
 

 

CLASS XII TERM-I SESSION 2021-22 

SUBJECT: CHEMISTRY (043) 

S.NO UNIT PERIODS MARKS 

1 SOLID STATE 8 10 

2 SOLUTIONS 8 

3 P-BLOCK ELEMENTS 7 10 

4 HALOALKANES AND 

HALOARENES 

9 15 

5 ALCOHOLS, PHENOLS AND 

ETHERS 

9 

6 BIOMOLECULES 8 

 TOTAL 49 35 

 

SYLLABUS FOR TERM I SESSION 2021-22 

Solid State: 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.  

Solutions: Types of solutions, expression of concentration of solutions of solids in liquids, solubility of 

gases in liquids, solid solutions, Raoult's law, colligative properties - relative lowering of vapour 

pressure, elevation of boiling point, depression of freezing point, osmotic pressure, determination of 

molecular masses using colligative properties.  

P - Block Elements: 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. 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: 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.  

Haloalkanes and Haloarenes: Haloalkanes: Nomenclature, nature of C–X bond, physical and chemical 

properties, optical rotation mechanism of substitution reactions. Haloarenes: Nature of C–X bond, 

substitution reactions (Directive influence of halogen in monosubstituted compounds only).  

Alcohols, Phenols and Ethers: Alcohols: Nomenclature, methods of preparation, physical and chemical 

properties (of primary alcohols only), identification of primary, secondary and tertiary alcohols, 

mechanism of dehydration. 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. 

Biomolecules: Carbohydrates - Classification (aldoses and ketoses), monosaccharides (glucose and 

fructose), D-L configuration 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. Nucleic Acids: DNA and RNA 

 

 

 

 



 

 

BLUE PRINT 

 
 SOLID 

STATE 

SOLUTIONS P-BLOCK 

ELEMENTS 

HALOALKANES 

& 

HALOARENES 

ALCOHOLS, 

PHENOLS & 

ETHERS 

BIOMOLECULES TOTAL 

SECTION A 4 4 5 4 5 3 25 
SECTION B 3 3 5 6 5 2 24 
SECTION C  1 2   3 6 
TOTAL 7 8 12 10 10 8 55 

 

CLASS XII 

UNIT 1 THE SOLID STATE 

Solids: Solids have definite volume, shape, and mass due to the short distance between the fixed position 

of particles and strong interactions between them. 

Characteristics Properties of the Solid State 

(i) They have definite mass, volume and shape. 

(ii) Intermolecular distances are short. 

(iii) Intermolecular forces are strong. 

(iv) Their constituent particles (atoms, molecules or ions) have fixed positions and can only oscillate 

about their mean positions. 

(v) They are incompressible and rigid. 

Amorphous and Crystalline Solids 

Solids can be classified as crystalline or amorphous on the basis of the nature of order present in the 

arrangement of their constituent particles. Amorphous solids behave like super cool liquids as the 

arrangement of constituent particles has short-range order, isotropic in nature and no sharp melting point. 

Crystalline solids have a characteristic shape, with the arrangement of constituent particles of long-range 

order, anisotropic in nature and a sharp melting point. 

Distinction between Crystalline and Amorphous Solids: 

 

S. No Crystalline solid Amorphous solids 

1 

These have definite and regular 

arrangement of the constituent 

particles in space. 

These don’t have any regular arrangement of 

the constituent particles in space. 

2 These are true solids. 

These are super cooled liquids or pseudo 

solids. 

3 

These have long-range order 

arrangement of the particles. 

These have short-range order arrangement of 

particle. 

4 

These are anisotropic in nature, 

i.e., their physical properties are 

different in different directions. 

These are isotropic in nature i.e.; their 

physical properties are same in all the 

directions. 

5 They have sharp melting points. They melt over a certain range of temperature. 

6 

They undergo a clean cleavage 

when cut. They undergo irregular cleavage when cut. 

Classification of Crystalline Solids: 

1. Ionic solids: These are the solids that are formed by ions. These ions are joined by the strong 

electrostatic forces of attraction within the solid. Ions are the charged particles which are of two types- 

cations (positively charged) and anions (negatively charged). These ions are orderly arranged in the ionic 

solid. Force of attraction between cations and anions are called an electrostatic force of attraction. These 

strong forces contribute to the hardness, brittleness, and high melting points of these solids. These solids 

conduct electricity only in a molten state/aqueous state.  The reason is that only in these states the ions 

are free to move unlike solid-state where they are fixed. 



 

 

Examples of such solids are sodium chloride (NaCl), Lithium fluoride (LiF) etc. 

2. Covalent Solids: These are also known as network solids as they are formed by an intense network of 

covalent bonds present in their adjacent atoms forming the solid. The constituent atoms/elements are 

neutral atoms and can be the same as in diamond (all atoms are of carbon joined together by covalent 

bonds) or can be different like in silicon carbide (SiC) also known as carborundum. 

Diamond is the hardest substance of the world and it is a covalent solid. It is used in the glass cutting 

industry due to its hardness. Covalent solids are also bad conductors of electricity due to the absence of 

free electrons as all the electrons of constituent atoms are shared to form covalent bonds.  

3. Molecular Solids: Molecules are the constituent particles in these solids. These molecules are held 

together by weak Van der Waal’s forces of attraction. Due to the presence of weak forces, these solids are 

soft in nature. Molecular solids are bad conductors of electricity as there are no free electrons to conduct 

electricity. Their melting and boiling points are also low so they vaporize easily.  

For example:  ice, solid CO2 (dry ice), etc. 

Molecular solids are again divided into 3 classes as follows: 

A. Polar Molecular Solids: These molecular solids have a polar covalent bond between their molecules. 

The polarity in their bond is developed due to the difference in the electronegativity of the atoms which 

participate in bonding. Thus, partial charges are developed on atoms that form a dipole-dipole interaction 

force and this force holds the solid together. For example, Solid SO2 

B. Non-Polar Molecular Solids: In these solids, atoms/elements form the molecule which further joins 

by a non-polar bond to form this kind of molecular solid. These solids have weak dispersion forces or 

London forces so they are soft. No polarity is found in the bonds amongst these solids as the same atoms 

or molecules are joined like Cl2 (one chlorine atom is bonded to another by single non polar bond). 

C. Hydrogen-Bonded Molecular Solids: When Hydrogen makes a bond with fluorine, oxygen, or 

nitrogen it is called a hydrogen bond. These are polar covalent bonds and are comparatively strong 

bonds. The polarity in hydrogen bonds is developed due to the electronegativity difference between 

hydrogen and the other element which could be N/O/F. The solids in which these bonds are present are 

hydrogen-bonded molecular solids. For example, Hydrogen fluoride (HF), Water (H2O), etc. 

4. Metallic Solids: These solids have fixed positive ions surrounded by free electrons in their structure. 

Due to these free electrons, metallic solids are good conductors of heat and electricity. In the case of 

metallic solids, there are positive ions present in the pool of electrons. The melting and boiling points of 

metallic solids could range from moderate to high. These solids can be hard or soft (like sodium and 

potassium).  

Metals like Copper, Nickel, and Manganese are some examples. 

 

Crystal Lattices and Unit Cells 

Unit Cell: The smallest repeating unit of the crystal lattice is the unit cell, the building block of a crystal. 

Types of Unit Cell: 

1. Simple Cubic Unit Cell 

2. Body-centred Cubic Unit Cell 

3. Face centred cubic unit cell 

Crystal Lattices: A crystal structure is an ordered array of atoms, ions or molecules. 

Characteristics of Crystal Lattice 

(a) Each point in a lattice is called lattice point or lattice site. 

(b) Each point in a crystal lattice represents one constituent particle which may be an atom, a molecule (a 

group of atoms) or an ion. 

(c) Lattice points are joined by straight lines to bring out the geometry of the lattice. 

Seven primitive unit cells and their possible variations as centered unit cells: 

https://byjus.com/chemistry/crystal-lattices-and-unit-cells/


 

 

Crystal Class 
Axial 

Distances 
Axial Angles 

Possible Types 

of Unit Cells 
Examples 

1. Cubic a = b = c α = β = γ = 90° 

Primitive, body-

centred, face-

centred 

KCl, NaCl 

2. Tetragonal a = b ≠ c α = β = γ = 90° 
Primitive, body-

centred 
SnO2, TiO2 

3. Orthorhombic a ≠ b ≠ c α = β = γ = 90° 

Primitive, body-

centred, face-

centred, end-

centred 

KNO3, BaSO4 

4. Hexagonal a = b ≠ c α = β = 90°; γ = 120° Primitive Mg, ZnO 

5. Trigonal or 

Rhombohedral 
a = b = c α = β = γ ≠ 90° Primitive 

(CaCO3) Calcite, HgS 

(Cinnabar) 

6. Monoclinic a ≠ b ≠ c α = γ = 90°; β ≠ 90° 
Primitive and 

end-centred 

Monoclinic Sulphur, 

Na2SO4.10H2O 

7. Triclinic a ≠ b ≠ c α ≠ β ≠ γ ≠ 90° Primitive K2Cr2O7, H3BO3 

Number of Atoms in a Unit Cell 

1. Simple Cubic unit Cell 

 

 
The simple cubic unit cell has atoms only at its corner. Each atom at a corner is shared between eight 

adjacent unit cells four-unit cells in the same layer and four-unit cells of the upper or lower layer. 

Therefore, only 1/8th of an atom actually belongs to a particular unit cell. 

Number of Atoms present in each unit cell: 

8 corners × 1/8 atom per unit cell = 1 atom 

 

2. Body-Centred Cubic unit Cell 

 



 

 

 
A body-centered cubic unit cell has an atom at each of its corners and also one atom at its body centre. 

Number of atoms in body centered cubic (bcc) unit cell: 

• 8 corner atoms × 1/8 atom per unit cell = 1 atom 

• 1 body center atom = 1 atom 

Therefore, the total number of atoms in bcc arrangement = 1+1 = 2 atoms. 

3. Face-Centred Cubic unit Cell 

 

 
A face-centered cubic unit cell contains atoms at all the corners and at the centre of all the faces of the 

cube. The atom present at the face-center is shared between 2 adjacent unit cells and only 1/2 of each 

atom belongs to an individual cell. 

Thus, in a face-centered cubic (fcc) unit cell, we have: 

• 8 corners × 1/8 per corner atom = 8 × 1/8 = 1 atom 

• 6 face-centered atoms × 1/2 atom per unit cell = 3 atoms 

Therefore, the total number of atoms in a unit cell = 4 atoms. 

 

Close Packed Structures: In solids, the constituent particles are close-packed, leaving the minimum 

vacant space. 

(a) Close Packing in One Dimension 

In close packing one dimension, spheres are arranged in a row such that adjacent atoms are in contact 

with each other. Coordination number is defined as the no. of nearest neighbour particles. In case of one-

dimension close packing, the coordination number is equal to two. 

 
(b) Close packing in Two Dimensions 

In two-dimensional close packing, a row of closed packed spheres is stacked to obtain a two-dimensional 

pattern. 

 

Square close packing and Hexagonal close packing 



 

 

 
(c) Close packing in Three Dimensions: 

 
Formula of a Compound and Number of Voids Filled 

Voids literally mean gaps between the constituent particles. Voids in solid states mean the vacant space 

between the constituent particles in a closed packed structure. There are two types of interstitial voids: 

Tetrahedral voids and octahedral voids 

 
 

Packing Efficiency: Packing Efficiency is the percentage of total space filled by the particles. 

1. Packing Efficiency in hcp and ccp Structures 

Let the unit cell edge length be ‘a’ and face diagonal AC = b. 

 



 

 

 
In ∆ABC 

AC2 = b2 = BC2 + AB2 = a2 + a2 = 2a2 

b = √2 a 

Let r be the radius of the sphere. So, we get 

b = 4r = √2 a 

a = 4r/√2 = 2√2 r 

Packing efficiency = (Volume occupied by four spheres in the unit cell x 100)/ (Total volume of the unit 

cell) 

(4 x 4/3 π r3 x 100)/ (2√2 r)3 = 74% 

2. Efficiency of Packing in Body Centered Cubic Structures: 

  

 
In ∆EFD 

b2 = a2 + a2 = 2a2 

In ∆AFD 

c2 = a2 + b2 = a2 + 2a2 = 3a2 

c = √3 a 

The length of the body diagonal c = 4r, where r is the radius of the sphere as all the spheres along the 

diagonal touch each other. Therefore, 

√3 a = 4r 

a = 4r/√3 

r = (√3/4) a 

This type of structure has 2 atoms and their volume is 2 x (4/3) π r3 

Volume of the cube = a3 = (4r/√3)3 

Packing efficiency = (Volume occupied by two spheres in the unit cell x 100)/ (Total volume of the unit 

cell) 

[(2 x (4/3) π r3) x 100] / (4r/√3)3 = 68% 

3.Packing Efficiency in Simple Cubic Lattice: 

In the simple cubic unit cell, atoms are located at the corners of the cube. 

a = 2r 

Where a = Edge length or side of the cube 

r = radius of each particle, 

The volume of the cubic unit cell = a3 = (2r)3 = 8r3 

A simple cubic unit cell contains only 1 atom. The volume of the occupied space = 4/3 π r3 

Packing efficiency = (Volume of one atom x 100)/ (Volume of cubic unit cell) 

(4/3 π r3) x 100 / 8r3 = 52.4% 

Calculations Involving Unit Cell Dimensions 



 

 

The unit cell can be seen as a three-dimensional structure containing one or more atoms. We can 

determine the volume of this unit cell with the knowledge of the dimensions of the unit cell. 

Mass of unit cell = number of atoms in unit cell × mass of each atom = z × m 

Where, z = number of atoms in the unit cell, m = Mass of each atom 

Mass of an atom = M/NA 

Where M = molar mass 

NA = Avogadro’s number 

Volume of the unit cell, V = a3 

Density of unit cell = mass of unit cell/ volume of the unit cell 

Density of unit cell = m/V = z×m/a3 = z×M/a3×NA 

𝝆 = z×M/a3×NA 

Assignment: 

1. An element has a body centred cubic (bcc) structure with a cell edge of 444pm. The density of the 

element is 7.2 g cm-3. How many atoms are present in 404 g of the element?  

Ans. 6.41 x 1023 

2. The cubic unit cell of Aluminium (Molar mass 27 g mol-1) has an edge length of 405pm. Its density is 

2.7 g cm-3. What is the nature of the unit cell? Ans. FCC. 

3. Niobium crystallizes in bcc structure, if density is 8.55 g cm-3, calculate atomic radius of niobium 

given its atomic mass 93 u. Ans. 0.143 nm 

4. Calculate the value of Avogadro’s number from the following data: Density of NaCl = 2.165 g cm-3, 

distance between Na+ and Cl- ions in NaCl crystal = 281pm. Ans. 6.09 x 1023 mol-1 

5. An element crystallizes in an fcc lattice with cell edge of 250pm. Calculate its density if 300 g of this 

element contain 2 x 1024 atoms. Ans. 38.4 g cm-3. 

 

Imperfections in Solids:  

Defect or Imperfection: - 

▪ Any departure from perfectly ordered arrangement of the constituent particles in the crystal called 

imperfection or defect. 

▪ The defects in the crystal are arises when crystallization takes place at the fast or moderate rates because 

the constituent particles does not get sufficient time to arrange in perfect order. 

There are mainly two types of defects: - 

1. Point defect: -When the deviation from the ideal arrangement around a point or an atom in a crystalline 

substance the defect is called the point defect. 

2. Line defect: - When the deviation from the ideal arrangement exists in the entire row of lattice points the 

defect is called as line defect. 

Types of the point defects: - 

1. Stoichiometric defects 

2. Non stoichiometric defects 

3. Impurity defects 

1. Stoichiometric defect: - If imperfection in the crystal is such that the ratio between cation and onions 

remains same. Stoichiometry of substance do not disturbed defect is called stoichiometric defect these 

defects are of the following types: 

Vacancy defect: - When is in a crystalline substance, some of the lattice sites are vacant the crystal is 

said to have vacancy defect it results in decrease of density of substance. 



 

 

 
Interstitial defect: - When some extra constituent particles are present in the interstitial site the crystal is 

said to be have interstitial defect. This defect increases density of the crystal. These above types of 

defects are shown only by non – ionic solids. 

 
Schottky defect: - 

If in an ionic crystal of the type A+B- equal number of cations and anions are missing from the lattice site. 

So that electrical neutrality is remained is called Schottky defect. 

Compounds exhibiting Schottky defect are NaCl, KCl 

Which compounds have small difference in size of cation and anions show defect. 

Frenkel defect: - If an ion is missing, from its lattice site and is occupies the interstitial site, electrical 

neutrality as well as Stoichiometry of the compound is maintained this type of defect is called Frenkel 

defect. It is also called dislocation defect. 

Example: - (AgCl, AgBr, AgI, ZnS) shows this defect which have a large difference in size of cations 

and anions. 

Main points of difference between Schottky and Frenkel defect:  

S.No. Schottky defect Frenkel defect 

1. It is due to equal no. of cations and 

anions missing from lattice sites. 

It is due to missing of ions (usually 

cations) from the lattice sites and this 

occupies interstitial sites. 

2. It results in decrease in density of 

crystal. 

It has no defect on density of crystal. 

3. This is found in the highly ionic 

compounds with having cations and 

anions of same sizes NaCl, CsCl, AgBr 

This found in crystal with low 

coordination number. ZnS, AgBr, AgI 

Non-stoichiometric defects: - If a result of the imperfections in the crystal the ratio, of the cations and 

anions becomes difference from that indicated by ideal chemical formula. The defects are called non-

stoichiometric defects. 

 

They are of two types: - 

i. Metal excess defects: - A negative ion may be missing from its lattice site, leaving a hole which is 

occupied by an electron, there by maintain the electrical neutrality. 

The interstitial sites containing the electron thus trapped in the anion vacancies are called the F – centers. 

They are responsible for imparting colour to the crystals. 



 

 

Example: - When NaCl is heated in an atmosphere of Na vapours. The excess of Na atoms deposition 

the surface of NaCl crystal Cl- ions then diffuse to the surface where the combine with Na+ ions which 

becomes due to losing electrons. 

These electrons loses by Na atom are diffuse back into the crystal and occupy the vacant site created by 

Cl- ions and imparts Yellow colour to NaCl crystal 

ii. By presence of extra cation in interstitial sites: - 

Metal excess may also be caused by an extra cation occupying the interstitial site. For example, when 

ZnO is heated it loses oxygen and turns yellow due to following: 

ZnO → Zn+2 + (1/2) O2 + 2e- 

The excess interstitial sites and the electrons in neighbouring interstitial sites. 

Metal deficiency defect: - This defect occurs when the metal shows the variable valency. Due to metal 

deficiency the compounds obtained are non-stoichiometric. For example, it is difficult to prepare ferrous 

oxide with ideal composition because Fe exists as both  

Fe+2 and Fe+3 ions thus we obtain Fe0.95O or FexO with x = 0.93 to 0.96 

 

Impurities Defects: Defects in ionic compounds because of replacement of ions by the ions of other 

compound is called impurities defects. 

 
Cation vacancy in NaCl by substitution of Na+ by Sr2+ 

In NaCl; during crystallization; a little amount of SrCl2 is also crystallized. In this process, Sr2+ ions get 

the place of Na+ ions and create impurities defects in the crystal of NaCl. In this defect, each of the 

Sr2+ ions replaces two Na+ ions. Sr2+ ion occupies one site of Na+ ion; leaving another site vacant. Hence 

it creates cationic vacancies equal number of Sr2+ ions. CdCl2, AgCl, etc. also shows impurities defects. 

 

UNIT 2 SOLUTIONS 

A solution is a homogeneous mixture of two or more chemically non-reacting substances.  

Solutions are the homogeneous mixtures of two or more than two components. A solution having two 

components is called a binary solution. It includes solute and solvent. 

A solution may be classified as solid, liquid or a gaseous solution.  

Types of Solutions:  

 



 

 

 

Concentration: It is the amount of solute in given amount of solution. 

Mass by volume percentage (w/v): Mass of the solute dissolved in 100 mL of solution. 

Molality (m): It is the number of moles of solute present in 1kg of solvent. 

Molarity (M): It is the number of moles of solute present in 1L of solution. 

Normality: It is the number of gram equivalent of solute dissolved per litre of solution. 

Saturated solution: It is a solution in which no more solute can be dissolved at the same temperature 

and pressure. 

In a nearly saturated solution if dissolution process is an endothermic process, solubility increases with 

increase in temperature. 

In a nearly saturated solution if dissolution process is an exothermic process, solubility decreases with 

increase in temperature. 

Solubility is defined as the amount of solute in a saturated solution per 100g of a solvent. The solubility 

of a gas in a liquid depends upon: 

(a) the nature of the gas and the nature of the liquid, 

(b) the temperature of the system, and 

(c) the pressure of the gas. 

The effect of pressure on the solubility of a gas in a liquid is governed by Henry’s Law: It states that 

the solubility of a gas in a liquid at a given temperature in directly proportional to the partial pressure of 

the gas  

p = KH x  

Where p is the partial pressure of the gas; and x is the mole fraction of the gas in the solution and KH is 

Henry’s Law constant. 

The vapour pressure of a liquid is the pressure exerted by its vapour when it is in dynamic equilibrium 

with its liquid, in a closed container. 

Raoult’s Law, the vapour pressure of a solution containing a non-volatile solute is directly proportional 

to the mole fraction of the solvent (XA). The proportionality constant being the vapour pressure of the 

pure solvent,  

PA  XA  

 PA = PA° XA 

 

 
PA = PA° XA 

PB = PB° XB 

PA + PB = PA
0XA + PB

0XB  

            = PA
0 (1-XB) + PB

0XB [XA + XB = 1] 

           = PA
0 – PA

0XB + PB
0XB 

  Ptotal = PA
0 + (PB

0 – PA
0 ) XB 

The binary liquid in liquid solutions can be classified into two types; ideal and non-ideal solutions. 

Ideal solution: An ideal solution is a solution where the intermolecular interactions between solute-

solute (A-A) and solvent-solvent (B-B) are similar to the interaction between solute-solvent (A-B). An 

ideal solution fulfills the following criteria: 



 

 

• It obeys Raoult’s law for all the concentration and temperature ranges. This states that the partial 

vapour pressure of each component is proportional to the mole fraction of the component in a 

solution at a given temperature. 

• The enthalpy of mixing is zero, i.e., ΔHmix = 0. It means that no heat is absorbed or released. 

• The volume of mixing is zero, ΔVmix = 0. It means that the volume of the solution is equal to the 

sum of the volume of components. 

