. Magnetic Properties of Solids: On the basis of their magnetic properties, substances can be classified into
five categories.

(a) Diamagnetic: Diamagnetic substances are weakly repelled by the external magnetic field. The atoms
of these substances have all paired up electrons. As pairing of electrons cancel their magnetic moments,
they lose their magnetic character. NaCl, H,O, TiO, and C¢H, are some examples of diamagnetic
substances.

(b) Paramagnetic: Paramagnetic substances are weakly attracted by the external magnetic field. The
atoms of these substances have one or more unpaired electrons. Paramagnetism is temporary and is
present as long as external magnetic field is present. O,, Fe**, Cr’', Tio, VO,, Cu?" are some examples
of paramagnetic substances.

(¢) Ferromagnetic: Ferromagnetic substances are strongly attracted by the external magnetic field. In
solid state, the metal ions of these substances are grouped together into small regions called domains.
Each domain acts as a tiny magnet. When such a substance is placed in a magnetic field all the
domains get oriented in the direction of magnetic field and a strong magnetic effect is produced. This
ordering of domains persists even when the magnetic field is removed and the ferromagnetic substance
becomes a permanent magnet. Thus, besides strong attractions, these substances can be permanently
magnetised.

(d) Antiferromagnetic: These substances have domain structure similar to that of ferromagnetic
substances but their domains are oppositely oriented and cancel out each other’s magnetic moment.
MnO is an antiferromagnetic substance.

(e) Ferrimagnetic: In ferrimagnetic substances due to unequal number of magnetic moment in parallel
and antiparallel directions, the net magnetic moment is small. These substances lose ferrimagnetism
on heating and become paramagnetic. Fe;O, and ferrites like MgFe,O, and ZnFe,0, are examples of
such substances.

MHM SAMARIRNAANS

a) Ferromagnetic b) Antiferromagnetic c¢) Ferrimagnetic

Fig. 1.20: Schematic alignment of magnetic moments

= Curie Temperature: The temperature at which a ferromagnetic substance loses its ferromagnetism
and attains paramagnetism only is called curie temperature. For iron, the curie temperature is 1033 K,
for Ni it is 629 K and for Fe;0, it is 850 K. Below this temperature paramagnetic substances behave
as ferromagnetic substances.

17. Electrical Properties: Solids are classified into three groups on the basis of their electrical conductivities:

(a) Conductors: These generally include metals. Their conductivity is of the order of 10*~10” ohm ' m ™.

(b) Semiconductors: Those solids which have intermediate conductivities ranging from 10°° to 10*
ohm™' m™" are classified as semiconductors. As the temperature rises there is a rise in conductivity
because electrons from the valence band jump to conduction band.

(c) Insulators: These are solids which have very low conductivity values ranging from 102 to
10" ohm ™' m™".

=> Causes of conductance in solids: In most of the solids conduction takes place due to migration of
electrons under the influence of electric field. However, in ionic compounds, it is the ions that are
responsible for the conducting behaviour due to their movement.
In metals, conductivity strongly depends upon the number of valence electrons available in an atom.
A band is formed due to closeness of molecular orbitals which are formed from atomic orbitals.
If this band is partially filled or it overlaps the higher energy unoccupied conduction band, the electrons
can flow easily under applied electric field and the solid behaves as conductor [Fig. 1.21(a)]. If the gap
between valence band and next higher unoccupied conduction band is large, electrons cannot jump
into it and such a substance behaves as insulator. [Fig. 1.21(b)]
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Fig. 1.21: Distinction among metals, insulators and semiconductors

If the gap between the valence band and conduction band is small, some electrons may jump from
valence band to the conduction band. Such a substance shows some conductivity and it behaves as
a semiconductor [Fig. 1.21(c)]. Electrical conductivity of semiconductors increases with increase in
temperature, since more electrons can jump from valence to conduction band. Silicon and germanium
show this type of behaviour and are called intrinsic semiconductors.

(d) Doping: Itis a process by which impurity is introduced in semiconductors to enhance their conductivity.

= n-type semiconductor: When silicon or germanium crystal is doped with a Group 15 element like P or
As, the dopant atom forms four covalent bonds like a Si or Ge atom but the fifth electron, not used in
bonding, becomes delocalised and contributes its share towards electrical conduction. Thus, silicon or
germanium doped with P or As is called n-type semiconductor, » indicates negative charge of electron
since it is the electron that conducts electricity [Fig. 1.22(b)].

= p-type semiconductor: When silicon or germanium is doped with a group 13 element like B or Al, the
dopant atom forms three covalent bonds, but at the place of fourth electron a hole is created. This hole
moves through the crystal like a positive charge giving rise to electrical conductivity. Thus, Si or Ge
doped with B or Al is called p-type semiconductor (p stands for positive hole), since it is the positive
hole that is responsible for conduction [Fig. 1.22(c)].

Silicon atom Mobile electron Positive hole
(no electron)

0:0:0:0: D: ©0:0:0:0:
OO”}”} ) CCCC
(a) Perfect crystal (c) p-type

Fig. 1.22: Creation of n-type and p-type semiconductors
= Diode: Diodes are made by the combination of n-type and p-type semiconductors. They are used as
rectifiers.
= Transistors: These are used to detect or amplify radio or audio signals. They consist of pnp or npn
sandwich semiconductors.
=> Photodiode: These are diodes which are capable of converting light energy into electrical energy and
are used in solar cells.



18. Structure of Some Ionic Solids
(a) Ionic solids of the type AB
() NaCl (fec): CI™ in ccp, Na' occupy all the octahedral voids.
Coordination number is E : 6 and

r
— =0.52
r

Number of formula units per unit cell = 4.
(if) CsCl (bec): CI ions at the corners of a cube, Cs” ion at the body centre and vice-versa.

Coordination number is 8 : 8 and
+
r
— =0.93
r

Number of formula units per unit cell = 1.
(iii) ZnS (Zinc blende): S>" ions form cep structure and Zn*" ions occupy alternate tetrahedral voids,

coordination number is 4 : 4 and
+

r
— =04
r

Number of formula units per unit cell = 4.
(iv) ZnS (Wurtzite): S*~ ions form hep structure and Zn*" ions occupy alternate tetrahedral voids.

Coordination number is 4 : 4 and

Number of formula units per unit cell = 4.

(b) Ionic solid of the type AB,
CaF, (Fluorite): Ca’" ions form cep structure and F ions occupy all tetrahedral voids. Coordination

number is 8 : 4 and

o
— =0.73
r

Number of formula units per unit cell = 4.

(c) Ionic solid of the type A,B
Na,O (Antifluorite structure): 0% ions form ccp structure and Na* ions occupy all tetrahedral voids.

Coordination number is 4 : 8.

Important Formulae

Mass of unitcell ~— zX M

1. Density of unit cell (d) = =
Y @ Volume of unit cell  &* X N,
Table 1.5: Different Parameters of Cubic System

2.
Unit cell No. of atoms per Distance between .N. Radius
unit cell nearest neighbour (3]
(D)

. . a
Simple cubic 1 a 6 b
I8 d cubi 4 . 12 .

ace-centred cubic = e

7 2/2
Body-centred cubic 2 ﬁ u 8 ﬁ u
2

. Xam idea Chemistry-XI|



) ) Volume occupied by atoms in unit cell (v)
3. Packing efficiency = - X100
Total volume of the unit cell (V)

Table 1.6: Packing efficiency of different crystals

S.No. | Crystal system | Packing efficiency
@) Simple cubic 52.4%
(if) Body-centred cubic 68%
(i) Face-centred cubic 74%
(v) Hexagonal close-packed 74%

Radius of the cation _ i

4. Radi tio = ; ) =
adius ratio Radius of the anion 7

Table 1.7: Structural arrangement of different radius ratios of ionic solids

Radius ratio Possible coordination Structural Examples
() number arrangement

0.155-0.225 3 Trigonal planar B,0,

0.225-0.414 4 Tetrahedral ZnS, SiOi_

0.414 -0.732 6 Octahedral NaCl

0.732-1.0 8 Body-centred cubic CsCl

5. If R is the radius of the spheres in the close packed arrangement, then
(7) Radius of octahedral void, »=0.414 R
(i) Radius of tetrahedral void, » = 0.225 R
6. In a close packed arrangement:
(/) Number of octahedral voids = Number of atoms present in the close packed arrangement.
(if) Number of tetrahedral voids = 2 x Number of atoms present in the close packed arrangement.

NCERT Textbook Questions

NCERT Intext Questions

Q. 1. Why are solids rigid?
Ans. In solids, the constituent particles (atoms or molecules or ions) are not free to move but can only oscillate
about their mean positions due to strong interatomic or intermolecular or interionic forces. This imparts

rigidity.
Q. 2. Why do solids have a definite volume?

Ans. The constituent particles in solids are bound to their mean positions by strong forces of attraction. The
interparticle distances remain unchanged at a given temperature and thus solids have a definite volume.

Q. 3. Classify the following as amorphous or crystalline solids:

Polyurethane, naphthalene, benzoic acid, teflon, potassium nitrate, cellophane, polyvinyl chloride,
fibre glass, copper.
Ans. Amorphous solids: Polyurethane, teflon, cellophane, polyvinyl chloride and fibre glass.

Crystalline solids: Naphthalene, benzoic acid, potassium nitrate and copper.
Q. 4. Why is glass considered a super cooled liquid?
Ans. Glass is an amorphous solid. Like liquids, it has a tendency to flow, though very slowly. This is evident

from the fact that the glass panes in the windows of old buildings are invariably found to be slightly thicker
at the bottom than at the top. This is because the glass flows down very slowly and makes the bottom

portion slightly thicker.
The Solid State .



Q.5.

Ans.

Ans.

Q.7.

Ans.

Q.8.
Ans.

Q.9.
Ans.

Q. 10.
Ans.

Q. 11.
Ans.

Q. 12.

Ans.

Refractive index of a solid is observed to have the same value along all directions. Comment on the
nature of this solid. Would it show cleavage property?

Since the solid has the same value of refractive index along all directions, it is isotropic and hence,
amorphous. Being an amorphous solid, it would not show a clean cleavage when cut with a knife. Instead,
it would break into pieces with irregular surfaces.

Classify the following solids in different categories based on the nature of intermolecular forces
operating in them:

Potassium sulphate, tin, benzene, urea, ammonia, water, zinc sulphide, graphite, rubidium, argon,
silicon carbide.

Ionic solids: Potassium sulphate, zinc sulphide.

Covalent solids: Graphite, silicon carbide.

Molecular solids: Benzene, urea, ammonia, water, argon.

Metallic solids: Rubidium, tin.

Solid A is a very hard electrical insulator in solid as well as in molten state and melts at extremely
high temperature. What type of solid is it?
Covalent.

Ionic solids conduct electricity in molten state but not in solid state. Explain.
In the molten state, ionic solids ionise to give free ions and hence can conduct electricity. However, in the
solid state, since the ions are not free to move about but remain held together by strong electrostatic forces
of attraction, they behave as insulators.
What type of solids are electrical conductors, malleable and ductile?
Metallic solids.
Give the significance of a ‘lattice point’.
Each lattice point represents one constituent particle of the solid. This constituent particle may be an atom,
an ion, or a molecule.
Name the parameters that characterise a unit cell.
A unit cell is characterised by
(i) its dimensions along the three edges, a, b and c.
(if) angles between the edges, which are o (between b and ¢), 3 (between a and ¢) and y (between a and b).
Thus, a unit cell is characterised by six parameters, @, b, ¢, o, 3 and .

Distinguish between
(/) Hexagonal and monoclinic unit cells (i) Face-centred and end-centred unit cells
(/) Hexagonal and monoclinic unit cells

System | Hexagonal | Monoclinic
120°
A
B+ 90°
2 b
¢ o =90°
o F 90° v
B =90° ] y=90° .
b
7 a
No. of space lattices 1 2
Possible variations Primitive Primitive, End-centred
Axial distances a=b#*c a+b#c
Axial angles a=p=90°y=120° a=7=90°p=90°
Examples Graphite, ZnO, CdS Na,S0,.10H,0,
monoclinic sulphur




Q.13.

Ans.

Q. 14.

Ans.
Q. 15.

Ans.

Q. 16.

Ans.

Q.17.

Ans.
Q. 18.

Ans.

(i) Face-centred and end-centred unit cells

Unit cell | Face-centred | End-centred
Position of lattice points At the corners and at the centre of | At the corners and at the centres of
each face two end faces
. 1 1 1 1
No. of atoms per unit cell 8x§+6x5=4 8x§+2><5=2

Explain how much portion of an atom is located at (i) corner and (if) body-centre of a cubic unit cell
is part of its neighbouring unit cell.

(i) A point lying at the corner of a unit cell is shared equally by eight unit cells and therefore, only % of
each such point belongs to the given unit cell.
(i) A body-centred point belongs entirely to one unit cell since it is not shared by any other unit cell.

What is the two dimensional coordination number of a molecule in square close packed layer?
[CBSE (F) 2013]

4.

A compound forms hexagonal close-packed structure. What is the total number of voids in 0.5 mol of

it? How many of these are tetrahedral voids?

No. of atoms in the 0.5 mol close-packed structure = 0.5 x 6.022 x 102 =3.011 x 10%

No. of octahedral voids = 1 x No. of atoms in the close-packed structure = 3.011 x 10%
No. of tetrahedral voids = 2 x No. of atoms in the close-packed structure =2 x 3.011 x 10%
=6.022 x 107
Total number of voids =3.011 x 10” + 6.022 x 10> = 9.033 x 10>
A compound is formed by two elements, M and N. The element NV forms ccp and atoms of M occupy
1/3rd of tetrahedral voids. What is the formula of the compound?
Suppose atoms of element N present in ccp = x
Number of tetrahedral voids = 2x

Since %rd of the tetrahedral voids are occupied by atoms of element M,

Number of atoms of element, M = % X 2x = 23_x

RatioofM.'N=23—x:x=2:3

Hence, the formula of the compound = M,N;.
Which of the following lattices has the highest packing efficiency?
(i) simple cubic
(ii) body-centred cubic
(iii) hexagonal close-packed lattice.
Hexagonal close-packed lattice has the highest packing efficiency (74%).

An element with molar mass 2.7 x 107 kg mol™ forms a cubic unit cell with edge length 405 pm. If
its density is 2.7 x 10° kg m~>, what is the nature of the cubic unit cell?

. 2XM _dX a’ XN, .
Density, d = &> X N, or z= i (D)

Here, M=2.7x10" kg mol !
a=405pm=405x 102 m=4.05x10""m
d=2.7%10kgm™
N, =6.022 x 10* mol "

The Solid State .



Q. 19.

Ans.

Q. 20.
Ans.

Q.21.

Ans.

Q.22.

Ans.

Q.23.

Ans.

Q. 24.

Ans.

Substituting these values in expression (7), we get
~(27%10° kgm ™) (4.05% 107" m)* (6.022 X 10’ mol ")
2.7% 107 kg mol ™

z

=4

As there are 4 atoms of the element present per unit cell. Hence, the cubic unit cell must be face-centred.
What type of defect can arise when a solid is heated? Which physical property is affected by it and in
what way?
On heating a solid, vacancy defect is produced in the crystal. This is because on heating, some lattice sites
become vacant. As a result of this defect, the density of the substance decreases because some atoms or ions
leave the crystal completely.
What type of stoichiometric defect is shown by: (i) ZnS (ii) AgBr?

(i) ZnS shows Frenkel defect because its ions have a large difference in size.

(if) AgBr shows both Frenkel and Schottky defects.
Explain how vacancies are introduced in an ionic solid when a cation of higher valence is added as an
impurity in it.
When a cation of higher valence is added as an impurity in an ionic solid, some of the sites of the original
cations are occupied by the cations of higher valency. Each cation of higher valency replaces two or more
original cations and occupies the site of one original cation and the other site(s) remains vacant.

Number of cations of higher valency
X
Difference in valencies of the original cation
and cation of higher valency

Cationic vacancies produced =

Ionic solids, which have anionic vacancies due to metal excess defect, develop colour. Explain with
the help of a suitable example.

In ionic solids with anionic vacancies due to metal excess defect, when the metal atoms deposit on the
surface, they diffuse into the crystal and after ionisation, the metal ion occupies cationic vacancy while
electron occupies anionic vacancy. Such anionic sites occupied by an electron are known as F-centres.
These electrons get excited to higher energy levels by adsorption of suitable wavelengths from the visible
white light and therefore appear coloured. When Na vapours are passed over NaCl crystals such defect is
created and the crystals become yellow due to excess Na' and presence of F-centres.

A group 14 element is to be converted into n-type semiconductor by doping it with a suitable impurity.
To which group should this impurity belong?

n-type semiconductor means conduction due to presence of excess of electrons. Therefore, to convert group
14 element into n-type semiconductor, it should be doped with group 15 element e.g., As.

What type of substances would make better permanent magnets, ferromagnetic or ferrimagnetic?
Justify your answer.

Ferromagnetic substances make better permanent magnets. This is because the metal ions of a ferromagnetic
substance are grouped into small regions called ‘domains’. Each domain acts as a tiny magnet. These
domains are randomly oriented. When a ferromagnetic substance is placed in a magnetic field, all the
domains get oriented in the direction of the magnetic field and a strong magnetic field is produced. Such
order of domains persists even when the external magnetic field is removed. Hence, the ferromagnetic
substance becomes a permanent magnet. On the other hand, the net or resultant magnetic moment of
ferrimagnetic substances is small.



NCERT Textbook Exercises

Q.1.
Ans.

Q.2.

Ans.

Ans.

Ans.

Q. 5.

Ans.
Q.6.

Ans.

Ans.

Define the term ‘amorphous’. Give a few examples of amorphous solids.

An amorphous solid consists of particles of irregular shape. The arrangement of constituent particles in
such a solid has only short range order. In such an arrangement, a regular and periodically repeating pattern
is observed over short distances only. Examples: Glass, rubber and plastics.

What makes a glass different from a solid such as quartz? Under what conditions could quartz be
converted into glass?

Glass is an amorphous solid in which the constituent particles (SiO, tetrahedra) have only a short range
order and there is no long range order. In quartz, the constituent particles (SiO, tetrahedra) have both short
range as well as long range orders. On melting quartz and then cooling it rapidly, it is converted into glass.

Classify each of the following solids as ionic, metallic, molecular, network (covalent) or amorphous.

(i) Tetra phosphorus decoxide (P,0,,) (i) Ammonium phosphate (NH,);PO,
(@@ii) SiC @) I,
) P, (vi) Plastic
(vii) Graphite (viii) Brass
(ix) Rb (x) LiBr
(xi) Si

Ionic: (NH,);PO, and LiBr; Metallic: Brass, Rb; Molecular: P,O, I, P;
Network (covalent): Graphite, SiC, Si; Amorphous: Plastic.
() What is meant by the term ‘coordination number’?
(ii) What is the coordination number of atoms:
(a) in a cubic close packed structure? (b) in a body-centred cubic structure?

(i) Coordination number is defined as the number of nearest neighbours in a close-packed structure. In
ionic crystals, coordination number of an ion in the crystal is the number of oppositely charged ions
surrounding that particular ion.

@) (a) 12 (b) 8.

How can you determine the atomic mass of an unknown metal if know its density and the dimension
of its unit cell? Explain your answer.

Refer to Basic Concepts Point 5. | Atomic mass, M = 2

dxa*x N, )

‘Stability of a crystal is reflected in the magnitude of its melting point’. Comment. Collect melting
points of solid water, ethyl alcohol, diethyl ether and methane from a data book. What can you say
about the intermolecular forces between these molecules?

Higher the melting point, stronger are the forces holding the constituent particles together and hence greater
is the stability. In other words, stronger the lattice structure, higher will be lattice energy and more will
be the stability of crystal, hence higher the melting point. The intermolecular forces in water and ethyl
alcohol are mainly the hydrogen bonding. Higher melting point of water as compared to alcohol shows that
hydrogen bonding in ethyl alcohol molecules is not as strong as in water molecules. Diethyl ether is a polar
molecule and the intermolecular forces present in it is dipole—dipole attraction. Whereas methane is a non-
polar molecule and the only forces present in it is the weak van der Waals’ forces.

How will you distinguish between the following pairs of terms: [CBSE (AI) 2014]
(i) Hexagonal close packing and cubic close packing?
(@) Crystal lattice and unit cell?

(@ii) Tetrahedral void and octahedral void?
(i) Refer to Basic Concepts Points 8(c) (i) and (if).

(i) The regular three dimensional arrangement of identical points in the space which represent how the
constituent particles (atoms, ions, molecules) are arranged in a crystal is called a crystal lattice.

A unit cell is the smallest portion of a crystal lattice, which when repeated over and again in different
directions produces the complete crystal lattice.



Q.8.

Ans.
Q.9.

Ans.

Q. 10.

Ans.
Q. 11.

Ans.

Q.12.

Ans.

Q. 13.

Ans.

(iii) A void surrounded by four spheres occupying the corners of tetrahedron is called a tetrahedral void. It
is much smaller than the size of spheres in the close packing. A void surrounded by six spheres along
the corners of an octahedral is called octahedral void. The size of the octahedral void is smaller than
that of the spheres in the close packing but larger than the tetrahedral void.

How many lattice points are there in one unit cell of each of the following lattices?
(a) face-centred cubic (b) face-centred tetragonal (c) body-centred.
(a) 14 () 14 (¢) 9.
Explain:
(a) The basis of similarities and differences between metallic and ionic crystals.
(b) Ionic solids are hard and brittle.
(a) Similarities:
(7) Both ionic and metallic crystals have electrostatic forces of attraction. In ionic crystals, these are

between the oppositely charged ions. In metals, these are among the valence electrons and the
kernels.

(i) In both cases, the bond is non-directional.
Differences:

(7) In ionic crystals, the ions are not free to move. Hence, they cannot conduct electricity in the
solid state. They can do so only in the molten state or in aqueous solution. In metals, the valence
electrons are not bound but are free to move. Hence, they can conduct electricity in the solid state.

(ii) Tonic bond is strong due to electrostatic forces of attraction. Metallic bond may be weak or strong
depending upon the number of valence electrons and the size of the kernels.

(b) Tonic solids are hard because there are strong electrostatic forces of attraction among the oppositely
charged ions. They are brittle because ionic bond is non-directional.

Calculate the efficiency of packing in case of a metal crystal for

(a) simple cubic (b) body-centred cubic (c) face-centred cubic

(with the assumption that atoms are touching each other).

Refer to Basic Concepts Point 7.

Silver crystallises in fcc lattice. If edge length of the cell is 4.07 x 10® cm and density is 10.5 g em™>,

calculate the atomic mass of silver. |CBSE (Al) 2010, (F) 2010]
dxa*x N, 105gcm > % (4.07%10°%cm)?® X (6.02%10% mol )
M= - =
4
10.5g cm > X 67.419 X 102* cm® X 6.02 X 10* mol !

7 =106.54 g mol ™!

A cubic solid is made up of two elements P and Q. Atoms of Q are at the corners of the cube and P
at the body centre. What is the formula of the compound? What are the coordination numbers of
P and Q?

Number of P atoms per unit cell = 1 (at the body centre) x 1 =1

Number of O atoms per unit cell = 8§ (at the corners) x % =1

Hence the formula is PQ.

Coordination number of each of P and O = 8.

Niobium crystallises in body-centred cubic structure. If density is 8.55 g cm >, calculate atomic radius
of niobium using its atomic mass 93u. |CBSE (AI) 2008)
d=18.55 g/em®, M =93 g/mol

For bec,z=2,a="?

N, =6.02 x 10 mol '
XM

QSXNA




Q. 14.

Ans.

Q. 15.

Ans.

Substituting the values,

2x93
855=F"""—"—+
a’ x6.02x10%
3 2x%x93

a p—
8.55x 6.02 x10%

1/3
g =20 ) 10°®
8.55x3.01

1/3
W e

8.55%x3.01

930 1/3
log x=log| g5 301

= %(log 930 —log 8.55 - log 3.01)
= % (2.9685 -0.9320 — 0.4786)

log x = %(1.5579) =0.5193
x = Antilog (0.5193)

x=3.306
a=3.306x%10" cm
3 -8
Now r=§x3,306><10‘8= LT x Ao )

r=1.4315x10" cm =143.15 pm

If the radius of the octahedral void is r and the radius of the atoms in close packing is R, derive

relationship between r and R.

A sphere fitting into the octahedral void is shown by shaded circle. The spheres present above and below
the void are not shown in the figure. As ABC is a right-angled triangle, Pythagoras theorem is applied.

AC? = AB*> + BC?
(R =R+’ +(R+r)’=2R+r)?
4R =2(R+r)

2R* =(R+7)
(V2R =R +7)’
V2R =R+r
r=y2R-R
r=(2-1)R=(1414-1)R
r=0414 R

Copper crystallises into a fcc lattice with edge length 3.61 x 1078 cm. Show that the calculated density

is in agreement with its measured value of 8.92 g cm™.
XM
a3 X NA
For fcc lattice of copper, z =4

Atomic mass of copper, M = 63.5 g mol !
. 4x63.5 gmol '
(3.61 X107 cm)® X (6.022 X 10*mol )

which is in agreement with the measured value.

=897¢g cm”



Q. 16.

Ans.

Q.17.

Ans.
Q. 18.

Ans.

Q. 19.

Ans.

Q. 20.

Ans.

Q.21.

Ans.
Q. 22.

Ans.

Analysis shows that nickel oxide has the formula Ni,, y30, ,,- What fractions of nickel exist as Ni** and
Ni** jons?

98 Ni atoms, are associated with 100 O atoms. Out of 98 Ni atoms, suppose Ni present as Ni*" =x.

Then Ni present as Ni*" =98 — x.

Total charge on x Ni*" and (98 — x) Ni** should be equal to charge on 100 O®" ions.

Therefore, xx2+(98-x)x3 =100 x 2
or 2x +294 —3x =200
or x =94

94

Fraction of Ni present as Ni*™ = 93 x 100 =96%

Fraction of Ni present as Ni** = % x 100 = 4%

What is a semiconductor? Describe the two main types of semiconductors and contrast their
conduction mechanisms.
Refer to Basic Concepts Point 17.

Non-stoichiometric cuprous oxide, Cu,O can be prepared in laboratory. In this oxide, copper to
oxygen ratio is slightly less than 2 : 1. Can you account for the fact that this substance is a p-type
semiconductor?

The ratio less than 2 : 1 in Cu,O shows that some cuprous (Cu") ions have been replaced by cupric (Cu*")
ions. For maintaining electrical neutrality, every two Cu" ions will be replaced by one Cu*" ion thereby
creating a hole. As conduction will be due to the presence of these positive holes, hence it is a p-type
semiconductor.

Ferric oxide crystallises in a hexagonal close packed array of oxide ions with two out of every three
octahedral holes occupied by ferric ions. Derive the formula of the ferric oxide.
Let the number of oxide ions (O%") in the close packing be x.

Number of octahedral voids = x
As 2/3rd of the octahedral voids are occupied by ferric ions, number of ferric ions present

_2 2x
=2, _2x
3773
Ratio of Fe*": 0> =% x=2:3

Hence, the formula of ferric oxide is Fe,O;.
Classify each of the following as being either a p-type or a n-type semiconductor:
(i) Ge doped with In (i) Si doped with B.
(i) Geis Group 14 element and In is Group 13 element therefore, an electron deficit hole is created. Thus,
semiconductor is p-type.

(if) Since Si is Group 14 element and B is Group 13 element, therefore, an electron deficit hole is created.
Thus, semiconductor is p-type.
Gold (atomic radius = 0.144 nm) crystallises in a face-centred unit cell. What is the length of a side of
the cell?
For fec, a = 2/5r= 2%x1.414 x0.144 nm = 0.407 nm.
In terms of band theory, what is the difference
(i) between a conductor and an insulator
(ii) between a conductor and a semiconductor?

(i) The energy gap between the valence band and conduction band in an insulator is very large while in a
conductor, the energy gap is very small or there is overlapping between valence band and conduction
band.



Q.23.

Ans.
Q. 24.

Ans.

Q. 25.
Ans.

Q. 26.

Ans.

(i) In a conductor, there is a very small energy gap or there is overlapping between valence band and
conduction band whereas in semiconductor there is always a small energy gap between them.
Explain the following terms with suitable examples:
(i) Schottky defect (ii) Frenkel defect (iii) interstitials (iv) F-centres.
Refer to Basic Concepts Point 13.
Aluminium crystallises in a cubic close packed structure. Its metallic radius is 125 pm.
(a) What is the length of the side of the unit cell?
(b) How many unit cells are there in 1.00 cm’ of aluminium? |CBSE (F) 2011]
. a
(a) For a fcc unit cell, r = 22
a =2/2r=2x1414x125
=353.5 pm
(b) Volume of unit cell = a* = (353.5 x 107" cm)®
=442 x 10 % cm’

1cm®

— S =226 % 10 unit cells
442 X107 cm?®

Number of unit cell =

If NaCl is doped with 10~ mol % SrCl,, what is the concentration of cation vacancies?
As NaCl is doped with 10~ mol % of SrCl,

i.e., 100 mol of NaCl are doped with 10~ mol of SrCl,
-3

1 mol of NaCl is doped with SrCl, = IIOW mol = 10~ mol

As each Sr** ion introduces one cation vacancy, therefore, concentration of cation vacancies
=107 x 6.02 x 10* mol ™'
=6.02 x 10'® mol™

Explain the following with suitable examples:

(a) Ferromagnetism (b) Paramagnetism

(¢) Ferrimagnetism (d) Antiferromagnetism

(e) 12-16 and 13-15 group compounds.
Refer to Basic Concepts Points 16 (c), (e); 16 (b), (d) and 14 (a), (D).

Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.

1.

2.

3.

Which of the following conditions favours the existence of a substance in the solid state?

[NCERT Exemplar]
(a) High temperature (b) Low temperature
(¢) High thermal energy (d) Weak cohesive forces
Which of the following is not a characteristic of a crystalline solid? [NCERT Exemplar]

(a) Definite and characteristic heat of fusion.

(b) Isotropic nature.

(c) A regular periodically repeated pattern of arrangement of constituent particles in the entire crystal.
(d) A true solid

Which of the following is true about the value of refractive index of quartz glass? [NCERT Exemplar|
(a) Same in all directions (b) Different in different directions

The Solid State .

(¢) Cannot be measured (d) Always zero



10.

11.

12.

13.

14.

15.

16.

17.

Which of the following statement is not true about amorphous solids? [NCERT Exemplar]
(a) On heating they may become crystalline at certain temperature.

(h) They may become crystalline on keeping for long time.

(c¢) Amorphous solids can be moulded by heating.

(d) They are anisotropic in nature.

The sharp melting point of crystalline solids is due to . [NCERT Exemplar]
(a) aregular arrangement of constituent particles observed over a short distance in the crystal lattice.

(b) aregular arrangement of constituent particles observed over a long distance in the crystal lattice.

(c) same arrangement of constituent particles in different directions.

(d) different arrangement of constituent particles in different directions.

Which one of the following is a covalent crystal?

(a) Rock salt (D) Ice (¢) Quartz (d) Dry ice

Which of the following solids is not an electrical conductor?

(& Mg(s) (@) TiO(s) (#i) 1,(s) () H,0(s)

(a) (i) only (b) (i) only (c) (iii) and (iv) (d) (if), (iii) and (iv)
The number of atoms in a face centred cubic unit cell is

(a) 2 (b) 4 (c) 5 (d) 6

In a face centred cubic lattice, atom A occupies the corner positions and atom B occupies the face
centre positions. If one atom of B is missing from one of the face centred points, the formula of the
compound is:

(a) AB, (b) A,B, (c) A,B; (d) A,B
The total number of tetrahedral voids in the face centred unit cell is .
(a) 6 )8 (c) 10 (d) 12

If Z is the number of atoms in the unit cell that represents the closest packing sequence—ABC ABC,
the number of tetrahedral voids in the unit cell is equal to

@z (b) 22 © % @ %
In which pair most efficient packing is present?

(a) hep and bec (b) hep and cep

(¢) bcc and ccp (d) bcce and simple cubic cell

The fraction of the total volume occupied by the atoms present in a simple cube is

(a) ©/4 (b) w/6 (c) T/(3+/2) (d) T/(4/2)

A metallic crystal has the bcc type staking pattern. What percentage of volume of this lattice is empty
space?

(a) 68% (b) 32% (c) 26% d) 74%

A solid compound XY has NaCl structure. If the radius of the cation is 100 pm, the radius of the
anion (Y") will be

(a) 275.1 pm (b) 322.5 pm (c) 241.5 pm (d) 165.7 pm

AB crystallizes in a body centred cubic lattice with edge length ‘a’ equal to 387 pm. The distance
between two oppositely charged ions in the lattice is
(a) 250 pm (b) 200 pm (c) 300 pm (d) 335 pm

If a stands for the edge length of the cubic systems: simple cubic, body centred cubic and face centred
cubic, then the ratio of the radius of the spheres in these systems will be respectively

(a) %a:ﬁa'La (b) %a:\/ga:%a

4 22 NG)

(o) %a:%a:%a (d) la :3a:\2a



18. Which of the following crystals does not exhibit Frenkel defect?

(a) AgBr (b) AgCl (¢) KBr (d) ZnS
19. The type of crystal defect is indicated in the diagram below
Na" | CI' | Na' | CI' | Na" | CI'
ca | O|a [N | (| Na*
Na* | cr | O | cr | Na*| cr
Cr [Na" | cr | Na" | () | Na*

(a) Frenkel defect
(c) Interstitial defect

(b) Frenkel and Schottky defect

(d) Schottky defect

20. Which of the following is true about the charge acquired by p-type semiconductors?
(a) Positive (b) Neutral

(c) Negative (d) Depends on concentration of p impurity

Answers
1. (b) 2.(b) 3.(a) 4.(d) 5.(b) 6. () 7.(c) 8. (d) 9.(c)  10.(b)
1.(b) 12.(b) 13.(b) 14.(b) 15.(c) 16.(d) 17.(a) 18.(c) 19.(d)  20.(b)

Assertion-Reason Questions

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

(a) Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).
(b) Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation

(©
(@)

of the Assertion (A).
Assertion (A) is correct, but Reason (R) is incorrect statement.

Assertion (A) is incorrect, but Reason (R) is correct statement.

Assertion (A)

Reason

Reason

Assertion (A4) :

R) :
Assertion (A4) :

Reason

Reason

Assertion (A4) :

(R) :
Assertion (A) :

Reason

Reason

(R) :
Assertion (A4) :
R) :

®) :

®) :

: Graphite is a good conductor of electricity however diamond belongs to the category of

insulators.
Graphite is soft in nature on the other hand diamond is very hard and brittle.
The total number of atoms present in a simple cubic unit cell is one.

Simple cubic unit cell has atoms at its corners, each of which is shared between eight
adjacent unit cells.

The coordination number of square close packing in two dimensions is 6.
In square close packing, each sphere is in contact with four of its neighbours.

Total number of octahedral voids present in unit cell of cubic close packing including the
one that is present at the body centre, is four.

Besides the body centre there is one octahedral void present at the centre of each of the
six faces of the unit cell and each of which is shared between two adjacent unit cells.

The packing efficiency is maximum for the fcc structure.

The coordination number is 12 in fcc structures.

Semiconductors are solids with conductivities in the intermediate range from
10 °~10% ohm ' m™".

Intermediate conductivity in semiconductor is due to partially filled valence band.

The Solid State .



7. Assertion (4) : Ferrimagnetic substances lose magnetism on heating.

Reason  (R) : Fe;0, and MgFe,0, are examples of substances that show ferrimagnetism.

Answers
1. (b) 2. (a) 3.(d) 4.(c) 5.(b) 6.(c) 7. (b)

Passage-based/Case-based Questions

Read the given passages and answer the questions that follow.

PASSAGE-1

Solid is that form of matter which possesses rigidity and hence a definite shape and a definite volume. If
intermolecular forces are greater than thermal energy, substances exist as solid. Solids can be classified into two
types: Crystalline solids and amorphous solids. Crystalline solids have regular arrangement of particles, definite
geometric shapes, sharp melting points and definite heat of fusion. They are anisotropic and undergo clean cleavage.
On the other hand, amorphous solids have no regular arrangement of particles, irregular shapes, melt over a range
of temperature, no definite heat of fusion. They are isotropic and undergo irregular cleavage. lonic solids, molecular
solids, covalent solids and metallic solids are the types of crystalline solids.

