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(Reduced for academic year 2021-22)
SYLLABUS

There will be two papers in the subject: 
Paper I - Theory : 3 hours ……70 marks
Paper II- Practical : 3 hours ……15 marks

Project Work … 10 marks
Practical File … 5 marks

PAPER - I (THEORY) – 70 Marks

There will be no overall choice in the paper. Candidates will be required to answer all questions. 
Internal choice will be available in two questions of 2 marks each, two questions of 3 marks each and 
all the three questions of 5 marks each.

S.No. UNIT TOTAL WEIGHTAGE

1. Solid State

Physical Chemistry
25 Marks

2. Solutions

3. Electrochemistry

4. Chemical Kinetics

5. Surface Chemistry

6. General Principles and Processes of Isolation of Elements

Inorganic Chemistry
20 Marks

7. p -Block Elements

8. d -and f -Block Elements

9. Coordination Compounds

10. Haloalkanes and Haloarenes

Organic Chemistry
25 Marks

11. Alcohols, Phenols and Ethers

12. Aldehydes, Ketones and Carboxylic Acids

13. Organic Compounds containing Nitrogen

14. Biomolecules

15. Chemistry in Everyday Life

TOTAL 70 Marks

 1. Solid State

Solids: their classification based on different binding forces such as: ionic, covalent molecular; amorphous 
and crystalline solids (difference), metals. Type of unit cell in two dimensional and three-dimensional 
lattices, number of atoms per unit cell (all types). Calculation of density of unit cell, packing in solids, 
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packing efficiency, point defects and magnetic properties.
 (i) Crystalline and amorphous solids.
 (ii) Definition of crystal lattice, unit cell; types of unit cell (scc, fcc, bcc); calculation of the number 

of atoms per unit cell; relationship between radius, edge length and nearest neighbour distance. 
Calculation of density of unit cell, formula of the compound –numericals based on it; packing in 
3 – D, packing fraction in scc, fcc, bcc with derivation.

 (iii) Characteristics of crystalline solids; ionic (NaCl), metallic (Cu), atomic (diamond and graphite).
 (iv) Point defects: Stoichiometric, non-stoichiometric and impurity defects (F-centres).
 (v) Magnetic properties: diamagnetic and paramagnetic.

 2. Solutions

Study of concentration of solutions of solids in liquids, liquid in liquid, solubility of gases in liquids, 
Colligative properties - Raoult’s law of relative lowering of vapour pressure, elevation of boiling point, de-
pression of freezing point, osmotic pressure. Use of colligative properties in determining molecular masses 
of solutes.

Normality, molality, molarity, mole fraction as measures of concentration. Definition of the above with 
examples. Simple problems based on the above.
 (i) Solubility of gases in liquids – Henry’s Law.
 (ii) Raoult’s Law for volatile solutes and non-volatile solutes, ideal solution, non-ideal solution. Azeo-

tropic mixtures – definition and types.
 (iii) Colligative properties – definition and examples, and its use in determination of molecular mass.
 (a) Relative lowering of vapour pressure: Definition and mathematical expression of Raoult’s 

Law. Determination of relative molecular mass by measurement of lowering of vapour pres-
sure.

 (b) Depression in freezing point: molal depression constant (cryoscopic constant) – definition and 
mathematical expression (derivation included).

 (c) Elevation in boiling point method: molal elevation constant (ebullioscopic constant) definition 
and mathematical expression (derivation included).

 (d) Osmotic pressure: definition and explanation. Natural and chemical semipermeable mem-
branes, reverse osmosis, isotonic, hypotonic and hypertonic solutions. Comparison between 
diffusion and osmosis. Application of osmotic pressure in the determination of relative molec-
ular mass.

  Numerical problems based on all the above methods. Experimental details not required.

 3. Electrochemistry

Electrolytic and electrochemical cells. Redox reactions in electrochemical cells. Electromotive Force 
(emf) of a cell, standard electrode potential, Nernst equation and its application to chemical cells. Relation 
between Gibbs energy change and emf of a cell.

Conductance in electrolytic solutions, specific, equivalent and molar conductivity, variations of con-
ductivity with concentration, Kohlrausch’s Law of electrolysis and Faraday’s Laws of electrolysis.
 (i) Electrochemical cells: introduction, redox reactions (principle of oxidation and reduction in a 

cell).
 (ii) Galvanic cells - introduction; representation, principle – oxidation reduction. Mechanism of pro-

duction of electric current in a galvanic cell.
 (iii) Measurement of potential. Single electrode potentials.
  Standard hydrogen electrode - definition, preparation, application and limitations.
  Standard electrode potential (Eo) – Measurement of standard electrode potential of Zn++ / Zn, Cu++ / 
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Cu, half cell (using standard hydrogen electrode).
  Cell notation – representation.
  Factors affecting electrode potential with explanation – main emphasis on the temperature, concen-

tration and nature of the electrode.
 (iv) Electrochemical series. Its explanation on the basis of standard reduction potential.
  Prediction of the feasibility of a reaction.
 (v) Nernst equation and correlation with the free energy of the reaction with suitable examples.
  Prediction of spontaneity of a reaction based on the cell emf.
  Numericals on standard electrode potential of half-cells, cell emf, relationship between free energy 

and equilibrium constant, standard electrode potential and free energy.
 (vi) Comparison of metallic conductance and electrolytic conductance. Relationship between conductance 

and resistance. Specific resistance and specific conductance.
  Cell constant: Calculation of cell constant. Meaning of equivalent conductance. Meaning of molar 

conductance. General relationship between specific conductance, molar conductance and equivalent 
conductance.

  Units, numericals.
  Molar conductance of a weak electrolyte at a given concentration and at infinite dilution. Kohlrausch’s 

Law – definition, applications and numericals.
 (vii) Faraday’s laws of Electrolysis.
  Faraday’s First Law of electrolysis : Statement, mathematical form. Simple problems.
  Faraday’s Second Law of electrolysis: Statement, mathematical form. Simple problems.
  Relation between Faraday, Avogadro’s number and charge on an electron. F = NAe should be given 

(no details of Millikan’s experiment are required).

 4. Chemical Kinetics

Meaning of Chemical Kinetics – slow and fast reactions. Rate of a reaction – average and instantaneous 
rate (graphical representation). Factors affecting rate of reaction: surface area, nature of reactants, concen-
tration, temperature, catalyst and radiation. Order and molecularity of a reaction, rate law and specific rate 
constant. Integrated rate equations and half-life (only for first order reactions). Concept of threshold and 
activation energy, Arrhenious equation.
 (i) Meaning of chemical kinetics, Scope and importance of Kinetics of the reaction, slow and fast reac-

tions – explanation in terms of bonds.
 (ii) Rate of Reaction: definition, representation of rate of reaction in terms of reactants and products, 

determination of rate of reactions graphically, instantaneous and average rate of reaction. Factors 
affecting rate of reaction.

 (iii) Law of mass Action: statement and meaning of active mass. Explanation with an example – general 
reactions.

 (iv) Effect of concentration of reactants on the rate of a reaction: Qualitative treatment, based on the law 
of mass Action, statement of rate law, General rate equation – Rate = k(concentration of the reac-
tant)n, where k is rate constant and n is the order of the reaction, relationship between the rate of the 
reaction with rate constant with respect to various reactants.

 (v) Order of a reaction: meaning, relation between order and stoichiometric coefficients in balanced 
equations, order as an experimental quantity, rate equation, characteristics of first order reaction – rate 
constant is independent of the initial concentration, units to be derived, definition of half-life period, 
derivation of expression of half-life period from first order rate equation.

  Problems based on first order rate equation and half-life period.
 (vi) Molecularity of the reaction: Meaning – physical picture, Relation between order, molecularity and 
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the rate of a reaction, Differences between order and molecularity of a reaction.
 (vii) The concept of energy: Exothermic and endothermic reactions, concept of energy barrier, threshold 

and activation energy, formation of activated complex, effect of catalyst on activation energy and 
reaction rate.

 (viii) Effect of temperature on the rate constant of a reaction: Arrhenius equation – K= Ae–Ea/RT, Meaning 
of the symbols of Arrhenius equation, related graph, evaluation of Ea and A from the graph, meaning 
of slope of the graph, conversion from exponential to log form of the equation, relationship between 
the increase in temperature and the number of collisions. Numerical based on Arrhenius equation.

 5. Surface Chemistry

Absorption and Adsorption - physisorption and chemisorption, factors affecting adsorption of gases 
on solids and liquids.

Colloidal state distinction between true solutions, colloids and suspension; lyophilic, lyophobic 
multi-molecular, macromolecular and associated colloids; properties of colloids; Brownian movement, 
Tyndall effect, coagulation and electrophoresis.
 (i) Difference between absorption and adsorption: definition of physisorption and chemisorption and 

their differences.
  Factors affecting adsorption of gases on solids.
 (ii) Colloidal State: Thomas Graham classified the substances as crystalloid and colloid, classification of 

substances on the basis of the particle size i.e. true solution, sol and suspension, colloidal system is 
heterogeneous. lyophilic and lyophobic colloid; classification of colloidal solutions as micro, macro 
and associated colloids.

  Properties of colloidal solutions: Brownian movement, Tyndall effect, coagulation, electrophoresis 
(movement of dispersed phase), Protection of colloids, Gold number and Hardy- Schulze rule.

  Application of colloids in daily life.

 6. General Principles and Processes of Isolation of Elements

Metals: metallurgy, ores, principles and methods of extraction – concentration, oxidation, reduction, 
electrolytic refining. Occurrence and principles of extraction of copper, zinc, iron and silver.
 (i) Definition of minerals, ores and metallurgy; principle ores of iron, copper, zinc and silver.
  Methods of concentration of ores: hydraulic washing, magnetic separation, froth floatation method.
  Extraction of metal from concentrated ore – calcination, roasting and thermal reduction.
  Metallurgy of iron, copper, zinc and silver.
  Refining of metals.
 (ii) Uses of metals and their alloys.

 7. p-Block Elements

Group-15 Elements
Position in the periodic table, occurrence, electronic configuration, oxidation states, trends in physical 

and chemical properties. Nitrogen: preparation properties and its uses; compounds of nitrogen. Ammonia 
and nitric acid – preparation and properties.
 (i) General introduction, electronic configuration, occurrence, oxidation states. Trends in physical prop-

erties; chemical properties with hydrogen, oxygen and halogens.
 (ii) Nitrogen - Laboratory preparation, decomposition (ammonium dichromate). Properties and uses.
 (iii) Ammonia – Preparation and manufacture. Properties: reaction with oxygen, copper oxide, chlorine, 

hydrochloric acid, formation of complexes. Uses.
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 (iv) Nitric Acid - Preparation and manufacture. Properties: reaction with copper (dilute and concentrated 
HNO3), carbon and sulphur. Uses.