The ideal solution is possible with components of the same size and polarity. There is no association, 

dissociation or reaction taking place between components. A perfect ideal solution is rare but some 

solutions are near to the ideal solution. Examples are Benzene and toluene, hexane and heptane, 

Bromoethane and Chloroethane, Chlorobenzene and bromobenzene, etc. 

Non-ideal Solution:  

• When a solution does not obey Raoult’s law for all the concentration and temperature ranges it is 

known as a non-ideal solution. A non-ideal solution may show positive or negative deviation from 

Raoult’s law.  

• ΔHmix ≠ 0 

• ΔVmix ≠ 0 

(a) Non-ideal solution showing positive deviation 

Here the total vapour pressure is higher than that calculated from Raoult’s equation. The interaction 

between solute-solvent (A-B) is weaker than those of pure components (A-A or B-B). The ΔHmix and 

ΔVmix are positive. E.g., ethanol and acetone, carbon disulphide and acetone, acetone and benzene, etc. 

(b) Non-ideal solution showing negative deviation 

Here the total vapour pressure is lower than that calculated from Raoult’s equation. The interaction 

between solute-solvent (A-B) is stronger than those of pure components (A-A or B-B). The ΔHmix and 

ΔVmix are negative. E.g., phenol and aniline, chloroform and acetone, etc. 

Difference between Ideal and Non-ideal Solution 

S.No. Ideal Solution Non-ideal Solution 

1 They obey Raoult’s law They do not obey Raoult’s law 

2 Intermolecular interaction between solute 

and solvent is the same as that of pure 

components 

Intermolecular interaction between solute 

and solvent is weaker or stronger than that 

of between pure components 

3 The total vapour pressure is the same as 

predicted from Raoult’s law 

The total vapour pressure increases or 

decreases from the predicted value 

according to Raoult’s law 

4 No heat is released or absorbed so the 

enthalpy of mixing is zero, ΔHmix = 0 

Heat is either absorbed or released so the 

enthalpy of mixing is either positive or 

negative, ΔHmix ≠ 0 

5 The total volume is equal to the sum of 

the volume of components (solute and 

solvent) so the volume of mixing is zero, 

ΔVmix = 0 

The volume of mixing is not zero, ΔVmix ≠ 

0. There is either expansion or contraction. 

6 Components can be separated by 

fractional distillation 

Components can’t be separated in the pure 

form by fractional distillation 

7 Does not form an azeotrope Forms azeotrope mixture 

8 Examples: Benzene and toluene, hexane 

and heptane, etc. All the dilute solutions 

nearly behave as an ideal solution 

Examples: Ethanol and acetone, carbon 

disulphide and acetone, phenol and aniline, 

chloroform and acetone, etc. 

 

Colligative properties of solutions are those properties which depend only upon the number of solute 

particles in the solution and not on their nature.  



 

 

Such properties are: 

(a) Relative lowering in vapour pressure, 

(b) Elevation of boiling point, 

(c) Depression of freezing point and 

(d) Osmotic pressure. 

(a)Relative lowering in vapour pressure: According to Raoult’s Law, the relative lowering of vapour 

pressure of a solution is equal to the mole fraction of the solute. 

                      (PA
0 – PA)/PA

0 = XB = nB / (nA + nB) 

                       (PA
0 – PA)/PA

0 = (wB/MB)/WA/MA 

  MB = (wB MA / wA (PA
0 – PA)/PA

0)  

(b) Elevation of boiling point: Boiling point of a liquid is the temperature at which its vapour pressure 

becomes equal to the atmospheric pressure. The boing point of the pure solvent is Tb
0 while that of the 

solution is Tb. Since, Tb is greater than Tb
0, there is an elevation or increase in boiling temperature of the 

solution as compared to that of solvent. The elevation in boiling point, ∆Tb may be expressed as: ∆Tb = 

Tb - Tb
0 

 
The elevation in boiling point is found to be proportional to the molality of the solution.  

∆Tb α m 

∆Tb = Kb m, where ∆Tb is the elevation in boiling point, ‘m’ is the molality and Kb is the Molal elevation 

constant 

∆Tb = Kb m = (Kb x wB x 1000)/MB x wA 

MB = (Kb x wB x 1000)/∆Tb x wA 

(c) Depression of freezing point: Freezing point is the temperature at which the solid and the liquid 

states of the substance have the same vapour pressure. Freezing point temperature of puree solvent is Tf
0 

and freezing point temperature of the solution is Tf. The Tf is less than Tf
0. This shows that the freezing 

temperature of the solution is less than that of pure solvent and the depression in freezing temperature 

(∆Tf )is given as: ∆Tf = Tf
0 – Tf 

 
The depression in freezing point (∆Tf) is proportional to the molality of the solution. 

∆Tf α m 

∆Tf = Kf m Where Kf is molal depression constant (freezing point depression constant). 

 

∆Tf = Kf m = (Kf x wB x 1000)/MB x wA 

MB = (Kf x wB x 1000)/∆Tf x wA 

Osmosis: The spontaneous flow of solvent molecules from a dilute solution into a concentrated solution 

when the two are separated by a perfect semipermeable membrane. 



 

 

(d) Osmotic pressure (π) is the pressure which must be applied to the solution side (more concentrated 

solution) to just prevent the passage of pure solvent into it through a semipermeable membrane. 

According to Van’t Hoff equation,  

            

                  π = CRT= (nB/V) RT = (wB/MBV) RT 

      MB = (wB/ π V) RT 

where n is the osmotic pressure of the solution, 

C is the concentration of solution, nB is the number of moles of solute, MB is the molar mass of the 

solute, V is the volume of the solution in liters, 

R is the gas constant, and T is the temperature on the Kelvin scale. 

Reverse Osmosis: The direction of osmosis can be reversed if a pressure larger than the osmotic pressure 

is applied to the solution side. That is, now the pure solvent flows out of the solution through the semi 

permeable membrane. This phenomenon is called reverse osmosis 

 
 

Isotonic solutions are those solutions which have the same osmotic pressure. Also, they have same molar 

concentration. 

For isotonic solutions, π1 = π2 Also, C1 = C2 

Hypertonic solutions if a solution has more osmotic pressure than some other solutions. 

Hypotonic solutions if a solution has less osmotic pressure than some other solutions. 

 

Assignment: 

Q1. If 1.202 g mL-1 is the density of 20% aqueous KI, determine the following: 

(a) Molality of KI 

(b) Molarity of KI 

(c) Mole fraction of KI 

Answer: (a) 1.506 m 

               (b) 1.45 M 

               (c)  0.0263 

Q2. Calculate Henry’s law constant when the solubility of H2S (a toxic gas with rotten egg like smell) in 

water at STP is 0.195 m 

Answer: 282 bars 

Q3. Find the vapor pressure of water and its relative lowering in the solution which is 50 g of urea 

(NH2CONH2) dissolved in 850 g of water. (Vapor pressure of pure water at 298 K is 23.8 mm Hg) 

Answer: 23.4 mm of Hg, the vapour pressure of water in the given solution is 23.4 mm of Hg and its 

relative lowering is 0.0173. 

Q4. How much of sucrose is to be added to 500 g of water such that it boils at 100°C if the molar 

elevation constant for water is 0.52 K kg mol-1 and the boiling point of water at 750 mm Hg is 99.63°C? 

Answer: 121.67 g, the amount of sucrose that is to be added is 121.67 g 

Q5. To lower the melting point of 75 g of acetic acid by 1.50C, how much mass of ascorbic acid is 

needed to be dissolved in the solution where Kt = 3.9 K kg mol−1? 

Answer: 5.08 g, the amount of ascorbic acid needed to be dissolved is 5.08 g. 

https://byjus.com/chemistry/water/


 

 

Q6. If a solution prepared by dissolving 1.0 g of polymer of molar mass 185,000 in 450 mL of water at 

37°C, calculate the osmotic pressure in Pascal exerted by it? 

Answer: 30.98 Pa 

 

 

 

 

                                            UNIT 7 P-BLOCK ELEMENTS 

 

 

 
 

The group 15 members are: 

Nitrogen (7N), Phosphorous (15P), Arsenic (33As), Antimony (51Sb), Bismuth (83Bi) 

Physical Properties: 

1. Electronic configuration of group 15 members: general electronic configuration is ns2np3. 

Nitrogen (7N): [He] 2s2, 2p3 

Phosphorous (15P): [Ne] 3s2, 3p3 

Arsenic (33As): [Ar] 3d10, 4s2, 4p3 

Antimony (51Sb): [Kr] 4d10, 5s2, 5p3 

Bismuth (83Bi): [Xe] 4f14, 5d10, 6s2, 6p3 

3. Atomic radii and ionic radii: The atomic and ionic radii of group 15 elements are smaller than the 

atomic radii of the corresponding group 14 elements. Ongoing down the group, the atomic radii increase 

with increase in atomic number.  

4. Ionization energy: The group 15 has high ionization energy than group 14 because of smaller size. 

Along the group, ionization energy decreases as size increases. 

4. Electronegativity: Because of smaller size the group 15 members more electronegative than group 14. 

Electronegativity decreases down the group with increasing atomic number:                N > P > As > Sb = 

Bi 

5. Metallic character: They are less metallic than group 14 because of small size and increased nuclear 

charge. Along the group metallic character increases as size increases and ionization energy decreases. 

The order of their metallic character is: N < P < As < Sb < Bi 

6. Melting point and boiling point: The melting point depends upon the type and number of bonds formed 

whereas boiling point depends upon Vander wall force which increases in magnitude with increase in 

size. 

Boiling points: It increases down the group as size increases. The order is – N<P<As<Sb<Bi 

Melting point: It first increases then decreases. The order is:  N < P < As > Sb > Bi 

The reason for this decrease in case of antimony and bismuth is due to use of only three electrons out of 5 

in bond formation because of inert pair effect. 



 

 

7. Catenation: Self linking of atoms known as catenation. They show only up to small extent like P exists 

as P4, Nitrogen as N2. For example: Hydrazine (H2NNH2) has two nitrogen bonded together, Hydrazoic 

acid (N3H) has three nitrogen atoms bonded together. 

8. Oxidation states: They have configuration ns2np3. Their common oxidation states are +5 and +3. The 

oxidation states shown by them are: Nitrogen shows: -3 (Ca3N2) Calcium Nitride 

Phosphorous shows: -3 (Ca3P2) Calcium Phosphide 

Bismuth: as +3 due to inert pair effect. It has only one compound in +5 oxidation state that is 

BiF5 (Bismuth pentafluoride). 

Nitrogen do not form compounds in +5 oxidation states because it has no vacant d orbitals therefore no 

excitation can occur. So, maximum covalence shown by it is 4. 

Anomalous behavior of nitrogen: It has small size, high ionization energy, most electronegative, no 

vacant d orbital and no dπ-pπ bonding can occur. 

Chemical properties of group 15: 

1. Reaction with hydrogen: Whenever any substance reacts with hydrogen they form respective hydrides. 

NH3       PH3           AsH3   SbH3    BiH3 

           Ammonia Phosphine Arsine   Stibine Bismuthine 

Mg 3N2                             +     H2O    --> Mg (OH)2     +                      NH3 

(Magnesium nitride)                  (Magnesium hydroxide)  (Ammonia) 

Likewise for preparing phosphine we take calcium phosphide: 

Ca3P2 + H2O          -->    Ca (OH)2    +              PH3 

(Calcium phosphide) (calcium hydroxide) (phosphine) 

The structure of these hydrides is pyramidal and hybridization sp3. 

The properties of hydrides are: 

Bond angle: The bond angle decreases down the group. The order of decrease of angle is: 

NH3 > PH3 > AsH3 > SbH3 > BiH3 

The reason behind this is that when size of central atom increases, lone pair will push closer to bond pair-

bond pair. Due to this bond angle decreases. 

Basic character: It refers to ability of molecule to donate its lone pair. The order of decrease in basic 

character is: 

                NH3 > PH3 > AsH3 > SbH3 > BiH3 

             Most basic                           least basic 

Due to large size of bismuth the lone pair density is less close to bismuth therefore tendency to lose 

electron decreases. 

Stability: The stability of hydrides depends upon the comparability of size. The order of stability of 

hydrides is: 

                  NH3 > PH3 > AsH3 > SbH3 > BiH3 

Due to increase in size, bond length increases due to which bond dissociation energy decrease therefore 

stability decrease. 

Reducing nature: The order of reducing character of hydrides is: 

                  NH3 < PH3 < AsH3 < SbH3 < BiH3 

Out of them in case of BiH3, the bond strength is low therefore reducing character is lowest. 

Boiling point: The boiling point depends upon Vander wall force and this Vander wall force increases 

with increase in size. 

The order of their boiling points for 15 group hydrides is: 

NH3 > PH3   < AsH3 < SbH3   < BiH3 

In case of NH3 and PH3, ammonia has higher boiling point than phosphine because of hydrogen bonding. 

Solubility: The solubility of hydrides in water for group 15 is: 

                NH3 > PH3   > AsH3 > SbH3   > BiH3 

 Ammonia has higher solubility due to formation of hydrogen bonds. 

2. Reaction with oxygen: Whenever group 15 elements react with oxygen, they form oxides. 



 

 

Oxides of Nitrogen:  

 

 
 

Table 7.4: Structures of oxides of nitrogen 

 

 
 

 

Reaction with halogens: The group 15 elements combine with halogen to form their respective halides 

of general formula EX3 and EX5. 

Nitrogen does not form pent halides due to non-availability of d orbital but form trihalides. 

The order of stability of nitrogen halides are: Down the group trihalides of group 15 stability increases 

due to inert pair effect. NF3 > NCl3 > NBr3 > NI3 

Characteristics of pentahalides: Phosphorous pentachloride (PCl5)  

The geometry of pentahalides is Trigonal bipyramidal and the Hybridization sp3d  

 

 



 

 

Please note that: The existence of PCl5 (phosphorous pentachloride) is gas but in solid state it exist 

as dimer {[PCl4]+[PCl6]-} 

All the pentahalides behaves as Lewis acid because of the presence of vacant d- orbitals. The central 

atom (except N) can accept a pair of electrons thereby expanding its CN to 6.  

EX5 + X- 
→ [EX6]

-  

During this, the hybridization of the central atom changes from sp3d to sp3d2. 

 

Dinitrogen: The molecular formula is N2. It is a diatomic gas. The triple bond that exists between 

nitrogen of molecule is quite strong therefore bond dissociation energy is high. It is an inert gas. Nitrogen 

is smallest in its group. Nitrogen is most electronegative. Nitrogen has highest ionization energy in its 

group. Nitrogen has no vacant d orbital. 

 

Preparation of Dinitrogen: It is prepared by reacting ammonium chloride with sodium nitrite, that 

is: NH4Cl (aq) + NaNO2 (aq) --> NaCl (aq) + N2 (g) + H2O (l) 

Pure nitrogen can be prepared by heating Barium azide: 

                  Ba (N3)2 ---> Ba + 3N2  

Physical properties of nitrogen: It is colorless, odorless and tasteless gas. It is slightly soluble in water. 

It is non-toxic gas. 

Chemical properties of nitrogen 

1. Reaction with metal: Nitrogen reacts with metal to form metal nitrides. 

           3Ca + N2 --> Ca3N2 (Calcium Nitride) 

1. Reaction with non-metal: They react with non-metal to form compounds like: 

           N2 + O2 --> 2NO (Nitric oxide) 

           2NO + O2 → 2NO2 (Nitrogen dioxide) 

           N2 + 3H2 --> 2NH3 (Ammonia) 

Uses of nitrogen: Liquid nitrogen is used as preservative for specimens. It is used to manufacture 

compounds like nitric acid etc. 

 

Ammonia (NH3): Decay of nitrogenous organic matter e.g. urea 

NH2CONH2 + 2H2O         (NH4)2 CO3        2NH3 + H2O + CO2 

Laboratory Preparation: 

By reacting ammonium chloride with calcium hydroxide: 

NH4Cl + Ca (OH)2             NH3 + CaCl2 + H2O 

 

By reacting ammonium sulphate with sodium hydroxide: 

 

(NH4) SO4 + NaOH             Na2SO4 + NH3 + H2O 

Ammonia can be industrially prepared by Haber’s process: 

In this nitrogen and hydrogen are taken in 1:3 ratios and catalyst Fe and Mo is used as promoter. The 

favourable conditions for high yield of ammonia by applying Le chatelier’s principle. This reaction can 

take place at conditions of low temperature and high pressure. This is reversible exothermic reaction. 

N2 (g) + 3H2 (g)               2NH3 (g) ∆Hf = -92.2 KJ mol-1 

 

 

Physical properties of ammonia: It is colorless gas with pungent smell, highly soluble in water forming 

ammonium hydroxide. It can be easily liquefied and has high boiling point due to hydrogen bonding. 

Chemical properties of ammonia 

1. Basic nature: It behaves as a Lewis base because of lone pair of electrons. Also, it has tendency to 

behave as bronsted base that is: NH3 + HCl -> NH4Cl 

2. It behaves as weak base that means it precipitates hydroxides. 



 

 

 

FeCl3 + NH4OH -> Fe2O3.x H2O + NH4Cl 

 

The lone pair present helps in forming complexes so we can say it is a complexion agent. 

 

Cu2+ + NH3 -> [Cu (NH3)4]
2+ 

 

  Uses of ammonia: Ammonia helps in making nitrogenous fertilizers like ammonium sulphate etc. It is 

used in manufacture of nitric acid. The liquid ammonia is used as refrigerant. 

Nitric acid (HNO3): It is prepared from Ostwald’s process 

1. 4NH3 + 5O2 → 4NO + 6H2O 

2. 2NO + O2 → 2NO2 

3. 3NO2 + H2O → 2HNO3 + NO 

Physical properties of nitric acid: It is colorless liquid. The impure nitric acid is yellow because of 

nitrogen dioxide in it as impurity therefore nitric acid is called as fuming nitric acid also. It is corrosive in 

nature. 

Chemical properties of nitric acid 

1. Acidic nature: Nitric acid is acidic in nature because it dissociates to give hydrogen ion when dissolved 

in water:  

HNO3 + H2O → H3O
+ + NO3

- 

 It reacts with base showing neutralization reaction: 

HNO3        +   NaOH    --->                 NaNO3      +   H2O 

Nitric Acid Sodium Hydroxide   Sodium Nitrate   Water 

2. Reaction with metals:  

Zn + HNO3 (Conc.)→ Zn (NO3)2 + H2O + NO2 

Zn + HNO3 (Dilute)→ Zn (NO3)2 + H2O + N2O 

 

Aqua regia: It is a mixture of nitric acid and hydrochloric acid in ratio 1:3 and it is used in dissolving 

noble metals. 

 

Oxidizing nature of nitric acid:  

I2 +10HNO3 → 2HIO3 + 10NO2 + 4H2O 

Test for nitrates 

It is also called as brown ring test. A brown ring [Fe (H2O)5(NO)]2+ is formed that shows the   presence 

of nitrates. 

Uses of nitric acid: In manufacturing of ammonium nitrate and other fertilizers. In manufacturing of 

explosives like TNT (trinitrotoluene). In purification of gold and silver by using aqua regia. It is used as 

oxidizer in rocket fuels. 

  

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

GROUP 16 ELEMENTS 

The group 16 members are: 

Oxygen (8O), Sulphur (16S), Selenium (34Se), Tellurium (52Te), Polonium (84Po) 

Electronic configuration of group 16 members: general electronic configuration is ns2np4. 

Oxygen (8O): [He] 2s2, 2p4 

Sulphur (16S): [Ne] 3s2, 3p4 

Selenium (34Se): [Ar] 3d10, 4s2, 4p4 

Tellurium (52Te): [Kr] 4d10, 5s2, 5p4 

Polonium (84Po): [Xe] 4f14, 5d10, 6s2, 6p4 

 

Physical Properties: 

Atomic and ionic radii: The atomic and ionic radii of the elements of this group are smaller than those 

of the corresponding elements of group 15. The atomic and ionic radii of the elements of group 16 

increase on going down the group. 

Ionisation enthalpy: Ionization enthalpy decreases down the group. 

Electron gain enthalpy: The elements of this family have high negative electron gain enthalpy. Oxygen 

has less negative electron gain enthalpy than S because of small size of oxygen atom. 

Melting and boiling point: It increases with increase in atomic number. Oxygen has much lower 

melting and boiling points than sulphur because oxygen is diatomic O2 and sulphur is octatomic S8. 

Catenation: Catenation is the tendency of an atom to form bond with identical atoms. 

Allotropy: Oxygen – O2 and O3,  

                   Sulphur – yellow orthorhombic, - and β- monoclinic form  
 

Oxidation states: They show -2, +2, +4, +6 oxidation states. 

 

CHEMICAL PROPERRTIES: 

Reactivity with hydrogen: All group 16 elements form hydrides. They possess bent shape. 

As we go down the group the bond angle in the hydrides decreases as 

 H2O (104.5) > H2S (92.1) > H2Se (91) > H2Te (90) 

Acidic character increases: H2O < H2S < H2Se < H2Te, this is because the H-E bond length increases 

down the group. Therefore, the bond dissociation enthalpy decreases down the group. 

Reducing character:  H2O < H2S < H2Se < H2Te, due to the decrease in thermal stability of the hydrides. 

H2O is a liquid while H2S is a gas. This is because strong hydrogen bonding is present in water. This is 

due to small size and high electronegativity of oxygen. 

 

Reactivity towards halogens: EX2, EX4 and EX6 

The stability of halides decreases in the order F- > Cl- > Br- > I-  

This is because E-X bond length increases with increase in size. 

Geometry and Shape of SF4: sp3d and See-saw shape 

Geometry and Shape of SF6: sp3d2 and Octahedral shape 

 

Dioxygen: It can be prepared by: 

 

KClO3     
Heat/MnO2                 2KCl + O2 

 



 

 

2H2O2                            2H2O + O2 

 

2Ag2O   Heat              4Ag + O2  

 

Dioxygen is a colourless and odourless gas. It is soluble in water.  

Oxygen atom has three stable isotopes: 16O, 17O and 18O.  

Molecular oxygen, O2 is paramagnetic due to unpaired electrons. 

 

 

Oxides: The compounds of oxygen and other elements are called oxides. 

Simple oxides: MgO, Al2O3 

Mixed oxides: Pb3O4, Fe3O4 

 

SO2 + H2O → H2SO3 (Sulphurous acid) 

 

CaO + H2O → Ca (OH)2 

Amphoteric oxides: They show characteristics of both acidic as well as basic oxides. 

Al2O3 + 6HCl (aq)  →   2AlCl3 (aq) +3H2O 

Al2O3 + 6NaOH (aq) + 3H2O  →  2Na3[Al (OH)6] (aq) 

 Neutral oxides: These oxides are neither acidic nor basic. Example: CO, NO and N2O 

 

Ozone: 

Preparation: It is prepared by passing silent electric discharge. Oxygen is converted to ozone. 