1. Solid A is very hard, electrical insulator in solid as well as molten state and melts at extremely high
temperature. What type of solid is it?
Ans. Covalent or network solid.

2. Is polythene used in making polythene bags a crystalline material or an amorphous material?
Ans. Polythene is a polymer and is an amorphous solid.

3. Sodium metal is quite soft whereas sodium chloride crystals are quite hard. Why?
Ans. In sodium metal, the atoms are held together by metallic bonds which are quite weak while sodium
chloride is an ionic compound in which oppositively charged Na" and CI” ions are held together by strong
electrostatic force of attraction. Hence, it is quite hard.

4. Diamond and solid rhombic sulphur both are covalent solids but the latter has very low melting point
than the former. Why?
Ans. Diamond is a three dimensional covalent solid with strong interatomic forces whereas rhombic sulphur is a
one dimensional covalent solid consisting of puckered eight membered (Sg) held together by weak van der
Waal’s forces.

5. What type of interactions held the molecules in a polar molecular solid?
Ans. Dipole-dipole interactions.

PASSAGE-2

Any departure from a perfectly ordered arrangement of constituent particles is called defect or imperfection.
In solids, when the ratio between cations and anions remains the same after defect, it is termed as stoichiometric
defects. Schottky and Frenkel defects are categorised into stoichiometric defects. In Schottky defect equal number
of cations and anions are missing while in Frenkel defect cations are missing from lattice sites and occupy interstitial
sites. In non-stoichiometric defects, the ratio of cations and anions changes as a result of the defect. Metal excess and
metal deficiency defects are non-stoichiometric defects.

1. Why are the defects of the crystalline solids called thermodynamic defects?
Ans. In crystalline solids there is perfect arrangement of the constituent particles only at 0 K. With the increase
in temperature, the number of defects increases so the defects are called thermodynamic defects.

2. Why is Frenkel defect not found in pure alkali metal halides?
Ans. Alkali metal ions have large size which cannot fit into the interstitial sites, so Frenkel defect is not found in
pure alkali metal halides.

. Xam idea Chemistry-XI|



What type of defect can arise when a solid is heated?

Ans. Vacancy defect is produced in the crystal when a solid is heated.
4. Why is FeO(s) not formed in stoichiometric composition?
Ans. This is due to replacement of Fe** ions by Fe*" ions.
5. What type of crystal defect is produced when sodium chloride is doped with MgCl,?
Ans. Impurity defect.
Very Short Answer Questions [1 mark]
Q.1. How can a material be made amorphous?
Ans. By melting the material and then cooling it rapidly.
Q. 2. Why does the window glass of the old buildings look milky? [CBSE (F) 2016]
Ans. It is due to heating during the day and cooling at night, i.e., due to annealing over a number of years, glass
acquires crystalline character.
Q. 3. ‘Crystalline solids are anisotropic in nature.” What does this statement mean?
[CBSE Delhi 2011; (F) 2011]
Ans. It means that some of their physical properties like electrical conductivity, refractive index, etc., are
different in different directions.
Q. 4. What kind of attractive forces are present in the molecular crystalline solids?
Ans. Dispersion forces, dipole—dipole interactions and hydrogen bonds.
Q. 5. What type of interactions hold the molecules together in a polar molecular solid? [CBSE (A1) 2010]
Ans. The interactions which hold the molecules together in a polar molecular solid are dipole-dipole attractions.
Q. 6. Give an example each of a molecular solid and an ionic solid. |[CBSE Central 2016]
Ans. Molecular solids: CO,, I,, HCI
Tonic solids: NaCl, ZnS, CaF,
Q. 7. Write a feature which will distinguish a metallic solid from an ionic solid.
[CBSE Delhi 2010; (F) 2010]
Ans. Metals are malleable and ductile whereas ionic solids are hard and brittle.
Q. 8. How many effective sodium ions are located at the edge centre of a unit cell in a sodium chloride crystal?
1
Ans. 12 x o 3.
Q. 9. In NaCl crystal, CI ions are in fcc arrangement. Calculate the number of CI” ions in its unit cell.
[HOTS]
1 1
Ans. CI ions per unit cell = 8 x § (from corners) + 6 x E(from face centres) =4
Q. 10. Express the relationship between atomic radius (r) and the edge length (a) in the bcc unit cell.
[CBSE (F) 2014)
3
Ans. r (atomic radius) = 7 ¢ (edge length of unit cell).
Q. 11. A cubic solid is made up of two elements A and B. Atoms A are present at the corners of the cube and
B are at the alternate face centres. What is the formula of the solid? [HOTS]
Ans. Number of A atoms per unit cell = 8 x - 1

8

Number of B atoms per unit cell = 2 x % =1

Formula of the compound = AB

The Solid State .



Q. 12.

Ans.

Q. 13.

Ans.
Q. 14.

Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Q.17.

Ans.

Q. 18.

Ans.

A compound formed by elements 4 and B has a cubic structure in which 4 atoms are at the corners
of the cube and B atoms are at the face centres. Derive the formula of the compound.

Number of 4 atoms per unit cell = 8 (at the corners) x % =1

Number of B atoms per unit cell = 6 (at the face centres) x %= 3
A:B=1:3
The formula of the compound = AB;.

A metallic element crystallises into a lattice having a pattern of AB AB...... and packing of spheres leaves
out voids in the lattice. What type of structure is formed by this arrangement?|CBSE Delhi 2017 C)
hep.
What is the formula of a compound in which the element P forms Ahcp lattice and atoms of Q occupy
2/3rd of octahedral voids? |CBSE (F) 2017
Let the number of atoms of P in hcp lattice = N
So, number of octahedral voids = N

Number of Q atoms = %x N=§N

0 :P=§N:N=2:3

Hence, the formula of the compound is Q,P5.

A compound is formed by two elements X and Y. Atoms of the element Y (as anions) make ccp
and those of the element X (as cations) occupy all the octahedral voids. What is the formula of the
compound?
Suppose the number of atoms Y in ccp = N
Number of octahedral voids =N x 1 =N

. Number of atoms of X =N
Ratioof X: Y=N:N=1:1
Hence, formula of the compound = XY
In corundum, oxide ions are arranged in hexagonal close packing and aluminium ions occupy two-
third of the octahedral voids. What is the formula of corundum?
Let the number of oxide ions in the packing be N.

Then octahedral voids = N. Therefore, AI** ions = % x N = ZTN
Ratio of A’ : 0% = ZTN: N=2:3

Hence, formula of corundum is Al,Oj5.

What is the formula of a compound in which the element P forms ccp lattice and atoms of Q occupy
2/3rd of tetrahedral voids? [CBSE (F) 2017]
Let the number of atoms of P in ccp arrangement = N

So, number of tetrahedral voids = 2N

.. Number of Q atoms = % X 2N = gN
4
Q:P =§N:N =4:3

Hence, formula of the compound = Q4P

What is the formula of a compound in which the element Y forms ccp lattice and atoms of X occupy
2/3rd of tetrahedral voids? |CBSE Allahabad 2015])
Let the number of particles of element Y in ccp lattice = N

Number of tetrahedral voids = 2N

2
Number of particles of element X = 3 X 2N = %N



Q. 19.

Ans.

Q. 20.

Ans.
Q. 21.

Ans.

Q. 22.
Ans.

Q.23.

Ans.

Q. 24.
Ans.

Q. 25.
Ans.
Q. 26.
Ans.
Q. 27.
Ans.
Q. 28.
Ans.

Q. 29.
Ans.

Q. 30.
Ans.

Q.31.

Ans.
Q. 32.
Ans.

X:Y= gN N
X:Y=4:3
Formula of the compound is X, ¥;.
A solid is made up of two elements P and Q. Atoms of Q are in ccp arrangement while atoms of P
occupy all the tetrahedral sites. What is the formula of the compound?
Suppose number of atoms of Q in ccp arrangement = N
So, number of tetrahedral sites =2 N
Number of P atoms =2 N
S P:Q=2N:N=2:1
Hence, formula of compound is P,Q.
A compound AB, possesses the CaF, type crystal structure. Write the coordination number of A
and B ions in its crystals. [HOTS]
Coordination no. of A = 8, Coordination no. of B = 4.
In spite of long range order in the arrangement of particles, why are the crystals usually not
perfect? INCERT Exemplar]
Crystals have long range repeated pattern of arrangement of constituent particles but in the process of
crystallisation some deviations from the ideal arrangement (i.e., defects) may be introduced. That is why
crystals are usually not perfect.
What are the types of lattice imperfections found in crystals?
(a) Stoichiometric defects, viz., Schottky defect and Frenkel defect (») Non-stoichiometric defects, viz.,
metal excess, metal deficiency, and (c) impurity defects.
Which point defect in its crystal units increases the density of a solid?
[CBSE Delhi 2009, 2011; (AI) 2012]
Interstitial defect.
Which crystal defect lowers the density of a solid? |[CBSE Delhi 2009, 2010; (AI) 2009]
Schottky defect.

Which point defect in crystals does not alter the density of the relevant solid? [CBSE Delhi 2009, 2010)
Frenkel defect.

What type of stoichiometric defect is shown by AgCI? [CBSE Delhi 2013)
Frenkel defect.
What type of stoichiometric defect is shown by ZnS? [CBSE (AI) 2017 C)

ZnS shows Frenkel defect as its ions have a large difference in size.

Why does Frenkel defect not change the density of AgCl crystals?
Because of the Frenkel defect, no ion is missing from the crystal, therefore there is no change in density.

Why is FeO(s) not formed in stoichiometric composition? INCERT Exemplar]
In the crystals of FeO, some of the Fe*" cations are replaced by Fe’* ions. Three Fe*" ions are replaced by
two Fe*" ions to make up for the loss of positive charge. Eventually there would be less amount of metal as
compared to stoichiometric proportion.
What type of crystal defect is produced when sodium chloride is doped with MgCl,?
A cation vacancy is formed, so impurity defect is produced. A substitutional solid solution is formed
(because 2Na" ions are replaced by one Mg2+ ion at the lattice site).
Name the non-stoichiometric point defect responsible for colour in alkali metal halides.

|CBSE Sample Paper 2016)
Metal excess defect due to anionic vacancies.
Why does table salt, NaCl, sometimes appear yellow in colour? [INCERT Exemplar] [HOTS)
Yellow colour in sodium chloride is due to metal excess defect due to which unpaired electrons occupy
anionic sites. These sites are called F-centres. These electrons absorb some energy from the visible white
light for the excitation which makes crystal appear yellow.



Q. 33. Zinc oxide is white but it turns yellow on heating. Explain. [CBSE North 2016] [HOTS]
Ans. On heating ZnO loses oxygen according to the following reaction:

Heat

1 _
Zn0 ——— Zn*" + 50,+2e
Zn*" jons are entrapped in the interstitial voids and electrons are entrapped in the neighbouring interstitial
voids to maintain electrical neutrality. Due to presence of electrons in interstitial voids the colour is yellow.

Q. 34. What is meant by the term ‘forbidden zone’ in reference to band theory of solids? [CBSE (F) 2012]
Ans. The energy gap between valence band and conduction band is known as forbidden zone.

Q. 35. What would be the nature of solid if there is no energy gap between valence band and conduction

band? [CBSE East 2016]
Ans. Conductor.
Q. 36. What is meant by an ‘intrinsic semiconductor’? [CBSE (F) 2011]
Ans. Pure substances exhibiting conductivity similar to that of silicon and germanium are called intrinsic
semiconductors.

Q. 37. Define superconductivity of a substance.
Ans. The property of a substance to offer no resistance to the flow of electricity at a particular temperature is
known as superconductivity.

Q. 38. How does the electrical conductivity of metallic conductors vary with temperature?
Ans. Electrical conductivity decreases with rise in temperature because kernels begin to vibrate and create
hindrance in the flow of electrons.

Q. 39. How does the electrical conductivity of semiconductors vary with temperature?

Ans. Electrical conductivity of semiconductors increases with increase in temperature as more electrons can
jump from valence band to conduction band.

Q. 40. What is the difference between 13-15 and 12-16 compounds?

Ans. Group 13-15 compounds, viz., AIP, GaAs, etc. have large covalent character whereas Group 12-16
compounds, viz., ZnS, CdS, HgTe, etc. do not possess covalent character but have sufficient ionic character.
However, all of them are semiconductors.

Q. 41. What type of semiconductor is obtained when silicon is doped with arsenic? [CBSE (AI) 2010]

Ans. n-type semiconductor.

Q. 42. Name the type of semiconductor obtained when silicon is doped with boron. [CBSE Sample Paper 2017]
Ans. p-type semiconductor.
Q. 43. What type of substances would make better permanent magnets, ferromagnetic or ferrimagnetic?
|CBSE Delhi 2013]
Ans. Ferromagnetic.

Q. 44. What type of substances exhibit antiferromagnetism?
Ans. Substances in which domains are oppositely oriented and cancel out each other’s magnetic moments exhibit
antiferromagnetism.

DOOOOOOLY

Short Answer Questions-I [2 marks]

Q. 1. How will you distinguish between the following pairs of terms: |CBSE (AI) 2014]
(/) Tetrahedral and octahedral voids
(i) Crystal lattice and unit cell
Ans. (i) Avoid surrounded by four spheres occupying the corners of tetrahedron is called a tetrahedral void. It
is much smaller than the size of spheres in the close packing. A void surrounded by six spheres along
the corners of an octahedral is called octahedral void. The size of the octahedral void is smaller than
that of the spheres in the close packing but larger than the octahedral void.

. Xam idea Chemistry-XI|



Ans.

Ans.

Ans.

Ans.

Q. 6.

Ans.

(if) The regular three dimensional arrangement of identical points in the space which represent how the
constituent particles (atoms, ions, molecules) are arranged in a crystal is called a crystal lattice.

A unit cell is the smallest portion of a crystal lattice, which when repeated over and again in different
directions produces the complete crystal lattice.

If three elements 4, B and C crystallise in a cubic solid lattice with 4 atoms at the corners, B atoms
at the cube centres and C atoms at the centre of the faces of the cube, then write the formula of the
compound. [HOTS]

Atoms of 4 per unit cell = 8 x % =1

Atoms of B per unit cell = 1

Atoms of C per unit cell =6 x % =3

Hence, the formula is ABC;.

A crystalline solid has a cubic structure in which tungsten (W) atoms are located at cube corners of
the unit cell, oxygen atoms at the cube edges and sodium atom at the centre. What is the molecular
formula of the compound? [HOTS]

Number of W atoms per unit cell = 8 (at the corners) x % =1

Number of O atoms per unit cell = 12 (at the edge centres) x % =3

Number of sodium atoms per unit cell = 1 (at the cube centre) x 1 =1
Hence, the formula of the compound = NaWO,

In a cubic close packed structure of a mixed oxide; one-eighth of tetrahedral voids are occupied by
divalent ions X**, while one half of the octahedral voids are occupied by trivalent ions Y>*. What is

the formula of the compound? [HOTS]
Let the number of O®~ ions in the crystal = N
Number of tetrahedral voids = 2N

Number of octahedral voids = N

Number of X*" ions = %X 2N = %
Number of Y** ions = % x N= %
X2+:Y3+:02’=%:%:N=1:2:4

Hence, the formula of the compound is XY,0,.

The radius of an atom of an element is 75 pm. If it crystallizes as a body-centred cubic lattice, what
is the length of the side of the unit cell?

4 4
For bce, a=—r=——=x175
V3 3
3
=ix75x£=100x1.732=173.2pm

VR
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? |CBSE Delhi 2012]
a=1316.5 pm

V3

For bcc unit cell, r=a

3
r= % x 316.5 pm = 137.04 pm
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Q. 7. Calculate the efficiency of packing in case of a metal crystal for simple cubic (with the assumption

that atoms are touching each other). |CBSE (Al) 2011]
4 5
X —
. . z X volume of one atom e
Ans. Packing efficiency = - - X100 =———X100
Volume of cubic unit cell a

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

1X i7'[1’3

Packing efficiency= W X100 = %X 100 = 52.36% = 52.4%
r

Q. 8. Calculate the following
(/) Number of NaCl units in a unit cell of NaCl.

(i) Number of CsCl unit in a unit cell of CsCL [HOTS]
Ans. (/) Number of Na" ions = 12 (at edge centres) x % + 1 (at body centre) x 1 =4

Number of Cl ions = 8 (at the corners) X % + 6 (at face centres) x % =4
Number of NaCl units per unit cell (z) = 4

(if) Number of Cs” ion = 1 (at the body centre) x 1 =1
Number of Cl” ions = § (at the corners) x % =1

Number of CsCl units per unit cell (z) =1

Q. 9. Calculate the following

(/) Number of ZnS units in a unit cell of ZnS.

(i) Number of CaF, units in a unit cell of CaF,. [HOTS]
Ans. (/) Number of Zn*" ions = 4 (within the body) x 1 =4

Number of $* jons = 8 (at the corners) x % + 6 (at face centres) x 15 =4
Number of ZnS units per unit cell (z) = 4

(il) Number of Ca?" ions = 8 (at the corners) x % + 6 (at face centres) x % =4

Number of F~ ions = 8 (within the body) x 1 =8
Number of CaF, ions per unit cell (z) = 4.

Q.10. Lithium metal crystal has body-centred cubic structure. Its density is 0.53 g cm™ and its molar mass
is6.94 ¢ mol . Calculate the volume of a unit cell of lithium metal. [V, =6.023 x 103 mol"]

3_ zX M
Ans. Volume of the crystal, a XN,
X
o= 2261 5 =4.348 x 1077 em’
0.53%x6.023%10

Q. 11. An element with density 11.2 g em™ forms a f.c.c. lattice with edge length of 4 x 107 cm.
Calculate the atomic mass of the element.
(Given: N, = 6.022 x 10> mol™) [CBSE Delhi 2014]
Ans. For fec lattice number of atoms per unit cell, z=4
Here,d=112gem>, a = 4x107° cm, N, = 6.022 x 10* mol !

, dxa*x N,
Atomic mass, M = —

11.2g em™ x (4x 107 cm)® x6.022x 10% mol ™!

4
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Q. 12. Account for the following: |CBSE (Al) 2013]
(i) Schottky defects lower the density of related solids.

(i) Conductivity of silicon increases on doping it with phosphorus.

Ans. (i) InSchottky defect as the number of ions are missing from their normal lattice sites, the mass decreases
whereas the volume remains the same. Due to this the density decreases.

(i) This is due to availability of additional unpaired electrons on doping with phosphorous.
Q. 13. (/) Why does presence of excess of lithium makes LiCl crystals pink? |CBSE (Al) 2013]

(i) A solid with cubic crystal is made of two elements P and Q. Atoms of Q are at the corners of the
cube and P at the body-centre. What is the formula of the compound?

Ans. (i) Excess of lithium leads to metal excess defect. Lithium atoms lose electrons to form Li" ions. These
electrons diffuse into the crystal and form F-centres. Therefore, LiCl crystals become pink.

(i/) Number of P atoms per unit cell = 1 (at the body centre) X 1 =1

Number of Q atoms per unit cell = 8§ (at the corners) X% =1

Hence, the formula of the compound = PQ.
Q. 14. (i) Based on the nature of intermolecular forces, classify the following solids: [CBSE (AI) 2014]
Sodium sulphate, Hydrogen
(i) What happens when CdCl, is doped with AgCl1?
Ans. (i) Sodium sulphate—Ionic solid, Hydrogen—Molecular solid (non-polar)

(ii) It results impurity defect. Each Cd*" replaces two Ag" ions. It occupies the site of one ion and the
other site remains vacant.

Short Answer Questions-Ii [3 marks]

Q. 1. Write the coordination number of each ion in the following crystals:
() ZnS (ii) CaF,
(iii) Na,O
Ans. (i) Zn*"=4,8* =4
(i) Ca** =8,F =4
(iii) Na"=4,0" =8
Q. 2. Iron has a body centred cubic unit cell with a cell dimension of 286.65 pm. The density of iron is
7.874 g cm™. Use this information to calculate Avogadro’s number.
(At. mass of Fe = 55.845 u) |CBSE Delhi 2012; (F) 2012]
Ans. a=286.65pm=286.65x 10"’ cm; M =55.845 gmol'; d=7.874 g cm™
For bcc unit cell, z=2

. . . . z
Substituting the values in the expression, N, = 3—d
a X

, we get
- 2% 55.845 g mol !

(286.65x107'% cm)® X 7.874 g em ™
N, =6.000 x 10* mol™

Q. 3. An element with molar mass 27 g mol ™ forms a cubic unit cell with edge length 4.05 x 107 cm. If its
density is 2.7 g cm‘3, what is the nature of the cubic unit cell? |[CBSE Delhi 2015]

dXa’ XN, .
— ...(D)
Here,d=2.7 gcm >, M =27 gmol ™', N, = 6.022 x 102 mol ' and a =4.05 x 10* cm

Substituting these values in the expression (i), we get
The Solid State .
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Ans. Number of atoms per unit cell, z =



Ans.

Ans.

2.7 gem ™ X (4.05%107 cm)? X 6.022 x 10% mol ™
27 g/mol

z =

z ~4
As there are 4 atoms of the element present per unit cell therefore the cubic unit cell must be face-centered.

The density of copper metal is 8.95 g cm™ 3. If the radius of copper atom is 127.8 pm, is the copper unit
cell a simple cubic, a body-centred cubic or a face-centred cubic structure?

(Given: At. mass of Cu = 63.54 g mol”" and N, = 6.022 x 10* mol™") [CBSE Delhi 2010; (AI) 2010}
Suppose copper has fcc structure

2=4,a=2y2r
XM .
d= (i)
a3 X NA
Here, M =63.54gmol', N,=6.022 x 10* mol™
a=2y2r=2y2x127.8 pm =22 x127.8 x107'* cm
a=3.614x10"°cm
Substituting these values in the expression (i), we get
4 X 63.54 gmol ™!
(3.614 X10™* cm)® X 6.022 X 10 mol "

=894 gem™
As the calculated value of density (8.94 g cm ™) is in agreement with the given value (8.95 g cm ).

Therefore, copper unit cell has face-centred cubic structure.

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

lead atom. |CBSE Delhi 2011]
(At. mass of lead =207 g mol ™ and N,=6.02 x 10* mol _])
N 0
= a = (i
(l3 X NA d X NA

For a fcc unit cell, z =4
M=207 gmol', N,=6.02 x 10 mol ', d=1135gcm"
Substituting these values in equation (7), we get

4 %207 g mol ™!
11.35gcem™ %X 6.02 X 10*mol ™

; _ 4x207x10 5
4 = 11.35x6.02x10* ‘M

1/3
a =< 8280 ) x 107 cm
11.35X6.02

( 8280 )”3
11.35X6.02

a =

Let

logx = ! [log 8280 —log 11.35 —log 6.02]
= §[3.9180 —1.0549 - 0.7796]

log x = % [2.0835] = 0.6945
x = Antilog (0.6945) = X =4.949
a =4.949 x 10 cm = a=494.9 pm



Q. 6.

Ans.

Q.7.

Ans.

Q.8.

Ans.

a

For a fcc unit cell, r

= 2
4949 4949V2 4949 x 1414

r e pm 1 pm 1 pm

r =174.95 pm
An element crystallizes in a fcc lattice with cell edge of 400 pm. Calculate the density if 200 g of this
element contain 2.5 x 10** atoms. [CBSE (F) 2016)

Moles of the element = Atoms of the element
Ny
or Mass of the element _ 2.5%10%* atoms
Molar mass 6.022 x10*atoms mol !
200 2.5x10*

Molar mass  6.022 x10% mol ™!
200 g x 6.022 x 10* mol !
2.5x10*
Molar mass, M =48.18 g mol !
Here,z=4, M =48.18 gmol ', N, =6.022 x 10* mol '
a =400 pm=400x 10" cm=4 x 10 cm
Substituting these values in the expression,

= zXM
a’X N,

Molar mass =

, we get
4x48.18 g mol ™

d =
(4 %107 cm)® x 6.022 x10% mol !
=S5g cm™

Sodium has a bcc structure with nearest neighbour distance 365.9 pm. Calculate its density (Atomic
mass of sodium = 23).

For the bcc structure, nearest neighbour distance (d) is related to the edge (a) as

V3
d = 5 a
r =id=ix3659=4225
or, a 7 1732 . .5 pm
For bcc structure, z =2
For sodium, M =23
. XM
Density, d = —
a XNA

2 %23 g mol™

C(422.5%107° em)® X (6.02 X 10% mol ™)
Chromium crystallises in bcc structure. If its atomic diameter is 245 pm, find its density. Atomic mass
of Cr =52 amu and NV, = 6.02 x 10> mol ™.

Diameter = 245 pm

=1.013 g/cm’

Radius = 2;£ pm=122.5 pm

V3 4r
In a bcc structure, r=—a or a=——
4 V3
4 X1225 490
a = G 173 =282.91 pm



XM 2X52
@ XN, (282.91x1070 cm)® X 6.02 X 103
104 104
2264 X103 X 6.02 X102 2.264 X 6.02

=7.63gem™
Q.9. How would you account for the following? |CBSE (Al) 2017)
(i) Frenkel defects are not found in alkali metal halides.
(i) Schottky defects lower the density of related solids.
(@ii) Impurity doped silicon is a semiconductor.
Ans. (i) This is because alkali metal ions have larger size which cannot fit into interstitial sites.

(if) As the number of ions decreases as a result of Schottky defect, the mass decreases whereas the
volume remains the same.

(7ii) This is due to additional electron or creation of an deficient hole on doping with impurity. Creation
of deficient hole results in p-type semiconductor whereas additional electron results in n-type
semiconductor.

Q. 10. Examine the given defective crystal:
X"y X'y X'
Y X' Y X Y
X" Y X' e X'
Y XY X Y
Answer the following questions:
(i) Is the above defect stoichiometric or non-stoichiometric?
(ii) Write the term used for the electron occupied site.
(iii) Give an example of the compound which shows this type of defect. [CBSE Ajmer 2015]
Ans. (/) Non-stoichiometric defect
(if) F-centre
(iif) When crystals of NaCl are heated in an atmosphere of Na vapours or when crystals of KCl are heated
in an atmosphere of K vapours.
Q. 11. (/) What is the radius of sodium atom if it crystallises in bcc structure with the cell edge of 400 pm?
(ii) Examine the given defective crystal:

XYy | X | Y | X
Y |Z¥ | Y | X | Y
XY | O|Y | X
Y | X' | Y | X' | Y

(a) Write the term used for this type of defect.
(b) What is the result when XY crystal is doped with divalent (Z2+) impurity? [CBSE (F) 2017]

V3
Ans. (i) For a bcc structure, r = 5
r= 1'?2 X 400 pm = 173.2 pm

(i) (a) Impurity defect.
(b) Each 2> replaces two X ions. It occupies the site of one X ion and other site remain vacant. The
vacancies results in the higher electrical conductivity of the solid.
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Q. 12. What are the reasons of electrical conductivity in (i) metals, (i7) ionic solids, and (iii) semiconductors?
Ans. (i) Itis due to flow of electrons.
(if) It is due to flow of ions in solution or molten state and defects in the solid state.
(iii) Tt is due to the presence of impurities and defects.
Q. 13. (/) Based on the nature of intermolecular forces, classify the following solids:
Silicon carbide, Argon
(@) ZnO turns yellow on heating. Why?
(iii) What is meant by groups 12-16 compounds? Give an example. |[CBSE (Al) 2017)
Ans. (i) Silicon carbide: Covalent solid
Argon: Molecular solid (non-polar)
(1) When ZnO is heated, it loses oxygen and turns yellow due to following reaction:

H 1 _
Zn0 —=— 7n* + 502 +2e
The excess Zn>" jons move to interstitial sites and the electrons to neighbouring interstitial voids.

(iii) These are the compounds prepared by combination of group 12 and 16 elements and behave like
semiconductors, e.g., ZnS, CdS, CdSe, etc. The bonds in these compounds are not perfectly covalent
and the ionic character depends on the electronegativities of the two elements.

Q.14. (i) What type of stoichiometric defect is shown by KCI and why?
(ii) What type of semiconductor is formed when silicon is doped with As?
(iii) Which one of the following is an example of molecular solid: CO, or SiO,?
(iv) What type of substances would make better magnets, ferromagnetic or ferrimagnetic?

[CBSE (F) 2014]
Ans. (i) KCI shows schottky defect as the cation, K™ and anion, CI are of almost similar sizes.
(if) n-type semiconductor.
(iif) CO,

(iv) Ferromagnetic
Q. 15. (i) What type of semiconductor is obtained when Ge is doped with In?
(ii) What type of magnetism is shown in the following alignment of magnetic moments?

(N

(@ii) What type of point defect is produced when AgCl is doped with CdCl,?
Ans. (i) p-type semiconductor

(if) Ferromagnetism

(iif) Impurity defect

Long Answer Questions [5 marks]
Q. 1. (/) 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.
(ii) Write any two differences between amorphous solids and crystalline solids. [CBSE Delhi 2017
dXa* XN, .
— (D)

Ans. (/) Number of atoms per unit cell, z =

Here,d=11.5gcm >, M =93 gmol ', N, = 6.022 x 10% mol ',
a=300pm=300x10""cm=3x 10" cm
Substituting these values in the expression (i), we get
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11.5gem > X (3% 10°% cm)® X 6.022 X 10%* mol !
z= = =2.01
93 g mol

As there are 2 atoms of the element present per unit cell, therefore, the cubic unit cell must be body
centred.

(if) Refer to Basic Concepts Point 1, Table 1.1.
Q. 2. (i) Identify the type of defect shown in the following figure:

-+ - - + - +
+ - + - + - + -
-+ - + - - +
+ - + - + - + -
-+ - + - + - +
+ - + - + - + -
- + + - + - +
+ - + - + - -

What type of substances show this defect?

(ii) A metal crystallizes in a body centred cubic structure. If ‘a’ is the edge length of its unit cell, ‘7’
is the radius of the sphere. What is the relationship between ‘7’ and ‘a’?

(iii) An element with molar mass 63 g/mol forms a cubic unit cell with edge length of 360.8 pm. If its
density is 8.92 g/cm3 . What is the nature of the cubic unit cell?

Ans. (7) Schottky defect.

It is shown by ionic substances in which the cation and anion are of almost similar sizes.

3
(if) r=§a
xM
(iii) d=—
a XNA
_dxa3><NA )
or A ()

Here, d=8.92 g cm >, N, = 6.022 x 10* mol ™', M = 63 g mol '
a=360.8 pm=360.8 x 10"’ cm =3.608 x 10 cm
Substituting these values in expression (i), we get

8.92 gem™ x (3.608x107% cm)? x 6.022x10% mol ™! A
Z = —
63 g mol ™

The unit cell is face centred cubic.
Q.3. (i) (@) Why are crystalline solids anisotropic?
(b) What type of semiconductor is formed when silicon is doped with boron?

(¢) Define the term coordination number. What is the coordination number of atoms in a cubic
closed packed structure?

(i) Sodium crystallises in a bcc unit cell. Calculate the approximate number of unit cells in 9.2 g of
sodium. (Atomic Mass of Na =23 u)

Ans. (i) (a) It arises from different arrangement of particles in different direction.

(b) Silicon is group 14 element and boron is group 13 element, therefore, an electron deficient hole is
created. Thus, semiconductor is of p-type.



(¢) Coordination number is defined as the number of nearest neighbours in a closed packed structure.
The coordination number of an atom in ccp structure is 12.

(if) No. of atoms per unit cell for bee (z) =2

. 92¢g
No. of atoms in 9.2 g of Na =
23 g mol™

T X 6.022 x 10%* atoms mol ™'

=2.4088 x 10* atoms

23
No. of unit cells = 2.4088 x 107 atoms _ 1.2044 x 10* unit cell

2 atoms unit cell ™!

Q. 4. (/) Name the non-stoichiometric point defect responsible for colour in alkali metal halides.

(ii) An ionic compound made of atoms X and Y has a face centred cubic arrangement in which
atoms X are at the corners and atoms Y are at the face centres. If one of the atoms is missing
from the corner, what is the simplest formula of the compound?

(iii) What type of semiconductor is obtained when silicon is doped with arsenic?

(iv) Sodium metal crystallises in bcc lattice with the cell edge, 4.29 A. What is the radius of sodium
metal? What is the length of the body diagonal of the unit cell?

Ans. (i) Metal excess defect due to anion vacancies or F-centres.

(if) Number of X atoms per unit cell = 7(at the corners) x 1. %

8
Number of Y atoms per unit cell = 6 (at the face centres) x % =3
X:Y= %:3=7:24
Formula of the compound = X;Y,,
(iii) n-type of semiconductor is obtained.
(iv) For bcc lattice,
_B
r=ga
r= 1‘?2 x429A=1.86 A
Length of the body diagonal = 4r
=4x186A=744A
Q.5. (i) 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 molfl)
(i) Give reasons:
(a) In stoichiometric defects, NaCl exhibits Schottky defect and not Frenkel defect.
(b) Silicon on doping with phosphorus forms n-type semiconductor.
(c) Ferrimagnetic substances show better magnetism than antiferromagnetic substances.
|CBSE Delhi 2017)

Ans. (/) Moles of aluminium = Mass of aluminium

Molar mass
8.1g
27 gmol™!

Total number of Al atoms = 6.022 x 10?* atoms mol™' x 0.3 mol
= 1.8066 x 10 atoms

=0.3mol



For fecc,z=4
Total number of atoms
4

_ 1.8066 x 10*
4
i) (a) This is because Na' ion has large size so it cannot fit into interstitial sites.
g

(b) When Si is doped with P, which has five valence electrons, it forms four covalent bonds with four
neighbouring Si atoms. The fifth extra electron becomes delocalised and increase the conductivity
of Si. Here, the increase in conductivity is due to the negatively charged electron, hence Si doped
with P is called n-type semiconductor.

Number of unit cells =

=4.5x10%

(c) In ferrimagnetic substances, domains are aligned in opposite direction in unequal number and
hence they have some net magnetic moment. On the other hand, in antiferromagnetic substances,
the domains aligned in opposite directions are equal in number so they cancel magnetic moment
completely and hence have zero magnetic moment. For diagram Refer to Fig. 1.20.

Q. 6. (i) Following is the schematic alignment of magnetic moments:

000000

Identify the type of magnetism. What happens when these substances are heated?

(i) If the radius of the octahedral void is ‘*’ and radius of the atoms in close packing is ‘R’. What
is the relation between ‘r’ and ‘R’?

(@ii) Tungsten crystallizes in body centred cubic unit cell. If the edge of the unit cell is 316.5 pm.
What is the radius of tungsten atom? |CBSE Sample Paper 2017)

Ans. (i) Ferrimagnetism.

These substances lose ferrimagnetism on heating and become paramagnetic. This is due to
randomisation of domains (spins) on heating.

(i) r=0414R

3
(iii) For bcc structure, r= %a
ro= 1'7432 x 316.5 pm =137.04 pm



Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

Choose and write the correct answer for each of the following. @Bx1=3)

1. Lithiumhas a bce structure. Its density is 530 kg m™ and its atomic mass is 6.94 g mol ™.
Calculate the edge length of a unit cell of lithium metal. (N, = 6.02 x 10?3 mol™)

(@) 154 pm (b) 352 pm
(¢) 527 pm (d) 264 pm

2. The ionic radii of A* and B ions are 0.98 X 10" m and 1.81 x 107! m. The coordination
number of each ion in AB is

(@) 6 (b) 4
() 8 (d) 2
3. How many unit cells are present in a cube shaped ideal crystal of NaCl of mass 1.00 g?
[Atomic masses: Na = 23 u, Cl = 35.5 u]
(@) 2.57 % 107! (b) 5.14 x 10*!
(c) 1.28 x 10* (d) 1.71 x 10%
In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

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

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

(¢) Assertion (A) is correct, but Reason (R) is incorrect statement.
(d) Assertion (A) is incorrect, but Reason (R) is correct statement. Bx1=3)
4. Assertion (A) : KCI crystals appear violet in colour.
Reason  (R) : The violet colour is due to electrons trapped in anion vacancies.
5. Assertion (A) : Silicon forms ionic crystals.