Group-16 Elements
Position in the periodic table, occurrence, electronic configuration, oxidation states, trends in physical 

and chemical properties. Ozone – methods of preparation. Compounds of sulphur: preparation, properties 
and uses of sulphur-dioxide.
 (i) Electronic configuration, oxidation states, occurrence. Trends in physical properties; chemical prop-

erties with hydrogen, oxygen and halogens.
 (ii) Ozone: manufacture by Siemen’s ozoniser, thermal decomposition of ozone, its oxidising nature – 

reaction with lead sulphide, potassium iodide and mercury, its uses.
 (iii) Sulphur dioxide: laboratory and industrial preparation from sulphites and sulphide ores, reaction of 

sulphur dioxide with NaOH, Cl2, KMnO4.
Group-17 Elements
Position in the periodic table, occurrence, electronic configuration, oxidation states, trends in physical 

and chemical properties; Preparation, properties and uses of chlorine, Interhalogen compounds.
 (i) General introduction, electronic configuration, oxidation states. Trends in physical properties and 

chemical properties (hydrogen, oxygen, halogens and metals).
 (ii) Chlorine – preparation from MnO2 and HCl, from NaCl, MnO2 and conc. H2SO4 (only equations), 

reactions of chlorine with H2S, NH3, cold, dilute NaOH and hot, concentrated NaOH.
 (iii) Interhalogen compounds – structure, hybridisation and shapes: XX′, XX′3, XX′5, XX′7.

Group-18 Elements
Position in the periodic table, occurrence, electronic configuration, trends in physical and chemical 

properties, inert nature, uses.
 (i) General introduction, electronic configuration, occurrence, trends in physical; chemical properties, 

state and low reactivity.
 (ii) Hybridisation, shape and structure of xenon compounds with fluorine and oxygen.
 (iii) Uses of noble gases.

 8. d and f Block Elements

Position in the periodic table, occurrence, electronic configuration and characteristics of transition met-
als, general trends in properties of the 3d-series of transition metals - metallic character, ionisation enthalpy, 
oxidation states, ionic radii, colour of ions, catalytic property, magnetic properties.

Lanthanoids and actinoids.
 (i) d-Block: 3d, 4d and 5d series
  Study in terms of metallic character, atomic and ionic radii, ionisation enthalpy, oxidisation states, 

variable valency, formation of coloured compounds, formation of complexes.
 (ii) f-Block: 4f and 5f series
  Electronic configuration, atomic and ionic radii, oxidisation states, formation of coloured compounds, 

formation of complexes. Lanthanoid contraction and its consequences.
  Actinoids - oxidation states and comparison with lanthanoids.

 9. Coordination Compounds

Concept of complexes, definition of ligands, coordination number, oxidation number. IUPAC nomen-
clature of mononuclear coordination compounds. Isomerism (structural). Bonding, Werner’s theory, VBT 
and CFT. Colour, magnetic properties and shapes. Importance of coordination compounds (in qualitative 
analysis, extraction of metals and biological system).
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 (i) Definition of coordination compounds / complex compounds, differences with a double salt, study 
of ligands – mono-, bi-, tri-, tetra-, penta-, hexa- and polydentate, chelating ligands, definition of 
coordination number, its calculation for a complex coordination sphere, study of oxidation state of 
an element in a complex, its calculation, IUPAC rules of nomenclature of coordination compounds.

 (ii) Isomerism – structural types and examples.
 (iii) Valence bond theory of coordination compounds – examples of formation of inner orbital and outer 

orbital complexes (high and low spin, octahedral, tetrahedral and square planar), prediction of mag-
netic character.

 (iv) Crystal field theory – crystal field splitting in tetra and octahedral systems. Explanation of colour 
and magnetic character.

 (v) Importance and uses.

 10. Haloalkanes and Haloarenes.

Haloalkanes: General formula, nomenclature and classification. Nature of C–X bond, physical and 
chemical properties, mechanism of substitution reactions, optical rotation.

Haloarenes: Basic idea, nature of C–X bond, substitution reactions (directive influence of halogen in 
monosubstituted compounds only).

Nature of C-X bond
Naming the halogen derivatives of alkanes by using common system and IUPAC system for mono, di 

and tri-halo derivatives.
Preparation of haloalkanes from:
– Alkane and halogen.
– Alkene and hydrogen halide.
– Alcohols with PX3, PCl5 and SOCl2.
– Halide exchange method (Finkelstein and Swarts)
– Silver salt of fatty acids (Hunsdiecker).
Physical properties: State, melting point, boiling point and solubility.
Chemical properties: nucleophilic substitution reactions (SN1, SN2 mechanism in terms of primary, 

secondary and tertiary halides) Reaction with: sodium hydroxide, water, sodium iodide, ammonia, primary 
amine, secondary amine, potassium cyanide, silver cyanide, potassium nitrite, silver nitrite, silver salt of 
fatty acid and lithium-aluminium hydride.

Elimination reaction (Saytzeff’s rule) / β elimination.
Reaction with metals: sodium and magnesium (Wurtz’s reaction, Grignard’s reagent preparation).
Chloroform and iodoform: preparation and properties.
Preparation of haloarenes by Sandmeyer’s and Gattermann’s reaction, by electrophilic substitution.
Physical properties: State, melting point, boiling point and solubility.
Chemical properties:
– Electrophilic substitution (chlorination nitration and sulphonation).
– Nucleophilic substitution (replacement of chlorine with -OH, -NH2).
– Reduction to benzene.
– Wurtz-Fittig reaction.
– Fittig reaction.
– Addition reaction with magnesium (formation of Grignard reagent).

 11. Alcohols, Phenols and Ethers

Alcohols: Classification, general formula, structure and nomenclature. Methods of preparation, physical 
and chemical properties (of primary alcohols only), identification of primary, secondary and tertiary alcohols.
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 (i) Classification into monohydric, dihydric and polyhydric alcohols, general formulae, structure and 
nomenclature of alcohols. Difference between primary, secondary and tertiary alcohols in terms of 
structure, physical properties and chemical properties.

 (ii) Methods of preparation:
 – Hydration of Alkenes – direct hydration, indirect hydration, hydroboration oxidation.
 – From Grignard’s reagent.
 – Hydrolysis of alkyl halides.
 – Reduction of carbonyl compounds.
 – From primary amines.
 Properties:
 – Acidic nature of alcohols:   – Reaction with sodium.
 – Esterification.     – Reaction with hydrogen halides.
 – Reaction with PCl3, PCl5, and SOCl2.  – Reaction with acid chlorides and acid anhydrides
 – Oxidation.     – Dehydration.

 (iii) Conversion of one alcohol into another.
 (iv) Distinction between primary, secondary and tertiary alcohols by Lucas’ Test.
  Phenols: Classification and nomenclature. Methods of preparation, physical and chemical properties, 

acidic nature of phenol, electrophilic substitution reactions.
  − Preparation of phenol from diazonium salt, chlorobenzene (Dow’s process) and from benzene 

sulphonic acid.
  − Manufacture from Cumene.   − Physical properties: state and solubility.
  − Chemical properties:    − Acidic character of phenol.
  − Reaction with sodium hydroxide.  − Reaction with sodium.
  − Reaction with zinc.
  − Reaction with acetyl chloride and acetic anhydride.
  − Reaction with phosphorus penta chloride.
  − Bromination, nitration and sulphonation (Electrophilic substitution reactions).
  − Kolbe’s reaction (formation of salicylic acid). 
  − Reimer – Tiemann reaction
  − Test for phenol – FeCl3 test, azo dye test.
  Aliphatic Ethers: General formula, structure and nomenclature. Methods of preparation, physical 

and chemical properties.
  Ethers: structure of ethereal group.
  Preparation from alcohol (Williamson’s synthesis).
  Physical properties: state, miscibility.
  Chemical properties:
  − Reaction with chlorine.  − Oxidation (peroxide formation).
  − Reaction with HI.   − Reaction with PCl5.

 12. Aldehydes, Ketones and Carboxylic Acids

Aldehydes and Ketones: Nomenclature, structure of methods of preparation of aldehydes and ketones, 
physical and chemical properties, nucleophilic addition, reactivity of alpha hydrogen in aldehydes.

Preparation:
 • From alcohol.
 • From alkenes (ozonolysis).
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 • From alkynes (hydration).  • From acid chlorides (Rosenmund’s reduction).
 • From calcium salt of carboxylic acids. • From nitriles (Stephen reaction, Grignard’s reagent).
 • From esters.
  Physical properties – state and boiling point.

Chemical properties:
 • Nucleophilic addition reactions (ammonia and its derivatives, HCN, NaHSO3 and Grignard’s reagent).
 • Oxidation reactions, iodoform reaction.
 • Reduction: reduction to alcohol and alkanes (Clemmensen’s reduction, Wolff-Kishner reduction, Red 
  phosphorus and HI).
 • Base catalysed reactions: Aldol condensation, cross Aldol condensation, Cannizzaro’s reaction.
  Tests: difference between formaldehyde and acetaldehyde; aldehydes and ketones.
  Aromatic aldehyde (Benzaldehyde)
  Lab preparation from toluene by oxidation with chromyl chloride. 
  Physical properties: state and stability.

Chemical properties:
 • Oxidation and reduction.
 • Nucleophilic addition reaction (hydrogen cyanide and sodium bisulphite).
 • Reactions with ammonia and its derivatives (hydroxyl amine, hydrazine and phenyl hydrazine).
 • Reaction with phosphorus pentachloride.
 • Cannizzaro reaction.
 • Benzoin condensation.
 • Perkin’s reaction.
 • Electrophilic substitution - halogenation, nitration and sulphonation.
 Test: distinction between aromatic and aliphatic aldehydes.
 Carboxylic Acids: Classification, general formula and structure of carboxylic group. Nomenclature, 
 acidic nature, methods of preparation, physical and chemical properties.
 Classification of mono and di carboxylic acids with examples.
 Preparation of aliphatic and aromatic carboxylic acid:
  – From alcohols, aldehydes. – From nitriles.  – From Grignard’s reagent.
  Physical properties: state, boiling point and solubility.