 

3O2 (g)  → 2O3; ∆H = +142KJ mol-1 

 

Structure of Ozone: Ozone has angular structure. Both O = O bonds are of equal bond length due to 

resonance. 

 
 

Ozone is thermodynamically unstable with respect to oxygen, its decomposition into oxygen results in 

the liberation of heat (∆H is negative) and an increase in entropy (∆S is positive), resulting in large 

negative Gibb’s energy change (∆G) for its conversion into oxygen. 

It liberates atoms of nascent oxygen: O3 → O2 + [O] it acts as a powerful oxidizing agent.  

For example, it oxidizes lead sulphide to lead sulphate and iodide ions to iodine. 

Uses: It is used as a germicide, disinfectant and for sterilizing water. It is also used for bleaching oils, 

ivory, flour, starch, etc. It acts as an oxidizing agent in the manufacture of potassium permanganate. 

 

Sulphur: S2 is formed at high temperature ( 1000 K). It is paramagnetic because of 2 unpaired electrons 

present in anti-bonding * orbitals like O2. 

Sulphur exhibits allotropy: (i) Yellow Rhombic (  – sulphur) (ii) Monoclinic (β- sulphur) and (iii) 

Plastic sulphur (δ-sulphur) 
S8 molecules: The ring is puckered and has a crown shape and cyclo S6 ring adopts a chair form. 

 



 

 

 
 

Sulphur dioxide is formed when Sulphur is burnt in air or oxygen:  

S(s) + O2 (g) → SO2 (g)  

In the laboratory, SO3 
2- (aq) + 2H+ (aq) → H2O (l) + SO2 (g) 

Industrially, it is produced by roasting of sulphide ores.  

4FeS2 + 11O2  →  Fe2 O3 + 8SO2  

Properties:  Sulphur dioxide is a colourless gas with pungent smell and is highly soluble in water. It 

liquefies at room temperature under a pressure of two atmospheres and boils at 263 K. Sulphur dioxides, 

when passed through water, forms a solution of sulphurous acid.  

It reacts readily with sodium hydroxide solution, forming sodium sulphite, which then reacts with more 

Sulphur dioxide to form sodium hydrogen sulphite.  

2NaOH + SO2 → Na2SO3 + H2O  

Na2SO3 + H2O + SO2 → 2NaHSO3  

Sulphur dioxide reacts with chlorine in the presence of charcoal (which acts as a catalyst) to give 

sulphuryl chloride. 

SO2 (g) + Cl2 (g) → SO2Cl2 (l)  

 

It is oxidized to Sulphur trioxide by oxygen in the presence of vanadium (V) oxide catalyst.  

 

Sulphur dioxide behaves as a reducing agent. For example, it converts iron (III) ions to iron (II) ions and 

decolorizes acidified potassium permanganate (VII) solution. 

 

Uses: Sulphur dioxide is used (i) in refining petroleum and sugar (ii) in bleaching wool and silk and (iii) 

as an anti-chlor, disinfectant and preservative. Sulphuric acid, sodium hydrogen sulphite and calcium 

hydrogen sulphite (industrial chemicals) are manufactured from Sulphur dioxide. Liquid SO2 is used as a 

solvent to dissolve a number of organic and inorganic chemicals. 

 

 

Sulphuric acid: By contact process: 

 

S + O2 → SO2 

 

SO2 (g) + O2 (g)    V2O5        SO3 (g)    ∆rH
0 = -196.6 kJ 

 

SO3 + H2SO4 → H2S2O7 (Oleum) 

 

H2S2O7 + H2O → 2H2SO4 

 

Sulphuric acid: It is a colourless, dense, viscous liquid (specific gravity of 1.84 at 298 K).It is known as 

oil of vitriol. It freezes at 283 K and boils at 611 K. 

 It is dibasic acid or diprotic acid. 



 

 

It is a strong dehydrating agent. 

It is a moderately strong oxidizing agent. 

Oxo acids of Sulphur:  

 

Sulphurous acid H2SO3 (+4), Sulphuric acid H2SO4 (+6), Peroxomonosulphuric acid H2SO5 (+6), 

Dithionous acid H2S2O4 (+3), Dithionic acid H2S2O6 (+6), Pyrosulphuric acid (Oleum) H2S2O7 (+6), 

Peroxodisulphuric acid or Marshall’s acid H2S2O8 (+6) 

 

 
 

 

 

GROUP 17 ELEMENTS 

The group 17 members are: 

Fluorine (9F), Chlorine (17Cl), Bromine (35Br), Iodine (53I), Astatine (85At) 

Electronic configuration of group 17 members: general electronic configuration is ns2np5. 

Fluorine (9F): [He] 2s2, 2p5 

Chlorine (17Cl): [Ne] 3s2, 3p5 

Bromine (35Br): [Ar] 3d10, 4s2, 4p5 

Iodine (53I): [Kr] 4d10, 5s2, 5p5 

Astatine (85At): [Xe] 4f14, 5d10, 6s2, 6p5 

 

Physical Properties: 

Atomic and ionic radii: Halogens have the smallest atomic radii in their respective periods because of 

maximum effective nuclear charge. The atomic and ionic radii increase with increase in atomic number. 

This is due to increase in the number of electron shells. 

Ionisation enthalpy: They have very high ionization enthalpy because of small size as compared to other 

groups. 

Electron gain enthalpy: 

(i)Halogens have maximum negative electron gain enthalpy because these elements have only one 

electron less than stable noble gas configuration. 

(ii)Electron gain enthalpy becomes less negative down the group because atomic size increases down the 

group. 

Negative electron gain enthalpy among halogens varies as:  F < Cl > Br > I 

Electronegativity: F (4.0) > Cl (3.2) > Br (3) > I (2.7) 



 

 

(i)These elements are highly electronegative and electronegativity decreases down the group. 

(ii)They have high effective nuclear charge. 

Bond dissociation enthalpy: 

(i)Bond dissociation enthalpy follows the order: Cl2 > Br2 > F2 > I2 

(ii)This is because as the size increases bond length increases. 

(iii)Bond dissociation enthalpy of Cl2 is more than F2 because there are large electronic repulsions of lone 

pairs present in F2. 

Colour: All halogens are coloured because of absorption of radiations in visible region which results in 

the excitation of outer electrons to higher energy levels. 

Fluorine (light yellow), Chlorine (greenish yellow),  Br (reddish brown), I dark violet) 

 

Oxidising power: 

(i)All halogens are strong oxidising agents because they have a strong tendency to accept electrons. 

(ii)Order of oxidizing power is: F2 > Cl2 > Br2 > I2 this is due to decreasing reduction potentials. 

 

Reactivity with Hydrogen: 

(i)Acidic strength: HF < HCl < HBr < HI 

(ii)Stability: HF > HCl > HBr > HI. This is because of decrease in bond dissociation enthalpy. 

(iii)Boiling point: HCl < HBr < HI < HF. HF has strong intermolecular H bonding. As the size increases 

van der Waals forces increases and hence boiling point increases. 

(iv)Ionic character: HF > HCl > HBr > HI  

(v)Dipole moment: HF > HCl > HBr > HI. Electronegativity decreases down the group. 

(vi)Reducing power: HF < HCl < HBr < HI 

Reactivity with metals: 

(i)Halogens react with metals to form halides. 

(ii)Ionic character: MF > MCl > MBr > MI. The halides in higher oxidation state will be more covalent 

than the one in the lower oxidation state. 

Interhalogen compounds: 

Reactivity of halogens towards other halogens: 

Binary compounds of two different halogen atoms of general formula X X’n are called interhalogen 

compounds where n = 1, 3, 5, or 7. All these are covalent compounds. (7.22 ncert) 

 
Interhalogen compounds are more reactive than halogens because covalent bond between dissimilar 

electronegative atoms in interhalogen compounds is weaker than the bond between two similar atoms. 

This is because the overlapping of orbitals of two dissimilar atoms is less effective than the overlapping 

of orbitals of similar atoms. 

XX’ (CIF, BrF, BrCl, ICl, IBr, IF) (Linear shape)  

XX’3 ClF3, BrF3, IF3, ICl3 (Bent T- shape)  

XX’5 ClF5, BrF5, IF5 (square pyramidal shape)  

XX’7 IF7 (Pentagonal bipyramidal shape) 

 

On the basis of VSEPR theory, discuss the molecular shape of BrF3. The central atom Br has seven 

electrons in the valence shell. There are three bond pairs and two lone pairs. The two lone pairs will 



 

 

occupy the equatorial positions to minimize lone pair-lone pair and the 

bond pair-lone pair repulsions which are greater than the bond pair-bond 

pair repulsions. The axial fluorine atoms will be bent towards the 

equatorial fluorine in order to minimize the lone-pair-lone pair 

repulsions. The shape would be that of a slightly bent ‘T’. (Example 

7.10 ncert) 

 

Oxoacids of halogens: 

Acid strength of Oxoacids of chlorine increases in the order: HOCl < HClO2 < HClO3 < HClO4 

 This can be explained on the basis of Lowry Bronsted concept. According to this concept, a strong acid 

has a weak conjugate base and a weak acid has a strong conjugate base. 

The charge stabilization increases in the order: ClO - < ClO2 
- < ClO3 

- < ClO4 
– 

Acid strength increases in the order: HOCl < HClO2 < HClO3 < HClO4 

 

 
 

GROUP 18 ELEMENTS: 

The group 18 members are: 

Helium (2He), Neon (10Ne), Argon (18Ar), Krypton (36Kr), Xenon (54Xe), Radon (86Rn) 

Electronic configuration of group 18 members: general electronic configuration is ns2np6. 

Helium (2He): 1s2 

Neon (10Ne): [He] 2s2, 2p6 

Argon (18Ar): [Ne] 3s2, 3p6 

Krypton (36Kr): [Ar] 3d10, 4s2, 4p6 

Xenon (54Xe): [Kr] 4d10, 5s2, 5p6 

Radon (86Rn): [Xe] 4f14, 5d10, 6s2, 6p6 

 

Physical Properties: 

All noble gases are monoatomic, colourless and odourless gases. The monoatomic state of these gases is 

due to stable electronic configuration (ns2np6) of their atoms. 

Atomic radii: Increases down the group because the number of shells increases down the group. 

Ionisation enthalpy:  

(i)They have very high ionization enthalpy because of completely filled orbitals. 

(ii)Ionisation enthalpy decreases down the group because of increase in size. 

Electron gain enthalpy: They have large electron gain enthalpy because of stable electronic 

configuration. 

Melting and boiling point: It has low melting and boiling point due to the presence of only weak 

Vander Waal’s forces. Helium has the lowest boiling point (4.2 K) 

Solubility in water: The noble gases are only slightly soluble in water. This is due to dipole-induced 

dipole interactions. 



 

 

 

Shapes: XeF2 is linear, XeF4 is square planar, XeF6 is distorted octahedral, and XeO3 is pyramidal,   

 

Compounds of Xenon and Fluorine: 

Xe + F2   → XeF2 

Xe + 2F2   → XeF4 

Xe + 3F2   → XeF6 

XeF4 + O2F2   → XeF6 + O2 

XeF4 +12H2O   → 4Xe + 2XeO3 +24HF +3O2 

XeF6 + 3H2O   → XeO3 +6HF 

 

Structures of XeF2 (Linear), XeF4 (Square planar), and XeF6 (Distorted octahedral) XeOF4 

(Square pyramidal) and XeO3 (Pyramidal): Fig. 7.9 NCERT 

 

 

 

          Linear                     distorted octahedral             square pyramidal         pyramidal 

 

 

 

 

 

 

UNIT 10 HALOALKANES AND HALOARENES 

The replacement of one or more hydrogen atoms of a hydrocarbon, aliphatic or aromatic, by an equal 

number of halogen atom results in the formation of alkyl halide (haloalkanes) and aryl halide 

(Haloarenes), respectively. 

1. Haloalkanes are classified as Fluoro, Chloro, Bromo or Iodo compounds according to the type of 

halogen present and as mono-, di- tri- haloalkanes, etc., according to the one, two, and three 

halogen atoms respectively present in their molecule. 

 

 
2. Alkyl halides are further classified as primary (1°), secondary (2°) and tertiary (3°) according to 

the halogen atom attached to primary, secondary and tertiary carbon atoms, respectively.  

R’CH2X (Primary), R’R’’CHX (Secondary) and R’R’’R’’’CX (Tertiary) 

 



 

 

3. Allylic halides: 

 
4. Benzylic halides: 

  
 

5. Vinylic halides: 

 
6. Aryl halide:  

 

 
Dihalogen Derivatives: vic-dihalides, gem-dihalides and isolated dihalides.  

For examples: vic-dihalides CH3 – CH2 –CH (Cl) – CH2 Cl, gem-dihalides CH3 – CH2 –CH (Cl)2 isolated 

dihalides ClCH2 – CH2 -CH2– CH2Cl. 

C-X bond is a polar covalent bond due to electronegativity difference between the carbon and the 

halogen, the shared pair of electron lies closer to the halogen atom. As a result, the halogen carries a 

small negative charge, while the carbon carries a small positive charge.  

Isomerism in Haloalkanes and Haloarenes:  

Haloalkanes show two types of isomerism: Chain isomerism and Position isomerism 

Haloarenes also show position isomerism. 

 

Methods of Preparation of Haloalkanes:  

From alcohols: Haloalkanes can be prepared from displacement of alcoholic group in alkyl alcohol by 

halogen acid, PCl5 or PCl3. Haloalkanes can also be prepared by addition of halogen acids or halogens on 

alkene and alkyne. Alkyl halides can also be prepared by free radical halogenation of alkane. 

R – OH + HCl + ZnCl2 →      R - Cl + H2O 

R – OH + NaBr + H2SO4   →    R – Br + NaHSO4 + H2O 

R – OH + PX3  →     R - X + H3PO3 

R – OH + PCl5  →     R - Cl + POCl3 + HCl 

R – OH + Red P/X2     R - Cl + H2O 

R – OH + SOCl2  →     R - Cl + SO2 + HCl 

Free Radical Halogenation of Alkanes: 

 

CH3CH2CH2CH3      Cl2 , UV     CH3CH2CH2CH2Cl + CH3CH2CH(Cl) CH3 

 

Addition of Hydrogen Halides or halogen acids on Alkenes:  



 

 

 
During the addition of halogen acids to unsymmetrical alkenes, Markovnikov rule is followed, 

According to this rule during the addition across unsymmetrical double bond, the negative part of the 

attacking reagent attaches itself to the carbon atom carrying lesser number of hydrogen atoms while the 

positive part goes to the carbon atom with more number of hydrogen atoms. 

Propene + HBr → 2-bromopropane (major product) 

Anti-Markovnikov rule or Kharasch effect: In this case of addition of HBr to unsymmetrical alkenes, 

the negative part of the attacking reagent (Br) will join to the carbon atom carrying more number of 

hydrogen atoms while H-atom will go to the other carbon atom containing lesser number of hydrogen 

atoms in the presence of organic peroxide such as benzoyl peroxide (C6H5CO-O-O-COC6H5) 

Propene + HBr → 1-bromopropane (major product) 

 

1. Finkelstein Reaction: R – X + NaI      Acetone       R – I + NaX (X = Cl, Br)  

2. Swarts Reaction:  H3C – Br + AgF → H3C – F + AgBr 

3. Hunsdiecker Reaction: CH3COOAg + Br2   
CCl4       CH3Br + AgBr + CO2 

Physical Properties of Haloalkanes: 

1. Boiling point orders 

1. R – I > R – Br > R – CI > R – F 

2. CH3 – (CH2)2 – CH2Br > (CH3)2 CHCH2Br > (CH3)3CBr 

3. CH3CH2CH2X > CH3CH2X > CH3X 

2. Bond enthalpy of haloalkanes decreases as the size of the halogen atom increases. Thus, the order of 

bond strength is CH3F > CH3Cl > CH3Br > CH3I 

3. Dipole moment decreases as the electronegativity of the halogen decreases. 

4. Haloalkanes though polar but are insoluble in water as they do not form hydrogen bonding with water. 

5. Density: n-C3H7I > n-C3H7 Br > n-C3H7Cl, CH3I > C2H5I > C3H7I 

5. Chemical reactions of haloalkanes: 

KCN is predominantly ionic and provides cyanide ions in solution, which is ambident nucleophile and 

bind with carbon side to form as the major product, while AgCN is covalent and form isocyanide as the 

major product. 

CH3CH2Br +KCN → CH3CH2CN + KBr 

CH3CH2Br +AgCN → CH3CH2NC + KBr 

Like KCN, KNO2 form R-ONO while AgNO2 produces R-NO2 as product.  

 

Nucleophilic substitution reactions: These are of two types: 

 

(1) SN1 (Substitution, Nucleophilic, Unimolecular): In such type of reactions, rate = k [RX] i.e., rate is 

independent of concentration of nucleophile and occurs in two steps. Such reactions are favoured by 

polar solvents. 

 

(2) SN2 (Substitution, Nucleophilic, bimolecular): (i) In such type of reactions, rate = k [RX] [Nu]–, 

i.e., rate of reaction depends on concentration of nucleophile and take place in one step. 

(ii) A SN2 reaction proceeds with complete Stereochemical inversion while a SN1 reaction proceeds with 

racemisation. 

(a) SN1 type (Unimolecular Nucleophilic reactions proceed in two steps: ref. ncert 



 

 

  
Rate, r = k [RX). It is a first order reaction. 

Reactivity order of alkyl halide towards SN1 mechanism 3° > 2° > 1° Polar solvents, low concentration of 

nucleophiles and weak nucleophiles favour SN1 mechanism. 

In SN1 reactions, partial racemisation occurs due to the possibility of frontal as well as backside attack on 

planar carbocation. 

(b) SN2 type (Bimolecular Nucleophilic substitution): These reactions proceed in one step.  

 

 
It is a second order reaction with r = k[RX] [Nu]. 

During SN2 reaction, inversion of configuration occurs (Walden inversion) i.e., starting with 

dextrorotatory halide a laevo product is obtained and vice-versa, e.g., 

Reactivity of halides towards SN2 mechanism is 1° > 2° > 3° 

Rate of reaction in SN2 mechanism depends on the strength of the attacking nucleophile. Strength of 

some common nucleophiles is 

: CN– >: I– >: OR– >: OH– > CH3COO: > H2O > F– 

Non-polar solvents, strong nucleophiles and high concentration of nucleophiles favour SN2 mechanism. 

Order of reactivity of alkyl halides towards SN1 and SN2 as follows: ref. ncert 

 

 
 

 

 

Stereochemical Aspects of Nucleophilic Substitution Reactions 

(a) Stereochemical Aspects of SN2 reaction: 

In case of optically active alkyl halides, the product formed as a result of SN2 mechanism has the 

inverted configuration as compared to the reactant. This is because the nucleophile attaches itself on 

the side opposite to the one where the halogen atom is present. When (–)-2-bromooctane is allowed to 

react with sodium hydroxide, (+)-octan-2-ol is formed with the    –OH group occupying the position 

opposite to what bromide had occupied. (Ref. ncert) 

 
 

Thus, SN 2 reactions of optically active halides are accompanied by inversion of configuration. 

(b) Stereochemical Aspects of SN1 reaction: 



 

 

In case of optically active alkyl halides, SN1 reactions are accompanied by racemization. Actually, 

the carbocation formed in the slow step being sp2 hybridized is planar (achiral). The attack of the 

nucleophile may be accomplished from either side of the plane of carbocation resulting in a mixture 

of products, one having the same configuration (the –OH attaching on the same position as halide 

ion) and the other having opposite configuration (the –OH attaching on the side opposite to halide 

ion). This may be illustrated by hydrolysis of optically active 2-bromobutane, which results in the 

formation of (±)-butan-2-ol. (Ref. ncert) 

 

 
 

(b) Elimination reaction: When a haloalkanes with β-halogen atom is heated with alcoholic solution of 

potassium hydroxide, there is elimination of hydrogen atom from α-carbon and a halogen atom from the 

a-carbon atom. 

  
Ease of dehydrohalogenation among halides 3° > 2° > 1° 

 

Reaction with metals:  

 

CH3CH2Br + Mg dry ether       CH3CH2MgBr (Grignard reagent) 

 

             CH3CH2MgBr + H2O → CH3CH3 + Mg (OH)Br 

 

Wurtz reaction: 2RX + 2Na → RR + 2NaX 

 

Isomerisation: CH3CH2CH2 – Cl        573 K                         CH3 – CH(Cl) – CH3 

 

Relative reactivity of alkyl halides for same alkyl group is: RI > RBr > RCI > RF 

 

Methods of preparation of Haloarenes. Haloarenes can be prepared by side chain halogenation or 

nuclear halogenation of aromatic hydrocarbons. 

 

1. By Halogenation of Aromatic Hydrocarbons:  

 

C6H6 + Cl2    
FeCl3, dark      C6H5Cl + HCl 

 



 

 

It is an electrophilic substitution reaction. 

 
2. By Side Chain Halogenation:  

 

C6H5CH3 + Cl2 
sunlight     C6H5CH2Cl + Cl2   

sunlight    C6H5CHCl2 + Cl2 
sunlight    C6H5CCl3 

(It involves free radical mechanism.) 

3. From diazonium salts: 

 

(i) By Sandmeyer reaction: C6H5 N2
+Cl-      CuCl/HCl               C6H5 Cl + N2 

 

(ii) By Gattermann reaction: C6H5 N2
+Cl-      Cu/HCl               C6H5 Cl + N2 

 

4. From Phenol: C6H5OH + PCl5                       C6H5Cl + HCl + POCl3 

 

 

Physical Properties of Aryl Halides: 

1. Aryl halides are colourless liquids or crystalline solids. 

2. Boiling point generally increases with increase in the size of aryl group or halogen atom. Boiling point 

order Ar – I > Ar – Br > Ar – Cl > Ar – F, the boiling points of isomeric haloalkanes decrease with 

increase in branching (ncert) 

 
3. The melting point of p -isomer is more than o- and m-isomer. This is because of more symmetrical 

nature of p-isomer. 

4. Due to resonance in Chlorobenzene, C-CI bond is shorter and hence, its dipole moment is less than that 

of cyclohexyl chloride. 

 

Chemical Properties of Aryl Halides:   

1. Nucleophilic Substitution Reaction 

Aryl halides are less reactive towards Nucleophilic substitution reaction. Their low reactivity is attributed 

due to the following reasons: 

1. Due to resonance, C-X bond has partial double bond character. 

2. Stabilisation of the molecule by delocalisation of electrons. 

3. Instability of phenyl carbocation. 

 
However, aryl halides having electron withdrawing groups (like – NO2, -SO3H, etc.) at ortho and para 

positions undergo Nucleophilic substitution reaction easily. 