Reason  (R) : The lattice of silicon consists of its atoms bonded together by covalent bonds
in a three dimensional network.

6. Assertion (A) : In a rock salt structure, C1” ions form a close packed lattice and Na* ions
occupy the octahedral voids.

Reason  (R) : NaCl possesses a face-centred cubic arrangement.

Answer the following questions:

7. What is the difference in the semiconductors obtained by doping silicon with Al and with P?

oy
Define the term void. 1)
9. Give packing efficiency and coordination number of the following crystal structures:
(i) body centred cubic
(it) cubic close packing. 2)
10. How may the conductivity of an intrinsic semiconductor be increased? (2)

The Solid State .



11.

12.

13.
14.

15.

16.

Define radius ratio? What is the coordination number if the radius ratio of the compound is
0.52? (2)
Answer the following questions:

(i) What are primitive unit cells and what are non-primitive unit cells?

(i1) What is the meaning of the term imperfections in solids? (2)

Write three differences between Schottky and Frenkel defect. 3)

The edge length of unit cell of a metal having molecular weight 75 g/mol is 5 A which crystallises
in cubic lattice. If the density is 2 g/lem® then find the radius of metal atom.

(N, = 6.022 x 10%%) 3)

An element has a body-centred cubic bce structure with a cell edge of 288 pm. The density of
the element is 7.2 g/lem®. How many atoms are present in 208 g of the element?
[CBSE Sample Paper 2016] (3)

(i) How are the following properties of crystalline substances affected by Schottky and
Frenkel defects?

(a) Density (b) Electrical conductivity
(it) What is percentage efficiency of packing in case of ccp structure?

(i17) An element has fcc structure with a cell edge 200 pm. Calculate the density of element, if
200 g of the element contains 24 x 10** atoms. (5)

Answers

L.(b) 2() 3. 4@ 5@  6.() 14.2165pm

15. 2.418 x 10** atoms 16. (iii) 41.6 g cm



Solutions

bdnS gpts

1. Solution: A solution is a homogeneous mixture of two or more pure substances, the relative ratio of which
can be changed within certain limits.

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

The two constituents of the solution are solvent and solute.
Solvent (A): It is the component of the solution:
(7) which is present in a relatively large proportion in the solution, and
(if) whose physical state is same as that of the resulting solution.
Solute (B): It is the component of a solution which is present in relatively small proportion.

2. Types of Solutions

Table 2.1
Type of Solution | Solute Solvent Examples
Gas Gas Mixture of oxygen and nitrogen gases
Gaseous Solutions Liquid Gas Chloroform mixed with nitrogen gas
Solid Gas Camphor in nitrogen gas
Gas Liquid Oxygen dissolved in water
Liquid Solutions Liquid Liquid Ethanol dissolved in water
Solid Liquid Glucose dissolved in water
Gas Solid Solution of hydrogen in palladium
Solid Solutions Liquid Solid Amalgam of mercury with sodium
Solid Solid Copper dissolved in gold

Amongst the nine types of solutions, the widely studied ones are:
(a) Solid-liquid (b) Liquid—liquid and (c¢) Gas—liquid solutions.
(a) Solid-liquid solutions: A small amount of solute (usually ionic solids) is dissolved in a large quantity
of solvent. If the amount of solvent is large as compared to the solute, the solution is referred to as a
dilute solution.

Saturated solution: A solution is said to be saturated if it holds the maximum amount of solute at a
given temperature in a given quantity of the solvent.

Solubility: It may be defined as the maximum amount of solute that can be dissolved in 100 g of
solvent at a specified temperature. The solubility of solid into liquid depends upon the following
factors:

(7) Nature of solute (i7) Nature of solvent (iif) Temperature

Solutions



Causes of solubility: The following types of forces of attraction are operated when a solute is mixed

with a solvent:

(i) Inter-ionic attraction in the solute molecules: Ions are held together in the lattice due to
electrostatic forces. Due to these forces molecules are stabilised and the energy released is called
lattice energy. This is defined as the energy released when 1 g mole of the compound is formed
due to electrostatic attraction between the ions.

(ii) Inter-molecular attraction between solvent molecules: Water is a polar solvent because of the
difference in electronegativity between hydrogen and oxygen atoms constituting water molecule.
This difference gives rise to the development of a slight negative charge on oxygen and equal
positive charge on hydrogen. A dipole is thus created giving rise to dipole—dipole attraction
between water molecules.

(#ii) Solvation: It represents force of attraction between solute and solvent molecules. If the solvent is
water then the energy released is called hydration energy.
If hydration energy > lattice energy, then solution is easily formed. Both the ions of the solute get
hydrated to overcome the lattice energy of the solute.

(iv) Temperature: Saturated solution represents equilibrium between undissolved solute and dissolved
solute.
Undissolved solute +Solvent —— Solution A H=+x

If Ay, H <0, ie., (—ve), the dissolution is exothermic. In this case, as the temperature increases,
solubility decreases (Le Chatelier’s principle).

If A,  H > 0, i.e., (+ve), there is endothermic dissolution. In this case, increase in temperature
increases the solubility (Le Chatelier’s principle).

(b) Liquid-liquid solutions: When two liquids are mixed, three different situations result:

(i) Miscible liquids: The two components are completely soluble. They are miscible only when they
have similar nature or belong to the same homologous series. Example: water and alcohol (both
polar), benzene—toluene (both belong to the same homologous series). There is a rule:

Like dissolves like — Polar solute is soluble in polar solvent and a non-polar one in a non-polar
solvent.

(i) Partially miscible liquids: This happens only when the intermolecular forces of one liquid
is greater than that of the other is. Solubility, however, increases with increasing temperature.
Examples: aniline-water, phenol-water.

(#iif) Immiscible liquids: Two components are completely immiscible. This happens when one liquid
is polar and the other is non-polar. Examples: Carbon tetrachloride-water; chloroform-water.
(¢) Gas-liquid solutions: The gases are generally soluble in water and to a limited extent in other solvents
too. Solubility, however, depends on the following factors:

(i) Nature of gas: Easily liquefiable gases are generally more soluble in common solvents.

(i) Nature of liquid: Those gases which easily form ions in solution are more soluble in water than
in other solvents. Ion formation in other solvents is not an easy process.

HCl(g) + H,0()) == H;0'(aq) + CI (aq)
(iii) Pressure: Pressure is an important factor affecting the solubility of gas in liquids. This is governed
by Henry’s law.

(iv) Temperature: With rise in temperature, the solubility generally decreases because gas is expelled.
Some gases, however, find their solubility increased at a higher temperature.

= Henry’s law: It states that at a constant temperature, the solubility of a gas in a liquid is directly
proportional to the pressure of the gas.

The most commonly used form of Henry’s law states that the partial pressure (p) of a gas in vapour

phase is proportional to the mole fraction of the gas (x) in the solution and is expressed as

p=Kyx
Here Ky is the Henry’s law constant and x is the mole fraction of the gas.
Note: Mole fraction is discussed in detail further in this chapter.



Limitations of Henry’s Law:

Henry’s law is applicable only when

@ The pressure of the gas is not too high and temperature is not too low.

@ The gas should not undergo any chemical change.

@ The gas should not undergo association or dissociation in the solution.

Applications of Henry’s Law:

@ To increase the solubility of CO, in soda water and soft drinks, the bottle is sealed under high pressure.

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

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

Methods of Expressing Concentration of Solutions:

The concentration of solution is the amount of the solute present in the given quantity of solution or solvent.

It can be expressed in any of the following ways:

(a) Mass percentage (w/w): It may be defined as mass of solute per 100 g of solution.
Mass of solute

Mass% of solute = —x 100
Total mass of the solution

(b) Volume percentage (V/V): It may be defined as volume of solute per 100 mL of solution.

Volume of solute
Volume % of solute = —x 100
Total volume of solution

(¢) Mass by volume percentage (w/F): It may be defined as the mass of solute per 100 mL of the
solution.

Mass by volume % = Mass of solute x 100

Volume of solution

(d) Parts per million (ppm): It is the parts of a component per million (10°) parts of the solution.

Number of parts of the component 6
ppm = —x10
Total number of parts of all components of the solution

It is convenient to express concentration in ppm when a solute is present in trace quantities.

(e) Mole fraction (x): It may be defined as the ratio of the number of moles of one component (solute or
solvent) to the total number of moles of all the components present in the solution.

If in a solution, n, and nj are the number of moles of solvent and solute, respectively, then

Mole fraction of solvent in the solution,

ny
X, = —F0——
A

nA+nB

Mole fraction of solute in the solution,

ng

nA+nB

xB -

In a solution, sum of the mole fractions of all the components is unity. For example, in a binary
solution (having two components), x, + x5 = 1.

(f) Molarity (M): It is defined as number of moles of solute dissolved in one litre of solution.
Moles of solute

Molarity =
oty Volume of solution (in litre)

Unit of molarity is mol L™ or M (molar). Molarity changes with change in temperature as volume

changes with change in temperature.



(g) Molality (m): It is defined as the number of moles of the solute dissolved in one kilogram (kg) of the
solvent and is expressed as:

Moles of solute _ Number of moles of solute

Molality = X1000

Mass of solvent (in kg)  Mass of solvent (in grams)

Unit of molality is mol kg1 or molal (m).

Molality is independent of temperature.
Vapour Pressure of Pure Liquid and Solution
Vapour pressure: When a liquid is taken in a closed vessel, a part of the liquid evaporates and its vapours
occupy the available empty space. These vapours cannot escape as the vessel is closed. They would rather
have a tendency to condense into liquid form. In fact an equilibrium is established between vapour phase
and liquid phase and the pressure that its vapour exert is termed as vapour pressure. Thus, vapour pressure
of a liquid may be defined as the pressure exerted by the vapours above the liquid surface in equilibrium
with the liquid phase at a given temperature.

The vapour pressure of a liquid depends on the following factors:

Nature of the liquid: Liquids having weak intermolecular forces are volatile and therefore have greater
vapour pressure.

Temperature: Vapour pressure of a liquid increases with increase in temperature. This is because with
increase in temperature, the kinetic energy of the molecules increases and therefore large number of
molecules are available for escaping from the surface of the liquid.

(a) Vapour pressure of liquid-liquid solution:

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

Py Xy Pp o Xp

Pa=Pxy Pp=P3%s
where p, and pj are partial vapour pressures, x, and x, are mole fractions, p° and p% are the vapour
pressure of pure components 4 and B respectively.

If p is total vapour pressure then according to Dalton’s law of partial pressure,
pP=pstpp
=pox, T Pyxg
=p% (1 =xp) + plyxg
=p%+ 0P xg
As p° and p% are constants at a given temperature, it is evident from the above equations that the total
vapour pressure varies linearly with the mole fraction xj (or x, since x, = 1 — xp).

The composition of the vapour phase in equilibrium with the solution can be determined from the
partial pressure of the two components. If y, and y, are the mole fractions of components 4 and B
respectively in the vapour phase, then

P4 = V4 Protal
Pp = VB Protal
In general, Pi = ViProtal

=> Raoult’s law as a special case of Henry’s law.

In the solution of a gas in a liquid, if one of the components is so volatile that it exists as a gas, then it
can be said that Raoult’s law becomes a special case of Henry’s law in which K, becomes equal to p°,.

(b) Vapour pressure of solutions of solids in liquids

Raoult’s law for a solution containing a non-volatile solute and volatile solvent: It states that the
relative lowering of vapour pressure is equal to mole fractions of solute which is non-volatile.

Mathematically, pP=pstDpg
or, p =p, (Since solute B is non-volatile)

P =Py
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p=p% (L —xp) =p%—p%xg

Pouxp=p%—p
py—p
or IS =Xz
or Relative lowering of vapour pressure = Mole fraction of solute
Ideal and Non-Ideal Solutions
(a) Ideal solution: A solution is called an ideal solution if
it obeys Raoult’s law over a wide range of concentration
(Fig. 2.1) at a specified temperature. T
For an ideal solution, 2
P=patpy=p%%s+ PRy g

Liquids having similar nature and structure are likely to g
form ideal solutions. Examples are: §
@ Mixture of methanol and ethanol g Tl Spo
@ Mixture of n-hexane and n-heptane ) 4*4
e Mixture of benzene and toluene.
Reasons for formation of ideal solutions: A solution x ;; =1 Mole fraction YA = 0
of two miscible liquids 4 and B will be ideal if two xg=0 o x8=1
essential conditions are fulfilled. ~—xa

(i) If F,_ 4 is the force of attraction between molecules Fig. 2.1: Vapour pressure diagram for

of 4 and Fp_ 4 is that of molecules of B, then 4 and an ideal solution

B will form an ideal solution only if,
Fy p=F4 4=Fp p
(if) The solution of A4 and B liquids will be ideal if 4 and B have similar structures and polarity.
Methanol and ethanol have the same functional group and almost same polarity and therefore,
form ideal solutions.

For an ideal solution
(i) Raoult’s law is obeyed, i.e., p, = p%x, and py = p% xp
(i) Ay H =0and Vapour pressure of solution
(i) A V=0. |
(b) Non-ideal solution: A solution which does not obey

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

mix

For a non-ideal solution
(7) Raoult’s law is not obeyed,
ie,p,#px,and pg # phxg
(i) A, H# 0 and
(i) A V0.
A non-ideal solution can show either positive or negative
deviation from Raoult’s law.

(A) Positive Deviation: The deviation will be called positive fog Mole fraction fo?
. xXg= xXg—> XB=
when the partial pressure of each component and the «xp
resultant total pressure are greater than the pressure  Fig. 2.2: Vapour pressure diagram showing

expected on the basis of Raoult’s law (Fig. 2.2). positive deviation

Vapour pressure —»

mix

mix

In such cases, the intermolecular forces between solvent—solute molecules (F, _ ) are weaker than

those between solvent—solvent (¥, _ ) and solute—solute (¥ _ z) molecules. That is,
Fyp<Fy , andFy p

This shows that the molecules of 4 or B will escape more easily from the surface of the solution,

i.e., the vapour pressure of solution will be higher.



Characteristics of a Solution Showing Positive Deviation

® Py >P%X4iPs> DX

e A H>0,ie., +ve,

e A, V>0, ie.,+ve,

Some examples of the solution exhibiting positive deviations are:
(i) Ethyl alcohol and water

(if) Acetone and carbon disulphide

mix

(iii) Carbon tetrachloride and benzene

(iv) Acetone and benzene o

(B) Negative Deviation: The deviation is called
negative deviation, if the partial pressure of each
component (4 and B) and resultant total vapour
pressure are less than the pressure expected on the
basis of Raoult’s law. (Fig. 2.3)

This type of deviation is shown by the solutions in
which

°
+°

PA PB

Vapour pressure—»

Fy 3>Fy 4
Due to this, there is decrease in the escaping
tendency of 4 or B molecules from the surface of
solution.

and Fj

xa=1 Mole fraction xp=0
xXg= 0 xXg= 1
XB —>
«— Xy
Fig. 2.3: Vapour pressure diagram showing

negative deviation

Consequently, the vapour pressure of the solution
will be lower.

Characteristics of a Solution Showing Negative
Deviation
® Py <PUXyiPp<PyXp
e A, H<QO,ie.,—ve, because weak 4—4 and B—B bonds are broken and strong 4—B bond is
formed. Heat is consequently released.
o A_. V<O0,ie.,—ve,
Some examples of the solution showing negative deviations are
(i) HNOj; and water
(ii) Chloroform and acetone

mix

(iii) Acetic acid and pyridine
(iv) Hydrochloric acid and water

Table 2.2: Characteristics of Ideal and Non-ideal Solutions

Ideal Solutions

Non-ideal Solutions

Positive Deviation

Negative Deviation

() | Fy_4=Fp p=F,_p Fy p<F, jyand Fp_p Fy p>F  yand Fp_p
(i) | Pa=P%%45 Ps=P%s Pa>P¥45 Pp> Pps PA<P¥4; Pp<DPps
(iit) | Apx H=0 Apix H>0, i.e., +ve Anix H<O0, i.e., —ve
@) | A V=0 Anix V>0, ie., +ve Anix V<0, ie., —ve

Azeotropes or Azeotropic mixture: Azeotropes are binary mixtures having the same composition in
liquid and vapour phase and boil at a constant temperature.

Types of Azeotropes:

(/) Minimum boiling azeotropes: These are the binary mixtures whose boiling point is less than either
of the two components. The non-ideal solutions which show a large positive deviation from Raoult’s
law form minimum boiling azeotrope at a specific composition, e.g., a mixture of 94.5% ethyl alcohol

and 4.5% water by volume.



(i) Maximum boiling azeotropes: These are the binary mixtures whose boiling point is more than either
of the two components. The solutions that show large negative deviation from Raoults’s law form
maximum boiling azeotrope at a specific composition, e.g., a mixture of 68% HNO; and 32% H,0 by
mass.

6. Colligative Properties
Those properties which depend on the number of solute particles (molecules, atoms or ions) but not upon
their nature are called colligative properties. The following are the colligative properties:

(a) Relative lowering of vapour pressure of the solvent,
(b) Elevation of boiling point of the solvent,

(c) Depression of freezing point of the solvent,

(d) Osmotic pressure of the solution.

(a) Relative lowering of vapour pressure: The addition of a non-volatile solute to a volatile solvent
decreases the escaping tendency of the solvent molecules from the surface of solutions as some of
the surface area is occupied by non-volatile solute particles. According to Raoult’s law, the relative
lowering of vapour pressure is equal to mole fraction of solute.

o
p A p n
Thus, ——— =xp=—2—
Py hytng
For a dilute solution, nz << n,, hence neglecting n in the denominator, we have
py—p  ng WyxM,

PZ ooy MBXWA

M, = ( fj )x Wy x M,
pPy—p 7,
(b) Elevation of boiling point: Boiling point is
the temperature at which the vapour pressure
of a liquid becomes equal to the atmospheric
pressure. When a non-volatile solute is added
to a volatile solvent, the vapour pressure of the
solvent decreases. In order to make this solution
boil, its vapour pressure must be increased by
raising the temperature above the boiling point
of the pure solvent. The difference in the boiling
point of solution (7}) and that of pure solvent
(T}) is called elevation of boiling point (AT}).
Thus,

Elevation of boiling point = AT, = T, — T,

Boiling point of
Solvent Solution

1atm

Vapour pressure (atm) —

(Fig. 2.4) \ "

For dilute solution, it has been found that the Temperature (K)—»
elevation of boiling point is directly proportional Fig. 2.4: Vapour pressure temperature

to the molal concentration of the solute in the curves showing elevation in
solution. Thus boiling point of solution

AT,cmor AT, =K,m
where K, is a constant called molal elevation constant or ebullioscopic constant.
When m = 1 mol kg™!, AT, =K,
Hence, molal elevation constant may be defined as the elevation in boiling point when one mole of a

non-volatile solute is dissolved in one kilogram (1000 g) of solvent. The unit of X, is K kg mol ™.
W, X1000

As m=———"—"—
M, %W,



(c

~—

K, X W, X1000

Therefore, AT, =
T MW,
o~ K, XW, X1000
=
AT, W,

Depression of freezing point: Freezing point is defined as
the temperature at which the vapour pressure of a substance
in its liquid phase is equal to its vapour pressure in the solid
phase. A solution freezes when its vapour pressure equals
the vapour pressure of the pure solid solvent. Whenever
a non-volatile solute is added to the volatile solvent, its
vapour pressure decreases and it would become equal to
that of solid solvent at a lower temperature. The difference
in the freezing point of pure solvent (7' }’-) and that of the
solution (7}) is known as depression of freezing point
(AT)). Thus,

Depression of freezing point = AT, = 77— T;. = L e '2 )
emperature —_—

Vapour pressure (atm)—-

.0 TP

It has been found that for a dilute solution, depression in

.. . . . Fig. 2.5: Vapour pressure temperature
freezing is directly proportional to molality of the solution. porr 8 P

curves showing depression in
freezing point of solution

a

ATycmor  AT,=Km
where K is a constant called molal depression constant or cryoscopic constant.
When m = 1 mol kg™, AT =K,

Hence, molal depression constant may be defined as the depression in freezing point when one mole
of non-volatile solute is dissolved in one kilogram (1000 g) of solvent. The unit of K is K kg mol ™.

W, X 1000

Since, m= ————
M, XW
B4

K, X Wy X 1000

AT, = ———
15T MW,

K, X7, X 1000
or M,= ————

5 B
AT, X,

The values of K, and K, which depend upon the nature of the solvent and concentration of the solution,
can be ascertained from the following relations:

RX M, X (T
Ky = A, H %1000

RX M, X (T?%)?
1<f= A—f
A, H %1000

where, R = Universal gas constant
M, = Molecular mass of solvent
Ty = Boiling point of pure solvent
A,p H = Enthalpy of vapourisation of solvent
T fo = Freezing point of pure solvent

Aqs H = Enthalpy of fusion of solid solvent



(d) Osmosis: When a solution is separated from its solvent by a semipermeable membrane (SPM) there

is a spontaneous flow of solvent molecules from solvent compartment to solution compartment.
The phenomenon is called osmosis. This movement of solvent is only in one direction. In diffusion,
however, movement takes place in both the directions.

Semipermeable membrane (SPM): A membrane through which only solvent molecules can pass but
not the solute ones. Cellophane, parchment paper and the wall of living cell are the examples of SPM.
It is also made of inorganic material, copper ferrocyanide [Cu,[Fe(CN),]].

Osmotic pressure (m): The osmotic pressure of a

solution is the excess pressure that must be applied to P T =hpg
a solution to prevent osmosis, i.e., to stop the passage h
of solvent molecules into it through semipermeable
membrane (Fig. 2.6). —F—Solvent
Osmotic pressure () is proportional to molarity (C)
of the solution at a given temperature 7. Thus, | Solution
n = CRT
L S
14 My XV L )
WB XRXT Fig. 2.6: The principle of measuring osmotic
or, My = W pressure: The pressure in excess of atmospheric

pressure that must be applied to the solution to
Reverse osmosis: If a pressure larger than the prevent it from rising in the tube is the osmotic
X R R A R pressure. This will also be equal to hydrostatic
osmotic pressure is applied to the solution side, the pressure of the liquid column of height, h.
pure solvent (or water) flows out of the solution

through the semipermeable membrane. In this

. . .. ¢Piston
way the direction of osmosis is reversed and so Pressure >
the process is called reverse osmosis (Fig. 2.7).
Thus, we can say that reverse osmosis is t Freshwater Saltwater

just opposite to the osmosis when an extra

pressure is applied. Reverse osmosis is used in Water
desalination to get pure water from sea water. outlet SPM
Isotonic solutions: Two solutions are said to Fig. 2.7: Reverse osmosis occurs when a pressure

larger than the osmotic pressure is

be isotonic when they exert the same osmotic i :
applied to the solution

pressure because they have the same molar
concentration. All intravenous injections must be isotonic with body fluids.

Isosmotic solutions: When two isotonic solutions are separated by a semipermeable membrane, no
osmosis occurs. The solutions are called isosmotic solutions.

Hypotonic solutions: A solution having lower osmotic pressure than the other solution is said to be
hypotonic with respect to the other solution.

Hypertonic solution: A solution having higher osmotic pressure than the other solution is said to be
hypertonic with respect to other solution.

Plasmolysis: When the cell is placed in a hypertonic solution, the fluid comes out of the cell due to
osmosis and as a result cell material shrinks gradually. This process is called plasmolysis.

Abnormal Molar Masses

-

Association: Association of molecules leads to decrease in the number of particles in the solution
resulting in a decrease in the value of colligative property. As colligative property is inversely
related to the molecular mass. Therefore, higher value is obtained for molecular mass than normal
values.



For example, when ethanoic acid is dissolved in benzene it undergoes dimerisation and shows a
molecular mass of 120 (normal molecular mass is 60).

B O-e-H—O
2CH;—COOH s H3C—Cio ) O;C—CH3

=) Dissociation: Dissociation leads to increase in the number of solute particles in the solution resulting
in an increase in the value of colligative property. Since colligative property is inversely related to the
molecular mass, therefore, molecular mass of such a substance as calculated from colligative property
will be less than its normal value. For example, KCl is an electrolyte. When it is dissolved in water it
dissociates into K™ and CI” ions and there would be double the number of particles if complete

dissociation takes place. Hence, it is expected to have molecular mass 37.25 g or (?) g.

KCl= K" + CI'
= van’t Hoff Factor (/): It may be defined as the ratio of normal molecular mass to the observed
molecular mass of the solute.

Normal molecular mass

Observed molecular mass

Observed colligative property

Calculated value of colligative property

Total number of moles of particles after association/dissociation

or, =
Number of particles before association/dissociation

van’t Hoff factor (i) expresses the extent of association or dissociation of the solute particles in the
solutions.

In case of association, i < 1
In case of dissociation, i > 1
When there is neither association nor dissociation, i = 1

8. Modified Form of Colligative Properties
Inclusion of ‘7" modifies the equation for colligative properties as follows:
= Relative lowering of vapour pressure of solvent
Py— Py

o
Py ny

_.Dp

= Elevation of boiling point, AT, =i K, m
= Depression of freezing point, AT, =i K,m
=) Osmotic pressure, 7 =i CRT

Important Formulae

In the formulae given below, 4 represents solvent and B represents solute, also

M, = Molar mass of solvent My = Molar mass of solute
W, = Mass of solvent Wy = Mass of solute
V' = Volume of solution d = Density of solution
GEM = Gram Equivalent Mass GMM = Gram Molecular Mass
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Mass percentage (w/w) = x 100

"5
Wyt Wy
VB

VitV

Volume percentage (V/V) = x 100

W, X100

Mass by volume percentage (—) = (mL)

14

Parts per million (ppm) = x 10°

L
Wyt Wy
ny
Mole fraction of 4, x, = —————
n,tng,
g
Mole fraction of B, x5 = ————
n,tn,

Xytxp =1

Moles of solute B Wy

Volume of solution in litte ¥ (in L) ~ M, XV (in L)
", W, % 1000
" My X W, (in g)

n

Molarity (M) =

Moles of solute or
Mass of solvent in kg W, (in kg)

Molality (m) =

Gram equivalents of solute I/
Volume of solution in litre =~ GEM of solute x V' (in L)

Normality (V) =

Relationship between Molarity and Normality
The normality (N) and molarity (M) of a solution are related as follows:
Normality x Equivalent mass (solute) = Molarity x Molar mass (solute)

Relationship between Molarity and Normality with Mass percentage (p)
If p is the mass percentage and d is the density of the solution then

pXxXdX10
Molarity = ;
oty Molecular mass (solute) ’
) pXdXx10
Normality =

Equivalent mass (solute)

Relationship between Molarity (M) and Molality (m)

1000 x M
m = (1000 x d) - (M x GMM,)

Relationship between Molality (m) and Mole fraction of solute (xj)

mXGMM,
8= 1000 + m X GMM,
1 1000x,,
Also, m=——————
x, X GMM,

Dilution formula: If the solution of some substance is diluted by adding solvent from volume ¥, to volume
V, then

M] V] = M2 V2
Similarly, NV, =N,V,



Molarity of a mixture: If ', mL of a solution of molarity M, is mixed with another solution of same
substance with volume V, and molarity M, then molarity of the resulting mixture of solution (M) can be
obtained as:

Ly My,
h+h
Relationship between molarity (M) and mole fraction of solute (x;)
M xGMM,
Xp =
57 M(GMM, - GMM,) +1000d
1000 X d X x,

Also, M =

X, XGMM, + x, X GMM,

Raoult’s law for volatile solute

pa=pix, and  pyp=pgxy
where p, and p, are partial vapour pressures of component ‘4’ and component ‘B’ in the solution. p, and
pg are vapour pressures of pure components ‘4’ and ‘B’ respectively.

Total vapour pressure, p =p, + pp=pix, + pgxp

Raoult’s law for non-volatile solute

o
pPy—p g ng Wy M, . .
=x, = =——=—XxX—" <<
o Xp ntm, MW, (For a dilute solution ny <<n,).
P Wy x M,
MB = o W
pA_ pA A

. . Py=Py . . .
where xj is mole fraction of solute and ——,— 1is relative lowering of vapour pressure.

Py
Elevation in boiling point:
K, XW, X1000
Ao =",
B> W,
K, X W, <1000
or, My = —F7
AT %W,
where, AT, =T,- T,
Depression in freezing point:
AT, =K;xm
AT K/.XWBXIOOO
1T MW,
KXW, x1000
or, My = e T
ATf xW,
Osmotic pressure () '
nV =ngRT
W, WX RXT
= —X X =
114 M, RXT, M, XV
g
n= X RxT or m=CRT where ‘C’ is molarity.



18.

19.

20.

21.

22,

Osmotic pressure is related to the relative lowering of vapour pressure, elevation in boiling point and
depression in freezing points according to the following relations:

(pj—pA)deRxT

= °
pA MB
AT, Xd X RXT
T 1000 K,
AT, X d X RXT
T=—r
1000 X K,

where d is the density of solution at temperature ‘7”.
van’t Hoff factor

Normal molecular mass

Observed molecular mass
Observed colligative property

or, i= ST
Calculated colligative property

or ;= Total number of moles of particles after association/dissociation

Number of moles of particles before association/dissociation

Modified forms of colligative properties:

PPy .
(a) ——— =ixg (b) AT, =i K,m
P4
() AT;=iK,m (d)nV=ingRT
 —1 . . . . . .
o= ;_ K where o is degree of dissociation, ‘i’ is van’t Hoff factor, ‘n’ is number of ions produced per

formula of the compound.

e P |
1 1
I 1

where a is degree of association, # is the number of molecules of solute that associate to form an associated
1
molecule, u < 1.
2
RX M, X(T})

Molal elevation constant, K, = 1000X A H

RX M X(T9)?

Molal depression constant, K= ————————
1000X A, H

NCERT Textbook Questions

NCERT Intext Questions

Q.1.

Ans.

Calculate the mass percentage of benzene (C¢H;) and carbon tetrachloride (CCly) if 22 g of benzene
is dissolved in 122 g of carbon tetrachloride.

22
Mass percentage of benzene = Mass of benzene X100 = - X100 =15.28%

Mass of solution 22g + 122 ¢
Solutions .

Mass percentage of carbon tetrachloride = 100 — Mass percentage of benzene
=100 - 15.28 = 84.72%



Q. 2. Calculate the mole fraction of benzene in solution containing 30% by mass in carbon tetrachloride.
Ans. Let the mass of solution be 100 g.
Mass of benzene = 30 g,

Mass of carbon tetrachloride = 100 g-30g=70g

30
Number of moles of benzene = Mass = g T = 0.385 mol
Molar mass 78 g mol~
Mass 70¢g

Number of moles of carbon tetrachloride = =0.455 mol

Molar mass 154 gmol ™

Moles of benzene

Mole fraction of benzene = -
Moles of benzene + Moles of carbon tetrachloride

_0.385mol
~ 0.840 mol

Q. 3. Calculate the molarity of each of the following solutions:
(@) 30 g of Co(NOs),. 6H,O in 4.3 L of solution
(b) 30 mL of 0.5 M H,SO, diluted to 500 mL
Ans.  (a) Mass of solute, Co(NO;),.6H,0 =30 g
Molar mass of Co(NO5),.6H,0 = 59 + 2(14 + 3 x 16) + 6 x 18 =291 g mol ™
Mass _ 30g

=0.458

Number of moles of Co(NO,),.6H,0 = Molar Mass 291 ¢ mol =0.1mol
Volume of solution =4.3 L
Molarity of solution = Number of moles of solute _ 0.1mol _ 0.023 mol L-!

Volume of solution in litres 4.3 L
(b) M;=05M V,=30mL
M,="? V, =500 mL
Applying molarity equation, MV, = M,V,, we get
0.5M x 30 mL = M, x 500 mL

_0.5%30M _
My == =0.03M

Alternatively,

Number of moles = Molarity x Volume of solution in litres
Number of moles of H,SO, present in 0.5 M of 30 mL H,SO, solution

=0.5mol L' x 0.03 L =0.015 mol

. _500L
Volume of solution =500 mL = 1000 0.5L
. .. Number of moles of solute _ 0.015 mol _ Y
- Molarity = Volume of solution in lites 0.5 L 0.03 mol L

Q. 4. Calculate the mass of urea (NH,CONH,) required in making 2.5 kg of 0.25 molal aqueous solution.
Ans. Mass of required aqueous solution = 2.5 kg = 2500 g
0.25 molal aqueous solution of urea means 0.25 mole of urea is dissolved in 1000 grams of water.
Mass of water = 1000 g
Moles of urea = 0.25 mol
Molar mass of urea (H,NCONH,) =4x1+2x14+1x12+1x16=60¢g mol ™!
Mass of urea = Number of moles of urea x Molar mass of urea

Mass of 0.25 moles of urea = 0.25 mol x 60 g mol™' =15 g



Mass of solution = 1000 g+ 15 g=1015¢
1015 g of aqueous solution contains urea = 15 g
15¢g
1015 ¢
Q. 5. Calculate (/) molality (i7) molarity and (iii) mole fraction of KI if the density of 20% (mass/mass)

aqueous KI is 1.202 g mL™",
Ans. 20% (mass/mass) aqueous KI solution means that
Mass of KI=20 g
Mass of solution = 100 g
Mass of solvent (water) = 100 —20 =80 g
() Calculation of molality
Molar mass of KI =39 + 127 =166 g mol ™!

2500 g of aqueous solution will require urea = x25002=36.95¢

20g
ng = ——— 7 =0120
166 g mol
n
Molality of solution = —< x 1000 = 2129 % 1000 = 1.5 m
WH2O 80
(i) Calculation of molarity
Density of solution = 1.202 g mL™"
) 100 g
Volume of solution = ————— =83.2mL =0.0832L
1.202 g mL"
g 0.120 mol
Molarity of solution = = =1.44M
Y Volume of solutionin L~ 0.0832L
Alternatively,
% X d X X X
Molarity = mass/mass % X d X10 _ 20X1.202X10 _ 240.4 _145M
Molar mass of KI 166 166

(iii) Calculation of mole fraction of KI

ngy = 0.120 mol
M f 80
My o = ass of water g — =444 mol
2 Molar mass of water 18 g mol
g1 0.120 mol ~0.120 mol

=0.0263

S o T 444mol +0.12mol 4560 mol

Q. 6. H,S, a toxic gas with rotten egg-like smell, is used for qualitative analysis. If the solubility of H,S in
water at STP is 0.195 m, calculate Henry’s law constant.
Ans. 0.195 m aqueous solution of H,S means 0.195 mole of H,S is dissolved in 1000 g of water.

00
Number of moles of water in 1000 g = 7{51 =55.55 mol
18 g mol™
Number of moles of H,S = 0.195 mol
",s 0.195 mol ~0.195 mol

=0.0035

Sy s T 0.195mol +55.55mol 55745 mol

According to Henry’s law, Pus™ K, * s
0.987 bar = K;; x 0.0035

_ 0.987 bar

Ky = 00035 — 282 bar



Q.7. Henry’s law constant for CO, in water is 1.67 x 10® Pa at 298 K. Calculate the quantity of CO, in
500 mL of soda water when packed under 2.5 atm CO, pressure at 298 K.

Ans. peo,=2.5atm=2.5x 10’ Pa
Ky =1.67x 10° Pa

According to Henry’s law,
Pco, =K * xco,
feo, = ‘ZOZ _ 2.5><1058Pa
u  1.67x10° Pa

15%x10° (i)
Mass of water = Density of water x Volume of water
=1 g/mL x 500 mL =500 g
Number of moles of water, (ny,0)

_ Mass of water 500 g

= =27.78 mol
Molar mass 18 g/mol
fco, Nco,
Xco, = =
2 Myt hco,  Mmy0
= nco, = Xco, * "H,0

=1.5x 10" x 27.78 mol
=41.67 x 10~ mol
Mass of CO, = Number of moles of CO, X Molar mass
=41.67 x 10> mol x 44 g/mol
=1.834¢g

Q. 8. The vapour pressure of pure liquids 4 and B are 450 and 700 mm Hg respectively at 350 K. Find
out the composition of the liquid mixture if the total vapour pressure is 600 mm Hg. Also find the
composition of the vapour phase.