Chemical properties:
 – Acidic character: (aliphatic, aromatic carboxylic acids with the effect of substituents on the acidic character – to 
  be dealt with in detail)
 – Reaction with active metals, alkalies, carbonates and bicarbonates,
 – Formation of acid derivatives.
 – Decarboxylation (chemical and Kolbe’s electrolytic reaction).
 – HVZ reactions.
 – Substitution of benzene ring (meta directive effect of carboxylic acid group) nitration and sulphonation.
 – Tests for acids: formic acid, acetic acid and benzoic acid.

 13. Organic compounds containing Nitrogen

Aliphatic Amines: General formula and, classification of amines. Structure of the amino group, 
nomenclature. Methods of preparation, physical and chemical properties, uses, identification of primary, 
secondary and tertiary amines.
 • Amines
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  Nomenclature, classification with examples, structure, general formula.
  Methods of preparation:
  – From alcohol.    – From alkyl halide.
  – From cyanide.    – From amide (Hofmann’s degradation).
  – From nitro compounds.  – Gabriel phthalimide Synthesis.

Physical properties: comparison between primary, secondary and tertiary amines in terms of – state, solubility, 
 boiling point (hydrogen bonding), comparison with alcohols.

Chemical properties:
 – Basic character of amines – comparison between primary, secondary and tertiary alkyl amines/ ammonia/ 
  aniline. Effect of substituents on the basic strength of aniline
 – Alkylation and acylation.
 – Reaction with nitrous acid.
 – Carbylamine reaction.
  Distinction between primary, secondary and tertiary amines (Hinsberg’s Test).

Aniline
Preparation reduction of nitrobenzene.
Physical properties – state, solubility and boiling point.
Chemical properties:
– Reaction with HCl and H2 SO4.
– Acetylation, alkylation.
– Benzoylation.
– Carbylamine reaction.
– Diazotisation.
– Electrophilic substitution (bromination, nitration and sulphonation).
Tests for aniline.
Diazonium salts: Preparation, chemical reactions and importance in synthetic organic chemistry.
Preparation from aniline;

 Properties: Sandmeyer’s reaction, Gattermann reaction and replacement of diazo group by –H, –OH, –NO2, 
  coupling reaction with phenol and aniline.

 14. Biomolecules

 Carbohydrates – Definition, Classification (aldoses and ketoses), monosaccharides (glucose and 
 fructose), D-L  configuration.
 Carbohydrates: definition, classification – mono (aldose, ketose): reducing sugars and non-reducing sugars – 
 examples.

Heating with HI, reaction with hydroxylamine, bromine water, acetic anhydride, nitric acid.
Test for glucose and fructose (bromine water test with equation).
Proteins – structural units of proteins. Basic idea of - amino acids, peptide bond, polypeptides, proteins.
Proteins: Amino acids – general structure, classification and zwitter ion formation. Isoelectric point.

 Classification of proteins on the basis of molecular shape; denaturation of proteins. (Definitions only. Details and 
 diagrams are not required).
 Nucleic Acids - DNA and RNA.
 Nucleic acids: basic unit – purine and pyrimidine, DNA – structure (double helical), RNA (No chemical structure 
 required). Differences between DNA and RNA.
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 15. Chemistry in Everyday Life

 Chemicals in medicines – analgesics, tranquilizers antiseptics, disinfectants, antimicrobials, 
 antifertility drugs, antibiotics, antacids, antihistamines.
 In medicine: antipyretics, analgesics, tranquillisers, antiseptics, disinfectants, anti-microbials, 
 anti-fertility drugs, antihistamines, antibiotics, antacids.

Definition, common examples, uses.
Differences between antiseptics and disinfectants.
Structure not required.
Chemicals in food – preservatives, artificial sweetening agents, elementary idea of antioxidants.
Preservatives: role, example (Sodium benzoate).
Artificial sweetening agents: role, examples (aspartame, saccharine, sucralose and alitame).

PAPER – II  PRACTICAL WORK – 15 Marks

Candidates are required to complete the following experiments:
 1. Titrations
  Oxidation-reduction titrations: potassium manganate (VII) / ammonium iron (II) sulphate; potassium 

manganate (VII) / oxalic acid.
  The candidate may be required to determine the percentage purity of a compound and the number of 

molecules of water of crystallization in hydrated salts. In such experiments sufficient working details 
including recognition of the end point will be given.

  Candidates will be required to calculate:
• Molarity
• Concentration in grams L–1 / molecular mass
• Number of molecules of water of crystallisation/ percentage purity.
NOTE: Molarity must be calculated upto 4 decimal places at least, in order to avoid error.

OBSERVATION TABLE
S. No. (A) (B) (B – A)

Initial burette reading (ml) Final burette reading (ml) Difference (ml)
1
2
3

 • Concordant reading is to be used for titre value. Concordant reading is two consecutive values which 
are exactly the same. Average will not be accepted as titre value.

 • The table is to be completed in ink only. Pencil is not to be used.
 • Overwriting will not be accepted in the tabular column.
  Observations:
 • Pipette size (should be same for all the candidates at the centre).
 • Titre value (concordant value).
 2. Study of the rate of reaction
  The candidates will be required, having been given full instructions, to carry out an experiment on 

the rate of reaction, e.g. reaction between sodium thiosulphate and hydrochloric acid (using different 
concentrations for either), magnesium and dil. sulphuric acid/ dil. hydrochloric acid (using different 
concentrations).
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 • Graph of volume vs. time and its interpretation.
 • Relationship between concentration and rate, volume and rate and time and rate.
 3.	 Identification	of	the	following	compounds	and	functional	groups	based	on	observations
 • Alcoholic group – glycerol • Aldehyde group – formaldehyde 
 • Ketonic group – acetone • Carboxylic group – benzoic acid
 • Amino group – aniline

* Please Note: Carbylamine and acrolein tests should not be performed.
The student should learn to differentiate between colours, solution, ring and precipitate.

 4. Characteristic tests of carbohydrates and proteins
 • Carbohydrates – glucose  • Proteins – powdered milk

Identification should be of ‘Carbohydrate’ and ‘Protein’ not of individual substances.
 5. Qualitative analysis
  Qualitative analysis: identification of single salt containing one anion and one cation:
  Anions: CO3

2-, NO2
-, S2-, SO3

2-, SO4
2-, NO3

-, CH3COO-, Cl-, Br-, I-, C2O4
2-, PO4

3-.
  Cations: NH4

+, Pb2+, Cu2+, Al3+, Fe3+, Zn2+, Mn2+, Ni2+, Co2+, Ba2+, Sr2+, Ca2+, Mg2+.
  NOTE:
  Chromyl chloride test not to be performed.
  For wet test of anions, sodium carbonate extract must be used (except for carbonate).
  (Insoluble salts such as lead sulphate, barium sulphate, calcium sulphate, strontium sulphate will 

not be given).
  Anions: Dilute acid group – CO3

2-, NO2
-, S2-, SO3

2-

  Concentrated Acid Group – NO3
-, Cl-,Br-, I-, CH3COO-.

  Special Group - SO4
2-, PO4

3-, C2O4
2-.

  Cations: Group Zero: NH4
+

  Group I: Pb2+ Group II : Cu2+, Pb2+ Group III: Al3+, Fe3+ 
  Group IV: Zn2+, Mn2+, Ni2+, Co2+ Group V: Ba2+, Sr2+, Ca2+ Group VI: Mg2+

  NOTE:
 • Formal analytical procedure is required for Qualitative Analysis.
 • Specific solvent for O.S. to be used;
 • Before adding Group III reagents to the filtrate of Group II, H2S must be removed followed by boiling with 
  conc. Nitric acid.
 • The right order for buffer (NH4Cl and NH4OH) must be used.
 • The flame test with the precipitate obtained in Group V for Ba2+, Sr2+, Ca2+ will also be accepted as a 
  confirmatory test.
  For wet test of anions, sodium carbonate extract must be used (except for carbonate).

PATTERN OF CHEMISTRY PRACTICAL PAPER
Questions in the practical paper will be set as follows:

Question 1 Volumetric Analysis
Question 2 Any one or a combination of the following experiments:

• Study of the rate of reaction.
• Identification of the organic compounds and functional 
groups based on observations.
• Characteristic tests of carbohydrates and proteins.

Question 3 Qualitative Analysis (single salt).



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

PROJECT WORK AND PRACTICAL FILE - 15 Marks
Project Work – 10 Marks

  The project work is to be assessed by a Visiting Examiner appointed locally and approved by the 
Council.

  The candidate is to creatively execute one project/assignment on an aspect of Chemistry. Teachers may assign 
or students may select a topic of their choice. Following is only a suggestive list of projects.

  Suggested Evaluation criteria for Project Work:
 • Introduction / purpose
 • Contents

 • Analysis/ material aid (graph, data, structure, pie charts, histograms, diagrams, etc.)
 • Presentation
 • Bibliography
Suggested Assignments:

 1. Amino acids: Peptides, structure and classification, proteins structure and their role in the growth 
of living beings.

 2. Nucleic Acid: DNA and RNA – their structure. Unique nature. Importance in evolution and their 
characteristic features.

 3. Carbohydrates and their metabolism, Blood -haemoglobin and respiration.
 4. Vitamins and hormones
 5. Simple idea of chemical evolution.
 6. Natural polymers (any five) - structure, characteristics, uses. Synthetic polymers (any five) - method 

of preparation, structure, characteristics and uses.
 7. Types of Dyes - methods of preparation, characteristics and uses.
 8. Chemicals in medicines: antiseptics, antibiotics, antacids, etc. and their uses.
 9. Preparation of soap, nail polish, boot polish, varnish, nail polish remover, shampoo and perfumes.
 10. Chemicals and chemical processes in forensic studies.
 11. Insecticides, pesticides and chemical fertilisers.
 12. Ancient Indian medicines and medicinal plants.
 13. Organic Chemistry in Nutrition, Food Science and Biotechnology.
 14. Effect of Green House Gases.
 15. How Plastics have changed the world, both socially and economically.

Practical File – 5 Marks
 The Visiting Examiner is required to assess students on the basis of the Chemistry Practical file maintained by 
 them during the academic year.
 NOTE: According to the recommendation of International Union of Pure and Applied Chemistry 

(IUPAC), the groups are numbered from 1 to 18 replacing the older notation of groups IA ….. VIIA, 
VIII, IB …… VIIB and 0. However, for the examination both notations will be accepted.