 
Presence of electron withdrawing group (-NO2) increases the reactivity. (ref. ncert) 



 

 

 

 
 

 

2. Electrophilic Substitution Reactions 

Halogens are deactivating but o, p-directing. Thus, chlorination, nitration, Sulphonation and Friedel 

Craft’s reaction give a mixture of o- and p- Chloro substituted derivatives. 

(i) Halogenation:  

 
(ii) Nitration: 

 
(iii) Sulphonation: 

 
 

 

 

 

(iv) Friedel-Crafts reaction: Alkylation and Acylation: 

 
3. Reaction with Metals: 

(i) Wurtz Fittig reaction: 



 

 

 
(ii) Fitting reaction: 

 
(iii) Ullmann reaction: Iodobenzene reacts with copper powder to form biphenyl 

 
 

Example:  

 
A = Cyclohexyl magnesium bromide, B = Cyclohexane, C = RMgBr 

D = (CH3)3MgBr, E = 2-Methyl propane, R’ = (CH3)3C -  

 

 

 

 

 

 

 

 

 

 

 

 

UNIT 11 ALCOHOLS, PHENOLS AND ETHERS 

Alcohols and Phenols 

Alcohols and phenols are formed when a hydrogen atom in hydrocarbon (aliphatic and aromatic) is 

replaced by hydroxyl group (-OH group). 

1. Alcohols and phenols may be classified as monohydric, dihydric, trihydric or polyhydric according to 

number of hydroxyl groups they contain one, two, three or many respectively in their molecules. 

Alcohols may be 

(i) monohydric-containing one – OH group, Ethanol, C2H5OH 

(ii) dihydric-containing two – OH groups, Ethylene glycol, CH2OH – CH2OH 

(iii) polyhydric-containing three or more -OH groups. Glycerol, Propan-1, 2, 3-triol  

CH2OH – CHOH – CH2OH 



 

 

 
 

2.In phenols, -OH group is attached to Sp2 hybridized carbon. These may also be monohydric, dihydric, 

etc. The dihydric phenol be ortho, Meta’ or para derivative.  

3.In Allylic alcohols, – OH group is attached to sp3 hybridized carbon but next to C=C bond. e.g.,     

CH2 = CH – CH2OH, Benzyl alcohol (C6H5CH2OH). 

 

 

 
Classification of Alcohols and Phenols 

In alcohols, -OH group is attached to Sp3 hybridized carbon. These alcohols are usually classified as 

primary, secondary and tertiary alcohols. 

R – CH2 – OH (Primary), RR’ CH – OH (Secondary), R R’R’’ C – OH (Tertiary) 

Allylic alcohols: classified as primary, secondary and tertiary alcohols. 

 
Structures of Methanol, Phenols and Methoxymethane (Dimethyl ether) 

 
 

Isomerism in Alcohols: Alcohols exhibits four types of structural isomers: 

(i)Chain isomer: C4H10O Butan-1-ol, 2-methylpropan-1-ol 

(ii)Position isomerism: C3H8O Propan-1-ol, propan-2-ol 

(iii)Functional isomerism: C2H6O Ethanol, methoxy methane 

(iv)Optical isomerism: Monohydric alcohols containing chiral carbon atoms exhibit optical isomerism. 

E.g. Butan-2-ol, Pentan-2-ol 

Nomenclature of Alcohols and Phenol: 

In IUPAC, system, alcohol or alkanols are named by replacing the last word ‘e’ of the corresponding 

alkane by ‘ol’. e.g., Propan-1, 2, 3-triol, 2-methyl phenol and 2, 4-dimethylcyclopentanol. 

Preparation of Alcohols 

(i) From alkenes 



 

 

(a) By acid catalyzed hydration in accordance with Markovnikov’s rule. 

 
Mechanism (ref. ncert) 

Step I Protonation of alkene to form carbocation by electrophilic attack of H3O
+ 

 
Step II Nucleophilic attack of water on carbocation forming protonated alcohol. 

  
Step III Deprotonation to form an alcohol. 

 
 

(b) By hydroboration-oxidation: Diborane B2H6 reacts with alkenes (prop-1-ene) to give trialkyl 

boranes as addition product. This is oxidised to alcohol (Propan-1-ol) by hydrogen peroxide in the 

presence of aqueous sodium hydroxide. (Ref. ncert) 

 
(ii) From carbonyl compounds 

(a) By reduction of aldehydes and ketones:  

R – CHO + H2      
Pd          R – CH2 – OH 

 

R CO R’    NaBH4 R –CH (OH) – R’ 

 

(b) By reduction of carboxylic acids and ester 

 

R – COOH       LiAlH4 /H2O         R – CH2 – OH 

 

(iii) From haloalkanes: 

R – X + KOH(aq) → ROH + KX 

(iv) From primary amines by treatment with nitrous acid. 

R –NH2 + HONO     NaNO
 
+ HCl         R – OH + N2 + H2O 

(v) By alcoholic fermentation:  

Sucrose + H2O   Invertase glucose + fructose 

 

Glucose/Fructose   Zymase        Ethyl alcohol  

Preparation of Phenols 

(i) From Haloarenes (Dow’s process) 



 

 

 
(ii) From benzene sulphonic acid 

 
(iii) From diazonium salts: Aniline to Phenol 

C6H5 – NH2     
NaNO

2
 + HCl      C6H5 – N2

+Cl-       H2O           C6H5 – OH + N2 + H2O 

(iv) From cumene 

 
Physical Properties of Alcohols 

1. Lower alcohols are colourless liquids, members from C5 – C11 are oily liquids and higher members are 

waxy solids. 

2. The hydroxyl groups in alcohols can form H-bonds with water, so alcohols are miscible with water. 

The solubility decreases with increase in molecular mass. 

3. Boiling points of alkanes are higher than expected because of the presence of intermolecular hydrogen 

bonding in the polar molecules. The boiling point decreases in the order 1° > 2° > 3°, This is due to the 

fact that with branching, the surface area decreases and therefore, Vander walls forces decrease, 

consequently, boiling point also decreases. 

Physical Properties of Phenols 

1. These are colourless liquids or crystalline solids but become coloured due to slow oxidation with air. 

2. Phenol is also called carbolic acid. 

3. Because of the presence of polar -OH bond, phenols form intermolecular H-bonding with other phenol 

molecules and with water. 

4. Boiling point of phenols are higher than the boiling points of aromatic hydrocarbons, due to the 

presence of intermolecular hydrogen bonding in phenols. 

Chemical Reactions of Alcohols and Phenols 

(i) Reactions involving cleavage of O – H Bond 

 

(a) Acidity of alcohols and phenols: R – OH + 2Na     2R – ONa +H2  

                                                   C6H5 – OH + 2Na                 2C6H5 – ONa +H2 

Alcohols are weaker acids than water due to (+I effect) group present in alcohols, which decreases the 

polarity of -O-H bond. 

Acid strength of alcohols: 1° > 2° > 3° 

Electron releasing group increases electron density on oxygen to decrease the polarity of – OH bond. 

Order of acidity is: RCOOH > H2CO3 > C6H5OH > H2O > R – OH. 

Phenol is more acidic than alcohols due to stabilization of phenoxide ion through resonance.  

 
Presence of electron withdrawing groups ( -NO2, -CN, -X) increases the acidity of phenol by stabilizing 

phenoxide ion while presence of electron releasing groups (-R, -NH2, -OR) decreases the acidity of 

phenol by destabilizing phenoxide ion. 

Thus, increasing acidic strength is 



 

 

o-cresol < p-cresol < m-cresol < phenol < o-nitrophenol < 2, 4, 6 Trinitrophenol (picric acid) 

Higher Ka and lower pKa value correspond to the stronger acid. 

 

(b) Esterification: The reaction with R’COOH and (R’ CO)2 O is reversible, so cone, H2SO4 is used to 

remove water. 

The reaction with R’ COCI is carried out in the presence of pyridine so as to neutralize HCI which is 

formed during the reaction. 

 

 
The introduction of acetyl (CH3CO-) group in phenols is known as acetylation. 

Acetylation of salicylic acid produces aspirin. 

 
(ii) Reaction involving cleavage of C-O bond in alcohols in these reactions, the reactivity order of 

alcohols: 3° > 2° > 1° 

Alkyl group due to +1 effect increases the electron density on the carbon and oxygen atom of C-O bond. 

As a result, the bond cleavage becomes easy. Greater the number of alkyl groups present; more will be 

the reactivity of alcohol. 3° > 2° > 1° (Reactivity decreases) 

(a) Reaction with halogen acids: Alcohols can be converted into haloalkanes by the action of halogen 

acids. 

In this reaction anhydrous ZnCl2 is used, R – OH + HCI → R-Cl +H2O 

In this reaction conc. H2SO4 & reflux, R – OH + HBr → R-Br +H2O 

In this reaction Red P at 423 K, R – OH + HI → R-H +I2 + H2O 

For a given alcohol order of reactivity of HX is H-1 > H-Br > H-Cl 

This is because I- ion is a better nucleophile than Br- ion, 

For a given halogen acid order of reactivity of alcohols: Tertiary > Secondary > Primary 

(b) Reaction with phosphorus halides: 

ROH + PCl5  → RCl + POCl3 + HCl 

 

(c) Reaction with thionyl chloride:  

 

ROH + SOCl2 → RCl + SO2 + HCl 

 
d) Dehydration of alcohols It requires acid catalyst and the reaction proceeds via intermediate 

carbonium ion. Acidic catalyst converts hydroxyl group into a good leaving group. Since, the rate 

determining step is the formation of carbocation, the ease of dehydration is ref. ncert 

 
Mechanism 

Step I Formation of protonated alcohol 



 

 

 
Step II Formation of carbocation 

 
Step III Formation of Ethene by elimination of a proton 

 
In dehydration reaction, highly substituted alkene is the major product and if the major product is capable 

of showing cis-trans isomerism, trans-product is the major product. (Saytzeff rule). 

(iii) Oxidation reactions: Oxidizing reagents used for the oxidation of alcohols are neutral, acidic or 

alkaline KMnO4 and acidified K2Cr2O7. 

 

 
 

A common reagent that selectively oxidizes a primary alcohol to an aldehyde (and no further) is 

pyridinium chlorochromate (PCC).  

 
(iv) Dehydrogenation:  

 
 

Distinction among 1°,2° and 3° Alcohols:  

1°, 2° and 3° alcohols are distinguished by Lucas test. In this test with an equimolar concentrated HCl 

and anhydrous ZnCl2 .The alcohols get converted into alkyl halides. Since the alkyl halides are insoluble 

in water, their formation is indicated by the appearance of turbidity in the reaction mixture.  

If turbidity appears immediately, the alcohol is tertiary. 

If turbidity appears within five minutes, the alcohol is secondary. 

If turbidity appears only upon heating, the alcohol may be primary. 

Victor Meyer’s test is also used to distinguish them. This test involves the following steps: 

(i)The given alcohol is treated with red phosphorous and iodine resulting in the formation of alkyl iodide. 

(ii)The alkyl iodide is treated with silver nitrate to form nitroalkane. 

(iii)The nitroalkane finally reacted with nitrous acid and resulting solution is made alkaline. 

Formation of a blood red colour indicates the primary alcohol. 



 

 

Formation of a blue colour shows the original alcohol to be secondary. 

A colourless solution means that alcohol is tertiary alcohol. 

 

Reactions of Phenols 

1. Electrophilic substitution reactions The -OH group attached to the benzene ring activates it towards 

electrophilic substitution at ortho and para positions. 

  

(i)(a)Nitration: With dilute nitric acid at low temperature (298 K), phenol yields a mixture of ortho and 

para nitrophenol. 

 

          
 

The ortho and para isomers can be separated by steam distillation. This is because o-nitrophenol is steam 

volatile due to intramolecular hydrogen bonding while p nitrophenol is less volatile due to intermolecular 

hydrogen bonding which causes the association of molecules. 

(b)With concentrated nitric acid, phenol is converted to 2, 4, 6-trinitrophenol (Picric acid) 

 
(ii) (a)Halogenation: With calculated amount of Br2 in CS2 or CHCI3 it gives ortho and para product 

 
  

(b)When phenol is treated with bromine water, 2, 4, 6-tribromophenol is formed as white precipitate. 

(d) Reimer-Tiemann reaction: On treating phenol with chloroform in the presence of sodium 

hydroxide, a –CHO group is introduced at ortho position of benzene ring. This reaction is known as 

Reimer - Tiemann reaction. 

  
(ii) Kolbe’s reaction:  

 
 

(iii) Reaction with zinc dust: Phenol is converted to benzene on heating with zinc dust. 

 

C6H5OH + Zn → C6H6 + ZnO 



 

 

      

 

(iv) Oxidation: Oxidation of phenol with chromic acid produces a conjugated diketone known as 

benzoquinone. 

 
 

ETHERS: Structure of Ether 

The hybridization of oxygen atom in ethers is sp3 (tetrahedral) and its shape is V-shape. 

 
 

Ethers Classifications 

Ethers can be classified into two categories; they are listed below. 

• Symmetrical Ethers 

If two identical groups are attached to either side of an oxygen atom, then it is referred to as symmetrical 

ethers. These are also known as Simple Ethers. 

Examples are diethyl ether, dipropyl ether, dimethyl ether, and more. 

• Asymmetrical Ethers 

If two different groups are attached to either side of an oxygen atom, it is said to be asymmetrical ethers. 

These are also known as Mixed Ethers. 

Examples are methyl phenyl ether, ethyl methyl ether, and more. 

 

Nomenclature of Ethers:  

CH3OCH3 is named as “Dimethyl ether.” 

CH3OC2H5 is named as “Ethyl methyl ether.” “1-methoxy ethane.”  

CH3OC6H5 is named as “Methyl phenyl ether.” 

C6H5OC2H5 is named as ‘’Ethyl phenyl ether’’ & also, known as phenetole. 

 

Physical Properties of Ethers 

Ethers are polar but insoluble in H2O and have low boiling point than alcohols of comparable molecular 

masses because ethers do not form hydrogen bonds with water. 

Preparation of Ethers: Ethers can be prepared  

(a) by dehydration of alcohols  

 
(b)Williamson’s synthesis: Only primary alkyl halides when react with sodium alkoxide give ether while 

tertiary alkyl halides give alkene due to steric hindrance. 

 



 

 

 

 
(c)For Aryl ethers, Phenol converted into ether. 

 
Physical properties of ether: The C – O bond in ethers are polar. The boiling point of alkanes, alcohols 

and ethers as follows: 

 
The miscibility of ethers with water due to hydrogen bond with water. 

 
Chemical properties: 

(a) Cleavage of C-O bond in ethers: 

R – O – R’ + HX → RX + R’ – OH 

R’ – OH + HX → R’ – X + H2O 

(b) Electrophilic substitution: In this, the alkoxy group activates the aromatic ring and directs the 

incoming group to ortho and para positions. 

(i) Reaction with HX: 

R – O – R + HX → RX + R – OH 

 

 

 
The order of reactivity of hydrogen halides is as follows: HI > HBr > HCl 

In ethers if one of the alkyl groups is a tertiary group, the halide formed is a tertiary halide by 

SN
1 mechanism. 

 
Mechanism: 

 

 



 

 

 
(ii)Halogenation: Bromination of Anisole:  

 

 

 
 

(iii)Reaction with PCl5:  

Ethers on heating give alkyl halides 

R – O – R +PCl5 → RCl + POCl3 

 

(iv)Reaction with CO: 

R – O – R + CO → RCOOR 

 

(v) Electrophilic substitution reactions in ethers, -OR is ortho, para directing group and activate. the 

aromatic ring towards electrophilic substitution reaction. 

1. Anisole reacts with Br2 to give ortho- and para-bromo anisole (major) 

2. Anisole reacts with concentrated nitric acid and concentrated Sulphuric acid to give ortho- and para-

nitro anisole (major) 

3. Anisole reacts with CH3COCl in the presence of anhydrous AlCl3 to give 2-methoxy acetophenone and 

4-methoxy acetophenone (major) [Friedal Craft acylation] 

4. Anisole reacts with CH3Cl in the presence of anhydrous AlCl3 to give 2-methoxy toluene and 4-

methoxy toluene (major) [Friedal Craft alkylation] 

 
 

Uses of Ethers 



 

 

1. Dimethyl ether is used as refrigerant and as a solvent at low temperature. 

2. Diethyl Ether is used as an anesthesia in surgery. 

 

 

UNIT 14 BIOMOLECULES 

Introduction: The complex organic substances like carbohydrates, proteins, nucleic acids and amino 

acids etc. which combine in a specific manner to produce living systems and maintain it are called 

biomolecules. The branch of chemistry that deals with the study of chemical reactions that occur in living 

organisms is called biomolecules.  

Carbohydrates: They are polyhydroxy-aldehydes or ketones or substances which give these substances 

on hydrolysis and contain at least one chiral atom. 

They have general formula of C 
x 

(H
2
O) 

y  
 

Rhamnose (C
6
H

12
O

5
), deoxyribose (C

5
H

10
O

4
) are known which are carbohydrates by their chemical 

behaviour does not obey this formula. 

Classification of Carbohydrates: 

                            Carbohydrates 

 
Monosaccharide: These are simplest carbohydrate which can’t be hydrolyzed further into smaller 

compounds. They are called as aldose or ketose depending upon whether they have aldehyde or ketone 

group. Depending upon the number of carbon atoms present they are called as triose, tetrose, pentoses, 

hexoses etc. Most of the monosaccharides are sweet smelling crystalline solids, water soluble and are 

also capable of diffusing through cell membranes. 

For example: Glucose is aldohexose while fructose is a ketohexose. Both of them have 6 carbon atoms. 

The simplest monosaccharide is a triose (glyceraldehyde) C3H6O3 

Preparation of glucose:  

1. From sucrose (Cane sugar): If sucrose is boiled with dilute HCl or H2SO4 in alcoholic solution, glucose 

and fructose are obtained in equal amounts. 

 
 

2. From starch: Commercially glucose is obtained by hydrolysis of starch by boiling it with dilute H2SO4 

at 393 K under pressure. 

 
Structure of glucose: Glucose is an aldohexose and is also known as dextrose. It is the monomer of many 

of the larger carbohydrates, namely starch, cellulose. 



 

 

1. Its molecular formula was found to be C6H12O6.  

2. On prolonged heating with HI, it forms n-hexane, suggesting that all the six carbon atoms are linked in 

a straight chain. 

 
 

3. Glucose reacts with hydroxylamine to form a Glucose oxime. 

Glucose + NH4OH → CH = N – OH 

                                    
 

4. Glucose reacts with a molecule of hydrogen cyanide to give cyanohydrin. 

 
5. Acetylation of glucose with acetic anhydride gives glucose pentaacetate which confirms the presence 

of five –OH groups. 

 
6. On oxidation with nitric acid, glucose as well as gluconic acid both yield a dicarboxylic acid, saccharic 

acid. This indicates the presence of a primary alcoholic (–OH) group in glucose. 

 
Glyceraldehyde and Dihydroxyacetone: They have one or more asymmetric carbon and are optically 

active. Their structures are: 

 
 Configuration: All naturally occurring monosaccharides belong to D—series that is OH group at their 

penultimate C-atom. 

Structures of (+) – Glyceraldehyde and (-) – Glyceraldehyde 



 

 

 
 

Structures of D-(+) – Glyceraldehyde and D-(+) - Glucose 

 
 

Cyclic structure of glucose:  

 

 
 

The two cyclic hemiacetal forms of glucose differ only in the configuration of the hydroxyl group at C1, 

called anomeric carbon. Such isomers, i.e., α-form and β-form, are called anomers. The six membered 

cyclic structure of glucose is called pyranose structure (α– or β–), in analogy with pyran. Pyran is a cyclic 

organic compound with one oxygen atom and five carbon atoms in the ring. The cyclic structure of 

glucose: 

 

 
 

 

Fructose is a ketohexose and has the molecular formula C6H12O6. The ring, thus formed is a five 

membered ring and is named as furanose with analogy to the compound furan. Furan is a five membered 

cyclic compound with one oxygen and four carbon atoms. 

 
The cyclic structures of two anomers of fructose are represented by Haworth structures as given. 



 

 

 
 

Amino acids: Amino acids contain amino (–NH2) and carboxyl (–COOH) functional groups. 

A simple amino acid can be represented: 

  
Due to transfer of proton from carboxy to amino group, alpha amino acid exists as  

dipolar ion or called as Zwitter ion. 

 
 

 

                       Difference between Essential and Nonessential Amino Acids 

 

 
Proteins: Proteins are the polymers of α-amino acids and they are connected to each other by peptide 

bond or peptide linkage. Peptide linkage is an amide formed between –COOH group and –NH2 group. 

The reaction between two molecules of similar or different amino acids, proceeds through the 

combination of the amino group of one molecule with the carboxyl group of the other. This results in the 



 

 

elimination of a water molecule and formation of a peptide bond –CO–NH–. The product of the reaction 

is called a dipeptide because it is made up of two amino acids.  

For example, when carboxyl group of glycine combines with the amino group of alanine we get a 

dipeptide, glycylalanine. 

 

 
 

Proteins are complex nitrogenous molecules which are essential for the growth and maintenance of life. 

Structurally, proteins are long polymers of amino acids linked by peptide (-CO—NH-) bond. 

Structure of proteins: Proteins have three structures: 

• Primary structure 

• Secondary structure (Alpha helix and Beta pleated sheet) 

• Tertiary structure (Fibrous proteins and Globular proteins) 

 
Forces that stabilize protein structures: The forces that are present are as follows: 

• Hydrogen bonding: These forces operate between a partially positive hydrogen and 

partially negative atom like O or N on the same or on another molecule. 

• Anionic bonding: A bonding between cation and anion of side chains resulting in side 

linkage. 

• Hydrophobic bonding: Some side chains in same amino acid are hydrophobic. In 

aqueous solutions proteins fold in such a way that these chains get clustered inside the 

folds. The polar side chains which are hydrophilic lie on the outside or surface of proteins. 

• Covalent bonding: The bond occurs between S atoms of two residues between two 

adjacent chains. 

 

Denaturation of proteins 

• The globular proteins, which are soluble in water on heating or on treatment of mineral 

acids or bases, undergo coagulation or precipitation to give fibrous proteins which are 

insoluble in water. 

• After coagulation, proteins lose their biological activity this is called denaturation. 

• It can be reversible or irreversible. 

• Coagulation of lactalbumin to form cheese and coagulation of albumins are examples of 

denaturation. 

 

Classification of proteins on the basis of composition: 



 

 

• Simple proteins:  On hydrolysis they give only amino acids. Example: Globulins and 

albumin 

• Conjugated proteins: They contain non protein group attached to the protein part. These 

non-protein groups are called prosthetic groups. Example: Nucleo-protein contains nucleic 

acid, phosphor-protein contains phosphoric acid, glycol-proteins contains carbohydrates 

etc. 