Ans. According to Raoult’s law,

P =p%x, Py
=p%xy TP (L =x) =p+ % —P%) x4
Here, p° = 450 mm Hg; p% = 700 mm Hg; p = 600 mm Hg
Substituting the values, we get
600 = 700 + (450 — 700)x,

100
250x, =100 or X, = 100 0.4
250
Also, x;+txp=1 or xp=1-x,=1-04=0.6
Pa=Pu%y and  pp=ppxp
P4 =450 mm Hg x 0.4 and pp="700mm Hg x 0.6
p4 =180 mm Hg and pp =420 mm Hg
In vapour phase,
. Py 180 mm Hg
Mole fraction of 4, V4= = =0.30
Pyt Pg 180 mm Hg + 420 mm Hg
. p 420 mm H
Mole fraction of B,  y, = 2 £ =0.70

PytPy 180 mm Hg + 420 mm Hg



Q.9.

Ans.

Q. 10.

Ans.

Q. 11.

Ans.

Q.12.

Ans.

Vapour pressure of pure water at 298 K is 23.8 mm Hg. 50 g of urea NH,CONH, is dissolved in
850 g of water. Calculate the vapour pressure of water for this solution and its relative lowering.
Here, p° =23.8 mm Hg

Wy =50g, My (urea)=60 g mol™

W, =850 g, M, (water) = 18 g mol ™"

Applying Raoult’s law, 2 _ops = ? = %/MB
Py Mgty W, MW, M,
50,/60
~ 850,/18+50/60
___ 083 08 o

4722+0.83  48.05

Thus, relative lowering of vapour pressure = 0.017
Substituting p° = 23.8 mm Hg, we get

238 p,

“38 - 0.017

On solving we get,
P, =23.40 mm Hg
Hence, vapour pressure of water in the solution is 23.4 mm Hg.

Boiling point of water at 750 mm Hg is 99.63°C. How much sucrose is to be added to 500 g of water
such that it boils at 100°C?

Molecular mass of sucrose, (C;,Hy,01,), My=12x 12 +22 x 1 + 11 x 16 = 342 g mol ™'

Mass of water = 500 g

Elevation in boiling point, AT, = 100 °C —99.63 °C =0.37 °C =0.37 K

K, X W, X 1000 AT, X My X W,
AT, =22 " o =t TBTA
My X W, 1000 X K,
2 037X342x500 _ 1y
1000 x 0.52

Calculate the mass of ascorbic acid (Vitamin C, C;HgOy) to be dissolved in 75 g of acetic acid to lower

its melting point by 1.5°C. K,=3.9 K kg mol . [CBSE 2020 (56/1/1)]
Molecular mass of ascorbic acid, Mz =6 x 12+ 8x 1 +6x 16=176 g mol™!
1000 X W,
AT}: K R
/ MB X VVA
AT, X M, XW
or WB = #
K, x 1000
1.5x176 X 75
= 3oxi000 088

Calculate the osmotic pressure in pascals exerted by a solution prepared by dissolving 1.0 g of
polymer of molar mass 185,000 in 450 mL of water at 37°C.

ng
©=CRT = ~2RT ()

vV
Number of moles of solute dissolved, n, = = mo
2 185,000 gmol ! 185,000

1

V=450 mL = 0.450 L
T=37°C=37+273=310K
R=8314kPaK ' mol™' =8.314 x 10° Pa L K™' mol™



Substituting these values in (7), we get
1
~ 185,000 ™

=30.96 Pa

T ol x8314x10°PaL K ' mol' x 310 K

1
X
045L

NCERT Textbook Exercises

Q. 1. Define the term solution. How many types of solutions are formed? Write briefly about each type
with an example.
Ans. Refer to Basic Concepts Points 1 and 2.
Q. 2. Give an example of a solid solution in which the solute is a gas.
Ans. Solution of hydrogen in palladium
Q. 3. Define the following terms
(/) mole fraction (ii) molality
(iii) molarity (iv) mass percentage
Ans. Refer to Basic Concepts Point 3.
Q. 4. Concentrated nitric acid used in the laboratory is 68 % nitric acid by mass in aqueous solution. What
should be the molarity of such a sample of the acid if the density of the solution is 1.504 g mL™"'?
Ans. Consider 100 g sample of HNO; solution. As solution is 68% (m/m),
. Mass of nitric acid =68 g
Molar mass of HNO; = 63 g mol ™
Number of moles of solute, HNO; = % mol = 1.079 mol
Density of solution = 1.504 g mL™"
100
Volume of solution = 1255 _ % 266.5mL=00665L
Density 1504 g mL
Molarity of the solution = Moles of the s.olut.e _ 1.079 mol =16.23 mol L™!
Alternatively Volume of solutionin L~ 0.0665L
. . 9 10 . .
Molarity of the solution = mass/mass % *xdx10 _ 68x1.504x10 _ 1022.723 — 1623 M
Molar mass of HNO, 63 63
Q. 5. A solution of glucose in water is labelled as 10 per cent w/w. What would be the molality and mole
fraction of each component in the solution? If the density of the solution is 1.2 g mL~, what shall be
the molarity of the solution? [CBSE (Al) 2014]
Ans. 10% w/w solution of glucose means 10 grams of glucose is present in 100 g of solution, i.e., 90 g of water.
0
Number of moles of glucose = 75;1 =0.0555 mol
180 g mol™
Ng
Number of moles of water = [ =5 mol
18 g mol™

Molality of the solution

Mole fraction of glucose, xCeleOs =
Mole fraction of water, x;
2

Volume of 100 g glucose solution =

Number of moles of glucose  .0555

= =0.61 mol kg™
Mass of water (in kg) 0.09 kg

nC6H1206 0.055 mol

=1

Re o, Mo Smol+0.055mol = 0.01

- Y0, = 1:00-0.01=0.99

Mass of solution

Density of solution

100g 1000 1

12gmL? 12 Mkt



Q.6.

Ans.

Ans.

Q.8.

Ans.

Number of moles of glucose
g = 0055mol _ g c60 mol L'

Molarity of the solution = -
Volume of solution LL
12

How many mL of a 0.1 M HCI are required to react completely with 1 g mixture of Na,CO; and
NaHCOj; containing equimolar amounts of both?
To calculate the number of moles of the components in the mixture.
Let Na,COj present in the mixture be x g
NaHCO; present in the mixture = (1 —x) g.

Molar mass of Na,CO; =2 x 23 + 12 + 3 x 16 = 106 g mol™'

Molar mass of NaHCO; =23 + 1 + 12 + 3 x 16 = 84 g mol™'
- X 1 _l=x 1
"Na,co, ~ 106 MO MNaco, ~ ggq MO

As mixture contains equimolar amounts of the two,

X 1-—x
106 = ga O 106 — 106x = 84x
or X = 106 _ 0.558 g
190
Thus, moles of Na,CO; = 01'3568 =0.00526
1-0.558 _ 0442
Moles of NaHCO; = g4 84 - 0.00526

To calculate the moles of HCI required.
Na,CO; + 2HCl ———> 2NaCl + H,0 + CO,
NaHCO; + HCl —— NaCl + H,0 + CO,
1 mole of Na,CO; requires HCI = 2 moles
0.00526 mole of Na,CO; requires HCI = 0.00526 x 2 moles = 0.01052 mole
1 mole of NaHCOj; requires HCI = 1 mole
0.00526 mole of NaHCOj; requires HCI = 0.00526 mole
Total HCI required = 0.01052 mol + 0.00526 mole = 0.01578 mole
To calculate volume of 0.1 M HCI.

0.1 mole of 0.1 M HCI are present in 1000 mL of HCI.

0.01578 mole of 0.1 M HCI will be present in HCI = % x 0.01578 = 157.8 mL

A solution is obtained by mixing 300 g of 25% and 400 g of 40% solution by mass. Calculate the mass

percentage of the resulting solution.
300 X 25

300 g of 25% solution contains solute = T 75¢g
X
400 g of 40% solution contains solute = % =160 ¢g

Total mass of solute =160 g +75g=235¢g
Total mass of solution =300 g + 400 g =700 g

% of solute in the final solution = % x 100 = 33.5%

% of solvent in the final solution = 100 — 33.5 = 66.5%

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 the solution is 1.072 g mL™, then what shall be
the molarity of the solution?

Mass of ethylene glycol =222.6 g

Molar mass of ethylene glycol, C,H,(OH), =62 g mol ™



222.6¢
Number of moles of ethylene glycol = —————- =3.59 mol
62 g mol~
Mass of water = 200 g = 0.20 kg
Moles of ethylene glycol 3 59 mol
Mass of solvent (in kg)  0.20 kg
Total mass of the solution =222.6 g+200g=422.6¢g
Mass of solution _ 422.6 g

Density of solution 1072 gmL"

Molality of solution = =17.95 mol kg™

Volume of solution = =3942mL =0.3942 L

Moles of ethylene glycol 359 mol
Volume of solution (inL)  0.3942 L

Molarity of solution = =9.1 mol L'

Q. 9. A sample of drinking water was found to be severely contaminated with chloroform, CHCIl; which is
supposed to be a carcinogen. The level of contamination was 15 ppm (by mass).
(i) Express this in percent by mass.

(it) Determine the molality of chloroform in the water sample.
Ans. Let the mass of solution be 10° g.
Mass of solute, chloroform =15 g

. _ Mass of chloroform
(i) % by mass of chloroform = Mass of solution x100

15
= 6g x100=15x 10~ %
10° g
(if) Mass of solvent, water = 10° g-15g~ 10° g~ 10° kg
Mass of chloroform

Number of moles of chloroform, CHCI;

Molar mass
I5¢g
= —— =0.126 mol
119.5 g mol
. . Number of moles of chloroform _ 0.126 mol
Molality of solution = - = 3
Mass of water (in kg) 10° kg

=1.26 x 10 mol kg™*

Q. 10. What role molecular interaction play in the solution of alcohol and water?

Ans. There is intermolecular hydrogen bonding in alcohol as well as in water. On mixing, the magnitude
of attractive forces tends to decrease. Due to decrease in attractive forces, the solution shows positive
deviations from ideal behaviour. As a result, the solution will have higher vapour pressure and lower
boiling point as compared to that of pure water and pure alcohol separately.

Q. 11. Why do gases always tend to be less soluble in liquid as the temperature is raised?
Ans. Gas + Liquid == Dissolved gas; AH = - ve
Dissolution of gas in liquid is an exothermic process. As the temperature is increased, according to the Le
Chatelier’s principle the equilibrium will shift backward. This results in decrease of solubility of gases in
liquid.
Q. 12. State Henry’s law and mention some important applications.
Ans. Refer to Basic Concepts Point 2(c).
Q. 13. The partial pressure of ethane over a solution containing 6.56 x 107 g of ethane is 1 bar. If the
solution contains 5.00 x107> g of ethane, then what shall be the partial pressure of the gas?
Ans. According to Henry’s law, m =K, X p

Case I. 6.56 x 10°g = Ky x 1 bar
or, Ky =6.56 x 107 g bar!



Case II. 5.00% 1072 g =(6.56x 107> gbar") x p
5.00x107% g

T 6.56x10° gbar!

Q. 14. 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?
Ans. Refer to Basic Concepts Point 5(b).

or }2 =17.62 bar

Q. 15. An aqueous solution of 2% non-volatile solute exerts a pressure of 1.004 bar at the normal boiling
point of the solvent. What is the molar mass of the solute?
Ans. Vapour pressure of pure water at the boiling point (p°) = 1 atm = 1.013 bar

Vapour pressure of solution (p,) = 1.004 bar

Mass of solute, Wz=2g

Mass of solution = 100 g

Mass of solvent, W, =100g-2g=98 g

Applying Raoult’s law for dilute solution (being 2%)

Pi=Ps _ _ my  onmy Wy/My W, M,
Py B_”’A"'”B_E:WA/MA:VBXWA
(1.013 bar—1.004 bar)  2gx18gmol
1.013 bar T M x98¢g
2gXx18gmol ™' X1.013 bar B
or My = 98 @ % 0.009 bar =41.35 g mol

Q.16. Heptane and octane form an ideal solution. At 373 K, the vapour pressures of the two liquid
components are 105.2 kPa and 46.8 kPa, respectively. What will be the vapour pressure of a mixture
of 26.0 g of heptane and 35.0 g of octane?

Ans. Molar mass of heptane, C;H,s = 100 g mol™

Molar mass of octane, CgH,s = 114 g mol™

26.0 g
Nt = W =0.26 mol
350¢g
Neghyg = m =0.31 mol
"omg 026

XCiHyg = ey, e, 0264031 = 0456

Xeghyg = - XCH

= 1-0.456 = 0.544
Peoi,, = 105.2 kPa x 0.456
= 47.97 kPa

Pegt, = 46.8 kPa x 0.544 = 25.46 kPa

Drotal =Py T Peghg
=47.97 + 25.46
=73.43 kPa

Q. 17. The vapour pressure of water is 12.3 kPa at 300 K. Calculate the vapour pressure of 1 molal solution
of a non-volatile solute in it.
Ans. 1 molal solution means 1 mol of the solute is present in 1000 g of the solvent, H,O (assuming the solution

to be dilute).

Ny,0 = % =55.5 mol



Q.18.

Ans.

Q. 19.

Ans.

1

xsolute = m = 00177
- D, 123-p,
Also, Xsolute = TZ =0.0177= T
or p, = 12.08 kPa

Calculate the mass of a non-volatile solute (molar mass 40 g mol ™) which should be dissolved in 114 g

octane to reduce its vapour pressure to 80%.
o

p,=80% of p° = =0.80 p°sn, = 2 ol

100 40
114 ¢ O
NegH g = m =1 mol (Molar mass of CgHg = 114 g mol™)
p’=p,
Now , Iz =X
p° —0.80p° n, WB/4O
o = =
p nB+nC8}118 %/40-"_1
w, 0.8,
B w, B
—+ = B =
0.2 ( 20 1) 20 or —45 0.2
or Wy=10g

A solution containing 30 g of a 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 then added to the solution, the new vapour pressure becomes
2.9 kPa at 298 K. Calculate (i) molar mass of the solute (i) vapour pressure of water at 298 K.

(i) Suppose the molar mass of the solute = M, g mol ™!

Number of moles of solute, nj = ;4—0 mol

B
90¢g
Number of solvent (water), ny, = ——— — =5 mol
18 g mol
According to Raoult’s law,
PY - D, n,  p5-28 30/M,,
pj = nA +nle.e-5 pf; - 5+(3O/MB)
28 30/M,
or - = =——7
P’ 5+(30/Mp)
2.8 30/MB 5+ 30/MB - 30/MB 5
or P 1= 5+GB0/My)  5+(R0/M,) 5+ (30/M))
P’ 5+ (30/M,)
or e 6 ..(0)
2.8 5 M

B
After adding 18 g of water,

Number of moles of water () = 110—8 =6 mol

According to Raoult’s law,

Py -29 30/ M,
Py 6+(30/My)
2.9 30/M,
or 1- =

Py 6+(30/My)



Q. 20.

Ans.

Q.21.

Ans.

2.9 30M, 6+ (0M)-(B0M,) ¢

or E =1- 6 +(30/Mp) = 6+ (30/My) B 6+ (30/M,)
Py 6+(30/Mpy)
or — =
2.9 6
o
Py 5
or 20 = (i)
2.9 M,

Dividing equation (i) by equation (i), we get
2.9 1+ (6/M )
o3

8 ~ 1+(5/M,) )
5 6
or 29<1 M>=2.8<1+MB>
145 16.8 23 _ 1
or 29+ M, =28+ M, or M, =0.1 or My =23 g mol

(i7) Putting the value of My in equation (i), we get

i, 6 2
2.8 T 2373
o 29

or pA=Z><28 3.53 kPa

A 5% solution (by mass) of cane sugar in water has a freezing point of 271 K. Calculate the freezing
point of a 5% glucose in water if the freezing point of pure water is 273.15 K.
Let the mass of solution = 100 g

Mass of the cane sugar=5 g

Mass of solvent, water=100g-5g=95¢

AT,=273.15K-271K=2.15K

ar KX WX 1000 B AT, X My X W,
=L ' gL 24
M, X, /T W, x1000
2.15 %342 X 95

- _ -1
K= 521000 =13.97 K kg mol
For 5% solution of glucose in water

Ky xWpx 10003 97 5% 1000

MyXw, —  180x95
AT, =408 K
Freezing point of glucose solution, 7= AT‘} —AT;=273.15K-4.08 K=269.07 K

Two elements 4 and B form compounds having molecular formula 4B, and 4B,. When dissolved in 20 g
of benzene (C;Hy). 1 g of AB, lowers the freezing point by 2.3 K whereas 1.0 g of 4B, lowers it by 1.3 K.
The molal depression constant for benzene is 5.1 K kg mol™'. Calculate atomic masses of 4 and B.

We know,

AT, =

KX, X100
A At
AT X,
51X1X1000 ¥
MA32 =" 53%x20 - 110.87 g mol
X1X
Similarly, My, = 25000 = 19615 g ol

Suppose atomic masses of 4 and B are ‘a’ and ‘b’ respectively. Then



Q.22.

Ans.

Q.23.

Ans.

Q. 24.

Ans.

Q. 25.

Ans.

Molar mass of 4B, =a+2b=110.87 g mol ™" ...(})
Molar mass of AB, =a+4b=196.15g mol ™" ..(ii)
Subtracting equation (7) from equation (i), we get

2b =85.28 or b =42.64
Substituting the value of 4 in equation (i), we get

a+2x42.64=110.87 or a=25.59
Thus, Atomic mass of 4 =25.59 u

Atomic mass of B =42.64 u

At 300 K, 36 g of glucose present in a litre of its solution has an osmotic pressure of 4.98 bar. If the
osmotic pressure of the solution is 1.52 bar at the same temperature, what would be its concentration?
Osmotic pressure, t = CRT
First case:

Number of moles of glucose, C4H,0¢ = 3675771 = 0.2 mol
180 g mol
. . 0.2 mol 1
Molar concentration of solution, C = L - 0.2 mol L
4.98 bar = 0.2 mol L™ x R x 300 K (D)
Second case:
1.52 =Cx Rx 300K (7))
Dividing equation (i) by equation (i), we get
1.52 bar C X Rx300K
498bar ~ 02mol L' X Rx 300K
0.305 = %
0.2mol L
or C =0.0610 mol L™

Suggest the most important type of intermolecular interaction in the following pairs:
(i) n-hexane and n-octane (if) I, and CCl, (iii) NaClO, and water (iv) methanol and acetone
(v) acetonitrile (CH;CN) and acetone (C;H,O).
(i) Dispersion or London forces as both are non-polar.
(it) Dispersion or London forces as both are non-polar.
(iii) Ton—dipole interactions as sodium chlorate gives Na" and ClO,” ions and water is a polar molecule.
(iv) Dipole—dipole interactions as both are polar molecules.
(v) Dipole—dipole interactions as both are polar molecules.
Based on solute-solvent interactions, arrange the following in order of increasing solubility in
n-octane and explain.
Cyclohexane, KCl, CH;0H, CH;CN
(i) Cyclohexane and n-octane both are non-polar. Hence, they will mix completely in all proportions.
(i) KCl is an ionic compound whereas n-octane is non-polar. Hence, KCl will not dissolve at all in
n-octane.
(7i7) CH,OH and CH;CN both are polar but CH;CN is less polar than CH;OH. As n-octane is non-polar,
CH,4CN will dissolve more than CH;OH in n-octane.

Therefore, the order of solubility in n-octane will be KCl < CH;OH < CH;CN < Cyclohexane.
Amongst the following compounds, identify which are insoluble, partially soluble and highly soluble
in water: (i) phenol, (ii) toluene, (iii) formic acid, (iv) ethylene glycol, (v) chloroform, (vi) pentanol.

(7) Partially soluble as it has non-polar C4Hs group and polar —OH group which can form hydrogen
bond with water.

(i7) Insoluble as toluene is non-polar while water is polar.



Q. 26.

Ans.

Q.27.

Ans.

Q.28.

Ans.

Q.29.

Ans.

Q. 30.

Ans.

(iii) Highly soluble as formic acid can form hydrogen bonds with water.

(iv) Highly soluble as ethylene glycol can form hydrogen bonds with water.

(v) Insoluble as chloroform despite its polarity, cannot form hydrogen bonds with water.
(vi) Partially soluble as —OH group is polar but the bulky CsH,, part is non-polar.

If the density of some lake water is 1.25 g mL™" and contains 92 g of Na* ions per kg of water, calculate
the molality of Na* ions in the lake.

.. 92¢g
Number of moles of Na" ion = = 4 mol
23 g mol™
+ .
Molality of Na® ions = Number of moles Of. Na' ions
Mass of water in kg
= 4 mol =4molkg_1=4m
1 kg

If the solubility product of CuS is 6 x 107'%, calculate the maximum molarity of CuS in aqueous
solution.
Maximum molarity of Cu$ in aqueous solution = Solubility of CuS in mol L™\,
If S is the solubility of CuS in mol L™ then
CuS = Cu*" + §*

S S
K, =[Cu*][8*]=5x§=5
$2=6x107"°
or S=4/6%x107"% =2.45 x 10 mol L'

Maximum molarity of CuS in aqueous solution = 2.45 x 10° mol L™

Calculate the mass percentage of aspirin (CoHzO,) in acetonitrile (CH;CN) when 6.5 g of CoHzO, is
dissolved in 450 g of CH;CN.
Mass of solution =6.5 g+ 450 g=456.5¢g

Mass % of aspirin = M X100 6.5

= x 100 = 1.424%
Mass of solution 456.5

Nalorphene (C,yH,;NO;) similar to morphine, is used to combat withdrawal symptoms in narcotic
users. Dose of nalorphene generally given is 1.5 mg. Calculate the mass of 1.5 x 102 m aqueous
solution required for the above dose.
1.5 x 10~ m solution means that 1.5 x 10> mole of nalorphene is dissolved in 1 kg of water.
Molar mass of C;gH, NO; =19x 12 +21 + 14 +48=311¢g mol™!
1.5 x 107 mole of C;gH, NO; = 1.5 x 1072 x 311 g =0.467 g

Mass of solution = 1000 g + 0.467 g = 1000.467 g

Thus, for 0.467 g of nalorphene, solution required = 1000.467 g
1000.467g

0.467

Calculate the amount of benzoic acid (C;H;COOH) required for preparing 250 mL of 0.15 mol L
solution in methanol.

Hence, for 1.5 x 107 g of nalorphene, solution required = X15%107° g=321¢g

Mass of solute/Molar mass

Molarity = —
Volume of solution (in litres)

Mass of benzoic acid = Molarity x Volume of solution x Molar mass

Volume of solution =250 mL = ﬂ L=025L
1000

Molar mass of benzoic acid, C¢qHsCOOH =7 x 12+ 6 x 1 +2 x 16 = 122 g mol™
Mass of benzoic acid =0.15 mol L™ x 0.25 L x 122 g mol ™ = 4.575 g



Q.31.

Ans.

Q. 32.

Ans.

Q.33.

Ans.

The depression in freezing point of water observed for the same amount of acetic acid, tri-chloroacetic
acid and trifluoroacetic acid increases in the order as given. Explain briefly.
The depression in freezing points are in the order:

CH;COOH < Cl;CCOOH < F;CCOOH

Fluorine, being the most electronegative, has the highest negative inductive effect. As a result of this,
trifluoroacetic acid is the strongest acid while acetic acid is the weakest acid. Hence, trifluoroacetic acid
ionises to the largest extent while acetic acid ionises to the minimum extent to give ions in their solutions
in water. Greater the ions produced, greater is the depression in freezing point. Hence, the depression in
freezing point is the maximum for the trifluoroacetic acid and minimum for acetic acid.

Calculate the depression in the freezing point of water when 10 g of CH;CH,CHCICOOH is added
to 250 g of water; K, = 1.4 x 107, K,= 1.86 K kg mol ".

0
Number of moles of CH;CH,CHCICOOH = 7g71 =8.16 x 1072 mol
122.5 g mol
Molality of the solution = No. of moles Of. solute X 1000
Mass of solvent (in grams)

_ 816107
T 250

If a is the degree of dissociation of CH;CH,CHCICOOH, then
CH;CH,CHCICOOH == CH;CH,CHCICOO + H"

%1000 = 0.3264 mol kg

Initial conc. Cmol L™ 0 0
At equilibrium C(l-w) Co Ca
Coa.Co 5 S . .
K,= m =Ca [Considering (1 — o) = 1 for dilute solution]

/K, [14x107
or o= ?f m=0.065

Calculation of van’t Hoff factor:
CH;CH,CHCICOOH —= CH;CH,CHCICOO™ + H"
Initial moles 1 0 0
Moles at equilibrium l-a o o
Total number of mole of particles after dissociation=1-a+a+oa=1+a

. Total number of moles of particles after dissociation
1=

Number of particles before dissociation

or, i:HTa=1+oc:1+O.O65=1.O65
Aly=iKym

= (1.065) (1.86) (0.3264) = 0.65 K

19.5 g of CH,FCOOH is dissolved in 500 g of water. The depression in the freezing point observed is
1.0°C. Calculate the van’t Hoff factor and dissociation constant of fluoroacetic acid.

OR
When 19.5 g of F—CH,—COOH (Molar mass =78 g mol ™) is dissolved in 500 g of water, the depression
in freezing point is observed to be 1°C. Calculate the degree of dissociation of F—CH,—COOH.
(Given: K, of water = 1.86 K kg molfl) [CBSE 2020 (56/3/1)]
Calculation of van’t Hoff factor (i):

19.5
Number of moles of fluoroacetic acid = 08 =0.25 mol

78 g mol ™!



Q. 34.

Ans.

Q. 35.

Ans.

Ans.

Number of moles of fluoroacetic acid _ 025 mol
Mass of water in kg 0.5kg
=0.5 mol kg

Molality, m =

_ A7
Kf Xm
Here, ATy= 1.0 K; K= 1.86 K kg mol™'; m = 0.5 mol kg '
. 10K
1.86 K kg mol™ X 0.5 mol kg™

A7}=i><Kf><m = |

=1.0753

Calculation of dissociation constant, K :
FCH,COOH — FCH,COO + H"

Initial conc. 0.5 0 0
At equilibrium 05(1-a) 05 a 05 a
Total =0.5 (1 + )
0.5(1+a)
i=T=1+a or a=i-1=1.0753-1=0.0753

§ - 05at050 05 o 05X (0.0753)°
a= 05(1-a) l-a  1-00753

K,=3.07x107

Vapour pressure of water at 293 K is 17.535 mm Hg. Calculate the vapour pressure of water at
293 K when 25 g of glucose is dissolved in 450 g of water.

P ==17.535mmHg; W;=25¢; W,=450 ¢

My =180 gmol™; M, =18 g mol™

Substituting the values in the expression
py—p, WyXM,

= , we get
P; MBX WA
17.535-p,  25x18 S
17.535 180 X 450 of 1717535 180
179 P ~
180~ 17.535 or p = 17.44 mm Hg

Henry’s law constant for the molality of methane in benzene at 298 K is 4.27 x 10° mm Hg. Calculate
the solubility of methane in benzene at 298 K under 760 mm Hg.
Here, K, =4.27x 10° mm Hg,
p =760 mm Hg
According to Henry’s law,  p = Kj; X x¢y,

p 760 mm Hg
[

= =1.78x 107
“ K, 427x10° mm Hg

Mole fraction of methane in benzene, x., =1.78 x 1073
4

100 g of liquid 4 (molar mass 140 g mol_l) was dissolved in 1000 g of liquid B (molar mass
180 g mol™). The vapour pressure of pure liquid B was found to be 500 torr. Calculate the vapour
pressure of pure liquid 4 and its vapour pressure in the solution if the total vapour pressure of the
solution is 475 torr.

100 g 5 1000 g 50
nA=74=—mol andnB=74=—mol
140 gmol ' 7 180 g mol 9
ny

X =
4 n,tng



Q.37.

Ans.

Q. 38.

Ans.

X, = ST _ ST 5 ﬁ=£=0.114
4 5/7+50/9 395/63 7 395 395
o xp=1-0.114=0.886
Also, given Pl? =500 torr
According to Raoult’s law,
p, =x,px=0.114Xp% ..(D)
Py = Xzpp =0.886 x 500 = 443 torr
P=py+pp
475=0.114 p3 +443
or 2% % = 280.7 torr

Substituting this value in equation (i), we get
P, =280.7x0.114 = 32 torr

Vapour pressures of pure acetone and chloroform at 328 K are 741.8 mm Hg and 632.8 mm Hg
respectively. Assuming that they form ideal solution over the entire range of composition, plot
Protats Pehtoroform AN Pacetone @S @ function of x, e the experimental data observed for different
compositions of mixture is:

100 X X, cctone 118 | 234 | 360 | 508 | 582 | 64.5 | 721
Pacetone / mm Hg 549 | 110.1 | 2024 | 3227 | 4059 | 4541 | 5211
Pentoroform / mm Hg 548.1 | 469.4 | 3597 | 257.7 | 1936 | 1612 | 1207

Plot this data also on the same graph paper. Indicate whether it has positive deviation or negative
deviation from the ideal solution.

700
Ptotal

[2]
o
o

[
o
o

2
%/%
"

w B
o o
o o

N
o
(=]

Vapour Pressure (mm Hg)

z\"“a

QF

-
o
o

o

01 02 03 04 05 06 0.7 0.8
Mole fraction of acetone (Xacetone)

Xacetone 0.118 | 0.234 | 0360 | 0.508 | 0.582 | 0.645 | 0.721
Pacetone / mm Hg 54.9 110.1 202.4 | 3227 | 4059 | 454.1 521.1
Pehtoroform / mm Hg 548.1 469.4 | 359.7 | 257.7 193.6 161.2 120.7
Protal 603.0 | 579.5 | 562.1 5804 | 599.5 | 6153 | 641.8

Since the plot for p,,; dips downwards, the solution shows negative deviation from the ideal behaviour.
Benzene and toluene form ideal solution over the entire range of composition. The vapour pressures
of pure benzene and toluene at 300 K are 50.71 mm Hg and 32.06 mm Hg respectively. Calculate the
mole fraction of benzene in the vapour phase if 80 g of benzene is mixed with 100 g of toluene.
Molar mass of benzene (C4Hg) =78 g mol™
Molar mass of toluene (C;Hg) =92 g mol™

80g

ﬁ =1.026 mol
g mo

Negng =

. Xam idea Chemistry-XI|



Nepg = _ 100 — = 1.087 mol
92 g mol
_ e 1026 1.026
s = gy ¥ e, 1026 +1.087 2113
Xep =1-0486=0.514

Py, = 50.71 mm Hg, .y, = 32.06 mm Hg

=0.486

Applying Raoult’s law
Pcgig = Xcgig X Pegng = 04486 x 50.71 mm Hg = 24.65 mm Hg
Peyng = Xeug X P = 0514 x 32.06 mm Hg = 16.48 mm Hg
Pen
Mole fraction of benzene in the vapour phase = —
+

Pegug ™ Peng
_ 24.65 _ 2465
24.65+16.48 41.13

Q. 39. The air is a mixture of a number of gases. The major components are oxygen and nitrogen with
approximate proportion of 20% is to 79% by volume at 298 K. The water is in equilibrium with air
at a pressure of 10 atm. At 298 K, if the Henry’s law constants for oxygen and nitrogen at 298 K are
3.30 x 10’ mm and 6.51 x 10" mm respectively, calculate the composition of these gases in water.

=0.60

Ans. Partial pressure of oxygen, py, = % x 10 atm = 2 atm = 2 x 760 mm Hg = 1520 mm Hg

Partial pressure of nitrogen, py, = % x 10 atm = 7.9 atm = 7.9 x 760 mm Hg = 6004 mm Hg

K4(0,) =3.30 x 10" mm, K;(N,) = 6.51 x 10’ mm

Applying Henry’s law, Po, =Ky * X0,
Po
or Yo, = = _1520mm 6149
H 3.30x10" mm
PN, =Ky X xx,
PNy 6004 mm

or X, = = =922 x 107
MKy 651107 mm

Q. 40. Determine the amount of CaCl, (i = 2.47) dissolved in 2.5 litre of water such that its osmotic pressure
is 0.75 atm at 27°C.
IXWyXRXT TX My XV
Ans. T = W or Wy = TIXRXT
Molar mass of CaCl,, My =40 +2 x 35.5= 111 g mol™'

0.75atmx111gmol ' x2.5L
2.47x0.0821 L atm K" mol ™' x300 K

Mass of CaCl,, W =

=342¢g
Q. 41. Determine the osmotic pressure of a solution prepared by dissolving 25 mg of K,SO, in 2 litre of
water at 25°C, assuming that it is completely dissociated. |CBSE Delhi 2013, 2019 (56/5/2)]

Ans. K,S0, dissolved =25 mg=0.025 g
Volume of solution =2 L, T = 25°C =298 K
Molar mass of K,SO, =2 x 39 + 32 + 4 x 16 = 174 g mol ™'
Since K,SO, dissociates completely as K,SO, — 2K + SO,*

Number of moles of particles after dissociation _ 3 3
T =

Number of moles of particles before dissociation



Applying van’t Hoff equation,
iXWy X RXT
M XV
3%0.025 g x0.0821 L atm K™' mol ™" x298 K
- 174 gmol ' x2 L

T =

=5.27 x 10~ atm

Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.

1.

10.

11.

A solution of amalgam of mercury with sodium contains

Solute Solvent Solute Solvent
(a) Solid Solid (b) Solid Liquid
(¢) Liquid Solid (d) Liquid Liquid

One kilogram of sea water sample contains 6 mg of dissolved O,. The concentration of O, in ppm in
the sample is

(a) 0.06 (b) 60 (c) 6 (d) 0.6

Mole fraction of the solute in a 1.0 molal aqueous solution is:

(a) 0.1770 (b) 0.0177 (c) 0.0344 (d) 1.7700

At what concentration does the solution of ethylene glycol used as an antifreeze?

(a) 35% volume by volume (b) 35% mass by volume

(¢) 35% mass by mass (d) 35 ppm

On dissolving sugar in water at room temperature solution feels cool to touch. Under which of the

following cases dissolution of sugar will be most rapid? [NCERT Exemplar]

(a) Sugar crystals in cold water. (b) Sugar crystals in hot water.

(c) Powdered sugar in cold water. (d) Powdered sugar in hot water.

At equilibrium the rate of dissolution of a solid solute in a volatile liquid solvent is .

[NCERT Exemplar]

(a) less than the rate of crystallisation (b) greater than the rate of crystallisation

(c) equal to the rate of crystallisation (d) zero

Which of the following factor(s) affect the solubility of a gaseous solute in the fixed volume of liquid

solvent? [NCERT Exemplar]

(i) nature and solute (ii) temperature  (iii) pressure

(a) (i) and (iii) at constant T’ (b) (i) and (ii) at constant P

(c¢) (i) and (@ii) only (d) (iii) only

The value of Henry’s constant K, is . [NCERT Exemplar]

(a) greater for gases with higher solubility. (b) greater for gases with lower solubility.

(c) constant for all gases. (d) not related to the solubility of gases.

Low concentration of oxygen in the blood and tissues of people living at high altitude is due to
. [NCERT Exemplar]

(a) low temperature (b) low atmospheric pressure

(c¢) high atmospheric pressure (d) both low temperature and high atmospheric pressure

A solution of chloroform in diethylether:

(a) obeys Raoult’s law (b) shows a positive deviation from Raoult’s law

(c) shows a negative deviation from Raoult’s law (d) behaves like a near ideal solution

Considering the formation, breaking and strength of hydrogen bond, predict which of the following

mixtures will show a positive deviation from Raoult’s law? [NCERT Exemplar]
(a) Methanol and acetone. (b) Chloroform and acetone.
(c¢) Nitric acid and water. (d) Phenol and aniline.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Intermolecular forces between two benzene molecules are nearly of same strength as those between

two toluene molecules. For a mixture of benzene and toluene, which of the following are not true?
[NCERT Exemplar]

(a) A, H=zero (b) A, V=zero

(¢) These will form minimum boiling azeotrope (d) These will not form ideal solution

The system that forms maximum boiling azeotropes is:

(a) ethyl alcohol-water (b) benzene-toluene

(c) acetone-chloroform (d) carbon disulphide-acetone

At a given temperature, osmotic pressure of a concentrated solution of a substance .