Old
notation

IA IIA IIIB IVB VB VIB VIIB VIII IB IIB IIIA IVA VA VIA VIIA 0

New
notation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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BIFURCATED SYLLABUS
(As per the Reduced Syllabus for ISC - Class XII Year 2022 Examination)

SEMESTER 1 
(Marks: 35)

SEMESTER 2
(Marks: 35)

UNIT 
NO. NAME OF THE UNIT UNIT 

NO. NAME OF THE UNIT

1. Solid State 4. Chemical Kinetics

2. Solutions 5. Surface Chemistry

3. Electrochemistry 8. d -and f -Block Elements

6. General Principles and Processes of 
Isolation of Elements 9. Coordination Compounds

7. p -Block Elements 12. Aldehydes, Ketones and Carboxylic Acids

10. Haloalkanes and Haloarenes 13. Organic Compounds containing Nitrogen

11. Alcohols, Phenols and Ethers 14. Biomolecules

15. Chemistry in Everyday Life
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 6. Organic Compounds Containing Nitrogen ... ... ... 95 – 118

 7. Biomolecules ... ... ... 119 – 136

8. Chemistry in Everyday Life ... ... ... 137 – 146

SECTION B : SPECIMEN QUESTION PAPER 
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Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 1

 SUMMARY 

 1. Chemical Kinetics: The branch of physical chemistry which deals with the study of rates of 
reactions, the mechanism by which the reactions proceed and factors affecting rate of reaction.

 2. On the basis of rate, chemical reactions are broadly classified into three categories.
  (a) Very fast or instantaneous reactions.
  (b) Very slow reactions.
  (c) Moderate or slow reactions.

 3. Rate of reaction: The change in concentration of reactant or product per unit time. It is always 
a positive quantity.

  Rate of equation = 
Change in concentration of reactant or products

Time Taken
 4. Average Rate of reaction: The rate of reaction over a certain measurable period of time during 

the course of reaction.

  For a reaction: A → B raverage  
A

=  �
�� �
� t

 = + 
D[B]
Dt

 5. Instantaneous rate of reaction: The rate of reaction at any particular instant during the course 
of reaction is called an instantaneous rate of reaction.

  For a reaction: A → B r
d
d tins

A
� �

� �  = + 
d[B]

dt

 6. Rate of a reaction in form of stoichiometry of a chemical reaction can be represented as–
  Let consider a reaction:
  m1A + m2B → n1P + n2Q

  Rate of reaction = 
1 1

1 2m
d

dt m
d

dt
�

� ��

�
�

�

�
� � �

� ��

�
�

�

�
�

A B

   = 
1 1

1 2n
d
dt n

d
dt

P Q� �
�

� �

 7. Rate Law: The experimental expression of rate of reaction in terms of concentration of reactants 
is known as rate law. In this expression the rate of a reaction is proportional to the product of 
molar concentration of reactants with each term raised to a power or exponent that has to be 
found experimentally.

 8. Order of Reaction: The sum of powers of concentration of reactants in rate law expression in 
known as order of reaction.

   For the reaction
  aA + bB → Product

   Rate law is
   rate = k[A]x [B] y

1 Chemical Kinetics
SECTION A : QUESTION BANK
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2 Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination

  Here, x = order of reaction with respect to A
   y = order of reaction with respect to B
   x + y = n (coverall order of reaction.)
   Order of reaction may be zero, positive, negative or fractional.
   Order of reaction is an experimental quantity.

 9. Elementary reactions: Those reactions which completes in single step and which have exponents 
in rate law equal to stoichiometric coefficients of the reactants.

   Zero order reactions can never be elementary reactions.
   For elementary reactions fractional order is not possible.

 10. Complex reactions: Those reactions which complete in multisteps. For these reactions a 
mechanism in proposed.

   For complex reactions the overall rate of reaction is controlled by the slowest step which is 
called as rate determining step.

   In rate law expression rate of reaction depends  on concentration reactants of slowest step 
which must be free from intermediate.

 11. Molecularity: Total number of molecules, atoms or ions (reacting species) participating in an 
elementary reaction is called as molecularity of reaction.

   Molecularity in a theoretical quantity.
   Molecularity can be an integer but it cannot be zero or negative or fractional.
   In elementary reaction molecularity is equal to its order.
   In complex reaction molecularity of each step of mechanism is defined separately.
   Total molecularity of complex reaction is meaningless.

	 12.	 Pseudo	first	order	reaction:	A chemical reaction in which value of order of reaction is one but 
molecularity is more than one is known as pseudo unimolecular or pseudo first order reaction.

  Example: Hydrolysis of ester.

  CH3COOC2H5 + H2O H+

� ��  CH3COOH + C2H5OH

  Rate = k′ [CH3COOC2H5 ] where, k′ = k [H 2O]

 13. Zero order reactions: Reactions in which rate of reaction remains independent of initial concen-
tration of the reactant are said to be zero order reactions.

  Examples: (a) H2(g) + Cl2(g) 
h�� �� 2HCl(g)

   (b) 2NH3(g) 
Pt
�� ��  N2(g) + 3H2(g)

   (c) Dissociation of HI on gold surface.

  Differential rate equation
   A → Products

  At t = 0 a 0
  At t = tsec (a – x) x 

   – 
–d [A]

dt
 = k[A]° = 

dx
dt
� �k[ ]A

  Derivation of Rate Constant
  Let us take the reaction
             A → Product
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Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 3

 – 
–d [A]

dt
 = k[A]° = k,  – ∫d[A] = ∫k.dt,  – [A]t = kt + C

 at t = 0 [A]t = [A]0 , – [A]0 = k × 0 + C,  C A� �[ ]0

  On substituting the value of C

  – [A]t = kt – [a]0 ,  [A]t = [A]0 – kt ,  k A A
�

�[ ] [ ]0 t
t

  Unit of Rate Constant
  k = mol L–1 s–1

  Half life period
    At t = t1/2 , [A]t = 

[A]0

2

  ∴	 	 kt1/2 = [A]0 – 
[A]0

2
  t

k1 2
0

2/
[ ]

=
A

  Graphical representation

Zero order

Concentration

Rate t1/2

[A]0

 14. First order reactions.
  Reactions in which the rate of reaction is directly proportional to concentration of reactant.
  Examples: (a) 2N2O5 → 4NO2 + O2 (b) 2H2O2 → 2H2O + O2

   (c) 2Cl2O7 → 2Cl2 + 7O2 (d) All radioactive decay

  Differential rate equation

     A → Product 
  At  t = 0 a  0 
  At   t = tsec  (a – x)  x

 – d
dt

k[ ] [ ]A A= = dx
dt

k a x� �( )

  Derivation of rate constant

   – d k dt[ ]
[ ]

A
A

� ��
   – In [A]t = kt + C    ...(i)

  At    t = 0; [A]t = [A]0 , C = – In [A]0

  Putting the value of (in equation (i))

   –  In [A]t = kt – In [A]0 ,   In [A]t = kt – In [A]0

    In [A]t = In [A]0 – kt ,   In [A]t – In [A]0 = – kt

    2.303 log10 
[ ]
[ ]
A
A

0

t

= kt  or  k
t t

=
2 303 0. log [ ]

[ ]
A
A
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4 Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination

  Unit of rate constant ; k = time–1

  Half life period ; t
k1 2

0 693
/

.
=

  Graphical representation

  Concentration t

Rate t1/2 log(a–x)

a

 15. Factors which affect the reaction rate:
  (a) Nature of reactions: The reactions involving polar and ionic substances are quite fast, 

whereas those involving covalent compounds are much slower.
  (b) Concentration of reactants: The rate of reaction increases on increasing the concentration 

of reactants.
  (c) Temperature: The rate of reaction increases on increasing temperature.
  (d) Presence of a catalyst: A catalyst increases the rate of reaction by lowering activation 

energy.
  (e) Surface area: With increase in surface area, the rate of reaction increases.

 16. Effect of temperature on reaction rate:
  For most of the chemical reactions, the rate increases in temperature. The rate usually becomes 

doubled to tripled for each 10° rise in temperature.

  Temperature coefficient = k
k

35

25

°
°

C

C

 17. Activation energy:
  Activation energy = Threshold energy – Average energy possessed by reactant molecules

 18. Arrhenius equations:

    k �
�

Ae
E

RT
a

  or  log
.

log10 102 303
k a� �

−E
RT

A

  If rate constants k1 and k2 are measured at temperatures     

log K

log A

Slope =
–Ea

2.303 R

O
1

T

 
T1 and T2 respectively,

  then, log
.

k
k

a2

1 1 22 303
1 1

� �
�

�
�

�

�
�

E
R T T

 19. Effect of Catalyst: Catalyst lowers down the  E

Without
catalystEa

with
catalyst

Reaction coordinate

O

T.S.

R

P

Ea

T.S. = Transition state

 
activation energy of the reaction.
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 Important Formulae 

 1. Average rate of reaction = 
�� �
�

�� �
�

P
  =  

R
t t

�

 2. Instantaneous rate of reaction = 
d

dt
d

t
P

  =  
R� � � �

�
�

 3. Order of reaction

    rate = k[A]p [B]q

    p + q = order of reaction

 4. Rate equation for a zero order reaction 

     k = 
1

0t
A A� � � � �� �

 5. Rate equation for a first order reaction = k
t

�
� �
� �

2 303
10

0. log
A
A

 6. Half life period = t1/2 ∝  
1

0

1A� � �n

 7. Arrhenius equation = k � �Ae E RTa /

QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. For reaction = 2N2O5 → 2NO2 + O2

  The rate and rate constants are 1.02 × 10–4 molL–1s–1 and 3.4 × 10–5s–1 respectively. The 
concentration of N2O5 at that time will be:

  (a) 1.732 molL–1 (b) 3 molL–1 (c) 1.02 ×10–4 molL–1 (d) 3.2 × 105 molL–1

 2. The half life period of any first order reaction.
  (a) is half the specific rate constant 
  (b) is always the same irrespective of the reaction
  (c) is independent of initial concentration
  (d) is directly proportional to initial concentrations of the reactions of the reactants

 3. In Arrhenius plot, intercept in equal to

  (a) −E
R

a  (b) loge A (c) loge k (d) log10 a

 4. The rate of reaction, A + B → Products is given by the equation, r = k [A] [B]. If B is taken 
is large excess, the order of reaction would be

  (a) 2 (b) 1 (c) 0 (d) unpredictable

 5. Select the rate law that corresponds to the date shown for the following reaction:
  A + B → C 
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6 Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination

Experiment No. [A]0 [B]0 Initial rate

1 0.012 0.035 0.10

2 0.024 0.070 0.80

3 0.024 0.035 0.10

4 0.012 0.070 0.80

  (a) Rate = k [B]3   (b) Rate = k [B]4

  (c) Rate = k [A] [B]3   (d) Rate = [A]2 [B]2

 6. The half life period of a first order reaction is 10 minutes. The time required for the concentration 
of the reactant to change from 0.08M to 0.02 M is

  (a) 10min (b) 20 Min (c) 30 min (d) 40 min

 7. The first order rate constant for the decomposition of N2O5 is 6 × 10–4 s–1. The half period for 
this decomposition is

  (a) 1155 s (b) 1117 s (c) 223.4 s (d) 160.9 s

 8. For a zero order reaction
  (a) t1/2 ∝	a (b) t1/2 ∝	

1
a
	 (c) t1/2 ∝	a

2 (d) t1/2 ∝ 1
a2

 

 9. The rate of a gaseous reaction is given by the expression r = k [A] [B]. If the volume of the 
reaction vessel is suddenly reduced to one fourth of the initial volume, the reaction rate relative 
to the original rate will be

  (a) 1
10 (b) 1

8 (c) 8 (d) 16

 10. The rate constant, the activation energy and the Arrhenius parameter of a chemical reaction at 
25°C and 3.0 × 10–4s–1, 104.4kJ mol–1 and 6.0 × 1014s–1 respectively. The value of rate constant 
at T → ∞	 is

  (a) 2.0 × 1018s–1 (b) 6.0 × 1014s–1 (c) infinity (d) 3.6 × 1030s–1

 11. In a reaction A → B, the rate of reaction increases two times on increasing the concentration of 
reactant four times. The order of reaction is

  (a) 0 (b) 2 (c) 1
2 (d) 4

 12. The rate of the reaction

   CCl3CHO + NO → CHCl3 + NO + CO

  Is given by the equation, rate = k[CCl3CHO] [NO]. If concentration is expressed in mol/L, the 
units of k are.

  (a) mol–2L2s–1 (b) molL–1s–1 (c) mol–1 Ls–1 (d) s–1

 13. Two reactions R1 and R2 have identical pre-exponential factors. Activation energy of R1 exceeds 
that of R2 by 10 kJmol–1. If k1 and k2 are rate constants for reactions R1 and R2 respectively at 

300 K then ln k
k

2

1

�

�
�

�

�
�  is equal to: [R = 8.314 J mol–1K–1]

  (a) 8 (b) 12 (c) 6 (d) 4
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 14. Plots showing the variation of the rate constant (k) with temperature (T) are given below. The 
plot that follows Arrhenius equation is

  (a)  

→ T

→

k

 (b) 

T
→

k

(c) 

→ T

→

k

 (d) 

→ T

→

k

 

 15. The activation energy for a reaction which doubles the rate when the temperature is raised from 
298 K to 308 K is 

  (a) 29.5 kJ mol–1 (b) 392.2 kJ mol–1 (c) 52.9 kJ mol–1 (d) 59.2 kJ mol–1

 16. The rate of a chemical reaction doubles for every 10°C rise in temperature. If the temperature 
is raised by 50°C, the rate of the reaction increases by about:

  (a) 32 times (b) 64 times (c) 10 times (d) 24 times

 17. For a reaction 1
2 A → 2B rate of disappearance of A is related to the rate of appearance of ‘B’ 

by the expression:

  (a) – d[A]
dt  = 1

2
 = d[B]

dt    (b) – d[A]
dt

 = 1
4
 d[B]

dt

  (c) – d[A]
dt  = d[B]

dt
   (d) – d[A]

dt
 = – 4 d[B]

dt

 18. High molecularity (>3) reactions are rare due to:
  (a) Shifting of equilibrium towards reactants due to elastic collision.
  (b) Loss of active species on collision
  (c) Low probability of simultaneous collision of more than 3 molecules of reacting species
  (d) Increase in entropy and activation energy as more molecules are involved

 19. The half life of a first order reaction in 69.35 sec. The value of rate constant of the reaction is

  (a) 2 (b) 0 (c) 1
2  (d) 3

 20. A graph of volume of hydrogen released vs time for the

O

V1

V2

V3

V4

V5

20 30 40 50

 
  reaction between zinc and dil HCl is given in figure. On 

the basis of this mark the correct option.

  (a) Average rate upto 40 seconds is 
V3 – V2

40   

  (b) Average rate upto 40 seconds is 
V3 – V2

40 – 30

  (c) Average rate upto 40 seconds is 
V3 
40 

  (d) Average rate upto 40 seconds is 
V3 – V1

40 – 20
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ANSWERS

 1. (b) 2. (c) 3. (b) 4. (b) 5. (a) 6. (b) 7. (a) 8. (a) 9. (d)
 10. (b) 11. (c) 12. (c) 13. (d) 14. (a) 15. (c) 16. (a) 17. (b) 18. (c)
 19. (c) 20. (c)

B. Fill in the Blanks  [1 Mark]

 1. According to Arrhenius equation,

  loge k = loge A ___________

  2. The units of rate constant for a reaction of order 3 are ___________.

  3. If the rate vs [A]2 graph is a straight line, the reaction is of ___________ order.

  4. The units of the rate of a reaction are ___________.

  5. The rate of a reaction _________________ on increasing the concentration of reactants.

  6. A catalyst lowers the _________________ of the reaction.

  7. The order of a reaction can be determined with the help of its ________________.

  8. The poison _________________ the efficiency of catalyst. 

ANSWERS

 1. 
–Ea

RT
 2. mol–2L2s–1. 3. Second order 4. molL–1s–1. 

 5. increases 6. Energy barrier. 7. rate law. 8. inhibits.

C.  Match the Following  [1 Mark]

  Column A  Column B

 1. (a) rate of reaction (i) J mol–1K–1 
  (b) gas constant (ii) cal mol–1 
  (c) activation energy (iii) s–1

  (d) first order specific reaction rate (iv) mol L–1s–1

  Column A  Column B

  2. (a) rate constant     (i) H2 + I2 = 2HI
  (b) zero order reaction (ii) Unit of concentration of reactants per time
  (c) first order reaction (iii) s–1

  (d) first order specific reaction rate (iv) Radioactive decay

 

ANSWERS

 1. (a) (iv) (b) (i) (c) (ii) (d) (iii) 2. (a) (ii) (b) (i) (c) (iv) (d) (iii)
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D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : Finely divided solid reactants react much faster as compared to massive 
    reactants.
  Reason (R) : Finely divided solid reactants possess a larger surface area.

  2. Assertion (A) : The overall rate of a complex reaction is governed by the rate of the slowest 
    elementary step.
  Reason (R) : All the elementary steps have to wait for the occurrence of the slowest step and 
    the rate of overall reaction cannot exceed the rate of the slowest step.

  3. Assertion (A) : The rate constant does not depend upon the initial concentration of reactants.
  Reason (R) : The rate of reaction in the beginning cannot be measured accurately.

  4. Assertion (A) : For slow reactions, the energies of activation are quite low.
  Reason (R) : Every reaction has an energy barrier.

 5. Assertion (A) : The inversion of cane sugar : C12H22O11 + H2O →H+  C6H12O6 + C6H12O6 
    is pseudo first order reaction.
  Reason (R) : The reaction is catalysed by a dilute universal acid eg. HCl.

 6. Assertion (A) : The instantaneous rate of reaction can be studied in chemical kinetic.
  Reason (R) : Ionic reactions occur instantaneously.

 7. Assertion (A) : Order of the reaction can be zero or fractional.
  Reason (R) : We cannot determine order from a balanced chemical equation.

 8. Assertion (A) : Rate constants determined from Arrhenius equation are fairly accurate for simple 
  as well as complex molecules.

  Reason (R) : Reactant molecules undergo chemical change irrespective of their orientation during 
   collision.

ANSWERS

 1. (a) 2. (a) 3. (c) 4. (d) 5. (b) 6. (a) 7. (b) 8. (c)

E.  Short Answer Type Questions [2 Marks]

 1. A first order decomposition reaction takes 40 minutes for 30% decomposition. Calculate its t1/2 
value.

 Ans. For a first order reaction, the integrated rate equation is
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   k = 2.303
t  log [R]0

[R]  k = 
2.303

40  log 1.428 = 2.303
40  × 0.1548

  When  t = 40 minutes, k = 8.91 × 10–3 min–1

   k = 2.303
40  log 

100
100 – 30 Now,  t1/2 = 

0.693
K  = 

0.693
8.91×10–3

   k = 
2.303

40  log 
100
70  t1/2 = 77.78 min.

   k = 
2.303

40  log 
10
7    

 2. What is meant by the rate constant k of a reaction? If the concentration is expressed in molL–1 
units and time in seconds, what would be the units for k?

  (i) For a zero order reaction  (ii) For a first order reaction
 Ans. Rate constant is the rate of the reaction when the concentration of each reactant is taken as unity.
    As, rate = k [A]n

   ∴ General unit of rate constant (k) = mol
lit

s�
�
�

�
�
�
�

�
1

1
n

  (i) For a zero order reaction, n = 0
   ∴ Unit of k = mol lit–1 sec–1

  (ii) For a first order reaction, n = 1
   ∴ Unit of k = sec–1

 3. A reaction is of second order with respect to a reactant. How will the rate of reaction be affected 
if the concentration of this reactant is

  (i) doubled  (ii) reduced to half

 Ans. Let the rate law be, r1 = k [A]2

 (i) If [A] is doubled than rate,  r2 = k[2A]2   = 4k[A]2

  i.e. rate becomes 4 times. = 4r1

 (ii) If [A] is reduced to half then rate, 

  r3 =  k A
2

2
�
��

�
��

 = 
1
4 k [A]2 = 

1
4 r1  i.e.; rate becomes 

1
4 times.

 4. Define the following:
 (i) Elementary step in a reaction (ii) Rate of a reaction

 Ans. (i) Elementary step: Each step in a complex reaction is called an elementary step.
 (ii) Rate of a reaction: It is the change in the concentration of any of the reactants or products 

per unit time.

 5. Define the following:
 (i) Order of a reaction  (ii) Activation energy of a reaction

 Ans. (i) Order of reaction may be defined as the sum of exponents of the concentration terms in the 
rate law expression.

 (ii) Activation energy may be defined as the extra amount of energy over and above the average 
energy of reactants which must be supplied to them to undergo chemical reaction.
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 6. The rate constant for a reaction of zero order in A is 0.0030 molL–1s–1. How long will it take for 
the initial concentrations of A to fall from 0.10 M to 0.075M ?