• Derived proteins: These are the degradation products obtained by the hydrolysis of 

simple and conjugated proteins. Example: Peptides, peptones etc 

• Fibrous proteins:  They are long and thread like and tend to lie side by side to form 

fibers. In some cases, they are held together by hydrogen bonds at many points. These 

proteins serve as a chief structural material of animal tissues. 

• Globular proteins: The molecules of these proteins are folded into compact units and 

form spheroid shapes. Intermolecular forces are weak. These proteins are soluble in water 

or aqueous solution of acids, bases or salts. Globular proteins make up all enzymes, 

hormones, fibrinogen etc. 

• FIBROUS AND GLOBULAR PROTEINS: 

PROPERTIES FIBROUS PROTEINS GLOBULAR PROTEINS 

SHAPE LONG & NARROW ROUNDED/SPHERICAL 

ROLE STRUCTURAL (STRENGTH 

& SUPPORT) 

FUNCTIONAL (CATALYSTS & 

TRANSPORT) 

SOLUBILITY INSOLUBLE IN WATER SOLUBLE IN WATER 

SEQUENCE REPETITIVE AMINO 

ACIDS 

IRREGULAR AMINO ACIDS 

STABILITY LESS SENSITIVE TO 

CHANGES IN HEAT & pH 

LESS SENSITIVE TO 

CHANGES IN HEAT & pH 

EXAMPLES KERATIN, COLLAGEN HEMOGLOBIN, INSULIN 

 

Role of proteins 

• They act as enzymes and transport agents. 

• They are structural materials for nails, hair etc. 

• Antibodies formed in body are globular proteins. 

• They are metabolic regulators like insulin etc. 

Hydrolysis of proteins 

Proteins are hydrolysing when boiled with acids or alkalis or when treated with enzymes. 

Every protein has an isoelectric point at which their ionization is minimum. Proteins have charged groups 

i.e., NH
3

+ and COO
-

 at the ends of peptide chain. They are amphoteric in nature. 

Protein accepts a proton in strong basic solution. The pH at which the protein molecule has no net charge 

is known as isoelectric point. 

 

Nucleic acids: The particles in nucleus of the cell, responsible for heredity, are called chromosomes 

which are made up of proteins and another type of biomolecules called nucleic acids. These are mainly of 

two types, the deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).  



 

 

Structure of nucleic acids: In DNA molecules, the sugar moiety is β-D-2-deoxyribose whereas in RNA 

molecule, it is β-D-ribose. 

 
 

The nitrogenous base and a pentose sugar are called as nucleosides. 

The nitrogenous base, a pentose sugar and a phosphate group are called as nucleotides. 

Each nucleotide consists of 3 parts: 

• A pentose sugars 

• A nitrogenous base 

• A phosphate groups 

H 

                         
         Nucleoside                        Nucleotide 

 

Nitrogenous bases are of two types: Purines and Pyrimidines 

Purines: adenine and guanine 

Pyrimidines: cytosine, thiamine and uracil 

 

DNA contains four bases viz. adenine (A), guanine (G), cytosine (C) and thymine (T).  

RNA also contains four bases; the first three bases are same as in DNA but the fourth one is uracil (U). 

 
 

 

 

 



 

 

 

 

Types of nucleic acids: Deoxyribonucleic acid (DNA) & Ribonucleic acid (RNA) 

Main point of differences between DNA and RNA: 

 

DNA (Deoxyribonucleic acid) RNA (Ribonucleic acid) 

1.It occurs mainly in the nucleus of the cell. 1.It occurs in the cytoplasm of the cell. 

2.It has double stranded α-helix structure in 

which two strands are coiled spirally in 

opposite directions. 

2.It has single stranded α-helix structure 

3.The sugar molecule is 2-deoxyribose. 3.The sugar molecule is ribose. 

4.Nitrogenous base uracil is not present. 4.Nitrogenous base thymine is not present. 

5.DNA has unique property of replication. 5.RNA usually does not replicate. 

6.It is responsible for the transmission for 

heredity character. 

6.Helps in protein biosynthesis 

7.DNA molecules are very large; their 

molecular masses may vary from 6 x 106 – 

16 x 106 u. 

7.RNA molecules are much smaller with 

molecular mass ranging from 2 x 104 – 4 x 

104 u. 

 

 

 

 

Note: Ref. NCERT -Diagrams, Structures and Organic reactions  

…………………………………………………………………………………………… 
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SECTION A 

This section consists of 25multiple choice questions with overall choice to attempt any 20 

questions. In case more than desirable numbers of questions are attempted, ONLY first 20 will be 

considered for evaluation. 

 

1. Which of the following statements is true? 

(a)Melting point of Phosphorous is less than that of Nitrogen  

(b)N2 is highly reactive while P4 is inert 

(c)Nitrogen shows higher tendency of catenation than P  

(d)N-N is weaker than P-P 

 

2. Which of the following is a non-stoichiometric defect?  

(a)Frenkel defect 

(b)Schottky defect  

(c)metal deficiency defect  

(d)interstitial defect 

 

3. Identify the law which is stated as: 

“For any solution, the partial vapour pressure of each volatile component in the solution is directly 

proportional to its mole fraction.” 

(a) Henry’s law 

(b) Raoult’s law  

(c) Dalton’s law  

(d) Gay-Lussac's                         

4. Pink colour of LiCl crystals is due to: 

(a) Schottky defect (b)Frenkel 

defect 

(c) Metal excess defect 

(d) Metal deficiency defect 

 

5. Which of the following isomer has the highest meltingpoint: 

(a) 1,2-dicholorbenzene 

(b) 1,3 -dichlorobenzene 

(c) 1,4-dicholorbenzene 

(d) all isomers have same melting points 

 

6. Which one of the following reactions is not explained by the open chain Structure of glucose? 

(a) Formation of pentaacetate of glucose with acetic anhydride. 

(b) formation of addition product with 2,4 DNP reagent 

(c) Silver mirror formation with Tollen’s reagent 

(d) existence of alpha and beta forms of glucose. 

 
7. Williamson’s synthesis of preparing dimethyl ether is an: 
(a) S 1 reaction 

           N 
(b) Elimination reaction 
(c) S 2 reaction 

N 
(d) Nucleophilic addition reaction 

 



 

 

8. Chlorine water loses its yellow colour on standing because: 

(a) HCl gas is produced, due to the action of sunlight. 

(b) a mixture of HOCl and HCl is produced in the presence of light 

(c) HOCl and hydrogen gas is produced 

(d) a mixture of HCl and ClO3 is produced, due to the action of sunlight 

 

9. During dehydration of alcohols to alkenes by heating with concentrated H2SO4, the 

initiation step is: 

(a) protonation of alcohol molecule 

(b) formation of carbocation 

(c) elimination of water 

(d) formation of an ester 

 

10. Amorphous solids are: 

(a) isotropic  

(b)anisotropic 

(c) isotopic 

(d) isomeric 

 

 

11. Which of the following reactions is used to prepare salicylaldehyde? 

(a) Kolbe’s reaction 

(b) Etard reaction 

(c) Reimer- Tiemann reaction 

(d) Stephen’s reduction. 

12. Which of the following is an example of a solid solution?  

(a)sea water 

(b)sugar solution (c)smoke 

(d)22 carat gold 

 

13. The boiling points of alcohols are higher than those of hydrocarbons of comparable masses 

due to: 

(a) Hydrogen bonding 

(b) Ion – dipole interaction 

(c) Dipole- dipole interaction 

(d) Van der Waal’s forces. 

 

14. Which of the following has the lowest boiling point? 

(a) H2O 

(b) H2S  

(c)H2Se  

(d)H2Te 

 

15. Which of the following statement is correct? 

(a)Fibrous proteins are generally soluble in water (b)Albumin is 

an example of fibrous proteins 

(c)In fibrous proteins, the structure is stabilised by hydrogen bonds and disulphide bonds (d)pH 

does not affect the primary structure of protein. 

 



 

 

16. Major product obtained on reaction of 3-Phenyl propene with HBr in presence of organic 

peroxide 

(a) 3- Phenyl 1- bromopropane 

(b) 1 –Phenyl -3- bromopropane 

(c) 1-Phenyl -2-bromopropane 

(d) 3-Phenyl -2- bromopropane 

 

17. Which of the following is a correct statement for C2H5Br? 

(a) It reacts with metallic Na to give ethane. 

(b) It gives nitroethane on heating with aqueous solution of AgNO2 

(c) It gives C2H5OH on boiling with alcoholic potash. 

(d) It forms diethylthioether on heating with alcoholic KSH. 

 

18. Covalency of nitrogen is restricted to: 

(a) 2 

(b) 3 

(c) 4 

(d) 5 

 

19. Solubility of gases in liquids decreases with rise in temperature because dissolution is an:  

(a)endothermic and reversible process 

(b)exothermic and reversible process (c)endothermic and 

irreversible process 

(d) exothermic and irreversible process 

20. All elements of Group 15 show allotropy except: 

(a) Nitrogen  

(b)Arsenic  

(c)Antimony  

(d)Bismuth 

 

21. Which of the following is a polysaccharide?  

(a)glucose 

(b) maltose  

(c)glycogen  

(d)lactose 

 

22. Substance having the lowest boiling point: 

(a)Hydrogen (b)Oxygen 

(c)Nitrogen 

(d) Helium 

 

23. Lower molecular mass alcohols are: 

(a) miscible in limited amount of water 

(b) miscible in excess of water 

(c) miscible in water in all proportions 

(d) immiscible in water 

 

24. Maximum oxidation state exhibited by Chlorine is: 

(a) +1 



 

 

(b) +3  

(c)+5  

(d)+7 

 

25. In which of the following cases blood cells will shrink: 

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

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

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

(d)when placed in distilled water. 

 

 

SECTION B 

This section consists of 24multiple choice questions with overall choice to attempt any 20 

questions. In case more than desirable number of questions are attempted, ONLY first 20 will be 

considered for evaluation. 

 

26. How much ethyl alcohol must be added to 1 litre of water so that the solution will freeze at– 

14°C? (Kf for water = 1.86°C/mol) 

(a) 7.5 mol  

(b)8.5 mol  

(c)9.5 mol  

(d)10.5 mol 

 

27. Which reagents are required for one step conversion of chlorobenzene to toluene? 

(a) CH3Cl / AlCl3 

(b) CH3Cl, Na, Dry ether  

(c)CH3Cl/Fe dark 

(d) NaNO2/ HCl /0-50C 

 

28. On partial hydrolysis, XeF6 gives: 

(a) XeO3 +4HF 

(b) XeO2F + HF 

(c) XeOF4+ H2 

(d) XeO2F2 + 4HF 

 

29. Which one of the following statements is correct about sucrose? 

(a) It can reduce tollen’s reagent however cannot reduce fehling’s reagent 

(b) It undergoes mutarotation like glucose and fructose 

(c) It undergoes inversion in the configuration on hydrolysis 

(d) It is laevorotatory in nature. 

 

30. Phenol does not undergo nucleophilic substitution reaction easily due to: 

(a) acidic nature of phenol 

(b) partial double bond character of C-OH bond 

(c) partial double bond character of C-C bond  

(d)instability of phenoxide ion 

 

31. Which of the following has highest ionisation enthalpy?  

(a)Nitrogen 



 

 

(b)Phosphorus  

(c)Oxygen  

(d)Sulphur 

32. Metal M ions form a ccp structure. Oxide ions occupy ½ octahedral and ½ tetrahedral voids. 

What is the formula of the oxide? 

(a) MO 

(b) MO2 

(c) MO3 

(d) M2O3 

 

33. The reaction of toluene with Cl2 in presence of FeCl3 gives ‘X’ while the of toluene with Cl2in 

presence of light gives ‘Y’. Thus ‘X’ and ‘Y’ are: 

(a) X = benzyl chloride Y = o and p – chlorotoluene 

(b) X = m – chlorotoluene Y = p – chlorotoluene 

(c) X = o and p–chlorotoluene Y = trichloro methylbenzene 

(d) X= benzyl chloride, Y = m-chlorotoluene 

34. Ozone is a   molecule and the two O-O bond lengths in ozone are (i)  and (ii)    

(a) linear ,110pm; 148pm 

(b) angular, 110pm; 148pm  

(c)linear, 128pm; 128pm  

(d)angular, 128pm; 128pm 

 

35. Water retention or puffiness due to high salt intake occurs due to:  

(a)diffusion 

(b) vapour pressure difference 

(c) osmosis  

(d)reverse osmosis 

 

36. In the following reaction, identify A and B: 

 

C6H12O6 Acetic anhydride A 

 

Conc. nitric acid 

 

                                      B 

 

(a) A= COOH-(CH2)4 -COOH, B = OHC-(CHOCOCH3)4 -CH2OCOCH3 

(b) A= COOH-(CH2)4 -CHO, B = OHC-(CHOCOCH3)4 -CH2OCOCH3 

(c) A= OHC-(CHOCOCH3)3-CH2OCOCH3 B= COOH-(CH2)4 -CHO, 

(d) A= OHC-(CHOCOCH3)4-CH2OCOCH3 B= COOH-(CH2)4 -COOH 

 

37. In lake test for Al3+ ions, there is the formation of coloured ‘floating lake’. It is due to: 

(a)Absorption of litmus by [Al (OH)4]- 

(b)Absorption of litmus by Al (OH)3 (c)Adsorption of 

litmus by [Al (OH)4]- 

(d) Adsorption of litmus by Al (OH)3 

 



 

 

38. A unit cell of NaCl has 4 formula units. Its edge length is 0.50 nm. Calculate the density if 

molar mass of NaCl = 58.5 g/mol. 

(a) 1 g/cm3 (b)2 g/cm3 

(c) 3 g/cm3 (d)4g/cm3 

 

39. Which one of the following are correctly arranged on the basis of the property indicated? 

(a) I2< Br2<F2<Cl2 [ increasing bond dissociation enthalpy] 

(b) H2O > H2S<H2Te<H2Se [ increasing acidic strength] 

(c) NH3 < N2O< NH2OH<N2O5 [ increasing oxidation state] 

(d) BiH3<SbH3<AsH3<PH3<NH3 [ increasing bond angle] 

40. What would be the reactant and reagent used to obtain 2, 4-dimethyl pentan-3-ol? 

(a) Propanal and propyl magnesium bromide 

(b) 3-methylbutanal and 2-methyl magnesium iodide 

(c) 2-dimethylpropanone and methyl magnesium iodide 

(d) 2- methylpropanal and isopropyl magnesium iodide 

 

41. o-hydroxy benzyl alcohol when reacted with PCl3 gives the product as (IUPAC name) 

(a) o- hydroxy benzyl chloride 

(b) 2- chloromethylphenol 

(c) o-chloromethylchlorobenzene 

(d) 4-hydroxymethylphenol 

 

42. Which of the following statements is true: 

(a) Ammonia is the weakest reducing agent and the strongest base among Group 15 hydrides. 

(b) Ammonia is the strongest reducing agent as well as the strongest base among Group 15 

hydrides. 

(c) Ammonia is the weakest reducing agent as well as the weakest base among Group 15 hydrides. 

(d) Ammonia is the strongest reducing agent and the weakest base among Group 15 hydrides. 

 

43. Identify the secondary alcohols from the following set:  

(i)CH3CH2CH(OH)CH3 

(ii) (C2H5)3COH  

(iii)  

(iv) 

 

(a)(i) and (iv) 

(b)(i) and (iii) 

(c)(i) and (ii)  

(d)(i), (iii) and (iv) 

 

44. Alkenes decolourise bromine water in presence of CCl4 due to formation of:  

(a)allyl bromide 

(b)vinyl bromide (c)bromoform 



 

 

(d)vicinal dibromide 

45. Given below are two statements labelled as Assertion (A) and Reason (R) 

Assertion (A): Electron gain enthalpy of oxygen is less than that of Flourine but greater than Nitrogen. 

Reason (R): Ionization enthalpies of the elements follow the order Nitrogen > Oxygen > Fluorine 

Select the most appropriate answer from the options given below: 

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

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

(c)A is true but R is false. 

(d) A is false but R is true. 

 

46. Given below are two statements labelled as Assertion (A) and Reason (R) 

Assertion (A): Alkyl halides are insoluble in water. 

Reason (R): Alkyl halides have halogen attached to sp3 hybrid carbon. Select the most appropriate 

answer from the options given below: 

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

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

(c)A is true but R is false. 

(d) A is false but R is true. 

 

47. Given below are two statements labelled as Assertion (A) and Reason (R) 

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

Reason (R): Molarity is a colligative property. 

Select the most appropriate answer from the options given below: 

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

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

(c)A is true but R is false. 

(d) A is false but R is true. 

 

48. Given below are two statements labelled as Assertion (A) and Reason (R) Assertion(A):SO2 is 

reducing while TeO2 is an oxidizing agent.  

Reason(R): Reducing property of dioxide decreases from SO2 to TeO2. 

Select the most appropriate answer from the options given below: 

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

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

(c)A is true but R is false. 

(d) A is false but R is true. 

 

49. Given below are two statements labelled as Assertion (A) and Reason (R) 

Assertion (A): Cryoscopic constant depends on nature of solvent. 

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

Select the most appropriate answer from the options given below: 

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

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

(c)A is true but R is false. 

(d) A is false but R is true. 

SECTION C 

This section consists of 6multiple choice questions with an overall choice to attempt any 5. In case 

more than desirable number of questions are attempted, ONLY first 5 will be considered for 



 

 

evaluation. 

 

50. Match the following: 
I II 

(i)Amino acids (A)protein 

(ii)Thymine (B)Nucleic acid 

(iii)Insulin (C)DNA 

(iv)phosphodiester linkage (D)Zwitter ion 

(v) Uracil  

Which of the following is the best matched options? 

(a) i-A, v- D, iii- C, iv-B 

(b) i-D, ii-C, iii- A, iv-B 

(c) i-D, v- D, iii- A, iv-B 

(d) i-A, ii- C, iii- D, iv-B 

 

51. Which of the following analogies is correct? 

(a) Nitrogen: 1s22s22p3 :: Argon:1s22s22p6 

(b) Carbon: maximum compounds :: Xenon: no compounds 

(c) XeF2: Linear :: ClF3: Trigonal planar 

(d) Helium: meteorological observations:: Argon: metallurgical processes 

 

52. Complete the following analogy: 

Same molecular formula but different structures: A:: Non superimposable mirror images: B 

(a) A:Isomers B: Enantiomer 

(b) A: Enantiomers B: Racemic mixture 

(c) A: Sterioisomers B: Retention 

(d) A: IsomersB: Sterioisomers 

 

CASE1: Read the passage given below and answer the following questions 53-55 

 

Early crystallographers had trouble solving the structures of inorganic solids using X-ray 

diffraction because some of the mathematical tools for analyzing the data had not yet been 

developed. Once a trial structure was proposed, it was relatively easy to calculate the diffraction 

pattern, but it was difficult to go the other way (from the diffraction pattern to the structure) if 

nothing was known a priori about the arrangement of atoms in the unit cell. It    was important to 

develop some guidelines for guessing the coordination numbers and bonding geometries of atoms 

in crystals. The first such rules were proposed by Linus Pauling, who considered how one might 

pack together oppositely charged spheres of different radii. 

Pauling proposed from geometric considerations that the quality of the "fit" depended on the 

radius ratio of the anion and the cation. 

If the anion is considered as the packing atom in the crystal, then the smaller cation fills interstitial 

sites ("holes"). Cations will find arrangements in which they can contact the    largest number of 

anions. If the cation can touch all of its nearest neighbour anions, then the    fit is good. If the cation is 

too small for a given site, that coordination number will be    unstable and it will prefer a lower 

coordination structure. The table below gives the ranges of cation/anion radius ratios that give the best 

fit for a given coordination geometry. 

 



 

 

 
Coordination 

number 
Geometry ρ = 

rcation/ranion 
2 linear 0 - 0.155 
3 triangular 0.155 - 0.225 
4 tetrahedral 0.225 - 0.414 
4 square planar 0.414 - 0.732 
6 octahedral 0.414 - 0.732 
8 cubic 0.732 - 1.0 
12 cuboctahedral 1.0 

 

(Source: Ionic Radii and Radius Ratios. (2021, June 8). Retrieved June 29, 2021, from 

https://chem.libretexts.org/@go/page/183346) 

 
+ - + 

    Q53. The radius of Ag ion is 126pm and of I ion is 216pm. The coordination number of Ag 
ion is: 

(a) 2 

(b) 3 

(c) 6 

(d) 8 
Q54. A solid AB has square planar structure. If the radius of cation A+ is 120pm, calculate 

- 
the maximum possible value of anion B 

(a)240pm (b)270pm 

(c)280pm (d)290 pm 

 

Q55.A “good fit” is considered to be one where the cation can touch: 

(a)all of its nearest neighbour anions. 

(b)most of its nearest neighbour anions. 

(c) some of its nearest neighbour anions. 

(d)none of its nearest neighbour anions. 

                                                   

 

                                                 CHEMISTRY (043) 

Marking Scheme 

                                                                 SECTION A 

 

(1). (d) N-N is weaker than P-P 

other statements as incorrect as Phosphorus has a higher melting point due to bigger size than 

Nitrogen. Nitrogen is inert due to formation of triple bonds and has a lower covalence due to non - 

availability of d –orbitals 

 

2. (c)metal deficiency defect (anion is missing from lattice site) 

In Frenkel defect the smaller ion occupies the interstitial sites and Schottky defect equal number of 

cations and anions are missing. Interstitial defect an atom or molecule occupies intestinal sites so in 

these three defects the ratio of positive and negative ions (Stoichiometric) of a solid is not disturbed in 

these three 

 

3. (b) Raoult’s law 

https://chem.libretexts.org/%40go/page/183346)


 

 

N 

 

4. (c) Metal excess defect (formation of F centres) 

 

5. (c) 1,4-dicholorbenzene (para isomers are more symmetric and ortho and meta ) 

 

6. (d) existence of alpha and beta forms of glucose. 