[NCERT Exemplar
(a) is higher than that of a dilute solution.

(b) is lower than that of a dilute solution.
(c) is same as that of a dilute solution.
(d) cannot be compared with osmotic pressure of dilute solution.

An unripe mango placed in a concentrated salt solution to prepare pickle, shrivels because
. INCERT Exemplar]

(a) it gains water due to osmosis. (b) it loses water due to reverse osmosis.

(c) it gains water due to reverse osmosis. (d) it loses water due to osmosis.

If we place the blood cells in a solution containing less than 0.9% (m/V) sodium chloride. They would
swell. This is because

(a) the solution is hypotonic (b) the solution is isotonic

(c) the solution is hypertonic (d) none of these

Which of the following colligative property is used to calculate the molar mass of biomolecules?

(a) Relative lowering of vapour pressure (b) Elevation in boiling point

(c) Depression in freezing point (d) Osmotic pressure

Which of the following statements is false? [NCERT Exemplar]

(a) Units of atmospheric pressure and osmotic pressure are the same.

(b) In reverse osmosis, solvent molecules move through a semipermeable membrane from a region of
lower concentration of solute to a region of higher concentration.

(¢) The value of molal depression constant depends on nature of solvent.

(d) Relative lowering of vapour pressure, is a dimensionless quantity.

The values of Van’t Hoff factors for KCl, NaCl and K,SO,, respectively, are .
[NCERT Exemplar]

(a) 2,2 and 2 (b) 2,2 and 3 (¢) 1,1and 2 (d) 1, 1and 1

The value of van’t Hoff factor for ethanoic acid in benzene is

(a) 1.0 (b) 1.5 (c) 05 d) 2

Which of the following aqueous solutions should have the highest boiling point? [NCERT Exemplar]
(a) 1.0 M NaOH (b) 1.0 M Na,SO, (¢) 1.0 M NH,NO;, (d) 1.0 M KNO;,

In comparison to a 0.01 M solution of glucose, the depression in freezing point of a 0.01 M MgCl,
solution is . [NCERT Exemplar]
(a) the same (b) about twice (c) about three times  (d) about six times

Molal elevation constant is calculated from the enthalpy of vapourisation (A,,,H) and boiling point

of the pure solvent (7)) using the relation:

« M RT} . 1000 RT]
@ Ky =000 A H 0 K=y A H
A H 1000 M, Ty
c) K, =—"—"—"— =
© K= 000 M,RT? @ Ky Ao HR



24. Which of the following statements is false? [NCERT Exemplar]
(a) Two different solutions of sucrose of same molality prepared in different solvents will have the same
depression in freezing point.

(b) The osmotic pressure of a solution is given by the equation © = CRT ( where C is the molarity of the solution).
(¢) Decreasing order of osmotic pressure for 0.01 M aqueous solutions of barium chloride, potassium

chloride, acetic acid and sucrose is

BaCl, > KCIl > CH;COOH > sucrose.

(d) According to Raoult’s law, the vapour pressure exerted by a volatile component of a solution is directly
proportional to its mole fraction in the solution.

Answers

1. (¢) 2.(c) 3.(b) 4. (a) 5.(d) 6.(c) 7.(a), (b) 8.(b) 9.(b) 10.(c)
11. (@)  12.(¢), () 13.(¢) 14.(a) 15.(d) 16.(a) 17.(d) 18.(b) 19.(b)  20.(c)
21.(h)  22.(c) 23.(d) 24.(a)

Assertion-Reason Questions

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

(a) Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).
(b) Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
of the Assertion (A).
(¢) Assertion (A) is correct, but Reason (R) is incorrect statement.
(d) Assertion (A) is incorrect, but Reason (R) is correct statement.
1. Assertion (4) : Molarity of a solution in liquid state changes with temperature.
Reason  (R) : The volume of a solution changes with change in temperature.
2. Assertion (4) : The solubility of a gas in a liquid increases with increase of pressure.
Reason  (R) : The solubility of a gas in a liquid is directly proportional to the pressure of the gas.
3. Assertion (4) : Raoult’s law is a special case of Henry’s law.
Reason  (R) : Higher the value of K; at a given pressure, the lower is the solubility of the gas in the
liquid.
4. Assertion (4) : Non-ideal solutions always form azeotropes.
Reason  (R) : Boiling point of an azeotrope may be higher or lower than boiling points of both
components.
5. Assertion (4) : If more volatile liquid is added to another liquid, vapour pressure of solution will be
greater than that of pure solvent.
Reason  (R) : Vapour pressure of solution is entirely due to solvent molecules.
6. Assertion (4) : The vapour pressure of a liquid decreases if some non-volatile solute is dissolved in it.
Reason  (R) : The relative lowering of vapour pressure of a solution containing a non-volatile solute is
equal to the mole fraction of the solute in the solution.
7. Assertion (4) : The boiling point of pure solvent is always higher than the boiling point of solution.
Reason  (R) : The vapour pressure of the solvent decreases in the presence of non-volatile solute.
8. Assertion (4) : When NaCl is added to water a depression in freezing point is observed.
Reason  (R) : The lowering of vapour pressure of a solution causes depression in the freezing point.
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9. Assertion (4) : When a solution is separated from the pure solvent by a semipermeable membrane, the
solvent molecules pass through it from pure solvent side to the solution side.

Reason  (R) : Diffusion of solvent occurs from a region of high concentration solution to a region of
low concentration solution.

10. Assertion (4) : Lowering of vapour pressure is directly proportional to osmotic pressure of the solution.
Reason  (R) : Osmotic pressure is a colligative property.
11. Assertion (4) : Molecular mass of polymers cannot be calculated using boiling point or freezing point
method.
Reason  (R) : Polymers solutions do not possess a constant boiling point or freezing point.
12. Assertion (4) : The boiling point of 0.1 M urea solution is less than that of 0.1 M KCI solution.

Reason  (R) : Elevation of boiling point is directly proportional to the number of species present in the
solution.

Answers

L@ 2@ 3.0 4@ 5@ 60 1.d 8@  9() 10.(b)
1. 12.(a)

Passage-based/Case-based Questions

Read the given passages and answer the questions that follow.

PASSAGE-1

The spontaneous flow of the solvent through a semipermeable membrane from a pure solvent to a solution or
from a dilute solution to a concentrated solution is called osmosis. The phenomenon of osmosis can be demonstrated
by taking two eggs of the same size. In an egg, the membrane below the shell and around the egg material is semi-
permeable. The outer hard shell can be removed by putting the egg in dilute hydrochloric acid. After removing the
hard shell, one egg is placed in distilled water and the other in a saturated salt solution. After some time, the egg
placed in distilled water swells-up while the egg placed in salt solution shrinks.

The external pressure applied to stop the osmosis is termed as osmotic pressure (a Colligative property). Reverse
osmosis takes place when the applied external pressure becomes larger than the osmotic pressure.

1. What do you expect to happen when red blood corpuscles (RBC’s) are placed in 0.5 % NaCl solution?
Ans. RBC’s are isotonic with 0.9% NaCl solution, so they will swell and may even burst when placed in 0.5%
NaCl solution.
2. Which one of the following will have higher osmotic pressure in 1 M KCI or 1 M urea solution?
Ans. 1 M KCI will have higher osmotic pressure because its dissociates to give K™ and CI” ions while urea does
not dissociate into ions in the solution.
3. Name one SPM which can be used in the process of reverse osmosis.
Ans. Cellulose acetate placed on a suitable support.
4. What are isotonic solutions?
Ans. Solutions having equal osmotic pressure are called isotonic solutions.
5. Write van’t Hoff equation for dilute solution.
Ans. 7wV =nRT,

Where, m = Osmotic pressure, n = Number of moles, /' = Volume of solution in litre, R = Gas constant,

T = Temperature
Solutions .



PASSAGE-2

A solution which obeys Raoult’s law strictly is called an ideal solution, while a solution which shows deviations
from Raoult’s law is called a non-ideal solution or real solution. Suppose the molecules of the solvent and solute are
represented by A and B respectively, and let y, 5, 744 and ygp are the attractive forces between A—B, A—A and B—B
respectively. An ideal solution of the components A and B is defined as the solution in which the intermolecular
interactions between the components A—B are of the same magnitude as the intermolecular interactions found in
the pure components A—A and B—B. Similarly,a non- ideal solution of the components A and B is defined as the
solution in which the intermolecular interactions between the components A—B are of the different magnitude as
the intermolecular interactions found in the pure components A—A and B—B.

1. What type of liquids form the ideal solution?

Ans. Liquids that have similar structures and polarities form ideal solutions.
2. Give one example of an ideal solution.

Ans. Benzene + Toluene
3. Write two characteristics of non-ideal solution.

Ans. AH_; #0,AV . #0.

4. On mixing liquid A and liquid B, volume of the resulting solution decreases, what type of deviation
from Raoult’s law is shown by?

Ans. The solution will show negative deviation from Raoult’s law.

5. Which type of deviation will be shown by the solution, if v,z < v44-

Ans. Solution will show positive deviation.

Very Short Answer Questions [1 mark]
Q. 1. Define mole fraction. [CBSE Delhi 2012]
Ans. Mole fraction of a component in a solution may be defined as the ratio of moles of that component to the

total number of moles of all the components present in the solution.

Q. 2. How does the molarity of a solution change with temperature?

Ans. Molaritydecreaseswithincreaseintemperatureas volume of solutionincreases withincreaseintemperature.

Q. 3. When and why is molality preferred over molarity in handling solutions in chemistry?

Ans. Molality is preferred in studies that involves changes in temperature as in some of the colligative
properties of solutions. This is because molality depends on masses of solvent which do not change
with temperature.

Q. 4. The dissolution of ammonium chloride in water is an endothermic process but still it dissolves in
water readily. Why? [HOTS]

Ans. This is because of entropy change. In this case, AS is +ve.

NH,Cl(ag) ——> NH,"(ag) + Cl (aq)
The ions that were held together in crystalline solid are free and moving in all possible directions. Its
entropy has increased and this makes TAS > AH, i.e., AG = —ve.

Q. 5. Why are the aquatic species more comfortable in cold water in comparison to warm water?

[CBSE 2019 (56/2/3), (56/4/1)]

Ans. At a given pressure, the solubility of oxygen in water increases with decrease in temperature. Presence of
more oxygen at lower temperature makes the aquatic species more comfortable in cold water.

Q. 6. What is the similarity between Raoult’s law and Henry’s law? [CBSE Delhi 2014]

Ans. The similarity between Raoult’s law and Henry’s law is that in both the laws, the partial vapour pressure of
the volatile component or gas is directly proportional to its mole fraction in the solution.

Q. 7. What type of liquids form ideal solutions?

Ans. Liquids that have similar structures and polarities form ideal solutions.



Q.8.
Ans.

Q.9.
Ans.

Q. 10.
Ans.

Q.11.

Ans.

Q. 12.
Ans.

Q. 13.
Ans.

Q. 14.
Ans.

Q. 15.
Ans.

Q. 16.
Ans.

Q.17.

Ans.
Q. 18.

Ans.

Q. 19.
Ans.

Q. 20.
Ans.

Q.21.

Ans.

Write two characteristics of non-ideal solution. |[CBSE 2019 (56/5/2)]
A H#0andA V7V #0
Under what condition do non-ideal solutions show negative deviations?
When the new forces of interaction between the components are stronger than those in the pure components,
then non-ideal solutions show negative deviations.
What are maximum boiling azeotropes? Give one example.
Maximum boiling azeotropes are those which boil at higher temperature than boiling point of each
component in pure state, e.g., 68% nitric acid and 32% water by mass.
Why is the vapour pressure of a solution of glucose in water lower than that of water?

[NCERT Exemplar]
This is due to decrease in the escaping tendency of the water molecules from the surface of solution as some
of the surface area is occupied by non-volatile solute, glucose particles.
Define molal depression constant or cryoscopic constant.
It is the depression in freezing point when 1 mole of non-volatile solute is dissolved in 1000 g of solvent.

What do you understand by the term that K, for water is 1.86 K kg mol '?

It means that the freezing point of water is lowered by 1.86 K when 1 mole of non-volatile solute is
dissolved in 1 kg of water.

What is an antifreeze?

A substance such as ethylene glycol which is added to water to lower its freezing point is called an antifreeze.
It is named so as it delays freezing.

What is de-icing agent? How does it work?
Common salt is called de-icing agent as it lowers the freezing point of water to such an extent that it does
not freeze to form ice. Thus, it is used to clear snow from roads.

Why is glycol and water mixture used in car radiators in cold countries? [HOTS)
Ethylene glycol lowers the freezing point of water. Due to this, coolant in radiators will not freeze.
Otherwise, radiator will burst due to freezing of coolant (water).
What are isotonic solutions? |CBSE Delhi 2012, 2014)
The solutions of the same osmotic pressure at a given temperature are called isotonic solutions.
How is it that measurement of osmotic pressures is more widely used for determining molar masses
of macromolecules than the elevation in boiling point or depression in freezing point of their
solutions? [CBSE (Al) 2009]
The osmotic pressure method has the advantage over elevation in boiling point or depression in freezing
point for determining molar masses of macromolecules because

(/) Osmotic pressure is measured at the room temperature and the molarity of solution is used instead of

molality.
(if) Compared to other colligative properties, its magnitude is large even for very dilute solutions.

What is the van’t Hoff factor for a compound which undergo dimerisation in an organic solvent?
2X—> X,

Number of moles of particles after association |

1= =7

Number of moles of particles before association 2

What would be the value of van’t Hoff factor for a dilute solution of K,SO, in water?
In dilute solution, K,SO, — 2K" + SO,

. Number of moles of particles after dissociation
van’t Hoff factor, i = p

3
= =3
Number of moles of particles before dissociation 1

Out of two 0.1 molal aqueous solutions of glucose and of potassium chloride, which one will have a
higher boiling point and why? [CBSE (F) 2013, 2019 (56/3/2)]

0.1 m KCI solution will have higher boiling point as KCI dissociates in the solution.



Q. 22.

Ans.

Q. 23.
Ans.

What will happen to freezing point of a potassium iodide aqueous solution when mercuric iodide is

added to solution? [HOTS]
Hgl, + 2KI —— K,Hgl,

Mercuric iodide forms a complex with potassium iodide, therefore, the number of solute particles (KI) in

the solution decreases resulting in the decrease in the value of AT}, i.e., depression in the freezing point. As

a result, the freezing point (7,=T °f+ ATy) of the solution will increase.

Why is osmotic pressure of 1 M KCl higher than 1 M urea solution?

This is because KCI dissociates to give K" and Cl~ ions while urea being a molecular solid does not
dissociate into ions in the solution.

Short Answer Questions-I [2 marks]

Q. 1.
Ans.

Q.2.

Ans.

Q.3.

Ans.

Q. 4.

Ans.

Ans.

Explain the solubility rule “like dissolves like” in terms of intermolecular forces that exist in solutions.
A substance (solute) dissolves in a solvent if the intermolecular interactions are similar in both the
components; for example, polar solutes dissolve in polar solvents and non polar solutes in non polar
solvents and thus we can say “like dissolves like”.

State Henry’s law. Write its one application. What is the effect of temperature on solubility of gases
in liquid? [CBSE (F) 2016]
It states that the partial pressure of a gas in vapour phase (p) is proportional to the mole fraction of the gas
(x) in the solution.

poxx or p=Kyx where K, is the Henry’s constant.
Application of Henry’s law:
To increase the solubility of CO, in soft drinks and soda water, the bottle is sealed under high pressure.
Effect of temperature on solubility:

As dissolution is an exothermic process, therefore, according to Le Chatelier’s principle solubility should
decrease with rise in temperature.

Henry’s law constant (K,) for the solution of methane in benzene at 298 K is 4.27 x10° mm Hg.
Calculate the solubility of methane in benzene at 298 K under 760 mm Hg. [CBSE (F) 2013]
Here, K =4.27 x 10° mm Hg, p =760 mm Hg

According to Henry’s law, p = KHxCH4
760 mm H
Ny == . & _178%10°
+ Ky 427x10°mm Hg
Mole fraction of methane in benzene, x., =1.78 x 1073,
4

State Raoult’s law for the solution containing volatile components. What is the similarity between
Raoult’s law and Henry’s law? [CBSE Delhi 2014; 2020 (56/5/1)]
It states that for a solution of volatile liquids, the partial vapour pressure of each component in the solution is
directly proportional to its mole fraction. According to Raoult’s law, for a volatile component, A of the
solution P, o x , or P, = ij » Where P/? is the vapour pressure of pure component A.
If one of the component is so volatile that it exist as a gas then according to Henry’s law p = K, where
K, is the Henry law constant i.e., the partial vapour pressure of the volatile component (gas) is directly
proportional to its mole fraction in the solution.
Thus the similarity between Raoult’s law and Henry’s law is that in both the laws, the partial vapour
pressure of the volatile component or gas is directly proportional to its mole fraction in the solution.
State the following:

(?) Raoult’s law in its general form in reference to solutions.

(i) Henry’s law about partial pressure of a gas in a mixture. [CBSE (AI) 2011]
() Raoult’s law: It states that for any solution, the partial pressure of each volatile component in the
solution is directly proportional to its mole fraction.

(i/) Henry’s law: It states that the partial pressure of a gas in vapour phase (P) is proportional to its mole
fraction (x) in the solution.
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Q.6.
Ans.

Q.7.

Ans.

Q.8.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

Q.11

Ans.

Define an ideal solution and write one of its characteristics. |CBSE Delhi 2014)
A solution which obeys Raoult’s law over the entire range of concentration is called ideal solution. The
important characteristics of an ideal solution are

(i) The enthalpy of mixing of pure components to form the solution is zero i.e., A ;[ =0

mixV =0

State Raoult’s law for the solution containing volatile components. Write two differences between an
ideal solution and a non-ideal solution. |CBSE Panchkula 2015)
Raoult’s law states that for a solution of volatile liquids the partial vapour pressure of each component is

directly proportional to its mole fraction.

(if) The volume of mixing is zero i.e., A

Differences between Ideal and non-Ideal solutions

S.No. | Ideal solution | Non-Ideal solution

@) Obeys Raoult’s law over entire range of
concentration i.e., P, = P x; Py = Py xp

Does not obey Raoult’s law over entire range of
concentration, i.e., P, # P% x,; Py # Pyxp

(i) | A H=0; A V=0

'mix

Apin H#0; Ay V20

mix

(iti) | Does not form azeotrope.

Forms azeotrope.

(Any two)

Write two differences between a solution showing positive deviation and a solution showing negative
deviation from Raoult’s law. |CBSE East 2016]

Solutions showing positive deviation

Solution showing negative deviation
from Raoult’s law

(i) P,<Pjx, and Py < Pgxg
(i) A H<0,A. V<0

(iif) Form maximum boiling azeotropes.

from Raoult’s law
(i) P,>Pjx, and Py > Pgx,
@) Apix H>0, A, V>0

(iif) Form minimum boiling azeotropes.

'mix 'mix

(Any two)
State Raoult’s law for a solution containing non-volatile solute. What type of deviation from Raoult’s
law is shown by a solution of chloroform and acetone and why? |CBSE (F) 2017]
It states that the relative lowering of vapour pressure is equal to mole fraction of solute when solvent alone
is volatile and is expressed as
o
P A P Total
Ly
A solution of chloroform and acetone shows negative deviation from Raoult’s law. This is because
chloroform molecule is able to form H-bond with acetone molecule as shown below.

CH, Cl
N (— e

C== -cerereerreeins H—C<Cl
CH, < Cl

It decreases the escaping tendency of molecules of each component from the surface of solution and
consequently the vapour pressure decreases resulting in negative deviation from Raoult’s law.

B

() Why is an increase in temperature observed on mixing chloroform and acetone?
[CBSE 2019 (56/2/3)]
(i) Why does sodium chloride solution freeze at a lower temperature than water? [CBSE (F) 2013]
(/) The bonds between chloroform molecules and molecules of acetone are dipole-dipole interactions
but on mixing, the chloroform and acetone molecules, they start forming hydrogen bonds which are
stronger bonds resulting in the release of energy. This gives rise to an increase in temperature.
(if) When a non-volatile solute is dissolved in a solvent, the vapour pressure decreases. As a result, the
solvent freezes at a lower temperature.
Define azeotropes. What type of azeotrope is formed by negative deviation from Raoult’s law? Give
an example. |CBSE Delhi 2015)
Azeotropes are binary liquid mixtures having the same composition in liquid and vapour phase and boil at
a constant temperature.

Solutions



Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Maximum boiling azeotrope is formed by negative deviation from Raoult’s law. A mixture of 68% nitric
acid and 32% water by mass is an example of maximum boiling azeotrope.

What type of deviation is shown by a mixture of ethanol and acetone? What type of azeotrope is
formed by mixing ethanol and acetone? [CBSE (F) 2013]
A mixture of ethanol and acetone shows positive deviation and the azeotrope formed by this mixture is
minimum boiling azeotrope.

(@) Gas (A4) is more soluble in water than Gas (B) at the same temperature. Which one of the
two gases will have the higher value of K;; (Henry’s constant) and why?

(#i) In non-ideal solution, what type of deviation shows the formation of maximum boiling
azeotropes? [CBSE Central 2016]

(i) According to Henry’s law, p = K, x, i.e., higher the value of K, lower is the solubility of the gas in
the liquid. Therefore, Gas B will have higher value of K}, than gas A.

(i) Negative deviation from Raoult’s law.

Derive the relationship between relative lowering of vapour pressure and molar mass of the solute.
[CBSE Chennai 2015]

From Raoult’s law we have, p = p, + pp
If solute B is non-volatile, then
pP=p, or p=pix,
p=p5(1=x5) =pS - pixy

PoXg=p5—D
pPy—p Ap ng
=X or =
Py B py My Tng

For a dilute solution ngz << n,, so ny can be neglected in denominator in comparison to 7,,.
Ap ny  Wy/My Wy XM,

Py EZWA/MA My XW,
OXW, X M
= o r M
4

When 1.5 g of a non-volatile solute was dissolved in 90 g of benzene, the boiling point of benzene
raised from 353.23 K to 353.93 K. Calculate the molar mass of the solute.
(K, for benzene = 2.52 K kg mol_l) [CBSE Chennai 2015]
AT, =35393K-35323K=0.7K
Substituting Wy =1.5g, W, =90 g, AT, =0.7 K, K, =2.52 K kg mol~! in the expression

K, X W, <1000

M , we get
BALXW,
~2.52X1.5%1000
My =="07x9%0
My=60g mol ™!
Calculate the freezing point of a solution containing 60 g of glucose (Molar mass = 180 g mol™) in
250 g of water. (Kf of water = 1.86 K kg mol"l) [CBSE Delhi 2018]

Here, W =60 g, My =180 g mol™', W, = 250 g, K, = 1.86 K kg mol ™’

Substituting these values in the expression

KfXWBX1OOO
AT, =——————, we get
4 My < W,
_ 1.86x60x1000 _
ATf——180X250 =248K

Freezing point of solution, T,= 7> — AT, =273.15 K - 2.48 K =270.67 K
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Q.17.

Ans.

Q. 18.

Ans.

Q. 19.

Ans.

Q. 20.

Ans.

Define the term osmotic pressure. Describe how the molecular mass of a substance can be determined
by a method based on measurement of osmotic pressure. |CBSE Delhi 2012]
Osmotic pressure (7) is defined as the extra pressure that must be applied to the solution side in order to
prevent the flow of solvent molecules into it through a semipermeable membrane.

According to van’t Hoff equation
g
= 7RT

where 1 is the osmotic pressure, R is the gas constant and V" is the volume of solution in litres containing
ng moles of the solute.

If Wy grams of the solute of molar mass, M}, is present in the solution, then
W,

ng = VB and we can write
B
Wy X RXT Wy X RXT
=" w7 or My= ———7>—
My XV XV

Thus, knowing Wy, T, m and V, the molecular mass of the solute, M} can be calculated.

A solution prepared by dissolving 8.95 mg of a gene fragment in 35.0 mL of water has an osmotic
pressure of 0.335 torr at 25°C. Assuming that the gene fragment is a non-electrolyte, calculate its

molar mass. |CBSE (Al) 2011)
Wy XRXT ]
M, = TaxV ...(D)
Here, W, =8.95 mg = 8.95 x 10 g, R =0.0821 L atm mol™' K
T=25°C=(25+273) K=298 K, ©= = 0.335 torr = 0&36%)5 atm

V=35mL=35x10"L
Substituting these values in the equation (7), we get

895X 10 g x0.0821 L atm mol ' K™' X 298K X 760
0335atm X 35X 107 L

; =14193.3 g mol !

Give reasons: [CBSE 2019 (56/2/1)]
(@) Cooking is faster in pressure cooker than in cooking pan.
(i7) Red Blood Cells (RBC) shrink when placed in saline water but swell in distilled water.
(7) The use of pressure cooker reduces cooking time because the weight over the lid does not allow the
steam to go out. As a result, pressure inside the cooker becomes high. Higher the pressure, higher is
the boiling point and faster is the cooking.

(if) As the concentration of saline solution is higher than the concentration inside the cell. Thus water
will move outside the cytoplasm and the cell will shrink while, distilled water is hypotonic, when
RBCs are placed in distilled water, water will enter the cell through simple diffusion and lead to cell
swelling.

(#) On mixing liquid X and liquid Y, volume of the resulting solution decreases. What
type of deviation from Raoult’s law is shown by the resulting solution? What change in
temperature would you observe after mixing liquids X and Y?

(i) What happens when we place the blood cell in water (hypotonic solution)? Give reason.
[CBSE Allahabad 2015]

(/) ® The solution will show negative deviation from Raoult’s law.
® Temperature will rise.

(if) Due to osmosis water enters into the cell and blood cell will swell.

Solutions .



Q.21.

Ans.

Q.22.

Ans.

Define the following terms:
(i) Abnormal molar mass

(i1) van’t Hoff factor (i) [CBSE Delhi 2017]

(/) When the molar mass of a substance determined by using any of the colligative properties comes out to be
different than the theoretically expected molar mass, the substance said to show abnormal molar mass.

(if) van’t Hoff factor (7) gives the extent of association or dissociation of the solute particles in the solution.
It may be defined as the ratio of observed colligative property to calculated colligative property.

Observed colligative property

'~ Calculated colligative property

Will the elevation in boiling point be same if 0.1 mol of sodium chloride or 0.1 mol of sugar is dissolved
in 1 L of water? Explain. [CBSE Sample Paper 2016] [HOTS]
No, the elevation in boiling point is not the same. NaCl, being an electrolyte, dissociates almost completely
to give Na" and CI ions whereas glucose, being non-electrolyte does not dissociate. Hence, the number of
particles in 0.1 M NacCl solution is nearly double than 0.1 M glucose solution. Elevation in boiling point

being a colligative property, is therefore, nearly twice for 0.1 M NaCl solution than for 0.1 M glucose solution.

Short Answer Questions-II [3 marks]

Q.1.

Ans.

Ans.

Ans.

At 25°C the saturated vapour pressure of water is 3.165 kPa (23.75 mm Hg). Find the saturated
vapour pressure of a 5% aqueous solution of urea (carbamide) at the same temperature.
(Molar mass of urea = 60.05 g mol_l) |[CBSE (F) 2012]
Wy=5g, W,=95g My=60.05gmol™", M, =18 g mol™, p° = 3.165 kPa
Substituting the values in the expression

pi—p  WyXM,

= , we get
P; MB X WA

3.165kPa— p 5gx18gmol !
- . =0015
3.165 kPa 60.05gmol " X95¢g

p =3.165 kPa — 0.015 x 3.165 kPa
p =3.118 kPa

Calculate the boiling point of solution when 2 g of Na,SO, (M =142 g mol ™) was dissolved in 50 g of
water, assuming Na,SO, undergoes complete ionisation.

(K, for water = 0.52 K kg mol’l) [CBSE North 2016]
.3 + 2
i=1=3(Na,S0, — 2Na"+50} )

Given, Wy=2g, W,=50g, My=142 gmol™”, K, = 0.52 K kg mol™'
i X K, X Wy % 1000
My X W,

3X0.52X2X 1000
AT, = x50 =0.439K

Substituting the values in the expression, A7, =

So, boiling point of solution, T =T +AT

=373.15 K +0.439 K=373.589 K

A solution of glucose (Molar mass =180 g mol’l) in water has a boiling point of 100.20°C. Calculate
the freezing point of the same solution. Molal constants for water K and K, are 1.86 K kg mol ™' and

0.512 K kg mol ™ respectively. [CBSE (F) 2017]
AT, =100.20°C — 100°C = 0.20°C or 0.20 K
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Q. 4.

Ans.

Ans.

Ans.

0.20 K
m = 1
0.512 K kg mol
AT;=1.86 K kg mol™' x 0.39 mol kg ™' =0.725 K
— 70 _
T;= T} - AT,
=273.15K - 0.725 K=272.425 K

Calculate the freezing point of a solution when 3 g of CaCl, (M =111g¢g mol ™) was dissolved in 100 g
of water, assuming CaCl, undergoes complete ionisation. (K, for water =1.86 K kg mol ™)
|CBSE East 2016]
.3 _ - -
Here, Wy =3 g, i=" =3(CaCl, ~ Ca® +2C17) , W, =100 g, K,= 1.86 K kg mol™', M = 111 g mol ™’
Substituting these values in the expression,

or m = 0.39 mol kg"1

iX KXW, x1000
AT, = , we get
f M, xXW,
3x1.86x3x1000
AT, = 111 %100 =1.508 K

Freezing point of solution,
I;=17 - AT,
=273.15 K- 1.508 K =271.642 K

3.9 g of benzoic acid dissolved in 49 g of benzene shows a depression in freezing point of 1.62 K.
Calculate the van’t Hoff factor and predict the nature of solute (associated or dissociated).

(Given: Molar mass of benzoic acid=122 g mol*', Kffor benzene =4.9 K kg molfl) |CBSE Delhi 2015]
The given quantities are
Wg=39g W,=49 g AT;=1.62K, My=122 gmol ' and K, = 4.9 K kg mol ™'

Substituting these values in the equation,

K X W, X 1000
= ———— we get
AfoWA
4.9%x3.9x1000
My = 1.62%x49

My =240.74 g mol™
Thus, observed molecular mass of benzoic acid in benzene = 240.74 g mol ™

Normal molecular mass of benzoic acid = 122 g mol™'
Normal molecular mass

"~ Observed molecular mass
122 g mol ™!

i= ————
240.74 g mol !
As i < 1, therefore, benzoic acid will undergo association in benzene.

=0.507

Calculate the mass of NaCl (molar mass =58.5 g mol ™) to be dissolved in 37.2 g of water to lower the
freezing point by 2°C, assuming that NaCl undergoes complete dissociation.

(K, for water = 1.86 K kg mol ') [CBSE (F) 2015]

NaCl —> Na' + CI, i=%=2

Substituting K,= 1.86 K kg mol ™, W,=372g,Mz=585g¢g mol™,i=2, AT,=2°C or 2 K in the equation,
AT, X My X W,
Wy=—"——"1-+ weget
ix Kf X1000
W = 2x58.5%x37.2 _

p=—— "~ " =117¢g
2x1.86x1000



Ans.

Ans.

Ans.

At 300 K, 30 g of glucose, C{H,,0O, 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
[CBSE 2019 (56/4/2)]

concentration of the other solution.

=WB><R><T=CRT
MpxV
_ 30X RX300 _ .
4.98——180><1 =50R ...(1)

1.52 = C x R x 300 = 300CR ...(ii)

Dividing equation (i7) by (i), we get
300CR _ 1.52
50R 4.98

C=0.051 M

A solution containing 1.9 g per 100 mL of KCI(M=74.5¢ mol ™) is isotonic with a solution containing
3 gper 100 mL of urea(M=60g mol ™). Calculate the degree of dissociation of KCl solution. Assume
that both the solutions have same temperature.

For non-electrolyte Urea; m = CRT
For electrolyte KCl; m=i CRT
Thus, C, . RT =iCyRT

KCl1
Curea = lCKCl
~3x1000
I 60%100
1.9 x 1000
=22 _0.25M
K ™ 74.5%100
So, 0.5=ix0.25
i=2.0
Now, KCl—— K'+CI”
0.25 0 0

025-a « o

Total moles after dissociation = 0.25 -a+a+a

_ Total number of moles after dissociation

L Total number of moles before dissociation
025+ 025+

i= = 20=

0.25 0.25

a=0250ra=25%

Given alongside is the sketch of a

plant for carrying out a process.

(i) Name the process occurring

in the given plant.

(i27) To which container does the
net flow of solvent take place?

(¢i7i) Name one SPM which can be

used in this plant.

Papplied > 7

L

Fresh water

Container

(iv) Give one practical use of the plant.

(i) Reverse osmosis.
(if) Fresh water container.

(iii) Cellulose acetate placed on a suitable support.

(iv) Desalination of sea water.

. Xam idea Chemistry-XI|

SPM

[CBSE 2019 (56/2/1)]

Isotonic solutions are those solutions which have the same osmotic pressure. If the osmotic pressures are
equal at the same temperature, concentrations must also be equal. So,

water
tainer

Piston



Long Answer Questions

Q.1. (i) Define the following terms:
(a) Molarity
(b) Molal elevation constant (K)

(ii) 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_l)
in water. Calculate the mass of glucose present in one litre of its solution.

[CBSE (AI) 2014]
Ans. (i) (a) Molarity may be defined as number of moles of solute dissolved in one litre of solution.
Moles of solute
Volume of solution (in litre)

Molarity =

(b) Molal elevation constant may be defined as the elevation in boiling point when one mole of solute
is dissolved in 1000 grams of the solvent.

U Wy XRXT
(if) Osmotic pressure, T = W
Osmoti ¢ lution = I5XRXT
smotic pressure of urea solution = —— = =
Wy XRXT
Osmotic pressure of glucose solution = —s———
180 X 1

As, Osmotic pressure of urea solution = Osmotic pressure of glucose solution

I5XRXT WpXRXT
60x1 1801

15X180
60
Q.2. (i) Explain why on addition of 1 mol glucose to 1 litre water the boiling point of water increases.
(ii) Henry’s law constant for CO, in water is 1.67 X 10® Pa at 298 K. Calculate the number
of moles of CO, in 500 ml of soda water when packed under 2.53 X 10° Pa at the same
temperature. [CBSE (AI) 2017C]
Ans. (i) Onaddition of glucose, a non-volatile solute to water (a volatile solvent) the vapour pressure of water
decreases. In order to make the solution boil, its vapour pressure must be increased by raising the
temperature above the boiling point of pure water. In other words, there is an increase in the boiling

point of water.

Therefore,

Mass of glucose, W, = 45¢

Pco
(if) According to Henry’s law, pco, = Ky X xco, OF Xco, = K—z
H
5
¥eo, = 2.53><108 Pa —151x107
1.67 x10° Pa

Mass of water = Density of water x volume of water
=1gmL™" %500 mL=500g

Mass of water _ 500 g
Molar mass 18 g mol ™

Moles of water, n = =27.78 mol

nco, nco,
Xco, = =
€027 ny,0 +nco,  "H0

or nco, = Xco, X "H,0

Neo, = 1.51x 107 x 27.78 mol
=0.042 mol

Solutions .



Q. 3. (i) Define the following terms:
(a) Azeotrope (b) Osmotic pressure
(c) Colligative properties
(i1) Calculate the molarity of 9.8% (w/w) solution of H,SO, if the density of the solution is
1.02 g mL™". (Molar mass of H,SO, = 98 g mol™) [CBSE (F) 2014]

Ans. (i) (@) The binary mixtures of liquids having same composition in liquid and vapour phase and boil at a
constant temperature are called azeotropes.

(b) The excess of pressure which must be applied to the solution side to prevent the passage of solvent
into it through a semipermeable membrane is called osmotic pressure.

(¢) The properties of solutions which depend only on the number of solute particles in the solution
but independent of their nature are called colligative properties.