 Ans. Given, k = 0.0030 molL–1s–1  0.075 = – 0.0030t + 0.10

    [A]0 = 0.10 M 3t = 100 – 75

    [A] =  0.075 M t = 8.33 second.

    We know that,

    [A] = – kt + [A]0    

 7. Distinguish between ‘rate expression’ and ‘rate constant’ of a reaction.
 Ans. Rate expression is an experimentally determined expression which relates the rate of reaction with 

the concentration of the reactants whereas rate constant in the rate of reaction when concentration 
of each reactant in the reaction is unity.

  Consider a general reaction
     aA + bB → cC + dD

  The rate expression for this reaction is rate = k [A]m [B]n

  Where the proportionality constant k is called rate constant.

 8. The slope of the line in the graph of log10 k versus 1
T for a reaction is –5841K.

   Calculate the energy of activation for this reaction (R = 8.314 JK–1mol–1).

 Ans. The slope of the line in the plot of 

  log10k vs 1
T is given by

    Slope = – 
Ea

2.303R

    Ea  = – 2.303 × R × slope

    Ea = –2.303 × 8.314 × (–5841) 

     = 111838.4 J mol–1 = 111.8 kJ mol–1.

 9. The half life period of the decomposition of a compound is 20 minutes. If the initial concentration 
is doubled, the half life period is reduced to 10 minutes. What is the order of the reaction?

 Ans. Given t1/2 = 20 min

    t1
1/2 = 10 min, if [A1]0 = 2 × [A]0

  Now, 
t1/2

t1
1/2

 = 
A

A

1

0

0

1
�� ��
� �

�

�
�
�

�

�
�
�

�n

  Substituting the values, we have

    20
10

 = 
2

0

0

1
�� �
� �

�

�
�
�

�

�
�
�

�
A

A

n

    (2)1 = (2)n–1

    n–1 = 1
    n = 1 + 1 = 2
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  Hence, the given reaction is a second order reaction.

 10. A first order reaction is 20% complete in 5 minutes. Calculate the time taken to complete 60% 
of the reaction.

 Ans. Suppose the initial concentration is [A]0. The reaction is 20% complete in 5 minutes. Therefore,

    For   t = 5 min

    [A] = [A]0 – [A]0 × 
20
100 = [A]0 × 80

100
   For first order reaction,

    k = 2.303
t  log10 

[A]0
[A]

  Substituting the values, we have

    k = 2.303
5  log10 

A

A

� �
� � �

0

0

80
100

 = 2.303
5  log10 

100
80

     = 0.045 min–1

  Suppose the given reaction is 60% complete in t minutes

    [A] = [A]0 – [A]0 × 60
100 = [A]0 × 40

100

    t = 2.303
k  log10 

[A]0
[A]  = 2.303

0.045 log10 
A

A

� �
� � �

0

0

40
100

    t = 2.303
k  log10 

[A]0
[A]  = 2.303

0.045 log10 

A

A

� �
� � �

0

0

40
100    = 20.36 minutes.

 11. The values of rate instants for some reactions are given below. Identity their order.
 (i) k = 1.8 × 10–4 mol–1Ls–1 (ii) k = 6.1 × 10–5 atm–2s–1

 (ii) k = 1.6 × 10–4 s–1 (iv) k = 8.6 × 10–3 molL–1s–1

 Ans. (i) As the unit of rate constant is conc–1 tim–1. Hence, the reaction is of second order.
 (ii) As the unit of rate constant is con–2 tim–1, Hence the order of reaction is of third order 

reaction.
 (iii) As the unit of rate constant is time–1. Hence the reaction is of first order.
 (iv) As the unit of k is conc time–1. Hence the reaction is of zero order.

 12. Find out the order of the following reactions.

 (i) C12H22O11 + H2O H�� ��  C6H12O6 + C6H12O; Rate = k [C12H22O11]

 (ii) 2A + B → C ; Rate = k [A]2 [B]1/2

 (iii) H2 + Br2 → 2HBr ; Rate = k [H2] [Br2]
1/2

 (iv) CH3CHO → CH4 + CO ; Rate = k [CH3CHO]3/2

 Ans. (i) Rate = k [C12H22O11]

  As the rate of reaction depends only upon the first power of the concentration of sucrose 
  Hence, order of reaction = 1
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 (ii)  Rate = k [A]2 [B]1/2 ; order of reaction = 2 + 12 = 52.

 (iii) Rate = k [H2] [Br]1/2 ; order of reaction = 1 + 12 = 32 = 1.5

 (iv) Rate = k [CH3CHO]3/2 ; order of reaction = 32 = 1.5

 13. A chemical reaction 2P  4Q + R in gas phase occurs in a closed vessel. The concentration of 
Q is found to be increased by 5 × 10–3 molL–1 is 10 seconds. Calculate 

 (i) the rate of appearance of Q1 and (ii) the rate of disappearance of P.

 Ans. For the reaction, 
     2P  4Q + R

   Rate of reaction = – 1
2 ∆[P]

∆t  = 1
4 
∆[Q]
∆t  = ∆[C]

∆t

   Given that, ∆Q = 5 × 10–3 & ∆t = 10s

  Rate of appearance of Q  = ∆Q
∆t  = 

5 ×10–3

10  = 5 × 10–4 molL–1s–1

   Rate of disappearance of A = – ∆[P]
∆t  = 1

2 
∆[Q]
∆t  = 12 × 5 × 10–4 = 2.5 × 154 molL–1s–1

 14. Explain Why?
 (i) A finely divided solid reactant reacts faster as compared to a massive reactant,
 (ii) The  rate of reaction increases on increasing the concentration of reactants.
 Ans. (i) Due to larger, surface area of powdered solid reactant, it reacts faster.
 (ii) The numbers of effective collisions increases by increasing concentration of reactants. Hence, 

the rate of reaction increases.

 15. List the factors on which the rate of a chemical reaction depends.
 Ans. Rate of reaction depends on
   (i) Concentration (ii) Temperature (iii) Nature of reactant
   (iv) Pressure of the gaseous reactant (v) Surface area (vi) Catalyst

 16. Consider the section R → P for which the change in concentration 

Conc[R]

Time (t)

  
of R with time is shown by the following graph.

 (i) Predict the order of reaction   
 (ii) What does the slope of the curve indicate?

 Ans. (i) zero order reaction
 (ii) Slope = – k i.e, slope indicates rate constant

 17.  Draw the plot of ln k vs 1
T for a chemical reaction. What does 

the intercept represent? What is the relation between slope and Ea? 

In k

1
T

 Ans.  Plot between ln k and 1
T        

    
 	Interrupt = ln A, where A is a constant called
    frequency factor.

  Slope = – 
Ea
R
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 18. Define order of reaction. How does order of a reaction differ from molecularity for a complex 
reaction?

 Ans.  The sum of powers of the concentration of the reactants in the rate law expression is known as 
order of that reaction.

   Consider the general reaction
   aA + bB → cC + dD
   Let Rate = k [A]x [B]y

   Where x and y represent the order w.r.t the reactants A and B respectively,
   Overall order of reaction = x + y
   Order is applicable to elementary reaction as well as complex reactions whereas molecularity is 

applicable only for elementary reactions.
   For a complex reaction molecularity has no meaning and order is given by the slowest step.
   Molecularity of the slowest step is same as the order of the overall reaction.

 19.   Write a condition under which a bimolecular reaction is kinetically first order. Give an 
example of such a reaction. (Given : log 2 = 0.3010, log 3 = 0.4771, log 5 = 0.6990)

 Ans.  A bimolecular reaction may become kinetically first order if one of the reactants is present 
 in excess.

  For example, acid catalysed, hydrolysis of ethyl acetate.

  CH3COOCH2CH3 + H2O H�

� ��  CH3COOH + CH3CH2OH

  Rate = k' [CH3COOCH2CH3] [H2O]

  As water is present in excess and its concentration does not change much during the reaction 
 therefore the term [H2O] can be taken as constant. SO

  Rate = k [CH3COOCH2CH3]; Where k = k ′ [H2O].

 20. A first order reaction is 75% completed in 40 minutes. Calculate its t1/2.

 Ans.  For a first order reaction,

    t = 2.303
k  log [A]0

[A]

    
t
t
3 4

1 2

/

/
 = 

2 303 100 25

2 303 100
50

. log /

. log

k

k
 

 = log4

log2 = 0.6021
0.3010

    
t

t
1

4

1
2

  =  2   ⇒  t1
2

1
4 40

2
  =  

2
  =  

t
 = 20 min.

F. Long Answer Type Questions [3 Marks]

 1. The rate constant for a first order reaction is 60s–1. How much time will it take to reduce the 
initial concentration of the reactant to 1/16th of its initial value?

 Ans. Given,  k = 60s–1

   [A] = 
[A]0
16

  For first order reaction.
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   k = 
2.303

k  log 
[A]0
[A]

  Substituting the values

   k = 
2.303

60  log 
[A]0

[A]0/16
 = 

2.303
60  log 16

   = 
2.303

60  (4 log 2) = 
2.303

60  × 4 × .3010

   = 
2.303 × .3010

15  = 
.6932

15  = 4.62 × 10–2 s

 2. A first order reaction has a rate constant 0.0051 min–1. If we begin with 0.10m concentration of 
the reactant, what concentration of reactant will remain in solution after 3 hours?

 Ans. For a first order reaction

    t = 
2.303

k  log 
[A]0
[A]  log 

0.10
[A]  = 

918
2303

  Here, t = 3h = 3 × 60 min = 180 min log 
0.10
[A]  = 0.3986

    k = 0.0051 min–1, [A]0 = 0.10M, [A] = ? 
0.10
[A]  = antilog (0.3986) = 2.503

    180 = 
2.303
.0051 log 

0.10
[A]  [A] = 

0.1
2.503 = 0.039995 M

    log 
0.10
[A]  = 

180 × .0051
2.303  [A] = 0.04 M.