 

7. (c) S 2 reaction (alkoxide ion reacts with primary alkyl halide in a single step to form ether) 

 

8. (b) a mixture of HOCl and HCl is produced in the presence of sunlight 

Cl2(g) +H2O (l)  HCl (g) +HOCl(aq) 

 

9. (a)protonation of alcohol molecule 

 
 

10. Amorphous solids are: 

(a) isotropic (the value of any physical property is same along any direction) 

 

11. (c) Reimer- Tiemann reaction (Kolbe’s reaction is used to prepare salicylic acid, Etard 

reaction for benzaldehyde, Reimer- Tiemann reaction for salicylaldehyde and Stephen’s reduction 

for aldehyde) 

 

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

 

13. (a) Hydrogen bonding (alcohols form intermolecular hydrogen bonds) 

 

14. (b)H2S (boiling point increases down the group but water forms strong hydrogen bonds so have 

higher boiling point than H2S) 

 

15. (d)pH does not affect the primary structure of protein (pH effects the tertiary structure) 

 

16. (b) 1 –Phenyl -3- bromopropane 

((C6H5) CH2CH=CH2 + HBr (organic peroxide)  (C6H5)CH2CH2CH2Br anti-Markovnikov 

addition) 

 

17. (b) It gives nitroethane on heating with aqueous solution of AgNO2 

(C2H5Br reacts with metallic Na to give butane, gives ethene on boiling with alcoholic potash. and 

forms C2H5SH (thiol) on heating with alcoholic KSH) 

 

18. (c)4 (Covalency of nitrogen is restricted to 4 due to non-availability of d orbitals) 

 



 

 

19. (b)exothermic and reversible process (according to Le -Chatlier principle Solubility of gases in 

liquids decreases with rise in temperature) 

 

20. (a)Nitrogen (due to small size and high electronegativity N-N is weak) 

21.(c)glycogen (It is a polymer of glucose) 

22. (d) Helium (He is monoatomic and has low atomic mass) 

 

23.(c) miscible in water in all proportions Lower molecular mass alcohols are able to form 

hydrogen bonds with water 

 

24.(d)+7 (Cl : 1s22s22p63s23p5) 

 
 

25.(a)When placed in water containing more than 0.9% (mass/ volume) NaCl solution because fluid 

inside blood cells is isotonic with 0.9% NaCl solution 

SECTION B 

26. (a) 7.5 mol 

ΔTf = Kf m 

ΔTf = Kf   n2 x 1000 

w1 

14 = 1.86 x n2 x 1000 

1000 

n2 = 7.5 mol 

 

27. (b) CH3Cl, Na, Dry ether 

 

28. (d) XeO2F2 + 4HF 

XeF4 + H2O  XeO2F2 + 4HF 

 

29. (c) It undergoes inversion in the configuration on hydrolysis 

 

30. (b) partial double bond character of C-OH bond 

 

31. (a)Nitrogen (High IE of N is because of smallest size in the group and completely half - filled p 

subshell) 



 

 

 

32. (d) M2O3 

Metal M ions form ccp structure. Let number of ions of M be : X No. of 

tetrahedral voids = 2x 

No. of octahedral voids = x 

Number of oxide ions will be 1/2 x + ½ (2x) = 3/2 x Formula of 

oxide = MxO3/2 x = M2O3 

 

33. c) X = o and p–chlorotoluene Y = trichloromethylbenzene 

The reaction of toluene with Cl2 in presence of FeCl3 gives ‘X’ due to electrophilic substitution 

reaction taking place at ortho and para positions and reaction in the presence of light gives ‘Y’, due to 

substitution reaction occurring via free radical mechanism 

. Thus ‘X’ and ‘Y’are X = o and p–chlorotoluene Y = trichloromethylbenzene 

 

34. (d)angular, 128pm ; 128pm (Ozone is a resonance hybrid of two equivalent structures) 

 

35. (c) Osmosis 

 

36. d)  A= OHC-(CHOCOCH3)4-CH2OCOCH3 B= COOH-(CH2)4 -COOH 

 

 

37. (d) Adsorption of litmus by Al(OH)3 

In lake test for Al3+ ions, there is the formation of coloured ‘floating lake’ In lake test for Al3+ ions, 

there is the formation of coloured ‘floating lake’ due to adsorption 

 

38. (c) 3 g/cm3 Using 

formula Density = ( Z  X  

m ) 

(a3 X Na ) 

D =   4   x  58.5  

(0.5x10-7)3 x 6.023x1023 
= 3.1 g/cm3 

 
39. (d) BiH3<SbH3<AsH3<PH3<NH3 [ increasing bond angle ] correct order 



 

 

(a) I2 < Br2<F2<Cl2 [ increasing bond dissociation enthalpy]: incorrect order , correct 

order is Cl2 > Br2 > F2 > I2. 
(b) H2O > H2S<H2Te<H2Se [ increasing acidic strength]: incorrect order , correct order 

is 

H2O<H2S<H2Se<H2Te 

(c) NH3 < N2O< NH2OH<N2O5 [ increasing oxidation state ] : incorrect order NH3 

(Oxidation state -3) N2O (Oxidation state +1) NH2OH(Oxidation state -1) N2O5 
(Oxidation state +5) 

 

40. (d) 2- methyl propanal and isopropyl magnesium iodide 

 

 
 

41. (b) 2- chloromethylphenol 

 

 

42. (a)Ammonia is the weakest reducing agent and the strongest base among Group 15 hydrides. The 

reducing character of hydrides increases down the group due to decrease in bond dissociation 

enthalpy. 

 

43 (a)(i) and (iv) 

(i)CH3CH2CH(OH)CH3 (secondary) (ii) (C2H5)3COH (tertiary) 

(iii) (iv) 

 

 

Phenol not an alcohol secondary 

 

44. (d)vicinal dibromide 

CH2=CH2 + Br2 → BrCH2 - CH2Br 

 

45. (c) 

Assertion: Electron gain enthalpy of oxygen is less than that of Flourine but greater than 

Nitrogen. (correct) 

Reason: Ionisation enthalpies of the elements follow the order Nitrogen > Oxygen > Fluorine 



 

 

(incorrect) 

Ionisation enthalpies of the elements follow the order Fluorine >Nitrogen > Oxygen 

 

46. (b) Assertion: Alkyl halides are insoluble in water. (correct) 

Reason: Alkyl halides have halogen attached to sp3 hybrid carbon. (correct) 

Alkyl halides are insoluble in water because they are unable to form hydrogen bonds with water or 

break pre-existing hydrogen bonds. 

47. ( c)Assertion: Molarity of a solution changes with temperature. (correct) 

Reason: Molarity is a colligative property. (incorrect) 

Molarity is a means to express concentration. It is not a physical property. 

 

48. (a) Assertion: SO2 is reducing while TeO2 is an oxidising agent. (correct) 

Reason: Reducing property of dioxide decreases from SO2 to TeO2 (correct and reason for Assertion) 

 

49. (c ) Assertion: Cryoscopic constant depends on nature of solvent. (correct) 

Reason: Cryoscopic constant is a universal constant (incorrect) 

Cryoscopic constant various with type of solvent 

 

 

SECTION C 

50. (b) i-D, ii-C, iii- A, iv-B 

Amino acids form proteins and exist as zwitter ion , Thymine is a nitrogenous base in DNA, Insulin is 

a protein , phosphodiester linkage is found in nucleic acids so also in DNA and Uracil is nitrogenous 

base found in RNA which is a nucleic acid. 

 

51. (d)Helium: meteorological observations :: Argon: metallurgical processes Nitrogen: 

1s22s22p3 :: Argon:1s22s22p6  is configuration of Neon not Argon Carbon: maximum 

compounds :: Xenon: no compounds , Xenon forms compounds XeF2: Linear :: ClF3: 

Trigonal planar , ClF3 is T shaped not trigonal planar 

 

52. (a) A : Isomers B: Enantiomer 

Isomers have Same molecular formula but different structure 

Enantiomers are Non superimposable mirror images 

 

Q53. (c)6 

The radius of Ag+ ion is 126pm and of I- ion is 216pm. The coordination number of Ag+ ion is: 

ρ = rcation/ranion = 126/ 216 = 0.58 

Radius ratio lies in the range 0.414 – 0.732, so has coordination number 6 or 4 according to the table. 

Since none of the options is 4, so the answer is 6 

 

Q54. (d)290 pm 

Square planar means ratio ratio is between 0.414 – 0.732 

If radius of cation is 120 pm then anion should be in the range ρ = rcation/ranion 

0.414 = 120/ x so x = 289.8 = 290 pm 

0.732 = 120/ x so x = 163.9 = 164 pm 

 

Q55. (a)all of its nearest neighbour anions 
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General Instructions: 
 

1. The Question Paper contains three sections. 
 

2. Section A has 25 questions. Attempt any 20 questions. 
 

3. Section B has 24 questions. Attempt any 20 questions. 
 

4. Section C has 6 questions. Attempt any 5 questions. 
 

5. All questions carry equal marks. 
 

6. There is no negative marking. 
 
 
 

SECTION A 

This section consists of 25 multiple choice questions with overall choice to attempt any 20 

questions. In case more than desirable numbers of questions are attempted, ONLY first 20 will 

be considered for evaluation. 

Q1. Which of the following statements is wrong? 

(A) Single N–N bond is stronger than the single P–P bond. 

(B) PH3 can act as a ligand in the formation of coordination compound with transition elements. 

(C) NO2 is paramagnetic in nature. 

(D) Covalency of nitrogen in N2O5 is four.  

Q2. Which of the following is a network solid? 

(A) SO2 (solid)  

(B) I2 

(C) Diamond  

(D) H2O (ice) 

Q3. Value of Henry’s constant KH is ________________. 

(A) Increases with increase in temperature. 

(B) Decreases with increase in temperature 



 

 

(C) remains constant 

(D) First increases then decreases. 

Q4. Which of the following Defects is also known as dislocation defect? 

(A) Frenkel defect 

(B) Schottky defect 

(C) Non-stoichiometric defect 

(D) Simple interstitial defect 

Q5. The IUPAC name of the compound shown below is: 

 
(A) 2-bromo-6-chlorocyclohex-1-ene 

(B) 6-bromo-2-chlorocyclohexene 

(C) 3-bromo-1-chlorocyclohexene 

(D) 1-bromo-3-chlorocyclohexene  

Q6. Curdling of milk is an example of: 

(A) Breaking of peptide linkage 

(B) Hydrolysis of lactose 

(C) Breaking of protein into amino acids 

(D) Denaturation of protein 

Q7.  Williamson synthesis is used to obtain 

(A) Primary alcohol  

(B) Ether 

(C) Aldehyde  
(D) Ketone 
Q8. Which of the following statements are correct for SO2 gas? 

(A) It acts as bleaching agent in moist conditions. 

(B) Its molecule has linear geometry. 

(C) It can be prepared by the reaction of dilute H2SO4 with metal sulphide. 

(D) All of the above 

Q9. Which of the following compounds will react with sodium hydroxide solution in water? 

(A) C6H5OH  

(B) C6H5CH2OH 

(C) (CH3)3COH  

(D) C2H5OH 

Q10. Which of the following statements is not true about amorphous solids? 

(A) On heating they may become crystalline at certain temperature. 

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

(C) Amorphous solids can be moulded by heating. 

(D) They are anisotropic in nature. 



 

 

Q11. Name the following reaction:  

 

 
(A) Williamson’s synthesis 

(B) Kolbe’s reaction 

(C) Reimer-Tiemann reaction 

(D) Sandmeyer’s reaction 

Q12. The increase in the temperature of the aqueous solution will result in its 

(A) Molarity to increase 

(B) Molarity to decrease 

(C) Mole fraction to increase 

(D) Mass % to increase   

13. Arrange the following compounds in increasing order of boiling point: 

Propan-1-ol, butan-1-ol, butan-2-ol, pentan-1-ol 

(A) Propan-1-ol, butan-2-ol, butan-1-ol, pentan-1-ol 

(B) Propan-1-ol, butan-1-ol, butan-2-ol, pentan-1-ol 

(C) Pentan-1-ol, butan-2-ol, butan-1-ol, propan-1-ol 

(D) Pentan-1-ol, butan-1-ol, butan-2-ol, propan-1-ol 

Q14. Which of the following is not tetrahedral in shape? 

(A) NH4 +  

(B) SiCl4 

(C) SF4 

 (D) SO4
2− 

Q15. Proteins are found to have two different types of secondary structures, viz. -helix and β-pleated 

sheet structure. -helix structure of protein is stabilized by: 

(A) Peptide bonds 

(B) Vander Waals forces 

(C) Hydrogen bonds 

(D) Dipole-dipole interactions  

Q16. Chlorobenzene is formed by reaction of chlorine with benzene in the presence of AlCl3. Which of 

the following species attacks the benzene ring in this reaction? 

(A) Cl–  

(B) Cl+ 

(C) AlCl3 

 (D) [AlCl4] − 

Q17. Phenol can be distinguished from ethanol by the reaction with _____ 

(A) Br2/water  

(B) Na 



 

 

(C) Glycerol  

(D) All of the above  

Q18. On heating with concentrated NaOH solution in an inert atmosphere of CO, white phosphorus 

gives a gas. Which of the following statement is incorrect about the gas? 

(A) It is highly poisonous and has smell like rotten fish. 

(B) Its solution in water decomposes in the presence of light. 

(C) It is more basic than NH3. 

(D) It is less basic than NH3. 

Q19. Considering the formation, breaking and strength of hydrogen bond, predict which of the 

following mixtures will show a positive deviation from Raoult’s law? 

(A) Methanol and acetone. 

(B) Chloroform and acetone. 

(C) Nitric acid and water. 

(D) Phenol and aniline. 

Q20. Which one is the complementary base of cytosine in one strand to that in another strand of DNA? 

(A) Adenine  

(B) Guanine 

(C) Thymine  

(D) Uracil 

Q21. Solid A is very hard electrical insulator in solid as well as in molten state and melts at an extremely 

high temperature. What type of solid is it?  

(A) Ionic solid  

(B) Molecular solid  

(C) Covalent solid  

(D) Metallic solid  

Q22. A beaker contains a solution of substance ‘A’. Precipitation of substance ‘A’ takes place when small 

amount of ‘A’ is added to the solution. The solution is _________.  

(A) saturated  

(B) supersaturated  

(C) unsaturated  

(D) concentrated  

Q23. Affinity for hydrogen decreases in the group from fluorine to iodine. Which of the halogen acids 

should have highest bond dissociation enthalpy?  

(A) H-F  

(B) HCl  

(C) HBr  

(D) HI  

Q24. The order of reactivity of following alcohols with halogen acids is:  

 



 

 

 
 

(A) (i) > (ii) > (iii)  

(B) (iii) > (ii) > (i)  

(C) (ii) > (i) > (iii)  

(D) (i) > (iii) > (ii)  

Q25. The IUPAC name of anisole is  

(A) 2-methyltoluene  

(B) Methyl phenyl ether  

(C) Methoxybenzene  

(D) Ethoxybenzene  

SECTION B 

This section consists of 24 multiple choice questions with overall choice to attempt any 20 

questions. In case more than desirable numbers of questions are attempted, ONLY first 20 will be 

considered for evaluation. 

 

Q26. In comparison to a 0.01 M solution of glucose, the depression in freezing point of a 0.01 M MgCl2 

solution is  

(A) The same  

(B) About twice 

(C) About three times  

(D) About six times 

 

Q27. Which reagent will you use for the following reaction? 

 

CH3CH2CH2CH3              CH3CH2CH2CH2Cl + CH3CH2CHClCH3 

(A) Cl2/UV light 

(B) NaCl + H2SO4 

(C) Cl2 gas in dark 

(D) Cl2 gas in the presence of iron in dark 

 
Q28. Which of the following statements are true? 

(A) Only types of interactions between particles of noble gases are due to weak dispersion forces. 

(B) Hydrolysis of XeF6 is a redox reaction. 



 

 

(C) Xenon fluorides are not reactive. 

(D) None of the above. 

Q29. Cellular oxidation of glucose is a: 

(A) spontaneous and endothermic process 

(B) non-spontaneous and exothermic process 

(C) non-spontaneous and endothermic process 

(D) spontaneous and exothermic process 

Q30. Given the descending order of acid strength of alcohols. 

 

(A) RCH2OH > RR’CHOH >> RR’R” COH 

(B) RCH2OH > RR’R” COH > RR’CHOH 

(C) RCH2OH < RR’CHOH << RR’R” COH 

(D) RCH2OH < RR’R” COH < RR’CHOH  

 

Q31. A black compound of manganese reacts with a halogen acid to give greenish yellow gas. When 

excess of this gas reacts with NH3 an unstable tri-halide is formed. In this process the oxidation state of 

nitrogen changes from: 

(A) – 3 to +3.  

(B) – 3 to 0. 

(C) – 3 to +5.  

(D)    0 to – 3. 

Q32. A compound of formula A2B3 has the hcp lattices. Which atom forms the hcp lattice and what 

fraction of tetrahedral voids is occupied by the other atoms? 

(A) hcp lattice- A, 2/3 tetrahedral void –B 

(B) hcp lattice- B, 1/3 tetrahedral void –A 

(C) hcp lattice- B, 2/3 tetrahedral void –A 

(D) hcp lattice- A, 1/3 tetrahedral void –B 

Q33. Identify the compound Y in the following reaction. 

 
(A)  Chlorobenzene  

(B) Benzene 

(C) 1, 3-dichlorobenzene 

(D) 1, 4-dichlorobenzene 

Q34. Hot conc. H2SO4 acts as moderately strong oxidizing agent. It oxidizes both metals and non-metals. 

Which of the following element is oxidized by conc. H2SO4 into two gaseous products? 

(A) Cu (Copper) 

(B) S (Sulphur) 

(C) C (Carbon) 

(D) Zn (Zinc) 



 

 

 

Q35. Consider the figure and mark the correct option. 

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

piston (B). 

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

piston (B). 

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

(B). 

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

(A). 

Q36.  Which of the following is not correct about Lysine?  

 
(A) α-Amino acid. 

(B) Basic amino acid. 

(C) Essential amino acid. 

(D) β-Amino acid. 

Q37. The cubic unit cell of Al (molar mass = 27) has an edge length of 405 pm. Its density is 2.7 g cm -3. 

The cubic unit cell is  

(A) Body centred 

(B) Primitive 

(C) Edge centred 

(D) Face centred 

 

Q38. Which one of the following orders is correct for the bond dissociation enthalpy of halogen 

molecules? 

(A) Br2 >I2 > F2 > Cl2 

(B) F2 > Cl2 > Br2 > I2 

(C) I2 > Br2 > Cl2 > F2 

(D) Cl2 > Br2 > F2 > I2  

 

Q39. Which of the following alkyl halides will undergo SN
1 reaction most readily? 

 (A) (CH3)3C—F 

 (B) (CH3)3C—Cl 

 (C) (CH3)3C—Br 



 

 

  (D) (CH3)3C—I 

Q40. Mark the correct order of decreasing acid strength of the following compounds. 

Phenol, 4-nitrophenol, 3-methoxyphenol, 3-nitrophenol, 4-methoxyphenol 

A)  4-nitrophenol > 3-nitrophenol > Phenol > 3-methoxyphenol > 4-methoxyphenol 

(B) 4-methoxyphenol > 3-methoxyphenol > 4-nitrophenol > Phenol > 3-nitrophenol  

(C) 3-nitrophenol > 4-methoxyphenol > 3-methoxyphenol > 4-nitrophenol > Phenol  

(D) 4-methoxyphenol > 3-nitrophenol > 3-methoxyphenol > 4-nitrophenol > Phenol 

Q41. Which of the following reactions is an example of redox reaction? 

(A) XeF4 + O2F2  XeF6 + O2 

(B) XeF2 + PF5  [XeF]+[PF6]– 

(C) XeF6 + H2O    XeOF4 + 2HF 

(D) XeF6 + 2H2O   XeO2F2 + 2HF 

Q42. In which of the following molecules carbon atom marked with asterisk (*) is asymmetric? 

 

 
 

 (A) (i), (ii), (iii), (iv) 

 (B) (i), (ii), (iii) 

 (C) (ii), (iii), (iv) 

 (D) (i), (iii), (iv) 

 
Q43. Reaction of C6H5CH2Br with aqueous sodium hydroxide follows: 

(A) SN 1 mechanism 

(B) SN 2 mechanism 

(C) Any of the above two depending upon the temperature of reaction 

(D) Saytzeff rule 

Q44. The following reaction can be classified as  

 
(A) Dehydration reaction 

(B) Williamson alcohol synthesis reaction 

(C) Williamson ether synthesis reaction 

(D) Alcohol formation reaction 



 

 

Directions: In the following questions, a statement of Assertion (A) is followed by a statement of Reason 

(R). Mark the correct choice as. 

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

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

(C) A is true but R is false. 

(D) A is false and R is true. 

Q45. Assertion (A): Crystalline solids are anisotropic in nature. 

       Reason (R): Some of their physical properties show same electrical and optical properties in 

different directions in the same crystal. 

Ans. Option (C) is correct. 

Q46. Assertion (A): Elevation in boiling point is a colligative property. 

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

Ans. Option (A) is correct.  

Q47. Assertion (A): F2 is a strong oxidizing agent.  

         Reason (R): Electron gain enthalpy of fluorine is less negative. Ans. Option (B) is correct. 

Q48. Assertion (A): Aryl halides undergo Nucleophilic substitution reactions with ease. 

       Reason(R): The carbon halogen bond in aryl halides has partial double bond character. 

Ans. Option (D) is correct. 

Q49. Assertion (A): Ortho and para-nitrophenol can be separated by steam distillation.  

         Reason (R): Ortho isomer associates through intermolecular hydrogen bonding while para isomer 

associates through intramolecular hydrogen bonding. Ans. Option (C) is correct. 

 
SECTION C 

This section consists of 6multiple choice questions with an overall choice to attempt any 5. In case more 
than desirable number of questions are attempted, ONLY first 5 will be considered for evaluation. 
 

Q50. Match the compound given in List I with structure and number of lone pairs in List II 

List I List II 

P. XeOF4 1. T shaped, 2 

Q. ClF3 2. Square, 2 

R. ICl2 - 3. Square pyramidal, 1 

S. ICl4 - 4. Linear, 3 

 

 P Q R S 

(A) 3 2 4 1 

(B) 3 1 4 2 

(C) 2 1 4 3 

(D) 1 3 4 2 

 

Q51. Match the compound given in List I with structure and number of lone pairs in List II 

List I List II 

P. H2SO4 1.Highest electron gain enthalpy 



 

 

Q. CCl3.NO2 2. Chalcogens 

R. Cl2 3. Tear gas 

S. Sulphur 4. Storage batteries 

 

 P Q R S 

(A) 4 3 1 2 

(B) 3 4 1 2 

(C) 4 1 2 3 

(D) 2 1 3 4 

 

Q52. Match the compound given in List I with structure and number of lone pairs in List II 

List I List II 

P. Antifreeze used in car 
engine 

1.Methanol 

Q. Solvent used in 
perfumes 

2. Ethanol 

R. Starting material for 
picric acid 

3. Ethylene glycol 

S. Wood spirit 4. Phenol 

 

 P Q R S 

(A) 3 2 4 1 

(B) 3 1 4 2 

(C) 2 1 3 4 

(D) 2 3 1 4 

 

 

Case 1 - Read the passage given below and answer the following questions:  

The two monosaccharides are joined together by an oxide linkage formed by the loss of a water 

molecule. Such a linkage between two monosaccharide units through oxygen atom is called Glycosidic 

linkage. In disaccharides, if the reducing groups of monosaccharides i.e., aldehydic or ketonic groups are 

bonded; these are non-reducing sugars, e.g., sucrose. On the other hand, sugars in which these 

functional groups are free, are called reducing sugars, for example, maltose and lactose. A non-reducing 

disaccharide ‘A’ on hydrolysis with dilute acid gives an equimolar mixture of D– (+)–glucose and D- (-)-

Fructose. 