(i) Let the mass of solution = 100 g
. Mass of H,SO,=9.8 ¢

Mass of H,SO, 9.8¢g
Number of mole of H,SO, = = =0.1mol
Molar Mass 98 g mol !
i 100
Volume of solution = Mas.s of soluthn = £ _ 100 mL

Density of solution 1 02 gmpL"  1.02

_ 100 1 1 L

T 1.02 1000 mL L0~ 10.2

Moles of solute
Volume of solution (in L)

Molarity =

- 0‘1‘5"1 =1.02mol L™ or 1.02 M

10.2

Q. 4. Discuss biological and industrial importance of osmosis.
Ans. The process of osmosis is of great biological and industrial importance as is evident from the following
examples:

(/) Movement of water from soil into plant roots and subsequently into upper portion of the plant occurs
partly due to osmosis.

(if) Preservation of meat against bacterial action by adding salt.

(iif) Preservation of fruits against bacterial action by adding sugar. Bacterium in canned fruit loses water
through the process of osmosis, shrivels and dies.

(iv) Reverse osmosis is used for desalination of water.

Q.5. (i) 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, for CS, = 3.83 K kg mol ™', Atomic mass of Sulphur = 32 g mol™]

(i7) Blood cells are isotonic with 0.9 % sodium chloride solution. What happens if we place
blood cells in a solution containing

(a) 1.2% sodium chloride solution?

(b) 0.4% sodium chloride solution? [CBSE Delhi 2016)
Ans. (i) Here, Wp=2.56 g, W,=100 g, AT,=0.383 K, K,=3.83 Kkg mol ™!

Substituting these values in the expression, we get

y K, <, %1000
B T AT
AT, %W,
 3.83x2.56x1000 _ L
M= ""00x0383 - 20gmol



Now, molecular mass of S, =x x 32 =256
_ 256 _g
32
Therefore, formula of sulphur = Sg
(if) (a) Water will flow out of the cell and they would shrink.
(b) Water will flow into the cell and they would swell.

Q.6. (i) Why a person suffering from high blood pressure is advised to take minimum quantity
of common salt?
(@) 2 g of benzoic acid (C¢gH;COOH) dissolved in 25 g of benzene shows a depression in
freezing point equal to 1.62 K. Molal depression constant for benzene is 4.9 K kg mol™'. What
is the percentage association of acid if it forms dimer in solution?  [CBSE 2019 (56/5/2)]
Ans. (i) Osmotic pressure is directly proportional to the concentration of the solutes. Our body fluid contains
a number of solutes. On taking large amount of common salt, Na” and CI ions enter into the body
fluid thereby raising the concentration of the solutes. As a result, osmotic pressure increases which
may rupture the blood cells.
(i) The given quantities are
Wy=2g W,=25g AT, = 1.62 K, K;=4.9 K kg mol"'

K, X W, x1000
Substituting these values in equation M= ————  we get
N
My = 222 2X1000 5 41 98 6 mol !

1.62x25
Thus, observed molecular mass of benzoic acid in benzene = 241.98 g mol ™
Normal molecular mass of C;(H;COOH =122 g mol ™!

_ _Normal molecular mass _ 122 g mol ! 0504
Observed molecular mass ~ 241.98 g mol ™! '
i =0.504 (D)
If a represents the degree of association of solute then we would have (1 — o) mole of benzoic acid

)
2
Now, consider the following equilibrium for the acid:

2(CH,COOH) == (C,H,COOH),

left in unassociated form and corresponding —- as associated moles of benzoic acid at equilibrium.

1 mol 0
(1 - o) mol % mol
Thus, total number of moles of particles at equilibrium
=l-a+ L= 1- @
2 2

. Total number of moles of particles after association

Number of moles of particles before association

1
__ 2 _, g
= 1- > ...(i0)
From (i) and (ii), we have
o
0.504 =1- )
5 =1-0.504=0496
or a =0.496 x 2 =0.992

Therefore, degree of association of benzoic acid in benzene is 99.2%.



Q. 7. (i) Give reasons for the following:
(a) At higher altitudes, people suffer from a disease called anoxia. In this disease, they become
weak and cannot think clearly. [CBSE 2019 (56/4/1)]
(b) When mercuric iodide is added to an aqueous solution of KI, the freezing point is raised.

(@) 0.6 mL of acetic acid (CH;COOH), having density 1.06 g mL™, is dissolved in 1 litre of
water. The depression in freezing point observed for this strength of acid was 0.0205°C.
Calculate the van’t Hoff factor and the dissociation constant of acid.

Ans. (i) (a) At higher altitudes, partial pressure of oxygen is less than that at ground level, so that oxygen
concentration becomes less in blood or tissues. Hence, people suffer from anoxia.

(b) Due to the formation of complex K,[Hgl,], number of particles in the solution decreases and
hence the freezing point is raised.

(if) Mass = Density x Volume
Mass of acetic acid = 1.06 g mL™" x 0.6 mL = 0.636 g
Mass of acetic acid _ 0.636 ¢

Molar mass 60 g mol !
Mass of water = 1 g mL™" x 1000 mL = 1000 g

Number of moles of acetic acid = =0.0106 mol

Number of moles of acetic acid

Molality = Mass of water in grams <1000
= 00196 1600 = 0.0106 mol kg™
1000
=1.86 K kg mol™! x 0.0106 mol kg™
=0.0197 K

Observed freezing point
van’t Hoff Factor (i) = P _ 0.0205K

Calculated freezing point  0.0197K
i =1.041 (D)

If a is the degree of dissociation of acetic acid, then we would have n(1 — or) moles of undissociated
acid, naw moles of CH;COO™ and na moles of H' ions at equilibrium.

CH,COOH — H' + CH,;CO00"

n mol 0 0

n(l-a) no. mol no. mol

Thus, total moles of particles = n — no. + na + now = n(1 + o)

. Total number of moles of particles after dissociation

Number of moles of particles before dissociation
From (7) and (ii), we have
1.04l=1+a = oa=1041-1=0.041
K = [CH;COO™][H"]
¢ [CH,COOH]

[CH;COO0 ] =n(1 - a)=0.0106 (1 —0.041) = 0.0106 x 0.959

[H] = no. = 0.0106 x 0.041
[CH;COO ] = na =0.0106 x 0.041

K = 0.0106 X 0.041X0.0106 X 0.041
@ 0.0106 X 0.959

=1.86 x 107




Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

Choose and write the correct answer for each of the following. Bx1=3)
1. Consider the figure and mark the correct option.

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

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

Fresh water

(¢) water will move from side (B) to side (A) if a A)

pressure equal to osmotic pressure is applied on
piston (B).

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

2. 23 g of ethanol is dissolved in 36 g of water. The mole fraction of ethanol is
(a) 2 (b) 0.5
(¢) 0.2 (d) 0.8
3. Wehave three aqueous solutions of NaCl labelled as ‘A’, ‘B’ and ‘C’ with concentrations
0.1 M, 0.01 M and 0.001 M, respectively. The value of van’t Hoff factor for these solutions
will be in the order
(@) ig<ip<ic (b) ig>ip>ic
©) iy=ig=ic (d) ix<ip>ic
In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions firom the codes (a), (b), (c) and (d) as given below:

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

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

(¢) Assertion (A) is correct, but Reason (R) is incorrect statement.
(d) Assertion (A) is incorrect, but Reason (R) is correct statement. Bx1=3)
4. Assertion (A) : The boiling point of 0.1 M urea solution is less than that of 0.1 M KCl
solution.

Reason  (R) : Elevation of boiling point is directly proportional to the number of species
present in the solution.

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

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

6. Assertion (A) : If more and more solute is added to a solvent, the freezing point of the
solution keeps on reducing.

Reason  (R) : Presence of large amount of the solid solute does not allow the solution to

freeze.
Solutions .



Answer the following questions:

7. Which one of these has the highest freezing point? (1)
(7)) 1 M glucose (i7) 1 M NaCl (ii1) 1 M CaCl,
8. What are minimum boiling azeotropes? Give one example. (1)
Explain why
(i) A decrease in temperature is observed on mixing ethanol and acetone.
(it) Potassium chloride solution freezes at a lower temperature than water. 2)
10. Draw the graph between vapour pressure and temperature and explain the elevation in boiling
point of a solvent in solution. (2)
11. Differentiate between molarity and molality of a solution. Explain how molarity value of a
solution can be converted into its molality. (2)
12. CCl, and water are immiscible whereas ethanol and water are miscible in all proportions.
Correlate this behaviour with molecular structure of these compounds. (2)
13. Calculate the boiling point of a 1 M aqueous solution (density 1.04 g mL™) of potassium chloride
(K, for water = 0.52 K kg mol™!, Atomic masses: K =39 u, C1 = 35.5 u)
Assume, potassium chloride is completely dissociated in solution. 3)
14. A decimolar solution of potassium ferrocyanide is 50% dissociated at 300 K. Calculate the
osmotic pressure of the solution. (R = 8.314 J K™! mol™). 3)
15. 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 (K for water is 1.86 C/m. Assume van’t Hoff
factor for NaCl is 1.87. (Molar mass of NaCl = 58.5 g). 3)
16. (i) Calculate the molality of a sulphuric acid solution in which the mole fraction of water is
0.85.
(it) The graphical representation of vapour pressures of — P8
two component system as a function of composition | 7 )
is given alongside. 3 o p=prtPe
By graphic inspection, answer the following %
questions: gé_
(a) Are the A-B interactions weaker, stronger or of 3 Pe
the same magnitude as A—A and B-B? §' PA
(b) Name the type of deviation shown by this
system from Raoult’s law.
(c) Predict the sign of A, ; H for this system. :
(d) Predict the sign of A,V for this system. ig:g) Mole fraction ig:?
(e) Give an example of such a system. -~ iﬁ —
() What type of azeotrope will this system form, if possible? (5)
Answers
1. (b) 2.(¢) 3.(¢) 4. (a) 5.(b)
6. (¢) 7. (i) 13.374.227 K 14.7.384 atm 15.8.199 ¢ 16. (i) 9.8 m



1.

Electrochemistry

pts

Electrochemistry: Electrochemistry is the study of production of electricity from the energy released
during a spontaneous chemical reaction and the use of electrical energy to bring about non-spontaneous
chemical transformations.
Ohm’s Law: It states that the potential difference (7) across the conductor is directly proportional to the
current (/) flowing through it. Mathematically,

VoclorV=IR
where R is a constant called resistance of the conductor. Ohm’s law is obeyed by both the metallic, as well
as electrolytic conductors.
Resistance (R): It is the property of a substance by which it obstructs the flow of electric current through it.
The electrical resistance (R) of any object is directly proportional to its length (/) and inversely proportional
to its area of cross-section (A4).

Thus, Roc% or R=p£
where p (rho) is a constant of proportionality called specific resistance or resistivity.

o=RY

/

If /=1 cm and 4 =1 cm? then R = p.

Thus, resistivity may be defined as the resistance offered by a conductor of 1 cm length with area of

cross-section equal to 1 cm?, i.e., it is the resistance of 1 cm® of the conductor.
A cm? B

Units: p= RT = Ohmc—m = ohm cm

Its SI unit is ohm metre (Q m).

Conductance (G): It is the reciprocal of resistance and may be defined as the ease with which the electric
current flows through a conductor.

G=—
R

Its SI unit is Siemen (S).
1S =ohm ' (mho)

Conductivity («): It is the reciprocal of resistivity (p).

If/=1cmand 4= 1cm? thenk = G.

Hence, conductivity of an electrolytic solution may be defined as the conductance of a solution of 1 cm
length with area of cross-section equal to 1 cm?.

Alternatively, it may be defined as the conductance of 1 cm’ of the solution of an electrolyte.

Electrochemistry .



Units: k = L ! =ohm'em™ (S cmfl)

@ ohmcm
The SI unit of conductivity is S m™".
6. Factors Affecting Metallic Conductance

Electrical conductance through metal is called metallic or electronic conductance and is due to the
movement of electrons. It depends on:

(a) The nature and structure of metal.

(b) The number of valence electrons per atom.

(¢) Temperature (it decreases with increase in temperature).
7. Factors Affecting Electrolytic Conductance

Electrolyte: An electrolyte is a substance that dissociates in solution to produce ions and hence conduct
electricity in dissolved or molten state.

Examples: HCI, NaOH, KCl (Strong electrolytes).

CH;COOH, NH,OH (Weak electrolytes).
The conductance of electricity by ions present in the solution is called electrolytic or ionic conductance.
The following factors govern the flow of electricity through a solution of electrolyte.

(a) Nature of electrolyte or interionic attractions: Lesser the solute—solute interactions, greater will be
the freedom of movement of ions and higher will be the conductance.

(b) Solvation of Ions: Larger the magnitude of solute—solvent interactions, greater is the extent of
solvation and lower will be the electrical conductance.

(¢) The nature of solvent and its viscosity: Larger the solvent—solvent interactions, larger will be the
viscosity and more will be the resistance offered by the solvent to flow of ions and hence lesser will
be the electrical conductance.

(d) Temperature: As the temperature of electrolytic solution rises solute—solute, solute—solvent and
solvent—solvent interactions decrease, which results in the increase of electrolytic conductance.

8. Difference between Metallic and Electrolytic Conductance

(i) | Movement of electrons is responsible for conduction. | Movement of ions is responsible for conduction.

(if) | Does not involve transfer of matter. Matter moves in the form of ions.

(iii) | Decreases with increase in temperature as kernels | Increases with increase in temperature due to decrease
start vibrating which produce hindrance in the flow | in interionic attraction or increase in dissociation.
of electrons.

1/
_ >< _
R 4
The value of k could be known, if we measure /, A and R. The

9. Measurement of Conductance: As we know, k =

value of the resistance of the solution between two paralle] Conductivity

cell R

electrodes is determined by using ‘Wheatstone’ bridge method
(Fig. 3.1).
It consists of two fixed resistance R; and R, a variable resistance
R, and the conductivity cell having the unknown resistance
R,. The bridge is balanced when no current passes through the
detector. Under these conditions,

ﬁ = ﬁ or R = Ry

R, R, 2 R
Knowing the values of R, R; and R, the resistance of the solution, R, is determined. The reciprocal of R,
gives the conductance of the solution.

Fig. 3.1: Wheatstone Bridge




10. Molar Conductivity (A

11.

). It may be defined as the conducting power of all the ions produced by
dissolving one gram mole of an electrolyte placed between two large electrodes at one centimetre apart.
Mathematically,

A, =xxy, A, =100

where, ¥ is the volume of solution in cm® containing 1 gram mole of electrolyte and ¢ is the molar
concentration.

_ k%1000 _ Sem’!

Units: Am c

mol cm™

=ohm ™' ¢cm? mol™ or S cm® mol™!
Variation of Conductivity and Molar Conductivity with Concentration:

Conductivity decreases with the decrease in concentration, this is because the number of ions per unit
volume that carry the current in the solution decreases on dilution.

Molar conductivity (A,, = x % V) increases with the decrease in concentration or increase in dilution. This
is because the total volume V of solution containing one mole of electrolyte increases with increase in
dilution. It has been found that the decrease in k on dilution of a solution is more than compensated by

increase in its volume.

Graphical representation of the variation of A, VS\/E

A
400+

CH;COOH (Weak electrolyte)

200

App/(S cm? mol ™)

KCI (Strong electrolyte)

0 0.2 0.4
c12/(mol/L)/2

Fig. 3.2: A, Vs ¢ for weak and strong electrolytes

Limiting Molar Conductivity (A°): The limiting value of molar conductivity when the concentration

m
approaches zero is known as limiting molar conductivity or molar conductivity at infinite dilution.

It is possible to determine the molar conductivity at infinite dilution (A°,) in case of strong electrolyte
by extrapolation of curve of A,, vs Je (Fig. 3.2). On contrary, the value of molar conductivity of weak
electrolyte at infinite dilution cannot be determined by extrapolation of the curve as the curve becomes
almost parallel to y-axis when concentration approaches to zero.

The mathematical relationship between A, and A’ for strong electrolyte was developed by Debye,
Huckel and Onsager. In simplified form, the equation can be given as

A, =N~ b
where A is the molar conductivity at infinite dilution and b is a constant which depends on the nature of
the solvent and temperature.



12. Kohlrausch’s Law: It states that the limiting molar conductivity of an electrolyte can be represented as the

13.

sum of the individual contributions of the anion and cation of the electrolyte.
In general, if an electrolyte on dissociation gives v, cations and v_ anions then its limiting molar
conductivity is given by
N =v, N +v \°
Here, A and A° are the limiting molar conductivities of cations and anions, respectively.
Applications of Kohlrausch’s Law:

(a) Calculation of molar conductivities of weak electrolyte at infinite dilution: For example, molar
conductivity of acetic acid (weak acid) at infinite dilution can be obtained from the knowledge of
molar conductivities at infinite dilution of strong electrolytes like HCl, CH;COONa and NaCl as

illustrated below:
o — o o
Am(CH3 COOH) >\CH3COO’ + >\H*
= D\OCH3 coo AT H A F A T = A+ A ]
. o — o o o
L€, Am(CH3COOH) - Am(CH3COONa) + Am(HCl) - Am(NaCl)
(b) Determination of degree of dissociation of weak electrolytes:
AC
Degree of dissociation (a) = AZq
m
(c) Determination of dissociation constant (K) of weak electrolytes:
_ o’
l-a
AC
Also, a —Z’
Am

c(AS /M%) c(AS)?
K= . = .
1-AS /N A (A =AY
(d) Determination of solubility of sparingly soluble salts:

Ao 2 KX1000 _ kX1000 kX 1000
m  Molarity  Solubility Of, SOMBIL N°

m

Electrochemical Cells: An electrochemical cell is a device in which chemical energy of the redox reaction
is converted into electrical energy. The redox reaction is carried out in an indirect manner and the decrease
in free energy during chemical reaction appears as electrical energy.

The simplest electrochemical cell is Voltmeter
Daniel cell or Galvanic cell in which
a zinc rod is placed in a solution
of Zn*" ions (say, ZnSO,) in the

left container and a bar of copper Anode . Saltbridge w Cathode
metal is immersed in a solution of -ve — tve
Cu*" ions (say, CuSO,) in the right

container. The two metals which

act as electrodes are connected by a

metallic wire through a voltmeter. Znso, CusO,
The two solutions are joined by an (1M) (M)

inverted U-tube containing semi-

solid paste of either KCI, KNO; or $0;

NH,CI in gelatin or agar-agar jelly. ~oocr K N0z
This arrangement of U-tube is called Zn* ‘
salt bridge (Fig. 3.3). Tn—7n? 126 Cu?*+26-—Cu

Fig. 3.3: A simple voltaic cell



The overall cell reaction,
Zn(s) + cu? (aq) —— Zn** (aq) + Cu(s)
can be split into two half cells. The deflection in the voltmeter indicates the flow of current through the

external circuit. The conventional current flows through the outer circuit from copper metal to zinc metal,
which implies flow of electrons from zinc to copper bar.

(a) At zinc electrode, the metal undergoes oxidation and releases two electrons.
Zn(s) —— Zn*' (ag) + 2¢ (oxidation)
Because oxidation is taking place, the electrode behaves as anode. These electrons travel through wire
and reach the copper metal.
(b) cu? (aq) +2e —— Cu(s) (reduction)
The above reaction occurs at the copper electrode. Electronation takes place which is a reduction
process and that is why it acts as cathode.

As a result of the two half cell reactions, zinc metal dissolves in anode solution to form Zn>" ions,
while the Cu®* ions are discharged at the cathode by accepting two electrons and are deposited at
cathode. The electrical neutrality is maintained in two half cells using a salt bridge. The anions of the
inert electrolyte in the salt bridge migrate to the anodic chamber and cations to the cathodic chamber.

As a result, as the reaction progresses, copper bar gains weight whereas zinc rod loses weight. As
a consequence, the cell continues to function till either zinc metal or copper ions in solution are
consumed fully.

Since electrons are released at anode, it acquires negative polarity and cathode becomes positive
because it needs electrons for the reduction of +ve ions. This observation is against the usual
electrolytic cell where anode is +ve and cathode is —ve.

Salt Bridge and Its Functions

A commonly used form of salt bridge consists of a glass U-tube containing semi-solid paste of either
KCl, KNO; or NH,Cl in gelatin or agar-agar jelly.

The electrolytes that are often used in salt bridge are called inert electrolytes which are supposed:
(a) not to interact chemically with either of the solutions present in anodic or cathodic chamber.
(b) not to interfere with overall cell reaction.

(c) only those electrolytes can be used in a salt bridge in which mobility of ions is almost the same.
Example, KCl, K,SO,, etc.

A salt bridge carries out two important functions:

(a) It allows only flow of ions through it. Thus, the circuit is completed.

(b) It also maintains the electrical neutrality.

14. Cell Diagram or Representation of an Electrochemical Cell: The following conventions or notations
are applied for writing the cell diagram in accordance with [TUPAC recommendations: The Daniel cell is
represented as follows:

Zn(s) | Zn*" (c,) || Cu**(c,) | Cu(s)
(a) Anode half cell is written on the left hand side while cathode half cell on right hand side.
(b) A single vertical line separates the metal from aqueous solution of its own ions.
Zn(s) | Zn** (aq); Cu’’ (aq) | Cu(s)
Anodic chamber Cathodic chamber

(c) A double vertical line represents salt bridge which allows the passage of ions through it but prevents
the mixing of two solutions.

(d) The molar concentration (c) is placed in brackets after the formula of the corresponding ion.
(e) The value of EMF of the cell is written on the extreme right of the cell. For example,
Zn(s) | Zn> " (IM) || Cu** (IM) | Cu (s) EMF=+1.1V
(f) If an inert electrode like platinum is involved in the construction of the cell, it may be written along with the
working electrode in bracket, say for example, when a zinc anode is connected to a hydrogen electrode.
Zn(s) | Zn®" (c;) || H' (¢) | Hy (PY)

A
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15. Reversibility of Daniel Cell:
(a) When external voltage is less than 1.10 V, electrons flow from Zn to Cu but current flows from Cu to
Zn, i.e., in opposite direction. Zinc dissolves at anode and copper deposits at cathode [see Fig. 3.4(a)]

(b) When external voltage applied is less than 1.10 V and is increased slowly, it is observed that the
reaction continues to take place till the external voltage attains the value 1.10 V. When this is so,
reaction stops altogether and no current flows [see Fig. 3.4(b)].

(c) If the value of external voltage exceeds the voltage of Daniel cell (1.10 V), the reaction takes place in
opposite direction, i.e., the cell functions like an electrolytic cell [see Fig. 3.4(c)].

|Eext<1-1v IEextz:L.:LV |Eext>1-1v
1| i X
e_—4 — A A B
Anode > @ > Cathode @ Cathode ® .e Anode
Current =0 +ve Current | -ve
Zn — — Zn — — Zn — —
n—ve Salt +Vgu n Salt cu n Salt cu
bridge bridge
| | | | | |
ZnS0Oq4 CuS0O, ZnSOy CuSOy4 ZnSOy CuSOq4

(a) (b) (c)
Fig. 3.4: Functioning of Daniel cell when external voltage E.,; opposing the cell potential is applied
16. Electrode Potential: It may be defined as the tendency of a metal, when it is placed in contact with its own
ions to either lose or gain electrons and in turn become positively or negatively charged.
The electrode potential will be named as oxidation or reduction potential depending upon whether oxidation
or reduction has taken place.

M (S) oxidatl:on Mn+ (aq) ¥ ne
reduction
Or
Mn+((1q) + ne- reduction M(S)

oxidation
Characteristics:
(a) Both oxidation and reduction potentials are equal in magnitude but opposite in sign.

(b) The reduction potential shows an increase with increasing concentration and decrease with decreasing
concentration of ions in a solution.

(c) It is not a thermodynamic property, so values of E are not additive.

17. Standard Hydrogen Electrode (SHE): It is a reference electrode and its
reduction potential is arbitrarily assigned as zero volt at all temperature.

The standard hydrogen electrode consists of a platinum electrode coated Hat298K
with platinum black. The electrode is dipped in an acidic solution having [1bar

IM concentration of H' ions. Pure hydrogen gas at 1 bar pressure is
continuously bubbled through the solution at a temperature of 298 K
(Fig. 3.5).

The hydrogen electrode can act both ways—as an anode or as a cathode.
Acting as anode — oxidation takes place, IMHCI
Hy(9) —— 2H' (ag)+2¢ 2
Acting as cathode — reduction takes place,
2H' (ag) +2¢" —— Hy(g)

Fig. 3.5: Standard or
Normal Hydrogen Electrode
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20.

Representation of SHE
Pt(s) | Hy (g) | H (aq) (c = 1 M)
Standard Electrode Potential (E£°): It may be defined as the electrode potential of an electrode determined
relative to standard hydrogen electrode under standard conditions. The standard conditions taken are:
(@) 1 M concentration of each ion in the solution.
(b) A temperature of 298 K.
(c) 1 bar pressure for each gas.

Cell Potential or EMF of a Cell: The difference between the electrode potentials of two half cells is called
cell potential. It is known as electromotive force (EMF) of the cell if no current is drawn from the cell.

E ell — E, E, Ecathode - E

c reduction — Foxidation — anode
Since anode is put on left and cathode on right, therefore it follows
Ecell = ER -E L
For a Daniel cell,
Eean = B ica = Ezur iz

=0.34V - (- 0.76V)
=1.10V
Nernst Equation: It relates electrode potential with the concentration of ions.

For an electrode reaction, M"* (ag) + ne. —— M(s)

Nernst equation can be written as

Y RT . [M]
EM'H/M = MM T —1In
nk [M”+]
o 2.303RT 1
EM’H/M - M”+/M - nF log [Mn+]

where, Ew* = Electrode potential
EYp
R=8314JK ' mol™

T = Temperature in kelvin

= Standard electrode potential

n = No. of electrons gained
F = Faraday constant (96500 C mol ")

Substituting the value of R and F, we get
0.0591 1

By = 1(\)/1”+/M E— log M ,at 298 K
o 0.0591 .
or Eyreg = Byt =, log[M™],at 298K

Thus, the reduction potential increases with the increase in the concentration of ions.

For a general electrochemical reaction of the type:

ne

ad+bB cC+dD
Nernst equation can be given as
c D d
Eoy = Ecar — % n [[i a[[B}b
o 2303 [C1°[D]”
Ecell a Ecell - nkF RT 0g [A]a[B]h
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22,

23.

24.

25.

Substituting the values of R and F we get

Cl°[p]’
g o—po 00591 [ICTT ]b,at298K

cell cell — n 0g [A] a [B]

Equilibrium Constant from Nernst Equation: For a Daniel cell, at equilibrium

o _ 2303RT [Zn®"]

Ecell =0= Ecell - 2F 0g [Cu2+]
o _ 2303RT, [Zn”]
or cell 2F lOg [Cu2+]
o [Zn]
But at equilibrium, . =K.
[Cu™]
2.303RT
cell = oF gk,
2.303 X 8.314 X298 0.0591
@i gxops00 0eKe= T, gk,
0.0591 n
In general, £, =~ ——logK or,logK = 0.0591 E,

EMF and Gibbs Free Energy: The work done by a reversible galvanic cell is equal to decrease in its free
energy.

Mathematically, A,G = —nFE_y
If concentration of all the reacting species is unity, then,
E E}, and weget,A G°=—nFE;

cell =

From A G°, we can calculate the equilibrium constant of a reaction,
A G’=-RTInK, or A G°=-2303RT logKk,

Electrochemical Series: The arrangement of various standard half-cells in the order of their decreasing
standard reduction potential values is known as electrochemical series.

e A negative value of E° means that the redox couple is stronger reducing agent than H*/H,. e.g., Mg (— 2.36).
@ A positive value of E° means that the redox couple is weaker reducing agent than H'/H,. e.g., Br, (1.09).
Concentration Cells: If two electrodes of the same metal are dipped separately into two solutions of the
same electrolyte having different concentrations and the solutions are connected through salt bridge, such

cells are known as concentration cells. In these cells, oxidation takes place on the electrode with lower
concentration (c,) while reduction takes place on the electrode with higher concentration (c,). For example,

H, | H*(c)) || H*(¢,) | Hy; Cu | Cu**(¢)) || Cu**(c,) | Cu
Zn | Zn** (¢)) || Zn** (¢,) | Zn
The EMF of concentration cell at 298 K is given by

~ 0.0591 ©
wll = g log c—l, where ¢

>c

2 1

Electrolysis: The process of decomposition of an electrolyte when electric current is passed through its
aqueous solution or fused state is called electrolysis.

The process of electrolysis of a substance is governed by Faraday’s laws of electrolysis.

(a) Faraday’s first law of electrolysis

“The amount of any substance deposited or liberated at the electrode is directly proportional to the quantity
of electricity passing through the electrolyte.”
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If w grams of the substance deposited on passing O coulombs of electricity, then

or

woc QO or woclXt [.-Q=1IX{]
w=ZxIxt

where, Z is a constant of proportionality known as electrochemical equivalent of the substance deposited.

@ Electrochemical equivalent (Z2): If /=1 ampere and ¢ = | second, then

(b

w=27Z
Thus, the electrochemical equivalence may be defined as the amount of the substance deposited by passing
one ampere of current for one second or by passing one coulomb of charge through the electrolyte.
1 Faraday = Quantity of electricity carried by 1 mole of electrons.
(6.023 x 102 mol ' x 1.6 x 107" C =96472 C mol ! =~ 96500 C mol ")
If n mol of electrons are involved in an electrode reaction, then
n % 96500 C of charge will deposit = M g of the element

1 C of charge will deposit = % g of element
But 1 C of charge deposit mass of element=7 g
z=— M g= £ g
n % 96500 96500 Atomic mass
where E is the equivalent mass of the element and is equal to Tncy of the element.
or E=96500xZ

Equivalent mass: The mass of an element deposited by passing 96500 C of charge.

Faraday’s second law of electrolysis
“When same quantity of electricity is passed through different electrolytes, the amount of different
substances deposited at the electrodes is directly proportional to their equivalent masses.”

, m £
Mathematically, Wz = ?2
Commercial Cells (Batteries): Batteriesaretheelectrochemical
cells used commercially to generate electricity. “Any battery C(i::ﬁgég)d

consists of two or more than two galvanic cells connected in
series where the chemical energy of the redox reactions is
converted into electrical energy.” There are mainly two types
of batteries:

(a) Primary cells (Batteries): These cells are not chargeable

because the electrode reaction occurs only once and after
the use over a period of time the cells become dead and
cannot be reused.

The most familiar example of this type of cell is the dry
cell (known as Leclanche cell after its discoverer) which
is used commonly in watches, radios, calculators, etc.

. . . i MnO,, + Carbon black
It consists of a zinc container that also acts as anode %;:;gé’)) +2NH4C| paste
and the cathode is a carbon (graphite) rod surrounded Fig. 3.6: The dry cell

by powdered manganese dioxide and carbon. The space
between the electrodes is filled by a moist paste of NH,CI and ZnCl, (Fig. 3.6).

The electrode reactions are:

Anode: Zn(s) —— Zn*" +2e
Cathode: ~ MnO, +NH, + e~ —— MnO(OH) + NH,
The cell has a potential of nearly 1.5 V.



27. Fuel Cells: Fuel cells are those cells which produce

Another type of primary cell is the mercury cell, consisting of zinc—-mercury amalgam as anode and a
paste of HgO and carbon as the cathode. The electrolyte is a paste of KOH and ZnO. The electrode
reactions are:

Anode: Zn(Hg) +20H —— ZnO(s) + H,O + 2¢~

Cathode: HgO(s) + H,O +2¢- —— Hg (/) + 20H"

The cell potential is approximately 1.35 V and remains constant as the ionic concentration of the
solution is not changed during its life.

. Cathode Anode
b) Secondary cells (Batteries
(®) y cells (Batteries) —
A secondary battery is rechargeable and can be / S
used again and again. It is recharged by passing — "

i

current through it from an external source. Most \\
familiar example of secondary cell is the lead
storage battery commonly used in automobiles
and invertors. It consists of a lead anode and a
grid of lead packed with lead dioxide (PbO,) as
cathode.

A 38% solution of H,SO, is used as an electrolyte
(Fig. 3.7).

<9

Positive plates:

The cell reactions when the battery is in use, are: Sulphuric lead grids filled
acid solution with PbO»

At anode: )

Pb(s)+ SOif(aq) PbSO4(s) +2e Fig. 3.7: The lead storage battery

At cathode:
PbO, (s) + SOi*(aq) +4H" (ag) +2e~ — PbSO,(s) +2H,0())
The overall reaction is:
Pb(s) + PbO,(s) + 2H,SO, (ag) —— 2PbSO, (s) + 2H,0())
On recharging the cell, operated like an electrolytic cell; the reaction is reversed and PbSO,(s) on
anode and cathode is converted into Pb and PbO,, respectively.
At anode: PbSO,(s) + 2H,0()) —— PbO,4(s) + SO,* (aq) + 4H" + 2¢
At cathode:  PbSO, (s) + 2¢° —— Pb(s) + SO,* (aq)
Another important secondary cell is the nickel-cadmium cell which has longer life than the lead
storage cell but is costly. Here, the overall reaction during discharge of the battery is

Cd(s) + 2Ni(OH); (s) —— CdO(s) + 2Ni(OH), (s) + H,0(]) W
ater

electrical energy directly from the combustion of
fuels such as hydrogen, carbon monoxide or methane.
The most successful fuel cell, H,—O, cell utilises the
reaction between hydrogen and oxygen to produce
water. Hydrogen and oxygen are bubbled through a
porous carbon electrode in the cell into concentrated
aqueous sodium hydroxide. Catalysts are incorporated
into the electrode (Fig. 3.8). The electrode reactions
are

Anodic reaction: 2H, (g) +40H (ag) —— 4H,0(/) +4e”
Cathodic reaction: O, (g) + 2H,O(/) + 4¢ —— 40H (aq)
Overall reaction  2H, (g) + O, (g) —— 2H,0())

Advantages of Fuel Cells:
(a) It is a pollution-free device since no harmful products are formed.

Hogas—»_ —<—0O,gas

Fig. 3.8: A simple H,—O, fuel cell

(b) Its efficiency is about 75% which is considerably higher than conventional cells.
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(c) These cells are light in weight as compared to electrical generators to produce corresponding quantity
of power.

(d) It is a continuous source of energy if the supply of gases is maintained.
Corrosion: The process of slow eating up of metals by gases and water vapours present in atmosphere due
to the formation of certain compounds like oxides, sulphides, carbonates, etc. is called corrosion. Corrosion
of iron is known as rusting. Chemically, rust is hydrated ferric oxide, Fe,0;.xH,0. Corrosion may be
considered as an electrochemical phenomenon. According to electrochemical theory of rusting, the impure
iron surface behaves like a small electrochemical cell in the presence of moisture containing oxygen or
carbon dioxide. Such a cell is called corrosion cell or corrosion couple. In these miniature corrosion cells,
pure iron acts as anode, impure surface area acts as cathode and moisture having dissolved carbon dioxide
or oxygen acts as electrolyte.

At anode, oxidation of iron takes place. Thus, Fe enters into the solution as Fe’* ions leaving behind
electrons which are pushed into cathodic area.

Fe —— Fe’'+2¢; E0op =044V (D)
At cathode, the electrons are picked up by the H' ions which are produced from H,CO; (formed due to

dissolution of CO, in moisture) or from H,0.

H' ions, thus formed, reduces the dissolved oxygen as the net reaction at the cathodic area is
., 1 . ) _ .
2H +302+2e — H,0; E}?[+/02/H20—1.23V ...(i0)

The overall reaction of the corrosion cell can be obtained by adding equations (i) and (if)
P 2+ Lo _
Fe+2H +502 —— Fe” +H,0, E =167V

The ferrous ions so formed move through water and come at the surface where these are further oxidised
by atmospheric oxygen to ferric ions and form rust which is hydrated ferric oxide (Fig. 3.9).