 3. For a decomposition reaction the values of rate constant k at two different temperatures are given 
below:

   k1 = 2.15 × 10–8 L mol–1s–1 at 650 K
   k2 = 2.39 × 10–7 L mol–1s–1 at 700 K

  Calculate the value of activation energy for this reaction. (R = 8.3114 JK–1 mol–1)

 Ans.  log  
k2
k1

 = 
Ea

2.303 R 
T T
T T
2 1

1 2

��

�
�

�

�
�

  So, Ea = 2.303 × R × T1 × T2
T2 – T1

 log 
k2
k1

    Ea = 2.303 × 8.314 × 650 × 700
700 – 650  log 2.39 × 10–7

2.15 × 10–8

    Ea = 19.147 × 650 × 700
50  (log 23.9 – log 2.15)

    Ea = 174237.7 (1.3783 – 0.3324)

    Ea = 174237.7 × 1.0459

    Ea = 182235.2 Jmol–1  or  Ea = 182.24 kJ mol–1

 4. The decomposition of phosphine, PH3, proceeds according to the following equation:

   4PH3(g) → P4(g) + 6H2(g)

  It is found that the reaction follows the following rate equation: 
     Rate = k [PH3]
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  The half life of PH3 is 37.9 s at 120°C.

 (i) How much time is required for 3
4

th of PH3 to decompose?

 (ii) What fraction of the original sample of PH3 remains behind after 1 minute?

 Ans. (i) We know that k = 
2.303

t  log 
[A]0
[A]

   k = 
2.303

t  log 
[A]0
[A]t

 t = 
2.303
0.0183  log 

1
1/4

   k1/2 = 
0.693

k  t =  
2.303
0.0183  log 22

   or  k = 
0.693

t1/2
 t =  

2 × 2.303
0.0183   log 2

   k = 
0.693
37.9  t = 

2 × 2.303
0.0183   × 0.3010

   k = 0.0183s–1 t = 75.8s

 (ii)   1 min = 60 second  Antilog (0.4767) = 
[A]0
[A]

    t = 
2.303

t  log 
[A]0
[A]   2.997 = 

[A]0
[A]

    60 = 
2.303
0.0183 xlog 

[A]0
[A]   

[A]
[A]0

 = 
1

2.997 = 0.333 = 0.333%

     
60 × 0.0183

2.303   log 
[A]0
[A]   Hence, amount left out = 33.3% 

  By taking antilog

    0.4767 = log 
[A]0
[A]

 5. Nitrogen pentoxide decomposes according to equation:

   2N2O5(g) → 4NO2(g) + O2(g)

  This first order reaction was allowed to proceed at 40°C and the data below were collected:

[N2O5] (M) Time (min)
0.400 0.00

0.2890 20.0
0.209 40.0
0.151 60.0
0.109 80.0

 (i) Calculate the rate constant, include units with your answer.
 (ii) What will be the concentration of N2O5 after 100 minutes?
 (iii) Calculate the initial rate of reaction.

 Ans. (i) When t = 20 min,  (ii) t = 
2.303

t  log 
[A]0
[A]

  [A] = 0.289 molL–1
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    Also, [A]0 = 0.400 molL–1   Here,  [A]0 = 0.400 mol–1, t = 100 min,

   For a first order reaction,   k = 1.626 × 10–2 min–1

    k = 
2.303

t  log 
[A]0
[A]   ∴  100 = 

2.303
1.626 × 10–2  log 

0.400
[A]

    k = 
2.303

20  log 
0.400
0.289   

100 × 1.626 × 10–2

2.303  = log 
0.4
[A]

    k = 
2.303

20  log 
4.00
2.89   0.7060 = log 

0.4
[A]

    k = 
2.303

20  [log 4.00 – log 2.89]   Antilog 0.7060 = 
0.4
[A]

    k = 
2.303

20  [0.6021 – 0.4609]   5.082 = 
0.4
[A]

    k = 
2.303

20  × 0.1412   [A] = 
0.4

5.082 = 0.0787 M

    k = 2.303 × 0.00706

    k = 0.016259 min–1

    k = 1.6259 × 10–2 min–1 

 (iii) Initial rate, i,e; rate of reaction when t = 0
    When, t = 0.00 min, [A] = 0.400 molL–1

    Also   k = 1.626 × 10–2 min–1

   ∴ Initial rate = k [A] = 1.626 × 10–2 min–1

    = 0.400 mol L–1 = 6.504 × 10–3 mol L–1 min–1.

 6. The rates of a reaction starting with initial concentrations of 2 × 10–3 molL–1 and 1 × 10–3 molL–1 
are equal to 2.40 × 10–4 mol L–1 s–1 and 0.60 × 10–4 mol L–1s–1, respectively. Calculate the order 
of the reaction and also the rate constant.

 Ans. Let the order of reaction is m.

   Rate (r1) = k [A1]
m
0    ...(i)

  Rate (r2) = k [A2]
m
0    ...(ii)

  [A1]0 & [A2]0 are the initial concentrations.

  Dividing equation (i) by eq. (ii), we get

    
r1
r2

 = 
k [A1]

m
0

 k [A2]
m
0
  or    

r1
r2

 = 
A
A

1

2 0

�

�
�

�

�
�

m

    m = 
log r1–log r2

 log A –
10 – log A20

 or = 
log . log .

log log

2 40 10 10 0 60 10

2 10 1 10

4 4

3 3

� �� � � �� �
�� � � �� �

� �

� �

    = 
–3.62 + 4.22
 –2.70 + 3  = 2

 ∴   Rate law is = Rate = k [A]2

   Now,  k = Rate
[A]2  = 

2 40 10

2 10

4

3 2

. �

��� ��

�

�
= 60 mol–1 lit sec–1.
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 7. The rate constant for the first order reaction is given by the equation

     loge k (sec–1) = 14.34 – 1.25 × 104

T
  Calculate: 
 (i) activation energy.  (ii) the rate constant at 500K, and
 (iii) at what temperature will its half-life period be 256 minutes.

 Ans.  Given: loge k = 14.34 – 1.25 × 104

T  

      From Arrhenius equation, we know that

    loge k = loge A – Ea
RT

  ∴ Comparing by two equations.

 (i)   Ea
R = 1.25×104

T  

    Ea
R = 1.25 × 104  or     Ea = 1.25 × 104 × 1.987 cal mol–1

    Ea = 2.483 × 104 cal mol–1  = 24.83 K cal mol–1

 (ii)  log  k = 14.34 – 1.25×104

500  [T = 500K]

    ∴  k = 2.35 × 10–5 sec–1

 (iii)   ∴    Half life period  k = 0.693
t1/2

 = 0.693
256 × 60

    loge 
0.693

253 × 60 = 14.34 = 1.25 × 104

T

    –10 = 14.34 – 1.25 × 104

T
    T = 513 K

 8. The rate constant of a reaction is 1.5 × 107 sec–1 at 50°C and 4.5 × 107 sec–1 at 100°C. Calculate 
Arrhenius constant (A) and activation energy (Ea).

 Ans.   log k2
k1

 = – Ea
2.303R 1 1

1 2T T
�

�

�
�

�

�
�

   log 1.5 × 107

4.5 × 107 = – Ea
2.303 × 8.314 1

323
1

373
��

��
�
��

   – 0.4771 = – Ea
2.303 × 8.314 1

323
1

373
��

��
�
��

   –0.4771 = – Ea
19.14 × 4.9 × 10–4

   Ea = + 1.86 × 104 J mol–1

  Now,  k = Ae–Ea/RT

   4.5 × 107 = Ae–1.86 × 104 / 8.314 × 373

   A = 1.875 × 1010 sec–1.
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 9. Explain graphically how the rate of a reaction changes with every 10°C rise in temperature.
 Ans. The rate of reaction depends on temperature. In

N
M

U
M

B
E

R
 O

F
O

L
E

C
U

L
E

S
W

IT
H

 G
IV

E
N

 K
IN

E
T

IC
 E

N
E

R
G

Y

KINETIC ENERGY

AREA B

E
(  + 10)°t

   homogeneous thermal reactions, for every 10° 
rise in temperature, the rate of reaction in 
double or tripled. The ratio, called temperature 

coefficient is 
k(t + 10)

kt

 ≈	2 to 3.

  Graphical representation of change in ratio of a 
reaction with temperature.

  Let ABC represents the number of molecules 
taking part in a chemical reaction at t°C

  Ea is the activation energy. The molecules having more energy than activation energy convert 
into product. DEF represents the reactant molecules at t +10°C temperature. It is clear from the 
graph that more molecules exceeds activation energy. Therefore rate of the reaction increase by 
increasing temperature. By increasing the temperature average energy of the reactant molecules 
increases.

 10. (i) Give one example of zero order reaction.

 (ii) For the reaction: N2(g) + 3H2g  2NH3(g), how is the rate of reaction expression – d[H2]
dt  

and – d[NH3]
dt  interrelated?

 (iii) Show that for the first order reaction, the value of 75% completion is twice the value of t1/2 
(half life period).

 Ans.  (i) Combination of H2 and Cl2 over water is an example of zero order reaction.

   H2 + Cl2 → 2HCl

 (ii) – 1
3 d[H2]

dt  = + – 12 d[NH3]
dt

   Rate of disappearance of H2 = 32 rate of appearance of NH3

 (iii)   t1/2 = 0.693
k

    k = rate constant

    t75% = 2.303
k  log 100

25  = 2.303
k  log 4 = 2 × 2.303 × .3010

k

    = 2 × 0.693
k   � ��

�
�

�
�
�t

k1 2
0 693

/
.

      
t t75 1 22% /� �

 11. The decomposition of NH3 on platinum surface is a zero order reaction. What are the rates of 
production of N2 and H2 if k = 2.5 × 10–4 mol–1 Ls–1.

 Ans. 2NH3 → N2 + 3H2

  For a zero order reaction,
    Rate = k [NH3]

0

    Rate = 2.5 × 10–4
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    Rate = – 1
2 d[NH3]

dt  = d[N2]
dt  = 13 d[H2]

dt

   ∴ d[N2]
dt  = – 2.5 × 10–4 mol L–1s–1

     1
3 d[H2]

dt  = d[N2]
dt   or    d[H2]

dt  = 3 × d[N2]
dt

    = 3 × 2.5 × 10–4 mol L–1s–1 = 7.5 × 10–4 mol L–1s–1

 12. The half-life for decay of radioactive 14C is 5730 years. An archaeological artifact containing 
wood has only 80% of the 14C activity as found in living trees. Calculate the age of the artifact.

 Ans. Given:  t1/2 = 5730 years

  For first order reaction; 

      k = .693
t1/2

 = 0.693
5730  = 1.209 × 10–9 years–1

     t = 2.303
k  log [A]0

[A]

     t = 2.303
1.209 × 10–4 log 100

80  = 2.303
1.209 × 10–4 log 10

8   = 2.303
1.209 × 10–4 (log 10– log 8)

     = 2.303
1.209 × 10–4 (1 – 3 log 2)  = 2.303

1.209 × 10–4 (1 – 3 × .3010) = 2.303 × 0.097 × 10–4

1.209 

     t = 1847.7 years

 13. (i) A reaction is of first order in A and of second order in B. Write the differential rate equation 
for this reaction. How will its initial rate be affected if the concentration of both A and B 
are together double?