 
Q53.In the above reaction, reactant ‘A’ is: 

(A) Glucose 

(B) Sucrose 

(C) Maltose  

(D) Fructose 

Q54. What is the mixture of D-(+) glucose and D-(+) fructose known as ? 



 

 

(A) Anomers  

(B) Racemic mixture 

(C) Invert sugar  

(D) Optical mixture 

Q55. Name the linkage that holds the two units in the disaccharide? 

(A) Nucleoside linkage  

(B) Glycosidic linkage 

(C) Peptide linkage 

 (D) None of the above 

 

 
 

SAMPLE QUESTION PAPER 1 CHEMISTRY (043) MARKING SCHEME 
SECTION A 

 

Q1. (A) Single N–N bond is stronger than the single P–P bond. 

Q2. (C) Diamond  

Q3. (A) Increases with increase in temperature. 

 Q4. (A) Frenkel defect 

Q5. (C) 3-bromo-1-chlorocyclohexene 

Q6. (D) Denaturation of protein 

Q7. (B) Ether 

Q8. (A) It acts as bleaching agent in moist conditions. 

Q9. (C) (CH3)3COH  

Q10. (D) They are anisotropic in nature. 

Q11. (C) Reimer-Tiemann reaction 

Q12. (B) Molarity to decrease 

Q13. (A) Propan-1-ol, butan-2-ol, butan-1-ol, pentan-1-ol 

Q14. (C) SF4 

Q15. (C) Hydrogen bonds 

Q16. (B) Cl+ 

Q17. (A) Br2/water  

Q18. (C) It is more basic than NH3. 

Q19. (A) Methanol and acetone. 

Q20. (B) Guanine 

Q21. (C) Covalent solid  

Q22. (B) supersaturated  

Q23. (A) H-F  

Q24. (B) (iii) > (ii) > (i)  

Q25. (C) Methoxybenzene  

 



 

 

SECTION B 

 

Q26. (C) About three times  

Q27. (A) Cl2/UV light 

Q28. (A) Only types of interactions between particles of noble gases are due to weak dispersion forces. 

Q29. (D) spontaneous and exothermic process 

Q30. (A) RCH2OH > RR’CHOH >> RR’R” COH 

Q31. (A) – 3 to +3.  

Q32. (B) hcp lattice- B, 1/3 tetrahedral void –A 

Q33. (A)  Chlorobenzene  

Q34. (C) C (Carbon) 

Q35. (B) Water will move from side (B) to side (A) if pressure greater than osmotic pressure is applied 

on piston (B). 

Q36. (D) β-Amino acid. 

Q37. (D) Face centred 

Q38. (D) Cl2 > Br2 > F2 > I2  

Q39. (D) (CH3)3C—I 

Q40. (A)  4-nitrophenol > 3-nitrophenol > Phenol > 3-methoxyphenol > 4-methoxyphenol 

Q41. (A) XeF4 + O2F2           XeF6 + O2 

Q42. (B) (i), (ii), (iii) 

Q43. (A) SN 1 mechanism 

Q44. (C) Williamson ether synthesis reaction 

 

Q45. Ans. Option (C) is correct. 

Q46. Ans. Option (A) is correct.  

Q47. Ans. Option (B) is correct. 

Q48. Ans. Option (D) is correct. 

Q49. Ans. Option (C) is correct. 

Q50. 

(B) 3 1 4 2 

Q51. 

(A) 4 3 1 2 

Q52. 

(A) 3 2 4 1 

Q53. (B) Sucrose 

Q54. (C) Invert sugar  

Q55. (B) Glycosidic linkage 

 



 

 

 
 

SAMPLE QUESTION PAPER (2)  2021-22 TERM 1 
SUBJECT: CHEMISTRY (043) 

 
 

Time: 90 Minutes Max. Marks: 35 
 

General Instructions: 
 

7. The Question Paper contains three sections. 
 

8. Section A has 25 questions. Attempt any 20 questions. 
 

9. Section B has 24 questions. Attempt any 20 questions. 
 

10. Section C has 6 questions. Attempt any 5 questions. 
 

11. All questions carry equal marks. 
 

12. There is no negative marking. 
 
 
 
SECTION A 

This section consists of 25 multiple choice questions with overall choice to attempt any 20 

questions. In case more than desirable numbers of questions are attempted, ONLY first 20 will 

be considered for evaluation. 

 

1. A metal (atomic weight = 100) has ccp lattice of edge length 400 pm. The correct value for density of 

the metal (in g cm⁻³) is  

(A) 1.042  

(B) 5.021  

(C) 10.42  

(D) 2.4 

2. Iron exhibits bcc structure at room temperature. Above 900⁰C, it transforms to FCC structure. The 

ratio of density of iron at room temperature to that at 900⁰C (assuming molar mass and atomic radii of 

iron remains constant with temperature) is  

(A) √3/√2  

(B) 4√3/3√2  

(C) 3√3/4√2  

(D) 1/2 

3. A compound is formed by cation C and anion A. The anion is formed hcp lattice and occupies 75% of 

octahedral voids. The formula of the compound is  



 

 

(A) C₂A₃  

(B) C₃A₂  

(C) C₃A₄  

(D) C₄A₃  

4. In a fcc 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) A₂B  

(B) AB₂  

(C) A₂B₂  

(D) A₂B₅  

5. Which one of the following gases has the lowest value of Henry's law constant?  

(A) N₂  

(B) He  

(C) H₂  

(D) CO₂  

6. The mixture that forms maximum boiling azeotrope is: 

(A) Water + Nitric acid  

(B) Ethanol + Water  

(C) Acetone + Carbon disulphide  

(D) Heptane + Octane  

7. When mercuric iodide is added to the aqueous solution of KI, the;  

(A) freezing point is raised  

(B) freezing point is lowered  

(C) freezing point does not change  

(D) boiling point does not change  

8. Consider the following statements:  

1. isotonic solutions have same molar concentration at a given temperature.  

2. The molal elevation constant Kb is a characteristic of a solvent and is independent of the solute 

added.  

3. The freezing point of a 0.1 M KCl solution is more than that of 0.1 M aqueous AlCl₃ solution. Choose 

the correct statements.  

(A) 1 and 2  

(B) 2 and 3  

(C) 1 and 3  

(D) 1, 2 and 3  

9. The correct order of osmotic pressure of 0.01 M aqueous solution of the following is  

(A) KCl > CH₃COOH > Sucrose  

(B) Sucrose > CH₃COOH > KCl 

(C) CH₃COOH > Sucrose > KCl 

(D) Sucrose > KCl > CH₃COOH 

10. When NaCl or KCl is heated with conc. H₂SO₄ and solid K₂Cr₂O₇, we get 



 

 

(A) Chromic chloride 

(B) Chromous chloride 

(C) Chromyl chloride 

(D) Chromic sulphate 

11. The thermal stability of the hydrides of O, S, Se and Te varies in the order 

(A) H₂O > H₂S > H₂Se > H₂Te 

(B) H₂O > H₂Se > H₂Te > H₂S 

(C) H₂S > H₂O > H₂Se > H₂Te 

(D) H₂Te > H₂Se > H₂S > H₂O 

12. When the following five anions are arranged in order of decreasing ionic radius, the correct 

sequence is 

(A) I⁻, Se²⁻, Br⁻, O²⁻, F⁻ 

(B) I⁻, Se²⁻, O²⁻, Br⁻,  F⁻ 

(C) Se²⁻, I⁻, Br⁻, O²⁻, F⁻ 

(D) Se²⁻, I⁻, Br⁻, F⁻, O²⁻ 

13. Phosgene is commonly known as 

(A) thionyl chloride 

(B) carbonyl chloride 

(C) carbon dioxide and phosphine 

(D) phosphoryl chloride 

14. A brown ring is formed in the ring test for NO₃⁻ ion. It is due to the formation of 

(A) [Fe (H₂O)₄ (NO)₂]²⁺ 

(B) FeSO₄.NO₂  

(C) [Fe (H₂O)₅ (NO)]²⁺ 

(D) FeSO₄.HNO₃ 

15. The decreasing order of the oxidation state of the phosphorous atom in H₃PO₂, H₃PO₄, H₃PO₃, 

H₄P₂O₆ is 

(A) H₃PO₄, H₄P₂O₆, H₃PO₃, H₃PO₂ 

(B) H₃PO₂, H₃PO₃, H₄P₂O₆, H₃PO₄ 

(C) H₃PO₃, H₃PO₂, H₃PO₄, H₄P₂O₆ 

(D) H₃PO₄, H₃PO₂, H₃PO₃, H₄P₂O₆ 

16. Which of the following are peroxoacids of Sulphur? 

(A) H₂SO₅ and H₂S₂O₇ 

(B) H₂SO₅ and H₂S₂O₈ 

(C) H₂S₂O₇ and H₂S₂O₈ 

(D) H₂S₂O₆ and H₂S₂O₇ 

17. In the preparation of compound of Xe, Bertlett had taken O₂⁺PtF₆⁻as a base compound. This is 

because 

(A) Both O₂ and Xe have same size. 

(B) Both O₂ and Xe have same electron gain enthalpy. 

(C) Both O₂ and Xe have almost same size ionization enthalpy. 



 

 

(D) Both O₂ and Xe are gases. 

18. Which of the following reaction can lead to preparation of Sulphur trioxide when heated? 

(A) CaSO₄ + C −−> 

(B) Fe₂(SO₄)₃  −−> 

(C) S + H₂SO₄  −−> 

(D) H₂SO₄ + PCl₅ −−> 

19. Bottles containing C₆H₅I and C₆H₅ CH₂I lost their original labels. They were labelled A and B for 

testing. A and B were separately taken in test tubes and boiled with NaOH solution. The end solution in 

each tube was made acidic with dilute HNO₃ and some AgNO₃ solution was added. Solution B gave 

yellow precipitate. Which one of the following statements is true for the experiment? 

(A) A was C₆H₅ I 

(B) A was C₆H₅ CH₂ I 

(C) B was C₆H₅ I 

(D) Addition of HNO₃ was necessary. 

20. Ethylene chloride and Ethylidene dichloride are isomers. Identify the correct statement. 

(A) Both the compounds form same product on the treatment with aqueous KOH. 

(B) Both the compounds form same product on the treatment with alcoholic NaOH. 

(C) Both the compounds form same product on oxidation. 

(D) Both the compounds are optically active. 

21. Elimination reaction of 2-bromopentane to form pent-2-ene is  

(a) β-elimination reaction        (b) follow Saytzeff rule 

 (c) Dehydrohalogenation reaction            (d) Dehydration reaction. 

(A) (a), (b), (c) 

(B) (b), (c), (d) 

(C) (a), (b), (d) 

(D) (a), (c), (d) 

22. The reaction of C₆H₅ CH = CH CH₃ with HBr produces 

(A) C₆H₅ CH₂ CH(Br) CH₃ 

(B) C₆H₅ CH(Br) CH₂ CH₃ 

(C) C₆H₅ CH₂ CH₂ CH₂Br 

(D) Br C₆H₄ CH = CH CH₃ 

23. Dehydration of an alcohol in the presence of sulphuric acid gives alkene. Here sulphuric acid acts as 

(A) an acid 

(B) a base 

(C) a catalyst 

(D) All of these 

24. In the reaction, (Anisole)C₆H₅ − OCH₃ + HI ->        the mechanism followed and the major products 

are respectively 

(A) SN¹, phenol and iodomethane 

(B) SN¹, iodobenzene and methyl alcohol 

(C) SN², phenol and iodomethane 



 

 

(D) SN², iodobenzene and methyl alcohol 

25. The major reason that the phenol is a better Bronsted acid than cyclohexanol is 

(A) phenol is able to stabilize the anion formed in the reaction by resonance 

(B) it is a better proton donar 

(C) the cyclohexyl group is an electron donating group by induction, which destabilizes the anion formed 

in the reaction. 

(D) the phenyl group is an electron withdrawing group by induction, which stabilizes the anion formed 

in the reaction.  

SECTION B  

This section consists of 24 multiple choice questions with overall choice to attempt any 20 questions. In 

case more than desirable number of questions are attempted, ONLY first 20 will be considered for 

evaluation. 

26. Which of the following will decolourise KMnO₄/H⁺ and change the orange colour of K₂Cr₂O₇/H⁺ to 

green? 

(A) Phenol 

(B) 2-methyl phenol 

(C) 4-methyl phenol 

(D) phenyl methanol 

27. How many numbers of primary alcohols are present in their isomer of C₅H₁₂ O? 

(A) 1 

(B) 2 

(C) 3 

(D) 4 

28. The compound A on treatment with Na gives B, and with PCl5 gives C. B and C react together to give 

diethyl ether. A, B and C are in order 

(A) C2H5OH, C2H6, C2H5Cl 

(B) C2H5OH, C2H5Cl, C2H5ONa 

(C) C2H5Cl, C2H6, C2H5OH 

(D) C2H5OH, C2H5ONa, C2H5Cl  

29. Which of the following reagent may be used to distinguish between phenol and benzoic acid? 

(A) Neutral FeCl3 

(B) Molisch reagent 

(C) Aqueous NaOH 

(D) Tollen's reagent 

30. Which of the following statement is not correct? 

(A) Ovalbumin is a simple food reserve in egg-white. 

(B) Denaturation makes the proteins more active. 

(C) Blood proteins thrombin and fibrinogen are involved in blood clotting. 

(D) Insulin maintains sugar level in the blood of a human body. 

31. The difference between amylose and amylopectin is 

(A) amylopectin has 1 -> 4 α-linkage and 1 -> 6 β-linkage 



 

 

(B) amylose have 1 -> 4 α-linkage and 1 -> 6 β-linkage 

(C) amylopectin has 1 -> 4 α-linkage and 1 -> 6 α-linkage 

(D) amylose is made up of glucose and galactose 

32. Glucose and fructose can be distinguished by: 

(A) Seliwanoff's test 

(B) Fehling's test 

(C) Barfoed's test 

(D) Benedict's test 

33. Glucose on prolonged heating with HI gives: 

(A) n-hexane 

(B) 1-hexene 

(C Hexanoic acid 

(D) 6-iodohexanal 

34. In nucleic acids, the nucleotides are joined together by 

(A) phosphoester linkage 

(B) phosphodiester linkage 

(C) phosphodisulphide linkage 

(D) sulphodiester linkage 

35. Pick the wrong statement from the following: 

(A) Deficiency of vitamin D causes Xerophthalmia. 

(B) Consumption of citrus fruits and green leafy vegetables in food prevents scurvy. 

(C) Deficiency of vitamin B6 (pyridoxine) results in convulsions. 

(D) Sources of vitamin B1 are yeast, milk, green vegetables and cereals. 

36. Which of the following statement is not true? 

(A) Paramagnetic substances are weakly attracted by magnetic field. 

(B) Ferromagnetic substances cannot be magnetized permanently. 

(C) The domains in antiferromagnetic substances are oppositely oriented with respect to each other. 

(D) Pairing of electrons cancels their magnetic moment in the diamagnetic substances. 

37. Which of the following defects is also known as dislocation defect? 

(A) Frenkel defect              

(B) Schottky defect 

(C) Non-stoichiometric defect     

(D) Simple interstitial defect 

(38) An unripe mango placed in a concentrated salt solution to prepare pickle, shrivels because. 
(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. 
(39) Low concentration of oxygen in the blood and tissues of people living at high altitude is due to 
_____________. 
(A) low atmospheric pressure 
(B)  Low temperature 



 

 

(C)  High atmospheric pressure   
(D) both low temperature and high atmospheric pressure 
Q40. Which of the following statements are correct? 
(A) S–S bond is present in H2S2O6. 
(B) In peroxosulphuric acid (H2SO5) Sulphur is in +6 oxidation state. 
(C) Iron powder along with Al2O3 and K2O is used as a catalyst in the preparation of NH3 
by Haber’s process. 
(D) Change in enthalpy is positive for the preparation of SO3 by catalytic oxidation of SO2. 
 
Q41. The conversion of an alkyl halide into an alcohol by aqueous NaOH is classified as 
(A) a dehydrohalogenation reaction 
(B) a substitution reaction 
(C) an addition reaction 
(D) a dehydration reaction 
 
Q42. Which of the following alkyl halides will undergo SN 1 reaction most readily? 
(A) (CH3)3C—F  
(B) (CH3)3C—Cl 
(C) (CH3)3C—Br 
(D) (CH3)3C—I 
 
Q43. How many alcohols with molecular formula C4H10O are chiral in nature? 

(A) 1  

(B) 2  

(C) 3  

(D) 4 Ans.  

Q44. Which of the following species can act as the strongest base?  

 
(A) (A)  
(B) (B)  
(C) (C) 
(D) (D) 
 
Questions 45 to 49:  
(A) Both assertion and reason are correct statements, and reason is the correct explanation of the 
assertion.  
(B) Both assertion and reason are correct statements, but reason is not the correct explanation of the 
assertion.  
(C) Assertion is correct, but reason is wrong statement.  
(D) Assertion is wrong, but reason is correct statement. 



 

 

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

insulators. 

      Reason: Graphite is soft in nature on the other hand diamond is very hard and brittle. 

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

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

 

 
47. Assertion (A): SF6 cannot be hydrolyzed but SF4 can be. 
      Reason (R): Six atoms in SF6 prevent the attack of H2O on Sulphur atom of SF6. 
 
 
48. Assertion (A): It is difficult to replace chlorine by –OH in chlorobenzene in comparison to that in 

chloroethane.  

       Reason (R): Carbon-chlorine (C—Cl) bond in chlorobenzene has a partial double bond character due 

to resonance.  

49. Assertion (A): Carboxylic acids are more acidic than phenols 

Reason (R): Phenols are ortho and para directing.  

  
 

SECTION C 
This section consists of 6multiple choice questions with an overall choice to attempt any 5. In case more 
than desirable number of questions are attempted, ONLY first 5 will be considered for evaluation. 
 
Q50. Match the following Column I with Column II and choose the correct option from the given codes. 

Column I Column II 

P. Simple vacancy defect 1. Shown by non-ionic solids and increase density of the solid. 

Q. Simple interstitial defect 2. Shown by ionic solids and decreases density of the solid. 

R. Frenkel defect 3. Shown by non-ionic solids and density of the solid 
decreases. 

S. Schottky defect 4. Shown by ionic solids and density of the solid remains 
same. 

 

 P Q R S 

(A) 3 1 4 2 

(B) 1 3 4 2 

(C) 3 1 2 4 

(D) 1 3 2 4 

 
 
Q51. Match the following Column I with Column II and choose the correct option from the given codes. 

Column I Column II 

P. Saturated solution 1. Solution having same osmotic pressure at a given 
temperature as that of given solution. 

Q. Isotonic solution 2. A solution whose osmotic pressure is less than that of 



 

 

another. 

R. Hypotonic solution 3. A solution which contains maximum amount of solute that 
can be dissolved in a given amount of solvent at a given 
temperature. 

S. Hypertonic solution 4. A solution whose osmotic pressure is more than that of 
another. 

 

 P Q R S 

(A) 3 2 1 4 

(B) 1 2 4 3 

(C) 3 1 2 4 

(D) 1 3 4 2 

 
 
Q52. Match the following Column I with Column II and choose the correct option from the given codes. 

Column I Column II 

P. SF4 1. Tetrahedral 

Q. BrF3 2. Pyramidal 

R. BrO3 - 3. See-saw shaped 

S. NH4 + 4. Bent T-shaped 

 

 P Q R S 

(A) 3 2 1 4 

(B) 3 4 2 1 

(C) 1 2 3 4 

(D) 1 4 3 2 

 
Case 1 - Read the passage given below and answer the following questions: Boiling point or freezing 

point of liquid solution would be affected by the dissolved solids in the liquid phase. A soluble solid in 

solution has the effect of raising its boiling point and depressing its freezing point. The addition of non-

volatile substances to a solvent decreases the vapor pressure and the added solute particles affect the 

formation of pure solvent crystals. According to many researches the decrease in freezing point directly 

correlated to the concentration of solutes dissolved in the solvent. This phenomenon is expressed as 

freezing point depression and it is useful for several applications such as freeze concentration of liquid 

food and to find the molar mass of an unknown solute in the solution. Freeze concentration is a high-

quality liquid food concentration method where water is removed by forming ice crystals. This is done 

by cooling the liquid food below the freezing point of the solution. The freezing point depression is 

referred as a colligative property and it is proportional to the molar concentration of the solution (m), 

along with vapor pressure lowering, boiling point elevation, and osmotic pressure. These are physical 

characteristics of solutions that depend only on the identity of the solvent and the concentration of the 

solute. The characters are not depending on the solute’s identity. 

 Q53. When a non-volatile solid is added to pure water it will: 

(A) boil above 100°C and freeze above 0°C  



 

 

(B) boil below 100°C and freeze above 0°C  

(C) boil above 100°C and freeze below 0°C  

(D) boil below 100°C and freeze below 0°C  

Q54. Colligative properties are:  

(A) dependent only on the concentration of the solute and independent of the solvents and solute’s 

identity.  

(B) dependent only on the identity of the solute and the concentration of the solute and independent of 

the solvent’s identity.  

(C) dependent on the identity of the solvent and solute and thus on the concentration of the solute. (D) 

dependent only on the identity of the solvent and the concentration of the solute and independent of 

the solute’s identity.  

Q55. Assume three samples of juices A, B and C have glucose as the only sugar present in them. The 

concentration of sample A, B and C are 0.1M, .5M and 0.2 M respectively. Freezing point will be highest 

for the fruit juice:  

(A) A  

(B) B  

(C) C  

(D) All have same freezing point.  