1
2+ +
2Fe* +-0,+2H,0 —— Fe,0, +4H

Fe,0,+xH,0 —— Fe,0,.xH,0
Hydrated ferric oxide (Rust)

Prevention Qf Corros'ion: The metal 'surface can be Ot FeZ: 4H"(ag) + O»
protected against corrosion by the following methods: 2 ‘\ 2H,0

(a) Barrier protection: A thin film is introduced Fe’" Fe" \/
between iron and atmospheric oxygen, carbon ~ F€20s ‘>
dioxide and moisture. The following methods are A 4
adopted for depositing thin film on metal surface: B y

. . . . . 2e 2¢
(i) By covering the surface with paint or a thin film Fig. 3.9: Corrosion
of grease.
(if) By electroplating iron with some non-corrosive metals such as nickel, chromium, copper, etc.

(b) Sacrificial protection: In this method, iron surface is covered with a more electropositive metal than
iron which gets oxidised in preference to iron. In such a situation the more electropositive metal loses
electrons instead of iron and thus this metal is sacrificed at the cost of iron, hence the name sacrificial
protection. Iron is generally coated with zinc and this process is called galvanization.

(¢) Electrical protection: This is also a case of sacrificial protection. This method is used for the protection
of underground water pipes or iron tanks. In this method, the exposed surface of iron is protected by
connecting it to a block of some active metal such as magnesium, aluminium or zinc (Fig. 3.10). This
more electropositive metal acts as anode and lose electrons in preference to iron. The iron surface acts
as cathode. This method, therefore, is also called cathodic protection. The electrons released at the
anode are accepted by H' ions of water at the surface of iron. More electropositive metal is consumed
gradually in the process and needs periodical replacement.

N
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Anode
Mg — Mg?*+ 2¢~ 0, + 4H" + 4¢~— 2H,0

Fig. 3.10: Electric Protection

Products of Electrolysis: Under the influence of electric current through molten electrolytes or their
aqueous solutions, ions move towards oppositely charged electrodes. Many times the electrode products
differ. For example, the electrolysis of molten sodium chloride yields sodium metal at the cathode and
chlorine gas is liberated at the anode.

NaCl(s) —— Na' + CI”

(molten state)

At anode, CI' ——Cl+e Oxidation
cl+cl Cl,(g)
Atcathode, Na'+e —— Na(s) Reduction

However, when a concentrated aqueous solution of sodium chloride is electrolysed, H, gas at cathode
and Cl, gas at anode are obtained. This is because water is preferably reduced at cathode.
At cathode, 2H,0(/) +2¢e¢ —— H,(g) +20H (aq)
This happens because the standard reduction potential of water is greater than the standard reduction
potential of Na* ion.

Na“ (ag) + e —— Na(s) Ey=-271V

2H,0()) +2¢ —— H, (g) +20H (aq) E =-083V
At anode, however, Cl, gas is liberated because of over potential of oxygen. In fact, the remaining solution
after electrolysis yields solid NaOH on evaporating. Thus,

At anode 2CI (ag) — Cl, () +2¢
At cathode: 2H,0(/)+2¢” — H,(g)+20H (aq)

2H,0(/)+2Cl (aq) +2Na' (ag) — H, (g) + Cl,(g) + 20H (aq) + 2Na" (aq)

(a) Electrolysis of dilute H,SO,
During electrolysis of dilute H,SO,, the products are H,(g) at cathode and O,(g) at anode:
H,S80, —— 2H"(aq) + SO} (aq)

Atanode,  H,0() — %Oz(g) +2H" (ag) +2¢” E°, =+123V

cell

At cathode, 2H'(ag) +2¢” —— H,(g)
If H,SO, is concentrated then the following reaction occurs at anode
2807 (ag) —— S,0; (aq)+2e” E2, =+1.96 V
(b) Electrolysis of aqueous copper sulphate using inert electrodes (Pt)

In this, copper is deposited at cathode and oxygen is liberated at anode.
CuSO0, (ag) —> Cu**(aq) + SO; (aq)

Atanode H,O()) —— %Oz(g) + 2H (aq) + 2¢ E°, =+123V

cell

2S0% (aq) ——> S,0% (aq) + 2¢ EQ, =+196V



Water, having low £°, would be preferably oxidised at anode instead of SOi_ ions.
Cu”" ions have greater reduction potential, copper metal is deposited at the cathode.
Atcathode,  Cu’’(ag)+2e” —— Cu(s), ES,=+034V

2H,0(/)+2¢” —— H,(g)+20H (aq), 2, = - 0.83 V

cell
(¢) If CuSO, is electrolysed between two copper electrodes (active electrodes), the Cu*" jons discharge at

the cathode (negatively charged) and the following reaction occurs
Cu?*(ag) +2¢~ —— Cu(s)
Thus, copper metal is deposited at cathode. At the anode, copper is converted into Cu”* ions with the
following change:
Cu(s) — Cu*"(ag) +2¢~
Thus, copper is dissolved (oxidised) at anode and deposited (reduced) at cathode. This forms the basis

of an industrial process in which impure copper is converted into copper of high purity. The impure
copper is made as anode that dissolves on passing current and pure copper is deposited at cathode.

(d) Electrolysis of aqueous sodium bromide: Like aqueous NaCl, the electrode products are Br, (/) at
anode and H, (g) at cathode.

o
reduction

value or lower E° , .
reduction

Conclusions: 1. Cathodic reaction will be one which has higher E value.

(4]

oxidation value.

2. Anodic reaction will be one which has higher £

Important Formulae

1.

/
R= p(q) = p X Cell constant
where, R = Resistance
A = Area of cross-section of the electrodes
p = Resistivity
1
K= 7 x cell constant
where, k¥ = Conductivity or specific conductance

k<1000
A= i

where, A, = Molar conductivity

M = Molarity of the solution.
A (4,B)= XA\ A7)+ yA? (B7)
where, A? = Molar conductivity at infinite dilution, x and y are the number of cations and anions produced
by one formula unit of the electrolyte on complete dissociation.
A
A,
where, oo = Degree of dissociation

0]

A‘ = Molar conductivity at a given concentration
For a weak binary electrolyte AB
ca? C(Afn)2

R T NV

where, K = Dissociation constant
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7. Nernst equations for a general electrode reaction:
M" +ne” —— M

M
EM’H—/M:EK/I'H'/M_E n [ ]
nkF [Mn+]
2.303 RT 1
EM"+/M = K/I'H'/M — nF 10g [Mn+]
0.059 1
Eyri g = Eypreg —— 7108 M at298 K

8. Nernst equation for a general electrochemical reaction:

aA + bB e, cC+dD
RT,_[C)[D]’

Eei = Egan — P [4]°[B]"

. 2303RT . [CI'[D]?

Een=Een—— 5 10 [41°[B]"
c D d
E=Egy — 0.(;)159 0g E:j?laE:B}b at 298K
I =" __po
9. log K. =% 0501 Feen

where, K, = Equilibrium constant
10. A G°=-nFE,
A G°=-2303RTlogK,
where, A,G° = Standard Gibbs energy of the reaction
11. O9=1Ixt
where Q = Quantity of charge in coulombs
1= Current in amperes
¢t = Time in seconds
12. m=ZxIxt
where m = Mass of the substance deposited at the electrodes

Z = Electrochemical equivalent

NCERT Textbook Questions

NCERT Intext Questions

Q. 1. How would you determine the standard electrode potential of the system Mg>" | Mg?

Ans. Set up an electrochemical cell consisting of Mg | MgSO, (1 M) as one electrode by dipping a magnesium
rod in 1 M MgSO, solution and standard hydrogen electrode Pt, H, (1 atm) | H (I M) as the second
electrode as shown in given figure.

. Xam idea Chemistry-XI|




Q.2.
Ans.

Q.3.

Ans.

Q. 4.
Ans.

Voltmeter

Mg - Salt bridge I+
rod L H, gas at
51 bar
pressure
(
_J#——Pt foil
1 M HoL__ |
MgSO, .
solution solution Y

Measure the EMF of the cell and also note the direction of deflection in the voltmeter. The direction of
deflection shows that electrons flow from magnesium electrode to hydrogen electrode. Thus, the cell may
be represented as follows:

Mg | Mg* (1 M) | |H" (1 M) | H,, (1 atm), Pt(s)

o _ p° o
Ecell B E].[*/IEHZ B EMgH/Mg

But E°, /1 =0
H/EHZ
o — o
Hence, EMg2+ Mg = E
Can you store copper sulphate solutions in a zinc pot? [HOTS]

For this we have to check whether the following reaction will take place or not.
Zn(s) + CuSO,(aq) —— ZnSO,(aq) + Cu(s)
E%y = E(O:uy/Cu - E;n2+/Zn =034-(-0.76)= 1.10V
As E((:)ell is positive, the reaction will take place. Therefore, we cannot store copper sulphate in zinc pot.

Consult the table of the standard electrode potential and suggest three substances that can oxidise
ferrous ions under suitable conditions.
Oxidation of ferrous ions means

Fe?' —— Fe*'+e; EQ s+ - =077V

Only those substances can oxidise Fe* to Fe'* which are stronger oxidising agents and have positive
reduction potentials greater than 0.77 V so that £, of the cell reaction is positive. This is for elements lying
below Fe*'/Fe?" in the electrochemical series, for example, Br,, Cl, and F,.

Calculate the potential of hydrogen electrode in contact with a solution whose pH is 10. [HOTS]
For hydrogen electrode

H +e¢ — %HZ

0.0591 1
E . =E ./ - 1
H/IEH2 H/IEH2 n 0g [H+]
1 o
Here,n=1, log —— =pH=10, E . /1 =0
[H] H/5H2

E /1 =0-0.0591x10=-0.591V
H'/—H

2



Ans.

Ans.

Q.7.
Ans.

Q. 8.
Ans.

Ans.

Calculate the emf of the cell in which the following reaction takes place:
Ni(s) + 2Ag%(0.002 M) —— Ni** (0.160 M) + 2Ag(s)

Given that E;; =1.05V

From Nernst equation to the given cell reaction

0.0591 NiZt
E = gell_ log[ ]

cell n [Ag+]2
— 105V — 0.0591 log 0.1602 ~1.05— 0.0591 10g(4><104)
2 (0.002)
=1.05- 0.0591 (4.6021) =1.05-0.14V =091V

2
The cell in which the following reaction occurs:
2Fe**(aq) + 2I(aq) —— 2Fe**(aq) + I(s)
has E¢; = 0.236 V at 298 K. Calculate the standard Gibbs energy and the equilibrium constant of the

cell
cell reaction.

2Fe™ +2¢° —— 2Fe* or 21T —— I, + 2¢°
Thus, for the given cell reaction, n = 2.
A, G° = —nFESy; = —2 x 96500 x 0.236 J mol ™ = — 45548 J mol™" = — 45.55 kJ mol ™"

A, G°=-2303 RT log K,

AG —45.55 kJ mol !
2.303RT  2.303%x8.314x107° kJ K™ mol™" x 298K
K, = Antilog (7.983) = 9.616 x 107

—log K, = =-7.983

Why does the conductivity of a solution decrease with dilution?
Conductivity of a solution is the conductance of ions present in a unit volume of the solution. On dilution,
the number of ions per unit volume decreases. So, the conductivity also decreases.

Suggest a way to determine the A?, value of water. [HOTS]
0 _ SO o
Am(HZO) A0 + >\(OH’)
_ o o o 30 o 3O
= Nty T Nory T Ner Ny Aty ~ Nvay

Rearranging we get

o _ o o o o o o
Am(HZO) - P\(H*) +>\(Cr) +[>\(Na+)+>\(OH’) _P\(Naf) +7\(cr)]
o _ o o o
Am(HZO) - Am(HCl) + Am(NaOH) - Am(NaCl)

Thus, the molar conductivity of water at infinite dilution can be determined from the knowledge of
Afn(HCl)’ A;)n(NaOH) and A;)n(NaCI) :

The molar conductivity of 0.025 mol L™! methanoic acid is 46.1 S cm” mol™'. Calculate its degree of
dissociation and dissociation constant.

Given \°(H") = 349.6 S cm® mol™' and 1° (HCOO") = 54.6 S cm” mol ™. [HOTS]

A9, (HCOOH) = N+ Acoo- = 349.6 S cm’ mol ™' + 54.6 S cm” mol™!

A%, =404.2 S cm?® mol™!
A, =46.1 S cm® mol™! (Given)

AL 461
a= =D _ 0114
A0 4042



Q. 10.

Ans.

Q. 11.
Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.
Ans.

Q. 15.
Ans.

HCOOH == HCOO + H'
Initial conc. cmol L™ 0 0
Conc. at equilibrium c(1-a) co co

ca.co  ca®  0.025%(0.114)°

- _ _ _ —4
T el-a) 1-a  1-0114 3.67x10

If a current of 0.5 ampere flows through a metallic wire for 2 hours, then how many electrons would

flow through the wire? [HOTS]

O (coulomb) = I (ampere) x ¢ (s) = (0.5 ampere) (2 x 60 x 60 s) = 3600 C

A flow of 96500 C is equivalent to the flow of 1 mole of electrons, i.e., 6.02 x 10% electrons

6.02x10%
96500

Suggest a list of metals that are extracted electrolytically.

Na, Ca, Mg and Al

Consider the reaction:
Cr,0F + 14H" + 6. —— 2Cr’" +7H,0

3600 C is equivalent to flow of electrons = x 3600 = 2.246 x 10?? electrons

What is the quantity of electricity in coulombs needed to reduce 1 mol 0fCr2072_?
From the given reaction, 1 mole of Cr20$_ ions require
6F =6 x 96500 C = 579000 C of electricity for reduction to Cr** ion.

Write the chemistry of recharging the lead storage battery, highlighting all the materials that are
involved during recharging.

During recharging, electrical energy is supplied to the cell from an external source. The reactions are
reverse of those that takes place during discharge.

PbSO,(s) + 2¢¢ —— Pb(s) + SO; (aq)
PbSO, (s) + 2H,0()) —— PbO,(s) + SO, (aq) + 4H (aq) + 2"
2PbSO,(s) +2H,0(l) —— Pb(s) + PbO, (s) + 4H" (aq) + ZSOi’ (aq)

Suggest two materials other than hydrogen that can be used as fuels in fuel cells.
Methyl alcohol and methane.

Explain how rusting of iron is envisaged as setting up of an electrochemical cell.

The water layer present on the surface of iron dissolves acidic oxides of air like CO, to form acids which
dissociate to give H' ions.

+ 2—
H,0 + CO, — H,CO,, H,CO, == 2H" +CO?

In the presence of H' ions, iron starts losing electrons at some spot to form ferrous ions. Hence, this spot
acts as the anode:

Fe(s) —— Fe*' (ag) + 2¢

The electrons thus released move through the metal to reach another spot where H' ions and the dissolved
oxygen gain these electrons and reduction reaction takes place. Hence, this spot acts as the cathode:

O,(g) + 4H'(aq) + 4e —— 2H,0())
The overall reaction is given as:

2Fe(s) + Oy(g) + 4H' (ag) —— 2Fe*'(ag) + 2H,0())
Therefore, an electrochemical cell is set up on the surface.

Ferrous ions are further oxidised by the atmospheric oxygen to ferric ions which combine with water
molecules to form hydrated ferric oxide, Fe,O5.xH,0, which is rust.



NCERT Textbook Exercises

Q. 1. Arrange the following metals in the order in which they displace each other from the solution of their
salts.

Al, Cu, Fe, Mg and Zn
Ans. Mg, Al, Zn, Fe, Cu.
Q. 2. Given the standard electrode potentials
K'/K=-293V,Ag"/ Ag=0.80 V, Hg"" /Hg=0.79 V,
Mg* /Mg=-237V,Cr'’*/Cr=-0.74V
Arrange these metals in their increasing order of reducing power. [CBSE (AI) 2010]

Ans. Lower the reduction potential, more easily it is oxidised and hence greater is the reducing power. Therefore,
the increasing order of reducing power is Ag < Hg < Cr < Mg < K.

Q. 3. Depict the galvanic cell in which the reaction Zn(s) + 2Ag*(aq) —— Zn2+(aq) + 2Ag(s) takes place.
Further show:
(i) Which of the electrode is negatively charged?
(#7) The carriers of the current in the cell.
(¢ii) Individual reaction at each electrode.
Ans. The cell will be represented as:
Zn(s) | Zn*'(aq) | | Ag'(aq) | Ag(s)
(i) Anode (zinc electrode) will be negatively charged.
(i) Electrons and ions.
(iii) The reaction occurring
At anode: Zn(s) —— Zn*'(aq) + 2e
At cathode: AgJr (aq) + e Ag(s)
Q. 4. Calculate the standard cell potentials of galvanic cell in which the following reactions take place:
(i) 2Cr(s)+3Cd* (aq) — 2Cr** (agq)+3Cd(s)
(ii) Fe'(aq)+Ag’ (aq) — Fe'* (aq)+Ag(s)
Given: E3r3+/cr =—0.74V, Egdl*/(:d =—040V,
E2g+/Ag =080V, EEeH/FeH =0.77V
Calculate A,.G° and equilibrium constant of the reactions.
Ans. () E° ;= E° poqe — E° =—040V—-(-0.74V)=+034V
A,G° =— nFES,;, =~ 6 mol x 96500 C mol ' x 0.34 V
=—196860 C V mol ™' = -196860 J mol
=-196.86 kJ mol™'
A,G°=-2303 RT log K,
— 196860 =—2.303 x 8.314 x 298 log K. or log K.=34.5014
K, = Antilog 34.5014 = 3.172 x 10*
(i) E}y=1080V-0.77V=+0.03V
A,G° = —nFE2,; = — (1 mol) x (96500 C mol ™) x (0.03 V)
= 2895 CV mol ' =—2895 J mol ' = —2.895 kJ mol'
A,G°=-2303 RT log K-
—2895 =—-2.303 x 8.314 x 298 x log K~
or log K. =0.5074
or K, = Antilog (0.5074) = 3.22
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Q. 5. Write the Nernst equation and emf of the following cells at 298 K:
(i) Mg(s) | Mg** (0.001 M) || Cu®** (0.0001 M) | Cu(s)
(ii) Fe(s) | Fe** (0.001 M) || H* (1 M) | Hy(g) (1 bar) | Pt(s)
(iii) Sn(s) | Sn** (0.050 M) || H* (0.020 M) | H,(g) (1 bar) | Pt(s)
(iv) Pt(s) | Br (0.010 M) | Bry(!) || H* (0.030) | Hy(g) (1 bar) | Pt(s)

Given, Epain,=—237V, EQ i, =+0.34V, Ep oy =044V,
EQ 20, == 014V, EDyy, =+ 1.08 V.
Ans. (i) Cell reaction: Mg+ Cu?" —— Mg* +Cu;n=2
. 0.0591 [Mg*]
Nernst equation: E =E, ~ 2 log (o]
0.0591 . 107
E, =034 (-237)~ ) logF =2.71-0.02955 =2.68 V
(i) Cell reaction: Fe+2H" —— Fe?' + Hy; n=2
. 00591 [Fe*']
Nernst equation: E =E, - 2 log [H+]2
0.0591, 10°°
E , =0—(-0.44)— 2 log—(l)2
=044 - 0.0591 x(=3) =0.44 + 0.0887=0.529 V
(iif) Cell reaction: Sn+2H" —— Sn?" + Hy; n=2

. 00591 [sn*]
log

Nernst equation: E

cell - cell 2 [H+]2
0.0591 0.05
=0-(-0.14) - lo
( ) 2 ¢ (0.02)?
=0.14 - 0'02591 log125=0.14 - 0'02591 (2.0969) = 0.078 V
(iv) Cell reaction: 2Br +2H" Br,+Hyn=2
. _ o 0.0591 1
Nernst equation: E = Ecq— 2 log [Br*]z [H+]2
0.0591 1
E _ =(0-1.08)— lo
can ol (0.01)2 (0.03)?
=-1.08— 0'02591 log(1.111x107)
=-1.08 - 0'02591 (7.0457)
=-1.08-0.208
=-1.288V

As E

o1l 18 negative, therefore cell reaction will not take place. For the cell to show positive emf cell,

representation should be
Pt | H,O (1 bar) | H" (0.03 M) | | Br (0.01 M) | Br,(/) | Pt(s)
Q. 6. In the button cells widely used in watches and other devices, the following reaction takes place:

Zn(s) + Ag,0(s) + HyO() —— Zn*"(aq) + 2Ag(s) + 20H (aq)

Determine A,G° and E° for the reaction.



Ans. At anode: Zn —— Zn’"+ 2¢

At cathode: Ag,0+H,0+2¢ —— 2Ag + 20H

Zn+ Ag,0+H,0 Zn*" +2Ag +20H"
E(éell = E(éathode - E(;node
_ 0 0
- EAg+/Ag - EZn2+/Zn

ES; =034V —(-0.76 V)=110V
AG® =—nFE® ,n=2

AG® =—2 % 96500 x 1.10

AG® =—2.123 x 10° J/mol

Q. 7. Define conductivity and molar conductivity for the solution A
of an electrolyte. Discuss their variation with concentration. 400
Ans. Refer to Basic Concepts Points 5 and 10 for definition. CH3COOH

Variation of Conductivity and Molar Conductivity with
Concentration: Conductivity always decreases with the
decrease in concentration both, for weak and strong electrolytes.
This is because the number of ions per unit volume that carry the
current in a solution decreases on dilution. The conductivity of
a solution at any given concentration is the conductance of one
unit volume of solution kept between two platinum electrodes ; L
with unit area of cross section and at a distance of unit length. 0 0.2 04

.. . 112 172
This is clear from the equation: cl'# (mol/L) " ,
4 Molar conductivity versus ¢''“ for acetic
G =——=x (both 4 and / are unity in their appropriate units acid (weak electrolyte) and potassium
/ chloride (strong electrolyte) in aqueous
in m or cm). solutions.

200

Anl(S cm2 mol™)

KClI

Molar conductivity of a solution at a given concentration is the
conductance of the volume V' of solution containing one mole
of electrolyte kept between two electrodes with the area of cross section 4 and distance of unit length.

Therefore,
A = L K
m /
Since /=1 and 4 = V (volume containing 1 mole of electrolyte)
A, =xV

Molar conductivity increases with the decrease in concentration. This is because the 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.
Q. 8. The conductivity of 0.20 M solution of KCl at 298 K is 0.0248 S cm™' Calculate its molar conductivity.
_ kX1000 _ 0.0248S cm ™' X 1000 cm® x L'
" Molarity 0.20 mol L'

Ans. =124 S cm? mol™

Q. 9. The resistance of a conductivity cell containing 0.001 M KCIl solution at 298 K is 1500 Q. What is the
cell constant if conductivity of 0.001 M KCI solution at 298 K is 0.146 x 10° S em™?
1

Ans. Conductivity (k) = m x Cell constant

k =0.146 x 10> Sem™, R=1500 Q

0.146 x 10> Scem ™' = x Cell constant

1
1500 Q
Cell constant = 0.146 x 10> S cm™' x 1500 Q

=219x 102 cm ™' =0.219 em™!



Q. 10. The conductivity of sodium chloride at 298 K has been determined at different concentrations and

Ans.

Ans.

the results are given below:

Concentration/M

10’ x /S m!

Calculate A, for all concentrations and draw a plot between A, and ¢

0.001

0.010

0.020

0.050

0.100

1.237

11.85

23.15

55.53

106.74

2 Find the value of A°

1Sem™
100Sm™

Conc. (M) k (Sm™)

=1 (unit conversion factor)

A,=~—————(Sem

1000 X x

2 mol_l)

™ Molarity

m*

c1/?. (MI/Z)

4
107 1237x 1072 | 1.237 x 10 1000X1.237X 10" _ 1535 0.0316
10°
4
[0 11.85x102 | 11.85x 107 1000 x 11.85X10 " _ ,.q¢ 0.100
107
4
2x102  [23.15x102 |23.15x10™ 1000X23.15X10°" _ ;.50 0.141
2%107>
4
5x102 [5553x102 |55.53x 107 1000X55.53 X 107" _ 4,44 0.224
5%1072
1000 X 106.74 X 10~
10! 106.74 x 102 | 106.74 x 107 0 =106.7 0.316
Plot between A,, and '
124.07
(0.032, 123.7)
122.01
120.01
— (0.10, 118.5)
L 118.01
o
S
o 116.01
£ (0.14, 115.8)
23 114.0
£
< 112.07
(0.22, 111.1)
T 110.07
108.0
opo e o N\J032.1067)
‘0.0 0.05 0.10 0.15 0.20 0.25 0.30 '0.35 0.40

A?n = Intercept on the A,, axis = 124.0 S cm’® mol™

Conductivity of 0.00241 M acetic acid is 7.896 x 10 S ecm™' Calculate its molar conductivity. If
[CBSE Delhi 2008]

1 1
c2 (molL™"2 —»

A%, for acetic acid is 390.5 S cm” mol™', what is its dissociation constant?
¢=0.00241 M, k=7.896 x 10° S cm ™', A%, =390.5 S cm?® mol™'

A, =

Substituting the values, we get

Kk X 1000
M

~7.896 X107 Sem ™! X1000 cm® L

A, =

0.00241 mol L

=32.76 S cm’ mol™!

Electrochemistry .




o= F ~3905 0.084
o= 8.42”2)
CH,COOH == CH,;COO + H'
Initial concentration c 0 0
Concentration at equilibrium c(1-a) co co
[CH,COOTMH'T  cq.ca oo
[CH,COOH] c(l-a) 1-a
~0.00241(0.084)% 186 x 105
(1-0.084) )
Q. 12. How much charge is required for the following reduction:
(i) 1 mol of AI** to Al? (i) 1 mol of Cu®** to Cu?
(iii) 1 mol of MnO; to Mn**? [CBSE 2020 (56/5/1)]
Ans. (i) AP" + 3¢ —— Al

Quantity of charge required for reduction of 1 mol of AP =3F
=3x96500 C =289500 C

(ii) Cu’ + 2 —— Cu
Quantity of charge required for reduction of 1 mol of Cu*" = 2F =2 x 96500 C
=193000 C
e - 2+
(iii) MnO, —— Mn

Oxidation number of Mn changes from +7 to +2.
Quantity of charge required = 5F =5 x 96500 C = 482500 C

Q. 13. How much electricity in terms of Faraday is required to produce
(@) 20.0 g of Ca from molten CaCl,?

(ii) 40.0 g of Al from molten Al,O;?
Ans. (i) Ca’* + 2¢ —— Ca
As, 40 g of Ca, require electricity =2 F
20 g of Ca will require electricity = % x2=1F
(i) AP + 3¢ —— Al
As, 1 mol of AL, i.e., 27 g of Al require electricity =3 F

40 g of Al will require electricity = 3 x40=4.44F

27
Q. 14. How much electricity is required in coulomb for the oxidation of
(?) 1 mol of H,O to O, (@) 1 mol of FeO to Fe,05?

Ans. (i) The electrode reaction for 1 mol of H,O is given as
H,0 —— 2H + % 0,+2¢
Quantity of electricity required = 2F =2 x 96500 C = 193000 C
(if) The electrode reaction is given as
2FeO + % 0, —— Fe)04
ie., 2Fe” —— 2Fe’ +2¢

For the oxidation of 2 moles of FeO, required charge =2 F
For the oxidation 1 mole of FeO, required charge = 1 F = 96500 C



Q. 15. A solution of Ni(NO;), is electrolysed between platinum electrodes using a current of S amperes for
20 minutes. What mass of Ni is deposited at the cathode? [CBSE (F) 2014]
Ans. Quantity of electricity passed =1 x ¢t = (5 A) x (20 x 60 s) = 6000 C
The electrode reaction is:  Ni** + 2¢° —— Ni
2 x 96500 C deposit Ni=58.7 g

58.7
m x6000g=1.825¢g
Q. 16. Three electrolytic cells A, B and C containing solutions of ZnSO,, AgNO; and CuSO,, respectively
were connected in series. A steady current of 1.5 amperes was passed through them until 1.45 g of
silver deposited at the cathode of cell B. How long did the current flow? What mass of copper and

6000 C will deposit Ni =

zinc were deposited? |[CBSE Delhi 2008]
Ans. Ag'+ ¢ —— Ag
108 g of Ag is deposited by 96500 C
1.45 g of Ag will be deposited by 96(5)00 x 1.45C = 1295.6 C
O 1295.6
7150 863.7 s

Cu*' + 2¢ —— Cu
2 x 96500 C deposit Cu=63.5¢g

63.5
2 X 96500
Zn*" + 2¢ —— Zn

2 x 96500 C deposit Zn=65.3 g

Cu deposited by 1295.6 C = x 1295.6=0.426 g

Zn deposited by 1295.6 C = % x1295.6=0.438 g
Q. 17. Using the standard electrode potentials given below, predict if the reaction between the following is
feasible:
(i) Fe’* (ag) and I" (aq) (ii) Ag™ (aq) and Cu (s)
(iii) Fe** (aq) and Br ™ (agq) (iv) Ag(s) and Fe** (aq)

(v) Bry (aq) and Fe?* (aq)
Given standard electrode potentials:
E;’mz/r =0.541V, El 2+, =10.34V,

E° =+1.090 V, E‘;\g+ Jag =T 080V, Ep s+ g =T 0.77 V.

1/2 Br,/Br~ Fe?*

Ans. A reaction is feasible if e.m.f. of the cell reaction is positive.
(i) Fe™ (ag) + 1 (ag) — Fe*'(ag) + 31,
Eg = Eporpe— By L1
=0.77V -0.54 V =0.23 V (feasible).
(if) Ag'(ag)+ Cu—— Ag(s) + Cu”'(aq)
E) .= EZg+/Ag— EQ 240, = 0.80V —0.34 V=0.46 V (feasible).
(iii) Fe*(aq)+Br (ag) — Fe*" (aq) + %Brz
E], =077V -1.09 V=-0.32V (not feasible).
(iv) Ag(s)+Fe’' (ag) — Ag'(aq) + Fe’" (ag),

E], =077V -0.80 V=-10.03 V (not feasible).

Electrochemistry .



(1) 2 Br,(ag) + Fe®' (ag) —— Br+ Fe",

E°,=1.09V -0.77V =032V (feasible).

Q. 18. Predict the products of electrolysis in each of the following
(©) An aqueous solution of AgNOj; with silver electrodes.
(ii) An aqueous solution of AgNO; with platinum electrodes.
(iti) A dilute solution of H,SO, with platinum electrodes. [CBSE 2019 (56/3/2)]
(iv) An aqueous solution of CuCl, with platinum electrodes. [CBSE 2020 (56/4/3)]

Ans. (i) Electrolysis of aqueous solution of AgNO; with silver electrodes:

(@)

(iii)

(@)

AgNOy(s) —— Ag'(aq) + NO; (aq)
H,0O = H' + OH
At cathode: Since, the reduction potential of Ag" (+0.80 V) is greater than that of water, (- 0.83 V),
Ag" will get reduced preferentially and silver metal will get deposited at the cathode.
will be deposited as Ag in preference to H' ions.
Ag'(ag) + & —— Ag(s)
Atanode: Following reactions may take place
H,0() —— F0,(g) + 2H"(aq) + 2¢
NOs(aq) —— NO,; + e~
Ag(s) —— Ag'(ag) + e
Among these reactions, the reduction potential of silver is minimum. Therefore, the silver anode will
itself undergo oxidation to form Ag" ions which will pass into the solution.
At cathode: As given in part (7).
Atanode: Since the reduction potential of water is less than that of NO; ions, water will get
preferentially oxidised and oxygen will be evolved.
1 -
H,0() — 50,(9) + 2H"(ag) + 2e
At cathode:
2H'(aq) +2¢ —— Hy(g); E°=0.00V
2H,0(/) + 2 —— H,(g) + 20H (aq); E°=-0.83 V
Since, H' ions possess a higher reduction potential as compared to that of water, H" will get
preferentially reduced and H, gas is obtained at the cathode.
2H (ag) +2¢ —— Hy(g)
Atanode: H,0()) —— 50,(g) + 2H(aq) + 2¢ ; E°=+123V
SO; (ag) —— SO, + 273 E°=2.0V
Since, the reduction potential of H,O is less than that of SO?{ ions, water will get preferentially
oxidised and oxygen will be evolved at the anode.
At cathode: 2H,0(/) + 2¢- —— H,(g) + 20H (aq); E°=-0.83 V
Cu*(ag) +2¢ —— Cu(s); E°=+0.34 V
As E° for Cu*" is greater than H,O. So, copper metal is deposited at the anode.
Atanode: H,O()) — %Oz(g) + 2H (aq) + 2¢ ; E°=+123V
2CI(ag) —— Cly(g) + 2¢ (aq); E°=+136V

Since E° value of H,O is less than CI™, water will get preferentially oxidised at anode and O, gas will
be evolved.



Multiple Choice Questions [1Tmark]

Choose and write the correct option(s) in the following questions.

1.

10.

An electrochemical cell can behave like an electrolytic cell when .

[NCERT Exemplar; CBSE 2020 (56/4/2)]
((1) Ecell =0 (b) Ecell > Eext
(C) Eext > Ecell (d) Ecell = Eext
The difference between the electrode potentials of two electrodes when no current is drawn through
the cell is called . [NCERT Exemplar]
(a) Cell potential (b) Cell emf
(c¢) Potential difference (d) Cell voltage

A hypothetical electrochemical cell is shown below:
A|AGM) | B'OM) | B
The emf measured is +0.20 V. The cell reaction is

(@) A+B" —— A"+ B (b) The cell reaction cannot be predicted.
(c) A" +e — A B"+e¢e — B (d A"+B —— A+ B
Which cell will measure standard electrode potential of copper electrode? [NCERT Exemplar]

(a) Pt(s)| H, (g, 0.1 bar)| H'(aq., 1 M) || cu* (aq., IM)| Cu
(b) Pt(s) H, (g, 1 bar) [H(aq., 1 M) || Cu’ (aq., 2M)| Cu
(c) Pt(s) Hy (g, 1 bar) [H(ag., I M) || Cu” (aq., IM)| Cu
(d) Pt(s)| H, (g, 1 bar) |H'(aq., 0.1 M)|| Cu** (aq., IM)| Cu
The positive value of the standard electrode potential of Cu’*/Cu indicates that

[NCERT Exemplar]
(a) this redox couple is a stronger reducing agent than the H'/H, couple.

(b) this redox couple is a stronger oxidising agent than H'/H,.

(¢) Cu can displace H, from acid.

(d) Cu cannot displace H, from acid.

Standard electrode potential for Sn**/Sn** couple is +0.15 V and that for the Cr**/Cr couple is — 0.74 V.
The two couple in their standard states are connected to make cell. The cell potential will be:

(a) +1.19V (b) 0.89V

(c) +0.18 V (d) +1.83 V

Which of the following statement is not correct about an inert electrode in a cell? [NCERT Exemplar|
(a) It does not participate in the cell reaction.

(b) 1t provides surface either for oxidation or for reduction reaction.

(c) It provides surface for conduction of electrons.

(d) It provides surface for redox reaction.

Using the data given below find out the strongest reducing agent. [NCERT Exemplar]

Egrzoi'/cﬁ* =133V Eglz/Cl' =136V

Eo; /s =151V El 5 jop == 074V

(a) CI” (b) Cr (¢) Cr*t (d) Mn**

Using the data given in Q. 8 find out in which option the order of reducing power is correct.
[NCERT Exemplar]

(a) Cr’* < ClI'<Mn*" < Cr (b)) Mn*" <ClI' <Cr’" < Cr

(¢) Cr" < CI' < Cr,03 < MnO, (d) Mn*" <Cr" <CI'<Cr

Use the data given in Q. 8 find out the most stable oxidised species. [NCERT Exemplar]

(a) Cr** (b) MnO, (¢) Cr,02 (d) Mn**

Electrochemistry .



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The electrode potential data are given below
Fe*' + ¢ —— Fe?', E°=+0.77V
AP + 3¢ —— Al E°=-1.66V
Br, + 2¢¢ —— 2Br, E°=+180V
Based on the data, the reducing power of F ¢’*, AL, Br™ will increase in the order.

(a) Br <Fe’"<Al  (b) Fe*" <Al<Br (¢) Al<Br <Fe* (d) Al<Fe*" <Br
Which one of the following is always true about the spontaneous cell reaction in a galvanic cell?
(@) Egy>0,AG°<0,0>K, (b) E2;<0,AG°<0,0<K,

() Egy>0,AG°>0,0>K, (d) Egy>0,AG°<0,0<K,

The standard emf of a galvanic cell involving 3 moles of electrons in a redox reaction is 0.59 V. The
equilibrium constant for the reaction of the cell is:

(a) 10" (b) 10% (¢) 10°° (d) 10"

The SI unit of conductivity is

(a) Sm™! (b) Sem™! (¢) Sm (d) Sem

Which of the statements about solutions of electrolytes is not correct? [NCERT Exemplar]

(a) Conductivity of solution depends upon size of ions.