 

SAMPLE QUESTION PAPER 2 CHEMISTRY (043) MARKING SCHEME 
 

Q1. (C) 10.42  

 Q2. (C) 3√3/4√2  

Q3. (C) C₃A₄  

Q4. (D) A₂B₅  

Q5. (D) CO₂  

Q6. (A) Water + Nitric acid  

Q7. (A) freezing point is raised  

Q8. (D) 1, 2 and 3  

Q9. (A) KCl > CH₃COOH > Sucrose  

Q10. (C) Chromyl chloride 

Q11. (A) H₂O > H₂S > H₂Se > H₂Te 

Q12. (A) I⁻, Se²⁻, Br⁻, O²⁻, F⁻ 

Q13. (B) carbonyl chloride 

Q14. (C) [Fe (H₂O) ₅ (NO)]²⁺ 

Q15. (A) H₃PO₄, H₄P₂O₆, H₃PO₃, H₃PO₂ 

Q16. (B) H₂SO₅ and H₂S₂O₈ 

Q17. (C) Both O₂ and Xe have almost same size ionization enthalpy. 

Q18. (B) Fe₂(SO₄) ₃ −−> 

Q19. (A) A was C₆H₅ I 

Q20. (B) Both the compounds form same product on the treatment with alcoholic NaOH. 



 

 

Q21. (A) (a), (b), (c) 

Q22. (B) C₆H₅ CH(Br) CH₂ CH₃ 

Q23. (D) All of these 

Q24. (C) SN², phenol and iodomethane 

Q25. (A) phenol is able to stabilize the anion formed in the reaction by resonance 

 

 

SECTION B 

Q26. 

Q27. 4 

Q28. (D) 

Q29. (A) Neutral FeCl3 

Q30. (B) Denaturation makes the proteins more active. 

Q31. (C) amylopectin has 1 -> 4 α-linkage and 1 -> 6 α-linkage 

Q32. (A) Seliwanoff's test 

Q33. (A) n-hexane 

Q34. (B) phosphodiester linkage 

Q35. (A) Deficiency of vitamin D causes Xerophthalmia. 

Q36. (B) Ferromagnetic substances cannot be magnetized permanently. 

Q37. (A) Frenkel defect              

Q38. (D) it loses water due to osmosis. 
Q39. (A) low atmospheric pressure 
Q40. (B) In peroxosulphuric acid (H2SO5) Sulphur is in +6 oxidation state. 

Q41. (B) a substitution reaction 

Q42. (D) (CH3)3C—I 

Q43. (A) 1  

Q44. (B) (B)  

Q45. (B) 

Q46. (A) 

Q47. (A) 

Q48. (A) 

Q49. (B) 

Q50.  

(A) 3 1 4 2 

Q51. 

(C) 3 1 2 4 

Q52. 

(B) 3 4 2 1 

Q53. (B) boil below 100°C and freeze above 0°C  

Q54. (D) dependent only on the identity of the solvent and the 

concentration of the solute and independent of the solute’s identity. 



 

 

Q55. (A) A  

 

 

 

SAMPLE QUESTION PAPER (3)2021-22 
TERM 1 

SUBJECT: CHEMISTRY (043) 

 
 

Time: 90 Minutes Max. Marks: 35 
 

General Instructions: 
 

13. The Question Paper contains three sections. 
 

14. Section A has 25 questions. Attempt any 20 questions. 
 

15. Section B has 24 questions. Attempt any 20 questions. 
 

16. Section C has 6 questions. Attempt any 5 questions. 
 

17. All questions carry equal marks. 
 

18. There is no negative marking. 
 
 
 
SECTION A 

This section consists of 25 multiple choice questions with overall choice to attempt any 20 

questions. In case more than desirable numbers of questions are attempted, ONLY first 20 will 

be considered for evaluation. 

 

1. The sharp melting point of crystalline solids is due to____  

(A) A regular arrangement of constituent particles observed over a short distance in the crystal lattice 

(B) A regular 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. 

2. Which of the following statement is not true about amorphous solids? 

(A) On heating they may become crystalline at certain temperature 

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

(C) Amorphous solids can be molded by heating. 

(D) They are anisotropic in nature. 

3. Which of the following point defects are shown by AgBr (s) crystals? 

(A) Schottky defect and Frenkel defect 



 

 

(B) Metal excess defect and Metal deficiency defect 

(C) Schottky defect and Metal excess defect 

(D) Frenkel defect and Metal deficiency defect 

4. The correct order of the packing efficiency in the different types of unit cells is_____ 

(A) fcc <   bcc <   simple cubic 

(B) fcc >   bcc > simple cubic 

(C) fcc <   bcc   >   simple cubic 

(D) bcc < fcc > simple cubic 

5.  The edge lengths of the unit cells in terms of the radius of the spheres constituting fcc, bcc and 

simple cubic unit cell are respectively____ 

(A) 2√2r, 4r/√3, 2r 

(B) 4r/√3, 2√2r, 2r 

(C) 2r, 2√2r, 4r/√3 

(D) 2r, 4r/√3, 2√2r 

6. The ionic radii of A⁺ and B⁻ ions are 0.98 x 10⁻¹⁰ m and 1.81 x 10⁻¹⁰m. The coordination number of 

each ion in AB is 

(A) 2 

(B) 4 

(C) 6 

(D) 8 

7. Which of the following aqueous solutions will exhibit highest boiling point? 

(A) 0.01 M sodium sulphate 

(B) 0.01 M potassium nitrate 

(C) 0.01 M urea 

(D) 0.01 M glucose 

8. The values of Van’t Hoff factors for KCl, NaCl and K₂SO₄ respectively, are ________ 

(A) 2,2 and 2 

(B) 2,2 and 3 

(C) 1,1 and 2 

(D) 1,1 and 1 

9. The value of Henry’s constant Kₕ is _______. 

(A) greater for gases with lower solubility. 

(B) greater for gases with higher solubility. 

(C) constant for all gases. 

(D) not related to the solubility of gases. 

10. Considering the formation, breaking and strength of hydrogen bond, predict which of the following 

mixtures will show a positive deviation from Raoult’s law? 

(A) Methanol and acetone 

(B) Chloroform and acetone 

(C) Nitric acid and water 

(D) Phenol and aniline. 



 

 

11. Which one of the following pairs of solutions can be expressed to be isotonic at the same 

temperature? 

(A) 0.1 M urea and 0.1 M NaCl 

(B) 0.1 M urea and 0.1 M MgCl₂ 

(C) 0.1 M NaCl and 0.1 M Na₂SO₄ 

(D) 0.1 M Ca(NO₃)₂ and 0.1 M Na₂SO₄ 

12. 4L of 0.02 M aqueous solution of NaCl was diluted by adding one litre of water. The molarity of the 

resultant solution is ___ 

(A) 0.004 

(B) 0.008 

(C) 0.012 

(D) 0.016 

13. Which of the following statement is wrong? 

(A) Single N---N bond is stronger than the single P---P bond. 

(B) PH₃ can act as a ligand in the formation of coordination compound with transition elements. 

(C) NO₂ is paramagnetic in nature. 

(D) Covalency of nitrogen in N₂O₅ is four. 

14. Which of the following is isoelectronic pair? 

(A) ICl₂, ClO₂ 

(B) BrO₂⁻, BrF₂⁺ 

(C) ClO₂, BrF 

(D) CN⁻, O₃ 

15. In a cyclotrimetaphosphoric acid molecule, how many single and double bonds are present? 

(A) 3 double bonds; 9 single bonds 

(B) 6 double bonds; 6 single bonds 

(C) 3 double bonds; 12 single bonds 

(D) 0 double bonds; 12 single bonds 

16. In solid state PCl5 is a ______ 

(A) Covalent solid 

(B) Octahedral structure 

(C) Ionic solid with [PCl₆]⁺ octahedral and [PCl₄]⁻ tetrahedral 

(D) Ionic solid with [PCl₄]⁺ tetrahedral and [PCl₆]⁻ octahedral 

17. In which pair of ions, both the species contain S-S bond? 

(A) S₄O₆ ²⁻, S₂O₃ ²⁻ 

(B) S₂O₇ ²⁻, S₂O₈ ²⁻ 

(C) S₄O₆ ²⁻, S₂O₇ ²⁻ 

(D) S₂O₇ ²⁻, S₂O₃ ²⁻ 

18. Which one of the following compounds is not correct with the shape?  

(A)  XeF₄ - Square planar   (B) XeF₆ - Octahedral  

(C) XeOF₄ - Square pyramidal   (D) XeO₃ - Pyramidal 

(A) 



 

 

(B) 

(C) 

(D) 

19. The correct IUPAC name of the following compound is: 

 
 

(A) 2-chloro-1-methyl-4-nitrobenzene 

(B) 3-chloro-4-methyl-1-nitrobenzene 

(C) 5-chloro-4-methyl-1-nitrobenzene 

(D) 2-methyl-5-nitro-1-chlorobenzene 

20. The reaction of C₆H₅CH=CHCH₂ with HBr produces 

(A) C₆H₅CH₂CH₂CH₂Br 

(B) C₆H₅CH(Br)CH₂CH₃ 

(C) C₆H₅CH₂CH(Br)CH₃ 

(D) BrC₆H₄CH=CHCH₃ 

21. The reaction of toluene with Cl₂ in the presence of FeCl₃ gives 'X' and the reaction in the presence of 

light gives 'Y'. Thus 'X' and 'Y' are: 

(A) X = o- & p- chlorotoluene, Y = Trichloro methylbenzene 

(B) X = Benzyl chloride, Y = m-chlorotoluene 

(C) X = Benzal chloride, Y = o-chlorotoluene 

(D) X = m-chlorotoluene, Y = p-chlorotoluene 

22. In the following reaction, C₆H₅ CH₂ Br −−-> 'X' in the presence of (i) Mg, ether (ii) H₃O⁺, The product 

'X' is 

(A) C₆H₅ CH₃ 

(B) C₆H₅ CH₂ OH 

(C) C₆H₅ CH₂ CH₂ C₆H₅ 

(D) C₆H₅ CH₂ O CH₂ C₆H₅ 

23. Which will undergo a Friedel -Craft alkylation reaction? 

 
(A)1 and 2 

(B) 1 and 3 



 

 

(C) 2 and 4 

(D) 1,2 and 4 

24. Name the reaction which is given below: 

 
(A) Libermann's reaction 

(B) Phthalein fusion test 

(C) Reimer-Tiemann reaction 

(D) Schottenf-Baumann reaction 

25. What will be the products of reaction if methoxybenzene reacts with HI 

(A) Methyl iodide + benzene 

(B) Methyl iodide + phenol 

(C) Methyl iodide + iodobenzene 

(D) Methyl alcohol + iodobenzene 

 

SECTION B  

This section consists of 24 multiple choice questions with overall choice to attempt any 20 questions. In 

case more than desirable number of questions are attempted, ONLY first 20 will be considered for 

evaluation. 

26. Distinction between primary, secondary and tertiary alcohol is done by 

(A) Oxidation method 

(B) Lucas test 

(C) Victor-Meyer method 

(D) All of these 

 

27. 

  
(A) A) 

(B) B) 

(C) C) 

(D) D) 

28. The best reagent to convert pent-3-en-2-ol into pent-3-en-2-one. 

(A) Acidic permagnate 

(B) Acidic dichromate 



 

 

(C) Chromic anhydride in glacial acetic acid 

(D) Pyridinium chlorochromate (PCC) 

29. Identify 'X' in the following sequence: 

 
(A)CH₃ CH₂ CH₂ OH 

(B) CH₃ CH (OH) CH₃ 

(C) CH₃ O CH₂CH₃ 

(D) CH₃ CH₂ CHO 

30. Which of the following statement is not true regarding (+) - lactose? 

(A) (+) - lactose is a reducing sugar and does not exhibit mutarotation. 

(B) (+) - lactose contains 8 -OH groups. 

(C) On hydrolysis (+) - lactose gives equal amounts of D-(+)-glucose and D-(+)-galactose. 

(D) (+) - lactose is a β-glycoside formed by the union of a molecule of D-(+)-glucose and a molecule of  

D-(+)-galactose. 

31. Sanger's reagent (1-Fluoro-2,4-dinitrobenzene) (DNFB) is used for the identification of 

(A) C-terminal of a peptide chain 

(B) N-terminal of a peptide chain 

(C) side chain of amino acid 

(D) molecular mass of the peptide chain. 

32. Which is the most abundant biomolecule on earth? 
(A) Mineral salts 
(B) Proteins 
(C) Lipids 
 (D) Carbohydrates 
33. Periodic acid splits glucose and fructose into formaldehyde and formic acid. Ratio of moles of formic 

acid in glucose and fructose is x: y. Then x + y is _____ 

(A) (2) 

(B) (3) 

(C) (5) 

(D) (8) 

34. Chargoff's rule states that in an organism 

(A) Amount of adenine (A) is equal to that of thymine (T) and the amount of guanine (G) is equal to that 

of cytosine (C). 

(B) Amount of adenine (A) is equal to that of guanine (G) and amount of thymine (T) is equal to that of 

cytosine (c). 

(C) Amount of adenine (A) is equal to that of cytosine (C) and the amount of thymine (T) is equal to that 

of guanine (G). 

(D) Amount of all bases are equal. 

35. Which of the following statement if not true? 

(A) Oxidation of glucose with bromine water gives glutamic acid. 



 

 

(B) The two six-membered cyclic hemiacetal forms of D-(+)-glucose are called anomers. 

(C) Hydrolysis of sucrose gives dextrorotatory glucose and levorotatory fructose.  

(D) Monosaccharides cannot be hydrolyzed to give polyhydroxy aldehydes and ketones. 

36. Which of the following statement is not true about vitamins? 

(A) Ascorbic acid is a vitamin.  

(B) Vitamin B12 cannot be stored in our body. 

(C) Vitamin K helps in clotting of blood. 

(D) Vitamin B1 causes the disease beri-beri.  
 
37. The ionic radii of A+ and B- ions are 0.98 x 10 -10 m and 1.81 x 10 -10 m. The coordination number of 

each ion in AB is 

(A) 2 

(B) 4 

(C) 6 

(D) 8 

38. KH value for Ar(g), CO2(g), HCHO(g) and CH4(g) are 40.39, 1.67, 1.83 x 10 -5 and 0.413 respectively. 

Arrange these gases in the order of their increasing solubility. 

(A) HCHO < CH4 < CO2 < Ar 

(B) HCHO < CO2 < CH4 < Ar 

(C) Ar < CO2 < CH4 < HCHO 

(D) Ar < CH4 < CO2 < HCHO 

39. Reduction potentials of some ions are given below. 
Arrange them in decreasing order of oxidizing power. 

  

Ion ClO4 - IO4 - BrO4 - 
 

Reduction potential 
E0/V 

E0 =1.19V E0 =1.65V E0 =1.74V 

 

(A) ClO4
– > IO4

– > BrO4
– 

(B) IO4
– > BrO4

– > ClO4
– 

(C) BrO4
– > IO4

– > ClO4
– 

(D) BrO4
– > ClO4

– > IO4
– 

 

40. Arrange the following compounds in increasing order of their boiling points: 

 
(A) (ii) < (i) < (iii)  

(B) (i) < (ii) < (iii)  



 

 

(C) (iii) < (i) < (ii)  

(D) (iii) < (ii) < (i)  

41. Phenol is less acidic than ______________.  

(A) ethanol  

(B) o-nitrophenol  

(C) o-methyl phenol  

(D) o-methoxyphenol  

42. Which of the following compounds will react with sodium hydroxide solution in water?  

(A) C6H5OH  

(B) C6H5CH2OH  

(C) (CH3)3 COH  

(D) C2H5OH  

43. Three cyclic structures of monosaccharides are given below which of these are anomers? 

 
(A) (i) and (ii)  

(B) (ii) and (iii)  

(C) (i) and (iii)  

(D) (iii) is anomer of (i) and (ii)  

44. Amino acids are:  

(A) Acidic  

(B) Basic  

(C) Amphoteric  

(D) Neutral   

Directions: In the following questions (45-49), A statement of Assertion (A) is followed by a statement 
of Reason (R). Mark the correct choice as. 
(A) Both A and R are true and R is the correct explanation of A 
(B) Both A and R are true but R is NOT the correct explanation of A 
(C) A is true but R is false 
(D) A is false and R is True 
 

45. Assertion: Molarity of a solution in liquid state changes with temperature.  

       Reason: The volume of a solution changes with change in temperature. 

 
46. Assertion (A): F2 has lower bond dissociation energy than Cl2.  
       Reason (R): Fluorine is more electronegative than chlorine.  
 



 

 

47. Assertion (A): A racemic mixture containing two enantiomers in equal proportions will have zero 

optical rotation.  

      Reason (R): This is because the rotation due to one isomer will be cancelled by the rotation due to 

the other isomer.  

48. Assertion (A): Methoxy ethane reacts with HI to give ethanol and iodomethane.  

        Reason (R): Reaction of ether with HI follows SN2 mechanism.  

49.  Assertion (A): Glucose reacts with hydroxylamine to form an oxime and also adds a molecule of 

hydrogen cyanide to give cyanohydrin. 

         Reason (R): The carbonyl group is present in the open chain structure of glucose. 

 

 
SECTION C 

This section consists of 6multiple choice questions with an overall choice to attempt any 5. In case more 
than desirable number of questions are attempted, ONLY first 5 will be considered for evaluation. 
 

Q50. Match the following Column I with Column II and choose the correct option from the given codes. 

Column I Column II 

P. SN 1 reaction 1. vic-dibromides 

Q. Bromination of alkenes 2. gem-dihalides 

R. Alkylidene halides 3. Racemization 

S. Elimination of HX from 
alkyl halide 

4. Saytzeff rule 

 

 P Q R S 

(A) 3 2 1 4 

(B) 1 3 4 2 

(C) 3 1 2 4 

(D) 1 2 3 4 

 

Q51. Match the following Column I with Column II and choose the correct option from the given codes. 

Column I Column II 

P. 4-methyl phenol 1.Catechol 

Q. Benzene-1,4-diol 2. Quinol 

R. Benzene-1,2-diol 3. o-cresol 

S. 2-methyl phenol 4. p-cresol 

 

 P Q R S 

(A) 4 2 1 3 

(B) 1 2 3 4 

(C) 1 2 4 3 

(D) 4 3 2 1 

 

 



 

 

Q52. Match the following Column I with Column II and choose the correct option from the given codes. 

Column I Column II 

P. Vitamin A 1. Pernicious anaemia 

Q. Vitamin B1 2. Xerophthalmia 

R. Vitamin 12 3. Beri-beri 

S. Vitamin C 4. Bleeding gums 

 

 P Q R S 

(A) 1 2 3 4 

(B) 2 3 1 4 

(C) 3 2 4 1 

(D) 4 2 3 1 

 

Case 1 Read the passage given below and answer the following questions:  

All real structures are three-dimensional structures. They can be obtained by stacking two dimensional 

layers one above the other while placing the second square close packed layer above the first we follow 

the same rule that was followed when one row was placed adjacent to the other. The second layer is 

placed over the first layer such that the spheres of the upper layer are exactly above there of the first 

layer. In his arrangement spheres of both the layers are perfectly aligned horizontally as well as 

vertically. A metallic element crystallizes into a lattice having a ABC ABC pattern and packing of spheres 

leaves out voids in the lattice. 

Q53. What type of structure is formed by this arrangement?  

(A) ccp 

(B) hcp  

(C) ccp/fcc  

(D) none of the above  

Q54. Name the non-stoichiometric point defect responsible for colour in alkali metal halides.  

(A) Frenkel defect  

(B) Interstitial defect  

(C) Schottky defect  

(D) F-centres  

Q55. What is the total volume of atoms in a face centred cubic unit cell of a metal? (r is atomic radius).  

(A) 16/3 πr3  

(B) πr3 

(C) 24/3 πr3 

(D) 12/3 πr3 

 

Sample Question Paper 3 Chemistry (043) Marking Scheme 
 

Q1. (B) A regular arrangement of constituent particles observed over a long distance in the crystal 

lattice 

Q2. (D) They are anisotropic in nature. 



 

 

Q3. (A) Schottky defect and Frenkel defect 

Q4. (B) fcc >   bcc > simple cubic 

Q5. (A) 2√2r, 4r/√3, 2r 

Q6. (C) 6 

Q7. (A) 0.01 M sodium sulphate 

Q8. (B) 2,2 and 3 

Q9. (A) greater for gases with lower solubility. 

Q10. (A) Methanol and acetone 

Q11. (D) 0.1 M Ca(NO₃)₂ and 0.1 M Na₂SO₄ 

Q12. (D) 0.016 

Q13. (A) Single N---N bond is stronger than the single P---P bond. 

Q14. (B) BrO₂⁻, BrF₂⁺ 

Q15. (A) 3 double bonds; 9 single bonds 

Q16. (D) Ionic solid with [PCl₄]⁺ tetrahedral and [PCl₆]⁻ octahedral 

Q17. (A) S₄O₆ ²⁻, S₂O₃ ²⁻ 

Q18. (B) XeF₆ - Distorted octahedral 

Q19. (A) 2-chloro-1-methyl-4-nitrobenzene 

Q20. (B) C₆H₅CH(Br)CH₂CH₃ 

Q21. (A) X = o- & p- chlorotoluene, Y = Trichloro methylbenzene 

Q22. (A) C₆H₅ CH₃ 

Q23. (C) 2 and 4 

Q24. (A) Libermann's reaction 

Q25. (B) Methyl iodide + phenol 

 

SECTION B 

Q26. (D) All of these 

Q27. (B) B) 

Q28. (C) Chromic anhydride in glacial acetic acid 

Q29. (B) CH₃ CH (OH) CH₃ 

Q30. (A) (+) - lactose is a reducing sugar and does not exhibit mutarotation. 

Q31. (B) N-terminal of a peptide chain 

Q32. (D) Carbohydrates 

Q33. (D) (8) 

 

Q34. (A) Amount of adenine (A) is equal to that of thymine (T) and the amount of guanine (G) is equal to 

that of cytosine (C). 

Q35. (A) Oxidation of glucose with bromine water gives glutamic acid. 

Q36. (B) Vitamin B12 cannot be stored in our body. 

Q37. (C) 6 (Explanation: R+/r- = 0.98 x 10 -10 m/1.81 x 10 -10 m = 0.54 radius ratio lies between 0.414-

0.732, CN is 6) 

Q38. (C) Ar < CO2 < CH4 < HCHO (Lower the value of KH, higher is the solubility.) 



 

 

Q39. (C) BrO4
– > IO4

– > ClO4
– 

Q40. (C) (iii) < (i) < (ii)  

Q41. (B) o-nitrophenol  

Q42. (A) C6H5OH  

Q43. (A) (i) and (ii)  

Q44. (C) Amphoteric  

Q45. (A) 

Q46. (D) Explanation: F2 has higher bond dissociation enthalpy than Cl2. 

Q47. (A) 

Q48. (A) 

Q49. (A) 

Q50.  

(C) 3 1 2 4 

Q51. 

(A) 4 2 1 3 

 

Q52. 

(B) 2 3 1 4 

 

Q53. (C) ccp/fcc  

Q54 (D) F-centres  

Q55. (A) 16/3 πr3  

 