(b) Conductivity depends upon viscosity of solution.

(¢) Conductivity does not depend upon solvation of ions present in solution.
(d) Conductivity of solution increases with temperature.

On increasing temperature,

(a) ionic conductance increases and electronic conductance decreases.

(b) ionic conductance decreases and electronic conductance increases.

(c) both ionic and electronic conductance increase.

(d) both ionic and electronic conductance decrease.

. (NH, OH) is equal to . [NCERT Exemplar]
0 0 0 0 0 0
(@) Am(NH4OH) + Am(NH4Cl) - Am(HCl) ®) Am(NHACl) + Am(NaOH) - Am(NaCl)
0 0 0 0 0 0
(© Am(NH4Cl) + Am(NaCl) - Am(NaOH) @ Am(NaOH) + Am(NaCl) - Am(NH4Cl)
Charge carried by 1 mole of electrons is
(2)6.023 x 10> coulomb (b) 9.65 x 10* coulomb
(¢)1.6 x 107" coulomb (d) 6.28 x 10"° coulomb
The quantity of charge required to obtain one mole of aluminium from Al,O; is .
[NCERT Exemplar]
(a) 1F (b) 6F (c) 3F (d) 2F
In the electrolysis of aqueous sodium chloride solution, which of the following half cell reaction will
occur at anode? [NCERT Exemplar]
+ — . _
(a) Na'(aq) +e~ —— Na(s); E} =-271V
(b) 2H,0() — O,(g)+ 4H" (aq) +4e’; E}, =123V
_ 1
(c) H (ag)+e —— FH,(9): ES,=0.00V
_ 1 _
(d) Cl (aq) — 5C12(g) t+e; E}, =136V
E;’e" for some half cell reactions are given below. On the basis of these mark the correct answer.
(@) H'(aq) + e — %Hz(g) E?, =0.00V
@) 2H,0() — 0O, + 4H (aq) + 4e” E} =123V
(#1i) ZSOi'(aq) — SZOf;_(aq) +2e7; E., =196V [NCERT Exemplar]



(a) In dilute sulphuric acid solution, hydrogen will be reduced at cathode.

(b) In concentrated sulphuric acid solution, water will be oxidised at anode.

(¢) In dilute sulphuric acid solution, water will be oxidised at anode.

(d) In dilute sulphuric acid solution, SOiﬁ ion will be oxidised to tetrathionate at anode.

The electrolyte used in the mercury cell is

(a) paste of NH,Cl and ZnCl,
(c) paste of KOH and ZnO

(b) paste of HgO and carbon
(d) paste of PbO and H,SO,

A device that converts energy of combustion of fuels like hydrogen and methane directly into
electrical energy is known as:

(b) Ni-Cd cell (c) fuel cell (d) electrolytic cell

Which metal is used as electrode which do not participate in the reaction but provides surface for
conduction of electrons?

22.
23.
(a) dynamo
24.
(a) Cu
Answers
1. (¢) 2.(b)
11. (a) 12. (d)

21. (a), (¢) 22.(¢c)

(b) Pt (©) Zn (d) Fe

3.)  4.() 5(0.@ 6.(b) 1.  8(3) 9.0) 10.(a)
13.(c) 14.@) 15.(c) 16.(a) 17.() 18.(b) 19.(c)  20.(b)
23.(c)  24.(b)

Assertion-Reason Questions

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

(a)

(®)

(©)
(@)

Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).

Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
of the Assertion (A).
Assertion (A) is correct, but Reason (R) is incorrect statement.

Assertion (A) is incorrect, but Reason (R) is correct statement.

Assertion (A4) :

Reason (R) :
Assertion (A4) :
Reason (R) :
Assertion (A4) :
Reason (R) :
Assertion (A4) :
Reason (R) :
Assertion (A4) :
Reason (R) :

Assertion (A4) :

Reason

(R)

Reason (R) :
Assertion (A4) :
Reason (R) :

Assertion (A4) :

Reason

®) :

E..;; should have a positive value for the cell to function.
Ecathode <E anode

Mercury cell does not give steady potential.

In the cell reaction, ions are not involved in solution.

Cu is less reactive than hydrogen.

E{ 2+, 18 negative.

Copper sulphate cannot be stored in zinc vessel.

Zinc is less reactive than copper.

E s 4t/ag InCreases with increase in concentration of Ag' ions.
E s 4t/ag has a positive value.

Current stops flowing when E_; = 0.

: Equilibrium of the cell reaction is attained.
Assertion (A4) :

For measuring resistance of an ionic solution an AC source is used.
Concentration of ionic solution will change if DC source is used.
Conductivity of all electrolytes decreases on dilution.

On dilution number of ions per unit volume decreases.

Conductivity decreases for weak electrolyte and increases for strong electrolyte with
decrease in concentration.

On dilution, the number of ions per unit volume that carry the current decreases.

Electrochemistry .



10. Assertion (4) : A, for weak electrolytes shows a sharp increase when the electrolytic solution is diluted.
Reason  (R) : For weak electrolytes degree of dissociation increases with dilution of solution.

11. Assertion (4) : Electrolysis of NaCl solution gives chlorine at anode instead of O,.
Reason  (R) : Formation of oxygen at anode requires overvoltage.

12. Assertion (4) : The following reaction takes place at cathode during the electrolysis of aqueous sodium
chloride:

H,0() + ¢ ——> %HZ (g) + OH”
Reason  (R) : The reaction with lower value of E° is preferred at cathode.

Answers

L.(¢) 2() 3.0 4@ 50 6@ T.@ 8@ 9. 10.(a)
1. (@)  12.(c)

Passage-based/Case-based Questions

Read the given passages and answer the questions that follow.

PASSAGE-1

The conductivity or specific conductivity of an electrolytic solution varies with the concentration of the solutions
of different electrolytes. For comparing the conductances of the solutions of different electrolytes, it is essential
that the solutions should have equal volumes and they must contain definite amount of the electrolytes which give
ions carrying the same total charge. The conducting power of an electrolytic solution can be expressed in terms of
equivalent conductance and molar conductance. The equivalent conductance of a solution does not vary linearly
with concentration and it is related with specific conductance. The effect of equivalent conductance can be studied
by plotting values against the square root of the concentration. Following two figures show the behaviour of strong
and weak electrolytes with change of concentration.

£ Strong electrolytes £

Weak electrolytes

Jo — o —

1. Write the relationship between specific conductivity and equivalent conductivity?

Ans. A:Kx@
N

2. What is the effect of decreasing concentration on the molar conductivity of a weak electrolyte?
Ans. The molar conductivity of a weak electrolyte increases with decrease in concentration.

3. Write the mathematical expression for Kohlrausch’s law in terms of equivalent conductivities.
Ans. Ag =Al+A°

4. What is meant by limiting molar conductivity?
Ans. The molar conductivity of a solution at infinite dilution is called limiting molar conductivity.

5. Which equation gives the relationship between equivalent or molar conductivity and concentration
of a strong electrolyte?
Ans. Debye-Huckel Onsager equation

A=A°— 4 e

. Xam idea Chemistry-XI|



PASSAGE-2

Redox reactions play an important role in chemistry. Whenever a redox reaction takes place directly in a single
beaker, chemical energy in the form of heat is produced. By suitable means, it is possible to bring about the redox
reactions indirectly so as to convert the chemical energy into electrical energy. A device used to convert the chemical
energy produced in a redox reaction into electrical energy is called an electrochemical cell. If a redox reaction is
allowed to take place in such a way that oxidation half reaction takes place in one beaker and the reduction half
reaction in another beaker, the electrons given out by the former will be taken by the latter and the current will

ow. The two portions of the cell are called half cells. The values of standard redox potential (£°) of two half cell
reactions decides in which way the reaction will proceed. A redox reaction is feasible when the substance having
higher reduction potential gets reduced and the one having lower reduction potential gets oxidised. For example, In
Daniel cell, zinc goes into solution and copper gets deposited.

1.

Ans.

Ans.

Ans.

Ans.

Ans.

Formulate the galvanic cell in which the following reaction takes place:

Zn(s) + 2Ag*(aq) —— Zn*(aq) + 2Ag(s)
The cell is represented as

Zn(s) | Zn*'(aq) || Ag'(aq) | Ag(s)
Is it safe to stir AgNO; solution with a copper spoon? Why or why not?
Given: E}, +,, = 0.80 volt and E¢,2+c, = 0.34 volt
No, it is not safe to stir AgNO; solution with copper, because copper is more reactive than Ag and can
displace Ag from AgNO; solution.
Two half cell reactions of an electrochemical cell are given below:
MnOj(aq) + 8H'(ag) + 5¢¢ —— Mn**(ag) + 4H,0()), E°=+1.51V
Sn**(ag) —— Sn*(aq) + 26, E°=+0.15V
Construct the redox reaction from the two half cell reactions and predict if this reaction favours
formation of reactants or products shown in the equation.
The redox reaction will be
2MnO;(aq) + 16H (aq) + 5Sn*"(ag) —— 2Mn**(agq) + 5Sn*"(ag) + 8H,0(])
Cetl = E Cathode — E Anode = 1.51 V=015V =036 V, i.e., it will be positive.

Hence, reaction will favour formation of products.
State the factors that influence the value of cell potential of the following cell:

Mg(s)Mg** (aq) || Ag*(ag)|Ag(s)
The factors that influence the value of cell potential are concentration of Mg2+ and Ag" ions in the solution
and temperature.
Can E,; or A,G"° for cell reaction ever be equal to zero?
No, Egy or A,G° for cell reaction can never be zero.

AG® = —nFE°

E° is never zero hence AG® will also be not equal to zero.

Very Short Answer Questions [1 mark]

Q. 1.
Ans.

Q.2.
Ans.

What would happen if no salt bridge were used in an electrochemical cell (like Zn—Cu cell)?

The metal ions (Zn®") formed by the loss of electrons will accumulate in one electrode and the negative
ions (SOi_ ) will accumulate in the other. Thus, the solutions will develop charges and the current will stop
flowing. Moreover, the inner circuit will not be completed.

Why does a galvanic cell become dead after some time?
As the reaction proceeds, concentration of ions in anodic half keeps on increasing while in the cathodic half
it keeps on decreasing. Hence, their electrode potentials also keeps on changing until they become equal

and then e.m.f. of the cell becomes zero.



Ans.

Q. 4.

Ans.

Q.5.
Ans.

Q.6.
Ans.

Q.7.
Ans.

Q.8.
Ans.

Q.9.
Ans.

Q. 10.

Ans.

Q. 11.
Ans.

Q. 12.
Ans.

Q. 13.
Ans.

Q. 14.
Ans.

Q. 15.
Ans.

Q. 16.
Ans.

Consider a cell given below:

Cu | Cu* || CI' | Cl,, Pt [NCERT Exemplar]
Write the reactions that occur at anode and cathode.
Anode: Cu —— Cu** + 2¢
Cathode: Cl, + 2¢¢ — 2CI”

2
Depict the galvanic cell in which the cell reaction is Cu + 2Ag" —— 2Ag + Cu*".

[NCERT Exemplar] [HOTS)
Cu | Cu**(conc.) | | Ag'(conc.) | Ag

What is the reference electrode in determining the standard electrode potential?
Normal hydrogen electrode (NHE).

Why is it not possible to measure the single electrode potential?

Oxidation or reduction cannot take place alone. Moreover, electrode potential is a relative tendency and can
be measured with respect to a reference electrode only.

Define electrochemical series.

The arrangement of elements in the increasing or decreasing order of their standard reduction potential is
called electrochemical series.

Write Nernst equation for single electrode potential.
For the electrode reaction M™ + ne” —— M
Y 2.303RT (M] . 2.303RT 1
Eyiron = Eneron — log =EY g — log
nkF [M}'H'] M /M nkF [Mn+]

ne

Write Nernst equation for the general cell reaction aA + bB xX + yY.

. o RT XI'[Y]
If n moles of electrons are transferred, Nernst equation is £ = E_ — YL
e [A]Y[B]
Write Nernst equation for the reaction
2Cr + 3Fe** —— 2Cr*" +3Fe

crh?
B = Ega — Eln o |
6F [FeZ+] 3

(- n=6)

How can the reduction potential of an electrode be increased?
M™ + nee —— M,

RT 1 .

E N —

RT n+
e

n

Thus, electrode potential can be increased by increasing the metal ion concentration.

What flows in the internal circuit of a galvanic cell?
Ions.

What does the negative value of Efeu indicate?
Negative E value means A,G° will be +ve, and the cell will not work.

Why is alternating current used for measuring resistance of an electrolytic solution? [NCERT Exemplar|

Alternating current is used to prevent electrolysis so that concentration of ions in the solution remains
constant.

What is meant by cell constant?

Cell constant is the ratio of distance (/) between electrodes and area of cross-section (4). It is denoted by

/ .. 3
—. Itsunitiscm .

A

Define specific conductance or conductivity.
Specific conductance is defined as conductance of electrolyte when distance between electrodes is
1 cm and area of cross section is 1 cm®.



Q. 17.
Ans.

Q. 18.
Ans.

Q. 19.

Ans.

Q. 20.
Ans.

Q.21.

Ans.
Q. 22.

Ans.

Q. 23.
Ans.

Q. 24.
Ans.

Q. 25.
Ans.

Q. 26.

Ans.

Q. 27.
Ans.

Q. 28.
Ans.

Q. 29.
Ans.

Q. 30.
Ans.

Q. 31.
Ans.

What is the effect of temperature on ionic conductance? [CBSE 2019 (56/3/2)]
The ionic conductance increases with increase in temperature because the degree of dissociation increases
with increase in temperature.

Write the mathematical expression for Kohlrausch’s law.

N =v A?+v A’ where v, and v, are the number of cations and anions respectively in one formula unit
of the compound.

Why on dilution the A, of CH;COOH increases drastically while that of CH;COONa increases
gradually? [NCERT Exemplar]
In the case of CH;COOH, which is a weak electrolyte, the number of ions increase on dilution due to an
increase in degree of dissociation.

CH,COOH + H,0 —— CH;COO +H;0"

How much charge is required for the reduction of 1 mol of Zn*" to Zn? [CBSE Patna 2015)
Zn*"+2¢ ——7n
Quantity of charge required for the reduction of one mole of Zn?* = 2F = 2 x 96500 C = 193000 C
How will the pH of brine (aq. NaCl solution) be affected when it is electrolysed?

[NCERT Exemplar] [HOTS)
The pH of the solution will increase as NaOH is formed in the electrolytic cell.
Value of standard electrode potential for the oxidation of Cl-ions is more positive than that of water,
even then in the electrolysis of aqueous sodium chloride, why is CI” oxidised at anode instead of
water? [INCERT Exemplar]
On electrolysis of aqueous sodium chloride, oxidation of water at anode requires over potential hence Cl1™ is
oxidised instead of water.
What is primary cell? Give an example. [CBSE Delhi 2008
A primary cell is one in which the redox reaction occurs only once and the cell becomes dead after some
time and cannot be used again, e.g., dry cell.
Why does a dry cell become dead after a long time even if it has not been used?
Even though not in use, a dry cell becomes dead after some time because the acidic NH,CI corrodes the zinc
container.
What is the role of ZnCl, in a dry cell?
ZnCl, combines with the NH; produced to form the complex salt [Zn(NH;), CL,] otherwise the pressure
developed due to NH; would crack the seal of the cell.

Unlike dry cell, the mercury cell has a constant cell potential throughout its useful life. Why?
[NCERT Exemplar]
Ions are not involved in the overall cell reaction of mercury cells.
Write the name of the electrolyte used in (i) fuel cell (i) mercury cell.
(i) Concentrated aqueous KOH solution.

(if) Moist mercuric oxide (HgO) mixed with KOH.
What is the overall electrochemical reaction taking place in rusting?
2Fe(s) +0,(g) +4H (aq) —— 2Fe*' (agq) +2H,0(/)
Write the chemical formula of rust.
Fe,0;. xH,0
What is galvanization?
The process of coating zinc over iron is called galvanization.
What is cathodic protection?

A process in which a metal is connected with a more reactive metal which acts as anode and the metal to be
protected acts as a cathode is known as cathodic protection.



Q. 32. Which type of a metal can be used in cathodic protection of iron against rusting?
Ans. A metal which is more electropositive than iron such as Al, Zn, Mg can be used in cathodic protection of
iron against rusting.

Q. 33. Using the E° values of X and Y, predict which is better for coating the surface of iron to prevent rust
and why?

Given:[E°® F e =~ M4 V] [E°(x27x) =~ 236 V1, [E°(y2¢/yy = - 0.14 V| [CBSE 2019 (56/4/3)]

Ans. X, as its standard reduction potential is less than Y. Therefore, it will undergo oxidation more easily
than Y.

Q. 34. Threeiron sheets have been coated separately with three metals 4, B and C whose standard electrode
potentials are given below.

Metal A B C Iron
E° -0406V -0.66 V -020V -044V
Identify in which case rusting will take place faster when coating is damaged. [HOTS]

Ans. Asiron (—0.44 V) has lower standard reduction potential than C (— 0.20 V) only and therefore when coating
is broken, rusting will take place faster.

Short Answer Questions-I [2 marks]

Q. 1. Atwhat pH of HCI solution will hydrogen gas electrode show electrode potential of —-0.118 V? H, gas
is passed at 298 K and 1 atm pressure.
1

Ans. H' + e —— —H,

Applying Nernst equation,

e 0.059 1
EH*/IEHZ =E HV%HZ_ n 08 [H']
-0.118=0-— 0.059 log 1+
1 (H']
~0.118=0.059 log [H']
or —0.118 =-0.059 pH
pH=2
Q. 2. Calculate ArGo and log K_ for the following reaction: [CBSE 2019 (56/4/1)]
Cd*(ag) + Zn(s) —— Zn**(ag) + Cd(s)
Given: El;p+,cq=-0403V, E) 2., =-0.763V
Ans. Cd**(aq) + Zn(s) —— Zn*"(aq) + Cd(s)
Here, E ::)ell = E((:)athode - E;node

0 o
= Ecg fea = Ezn2 f2

=-0.403 V- (-0.763 V)

=0.360 V
::)ell =0.360 V, n=2
ArG0 - - nFE((:)ell

=—2x96500 mol ' x 0.36 V
= 69480 CV mol

= 69480 J mol '

= 69.48 kJ mol™
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Ans.

Q. 4.

Ans.

Q.5.

Ans.

Q.6.

Ans.

n
10ch= 0.059 ((,‘)Cll
2

= 0.059 <036

log K, =12.20
The conductivity of 0.20 M solution of KCIl at 298 K is 0.025 S cm™'. Calculate its molar

conductivity. [CBSE Delhi 2013]
X1 02 X1 L
m:K 000 _ 0.025S cm OO?cm — 1255 em? mol ™!
C 0.2 mol L”
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. |CBSE (Al) 2012]
kX 1000
mo M
A, XM
®7 71000
' 20l X 1 -1
= 138.95 S cm~mol : _11 SmolL~ 0.208455 em™!
1000 cm™ L
The following curve is obtained when molar A
conductivity (A,,) is plotted against the square root of
400
concentration, ¢"’? for two electrolytes A and B.
() How do you account for the increase in the ‘?_;
molar conductivity of the electrolyte A on E
dilution? §
(ii) As seen from the graph, the value of limiting %200'
<

molar conductivity (A9, for electrolyte B A
cannot be obtained graphically. How can this
value be obtained? [CBSE Sample Paper 2016]

(i) As seen from the graph, electrolyte ‘A’ is a strong
electrolyte which is ionised almost completely in 0'201/2/(m0|/|_)1/2
solutions. For strong electrolyte ‘A’, the number of
ions does not increase appreciably on dilution and only mobility of ions increases due to decrease in
interionic attraction. Therefore, molar conductivity increases a little as shown in graph by a straight
line.

(if) Limiting molar conductivity (A%, for weak electrolyte ‘B’ can be obtained by using Kohlrausch law
of independent migration of ions which says that limiting molar conductivity of an electrolyte is equal
to the sum of the individual contribution of the cation and anion of the electrolyte.

\ 4

State Kohlrausch law of independent migration of ions. Why does the conductivity of a solution
decrease with dilution? |CBSE (Al) 2014)
Kohlrausch law states that the limiting molar conductivity of an electrolyte can be represented as the sum
of the individual contributions of cation and anion of the electrolyte.
In general, if an electrolyte on dissociation gives v, cations and v_anions then its limiting molar conductivity
is given by

A =v N +v A
where A and A° are the limiting molar conductivities of cations and anions respectively.
Conductivity of a solution decreases with dilution. This is due to the fact that the number of ions per unit
volume that carry the current in a solution decreases with dilution.



Ans.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

Ans.

Calculate the degree of dissociation (cv) of acetic acid if its molar conductivity (A,) is 39.05 S em’mol ™.

Given Ajys) = 349.6 S cm” mol™ and Ay (o0, = 40.9S em® mol™ [CBSE Delhi 2017

A?CH3 COOH) — >\?CH3 coo t Aary
= (40.9 +349.6) S cm” mol '
=390.5 S cm” mol'

A€ 2 -1

_ m39.05Scm”mol

a=—= 5 - =0.1
A, 390.5S cm” mol

= o=10%
Calculate the time to deposit 1.27 g of copper at cathode when a current of 2 A was passed through
the solution of CuSO,.
(Molar mass of Cu = 63.5 g mol”!, 1 F =96500 C mol™) [CBSE Allahabad 2015)
Cu*' +2¢” —— Cu
63.5 g of copper is deposited by 2 x 96500 C.

2% 96500x1.27

1.27 g of copper will be deposited by T as C=3860C

I=2A,0=3860C

0 3860
1= =75 =1930s

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? |CBSE (Al) 2011]
Mass of mercury produced at the cathode,

MXT Xt
nXxXF

~ Mgmol ' X2Ax3x60x60s
2x96500 C mol ™
=0.1119xMg=0.119xMg

m=ZXIXt=

m

0.119xXM g
No. of moles of mercury produced = —————= =0.119 mol
M g mol™

When a current of 0.75 A is passed through a CuSO, solution for 25 min, 0.369 g of copper is deposited
at the cathode. Calculate the atomic mass of copper.
W=2ZxIxt
0.369 = M % 0.75 x 25 x 60 (M = molar mass of copper)
2 % 96500
M= 63.3 g/mol

How many molecules of chlorine should be deposited from molten sodium chloride in one minute by
a current of 300 milliampere?
O=1xt

300

Here, I=W=O.3A; t=60s;Q=03Ax60s=18C

2C1N —— Cl, + 2e”
2 x 96500 C deposit Cl, =1 mol

23
18 C will deposit Cl, = 1 mol le i(; ;5800?:2 x10 molecules

=5.616 x 10" molecules
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Q.12 Chromium metal is electroplated using an acidic solution containing CrO; according to the following
equation:
CrO;(aq) + 6H" + 66- —— Cr(s) + 3H,0
Calculate how many grams of chromium will be electroplated by 24,000 coulombs. How long will it
take to electroplate 1.5 g chromium using 12.5 A current?
[Atomic mass of Cr =52 g mol™!, 1 F=96500 C molfll
Ans. 6 x 96500 C depositCr=52 g

' ‘ 52¢g
24,000 C will deposit Cr = 6% 96500 C

52 g of Cr is deposited by 6 x 96500 C.

1.5 g of Cr require = %X1.5g=16701.9c

x24,000C=2.155¢g

O=1xt = = %
Time for which the current is passed = % =1336.15s
Q. 13. Following reactions may occur at cathode and anode during electrolysis of aqueous sodium chloride.

What products will be held at anode and cathode? Use given E° values to justify your answer.

Cathode: Na'(ag)+e~ —— Na(s) E°=-271V
H'(agq)+e —1» %Hz(g) E°=0.00V
Anode:  Cl (aq) 5CL@+e E°=+1.36V
2H,0(aq) — O,(g) +4H +4e~  E°=+123V [CBSE 2019 (56/5/2)]

Ans. H,(g) is produced due to greater £° value of H' ion and Cl,(g) is produced due to over-potential of oxygen.
Q. 14. Define the following terms:
(i) Molar conductivity (A,,) (i7) Secondary batteries [CBSE (Al) 2014]

Ans. (i) Molar conductivity, A,, of a solution at a dilution V' is defined as the conductance of all the ions
produced from one gram mole of the electrolyte dissolved in ¥ em?® of the solution when the electrodes
are one centimetre apart and the area of the electrodes is so large that the whole of the solution is
contained between them.

Kk X 1000
=1 X > VYV
AN =xkXV or A Molarity

where, « is the conductivity and 7 is the volume of the solution containing 1 mole of the electrolyte.

(if) Secondary batteries are those batteries which can be recharged by passing electric current through
them and hence can be used over again e.g., lead storage battery.

Q. 15. For the given cells:
Lead storage cell, Mercury cell, Fuel cell and Dry cell
Answer the following:
(i) Which cell is used in hearing aids?

(i) Which cell was used in Apollo space programme? [CBSE 2020 (56/3/1)]

(¢2i) Which cell is used in automobiles and inverters?

(iv) Which cell does not have long life? [CBSE Delhi 2016; South 2016]
Ans. (i) Mercury cell (if) Fuel cell

(iii) Lead storage cell (iv) Dry cell

Q. 16. 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. |CBSE (Al) 2017)
Ans. Mercury cell

At anode: Zn(Hg) +20H" —— ZnO(s) + H,0 + 2¢~
At cathode: HgO(s) +H,0+2¢” —— Hg(/) +20H"
Zn(Hg) +HgO (s) —— ZnO(s) + Hg (/)

Electrochemistry .



Q. 17.
Ans.

Ans.

Write electrode reactions taking place in (/) Ni—Cd cell, (if) Lead Acid Accumulator.

(i) Cd(s) + 20H (ag) —— Cd(OH),(s) + 2e" (at anode)
NiO,(s) + 2H,0 + 2¢¢ —— Ni(OH),(s) + 20H (aq) (at cathode)
(if) Pb(s) + SOZ_(aq) —— PbSO,(s) + 2¢ (at anode)

PbO,(s) + SO; (aq) + 4H"(aq) + 27 —— PbSO,(s) + 2H,0(/) (at cathode)

The chemistry of corrosion of iron is essentially an electrochemical phenomenon. Explain the
reactions occurring during the corrosion of iron in the atmosphere. |CBSE Delhi 2011]
According to electrochemical theory of rusting, the impure iron surface behaves like small electrochemical
cell in the presence of water containing dissolved oxygen or carbon dioxide. In this cell pure iron acts as
anode and impure iron surface acts as cathode. Moisture having dissolved CO, or O, acts as an electrolyte.
The reactions are given below.

: E— 2+ 3 ° =_
At anode: Fe 1 Fe® + 2¢; EFez+ Jre 044V
At cathode: 2H" + 70272 — HO; E} Jo, /o =123V
1
Overall reaction: Fe + 2H++302 —— Fe*" + H,0; E; =167V

The Fe?* ions are further oxidised by atmospheric oxygen to Fe®" ions, which comes out in the form of
hydrated ferric oxide (rust).

2Fe™* + %02 + 2H,0 —— Fe,0; + 4H"
Fe,0; + xH,0 —— Fe,05.xH,0 (Rust)

Short Answer Questions-II [3 marks]

Q.1.

Ans.

One half-cell in a voltaic cell is constructed from a silver wire dipped in silver nitrate solution
of unknown concentration. The other half-cell consists of a zinc electrode in a 0.10 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 ions in the solution.
(Given: E;n2+/zn =-0.763 V, Ez()\g+/Ag =+0.80V) [CBSE (F) 2010]
Electrochemical cell

Zn(s) | Zn*" (0.10 M) | | Ag" (conc.) | Ag(s)

— 0_ 0: o _ o
E(():ell ER EL EAg+/Ag Ean*/Zn

=080 V- (-0.763)V=1.563 V
We know that,
0.0591 ,  [Zn”"]

Ecell - :ell - n log [ Ag+]2
0.10
1.48 = 1.563 — 20991 log ! +]2
2 [Ag']
[0.10] 0.083
log (Ag]? ~ 0.02955 =2.8087
[0.10] ,
Or ——, —antilog 2.8087 = 643.7
[Ag’]
i 010 »
[Ag') = 37 =1.553x10
[Ag']=1.247 x 102 M
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Q. 2. Azincrod is dipped in 0.1 M solution of ZnSO4. The salt is 95% dissociated at this dilution at 298 K.
Calculate the electrode potential ( E Zn?zn =7 0.76 V).
Ans. The electrode reaction written as reduction reaction is
n* +2¢ —— Zn(n=2)
Applying Nernst equation, we get
0.0591 1
B = = £ n /T ) log [Zn*]

As 0.1 M ZnSO, solution is 95% dissociated, this means that in the solution,

[Zn*'] = 19750 x 0.1 M=0.095M

B 0.0591 !
Eypifyy = — 076 =7 log 462

=-0.76 —0.02955 (log 1000 — log 95)
=-0.76 —0.02955 (3 -1.9777) =-0.76 — 0.03021 = - 0.79021 V

Q. 3. A strip of nickel metal is placed in a 1 molar solution of Ni(NO;), and a strip of silver metal is
placed in a 1 molar solution of AgNO;. An electrochemical cell is created when the two solutions are
connected by a salt bridge and the two strips are connected by wires to a voltmeter.

(i) Write the balanced equation for the overall reaction occurring in the cell and calculate
the cell potential.

(i1) Calculate the cell potential, E, at 25°C for the cell if the initial concentration of Ni(NO;),
is 0.100 molar and the initial concentration of AgNO; is 1.00 molar.

[Ege g =-0.25V; ES./ . =080V, log 107 = -1] [CBSE (F) 2012]
Ans. (i) Atanode: N1 —— Ni¥'+2¢
At cathode: [Ag" + ¢ —— Ag]x2

Cell reaction:  Ni+2Ag" —— Ni*" +2Ag

o _ o 0
cell — E cathode — E anode

= E2g+/Ag E 2+/N1
=0.80 V- (- 0.25V)

y 0.059  [Ni*']

(”) Ecell E:;)e]] n IOg [Ag+] 2
Here, n=2, E%y =105V, [Ni*'1=0.1 M, [Ag']=1.0M

0.059 . (0.1)

Ecell = 105 V_ 2 10g (1)2

=1.05V —0.0295 log 10”!
=1.05+0.0295V=1.0795V

cell

Q. 4. The emf of a cell corresponding to the reaction.
Zn(s) + 2H'(ag) —— Zn**(0.1 M) + H, (g, 1 atm) is 0.28 volt at 25°C.
Write the half-cell reactions and calculate the pH of the solution at the hydrogen electrode.

Eppe /g == 076V, Efyjy =0V [HOTS]
Ans. Half-cell reactions:
At anode: Zn —— Zn*t+2e
At cathode: 2H +2¢ —— H,
Cell reaction: Zn+2H" —— Zn* +H,

Electrochemistry .



Zn2+
B - 3611_0.0591 log[ ]
n [H+]2

_ (o . 0.0591 0.1
<EH*/H2 EZnZ*/Zn) 5 08 H']2
— [0 = (= 0.76)] — 0.02955 [log 10~ — 2 log (H")]
0.28 = 0.76 — 0.02955 (— 1 +2 pH) [ pH = log (H")]
2pH-1=16.244
pH = 8.62

Q. 5. Estimate the minimum potential difference needed to reduce Al,O; at 500°C. The free energy change
for the decomposition reaction

%AIZO3 — %Al + 0, is 960 kJ (F = 96,500 C mol™). [HOTS]
Ans. ALO;2AP" + 307) —— 2Al + %oz, n=o6e
2 4 2
?AleS I §A1+02,n:§><6e :46
A,G =960 x 1000 = 960000 J
Now, AG =—-nFE_y
A,G 960000

= Bl = =5 = 7x 06500 ~~ 2487V

Minimum potential difference needed to reduce Al,O; is — 2.487 V.

Q. 6. Calculate A, G° and log K, for the following reaction at 298 K:
2Cr(s) + 3Fe’*(ag) —— 2Cr**(aq) + 3Fe(s)

Given: E°;,=0.30 V [CBSE (F) 2016]
Ans.  Cr(s) —— Cr''(ag) + 3e]x2
Fe* (ag)+2¢-  —— Fe(s) 1x3

2Cr(s) + 3Fe*" (ag) —— 2Cr*" (aq) + 3Fe(s), n=6

Here,n=6, ES,;; =030V

Substituting the values in the expression, log K. = 0(’)1759 EQq, We get
logK, = Ogﬁ % 0.30
or log K. =30.5084
K, = Antilog (30.5084)
or K, =3.224x10"
AG® =—nFE%,
=—6x96500 x 0.30
=~ 173700 J mol '

AG° =—173.7 kJ mol ™



Q. 7. 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. |CBSE (AI) 2012]

2
Ans. A=7tr2=3.14><(1 m) :O.7850m2;l=500m

30
RXA _5.55x10°ohm x 0.785 cm”
[ 50 cm
1

.. _ 1 _ a1
Conductivity, k = 0~ 87135 ohm om. 0.01148 S cm

Resistivity, p = = 87.135 ohm cm

Molar Conductivity, A = %1000
_ 0.01148Sem ™' X 1000 em® L'
0.05 mol L™
=229.6 S cm” mol™
Q. 8. From the following molar conductivities at infinite dilution, calculate A, for NH,OH.
A°, for Ba(OH), = 457.6 Q™' cm* mol™
A°, for BaCl, = 240.6 Q' cm” mol™
A°, for NH,CI =129.8 Q' cm* mol ™

o — 0o (4]
Ans. Am(NH4OH) - 7\NH4* +Now-

[} o 1 o o 1 o o
- O\NHX A fo\Baz+ + 200 ) ~ EO\Ba2+ +2A¢))

1 1
= AOm(NH4C1) + 5[ ;)n(Ba(OH)z)] - E[Afn(BaCIZ)]
1
? X

= 238.3 ohm ' cm*mol™!

=129.8+ 457.6—%><240.6

Q. 9. Conductivity of 2.5 x 10~ * M methanoic acid is 5.25 x 107> S ecm™. Calculate its molar conductivity
and degree of dissociation.
Given: .°(H") =349.5 S em” mol ! and A°(HCOO)=50.5S ecm”> mol™".  [CBSE Allahabad 2015]

e K X1000
Ans. A, = M
. 525x107°Scem™ x1000 cm® L
AS =

2.5%10* mol L!

A, =210 S ecm* mol ™
A%, (HCOOH) = A, oo + A
=50.5S cm? mol™' +349.5 S cm? mol ™

=400 S cm® mol™!

A_fn _ 2108 cm” mol ™!
A? " 400S cm? mol ™!

or o =52.5%

Q.10. (i) A current of 1.50 A was passed through an electrolytic cell containing AgNO; solution
with inert electrodes. The weight of Ag deposited was 1.50 g. How long did the current
flow?

(ii) Write the reactions taking place at the anode and cathode in the above cell.

(iii) Give reactions taking place at the two electrodes if these are made up of Ag.

Electrochemistry .
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Ans. () Ag' + ¢ —— Ag
Quantity of charge required to deposit 108 g of silver = 96500 C
96500

Quantity of charge required to deposit 1.50 g of silver = 108 x 1.50=1340.28 C
t: g
1
. _1340.28
Time taken = 150 893.52 s

(if) Inert electrodes
Anode: 2H,0()) —— O4(g) + 4H'(aq) + 4e
Cathode: Agi(ag) + ¢ —— Ag(s)

(iif) Ag electrodes
Anode: Ag(s) —— Ag'(ag) +e
Cathode: Ag'(ag) + ¢ —— Ag(s)

Q.11. (i) Calculate A, G° for the reaction

Mg(s) + Cu’*(ag) —— Mg**(ag) + Cu(s)
Given: E° = +2.71V,1F = 95600 C mol™"

(i) Name the type of cell which was used in Apollo space programme for providing e