 (ii) The rate constant k of a reaction increases four fold when the temperature changes from 
300K to 320K. Calculate the activation energy for the reaction. (R = 8.314J mol–1K–1)

 Ans. (i) Rate = dx
dt  = k [A] [B]2

   If concentration of both A and B are doubled, then 

    Rate = k [2A] [2B]2 = 8k [A] [B]2

   i.e; the rate of reaction becomes 8 times.

 (ii) Given,  K2 = 4K1 , T1 = 300K ; T2 = 320K i.e; k2
k1 

 = 4

   log   k2
k1 

 = Ea
2.303R = 

T T
T T

2 1

1 2

��

�
�

�

�
�

   log4 = Ea
2.303 × 8.314 = 320 300

300 320
�
�

�
��

�
��

   2log2 = Ea
19.147 = 

20
300 320�
�
��

�
��

   Ea = 2×0.3010 × 19.147 × 300 × 320
20  = 55327J

   Ea = 55.327 kJ
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 14. The rate of reaction quadruples when temperature changes from 293 K to 313 K. Calculate Ea 
assuming that it does not change with time.

   [R = 8.314JK–1mol–1]

 Ans.   k2 =  4k1 ⇒	  k2
k1 

 = 4

 log k2
k1 

 = Ea
2.303R  

T T
T T

2 1

2 1

��

�
�

�

�
�

 log 4 = Ea
2.303 × 8.314 313 293

293 313
�
�

�
�
�

�
�
�

 2 × log 2 = Ea
19.147 20

91709
�
�
�

�
�
�

 Ea = 2 × .3010 × 19.147 × 91709
20  = 52.85 kJ mol–1.

 15. A first order reaction takes 30 minutes for 20% decomposition. Calculate t1/2. [log 2 = .3010]

 Ans. For a first order reaction

    k = 2.303
t  log [A]0

[A]

    When   t = 30 minutes, 

    [A]0
[A]  = 100

100 – 20 = 10
8  = 10

23

    k = 2.303
30  log 10

23 or k = 2.303
30  (log 10 – log23)

    k = 2.303
30  (1 – 3 log 2) or k = 2.303

3  (1–3 × .3010)

    k = 2.303
30  × 0.097 or k = 7.45 × 10–2 min–1

    t1/2 = 0.693
k

    t1/2 = 0.693
7.45 × 10–2  min–1

    t1/2 = 9.302 min.

 16. A first order reaction is 50% complete in 25 minutes. Calculate the time for 80% completion of 
the reaction.

 Ans.    t1/2  or  t50% = 25 min

   t1/2 = 0.693
k  ⇒ k = 0.693

t1/2

   k = 0.693
25min = 2.772 × 10–2 min

   [A] = [A]0 – 8% of [R]0 or [A] = [A]0 – 80 × [A]0
100  or   [A] = 0.2 [A]0

   Substituting the value of k and [R] in the expression 
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   t = 2.303
k  log [A]0

[A] , we get

   t = 2.303
2.772 × 10–2 × log [A]0

0.2[A]0

 or    t = 2.303
2.772 × 10–2 log 5

   t = 2.303 × 0.699
2.772 × 10–2  or    t = 58.07 min.

 17. The decomposition of a hydrocarbon has value of rate constant as 2.5 × 104s–1 at 27°C. 
At what temperature would rate constant be 7.5 × 104s–1, of energy of activation is 
19.147 × 103 Jmol–1?

 Ans. k1 = 2.5 × 104s–1, T1 = 27 × 273 = 300 K

  k2 = 7.5 × 104s–1, T2 = ?

  Ea = 19.147 × 103 J mol–1, R = 8.314 JK–1 mol–1

  Substituting these values in the expression.

   log k2
k1 

 = Ea
2.303R  = 

1 1

1 2T
�

�

�
�

�

�
�T ; we get

   log 7.5 × 104

2.5 × 104 = 19.147×103

2.303×8.314 
1

300
1

2

�
�

�
�

�

�
�T

   log 3 = 19.147×103

19.147  
1

300
1

2

�
�

�
�

�

�
�T  

   0.4771
103  = 1

300 – 1
T2

   1
T2

 = 10 – 1.4313
8.5687  or   T2 = 3000

8.5687  or   T2 = 350.11 K.

 18. The following data were obtained for the reaction: 

Experiment [NO]/m [O2]/m Initial rate of formation of NO2 /M min–1

1 0.3 0.2 7.2 × 10–2

2 0.1 0.1 6.0 × 10–2

3 0.3 0.4 2.88 × 10–1

4 0.4 0.1 2.40 × 10–2

 (i) Find the order of reaction with respect of NO and O2.
 (ii) Write the rate law and overall order of reaction
 (iii) Calculate the rate constant (k).

 Ans. (i) Let the rate law be
   r0 = k[NO]m [O2]

n

   (r0)1 = 7.2 × 10–2 = k (0.3)m (0.3)n ...(i)

   (r0)2 = 6.0 × 10–3 = k (0.1)m (0.1)n  ...(ii)

   (r0)3 = 2.88 × 10–1 = k (0.3)m (0.4)n ...(iii)
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   (r0)4 = 2.40 × 10–2 = k (0.4)m (0.1)n ...(iv)

   Dividing (iv) by (ii)

   2.40 × 10–2

6.0 × 10–3  = k (0.4)m (0.1)n

k (0.1)m (0.1)n

   41 = 4m or m = 1

   Dividing (iii) by (i)

   2.88 × 10–1

7.2 × 10–2  = k (0.3)m (0.4)n

k (0.3)m (0.2)n

   4 = 2n or 22 = 2n or n = 2
   The order of reaction with respect to NO is 1.
   The order of reaction with respect to O2 is 2.

 (ii) Rate law = k [NO]1 [O2]
2

   Order of reaction = 1 + 2 = 3

 (iii) 6.0 × 10–3 = k (0.1) (0.1)2 or k = 6.0 × 10–3

10–3  

    k = 6.0 L2 mol–2 min–1.

 19. Predict the order of the reaction in the given plots.

    (i) 

t1/2

[A]0

  (ii) 

t1/2

[A]0

   

   Where [A]0 is the concentration of reactant.
   [Given; log2 = 0.3010, log 4 = 0.6021]

  Write the expression and unit of rate constant in both the cases

 Ans.   (i) First order    (ii) Zero order.

  For Ist order; Unit of k = s–1,  K = 
2.303

t  log 
[R]0
[R]

  For Zero order; Unit of k = molL–1s–1

      k = 
[R]0 – [R]

t
 20. The energy change accompanying the equilibrium reaction A  B is – 33.0 kJmol–1.

  Calculate :

 (i) Equilibrium constant Kc for the reaction at 300K.

 (ii) Energy of activation for forward and backward reaction (Ef and Eb) at 300K. Given that Ef 
and Eb are in the ratio 20:31

  Assume that pre-exponential factor is same for forward and backward reaction.
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 Ans. As DH = –33 kJmol–1, the reaction is exothermic. The 

E

Progress of reaction

Ef

A

B

Eb

  activation energy diagram will be as shown in 
alongside figure.

  DH = Ef – Eb = – 33kJ

 (i)  kf = Ae–Ef /RT

   kb = Ae–Eb/RT

   kc = kf
kb

 = e(Eb – Ef )/RT

   ln kc = Eb– Ef
RT

   or    log kc = Eb– Ef
2.303RT = 30000

2.303 (8.314) × 300 = 5.2227

   kc = antilog 5.2227 = 1.67 × 105.

 (ii)  Ef
Eb

 = 20
31  (Given), Also Ef – Eb = –33kJ mol–1.

  Substituting 
   Eb = 31

20 Ef , we get

   Ef – 
31
20 Ef = – 33 or   – 11

20 Ef = – 33

   or  Ef = 33 × 20
11  = 60 kJ mol–1

   Eb = Ef + 33

    60 + 33 = 93 kJ mol–1.
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 SUMMARY 
 1. Adsorption: The phenomenon of higher concentration of molecular species (gases or liquids) on 

the surface of solids than in the bulk is called adsorption.
 2. Adsorbent: The solid surface on the surface of which adsorption occurs is called adsorbent. e.g., 

Charcoal, silica gel.
 3. Adsorbate: The substances that get absorbed on the solid surface is called adsorbate.
 4. Difference between Adsorption and Absorption

S.No. Adsorption Absorption

1. It is the phenomenon of higher concentration 
of particles of gas or liquid on the surface 
than in the bulk of the solid.

It is the phenomenon in which the particles 
of gas or liquid get uniformly distributed 
throughout the body of the solid.

2. Adsorption is rapid in the beginning and its 
rate slowly decreases.

Absorption occurs at uniform rate.

 5. Difference between Positive and Negative Adsorption

Positive Adsorption Negative Adsorption

When the concentration of adsorbate is more 
on the surface of adsorbent relative to its 
concentration in the bulk, it is called positive 
deviation.

When the concentration of the adsorbate is less 
on the surface relative to its concentration in the 
bulk, it is called negative adsorption.

 6. Types of Adsorption: Depending upon the nature of forces between the molecules of the adsorbate 
and the adsorbent, the adsorption may be classified as:

 (i) Physical adsorption: When the particles of the adsorbate are held to the surface of the 
adsorbent by the physical forces such as van der Waals’ forces, the adsorption is called 
physical adsorption or physisorption. It is reversible.

 (ii) Chemical adsorption: When the molecules of the adsorbate are held to the surface by 
the chemical bond, the adsorption is called chemical adsorption or chemisorption. It is 
irreversible.

Physisorption Chemisorption

1. It arises because of van der Waals’ forces. 1. It is caused by chemical bond formation.

2. It is not specific in nature. 2. It is highly specific in nature.

3. Enthalpy of adsorption is low
  (20-40 kJ mol–1).

3. Enthalpy of adsorption is high
  (80-240 kJ mol–1)

4. No appreciable activation energy is needed. 4. High activation energy is sometimes needed.

5. It results into multi-molecular layers on
  adsorbent surface under high pressure.

5. It results into unimolecular layer.

2 Surface Chemistry
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 7. Freundlisch Adsorption Isotherm: Freundlisch gave the following 

O
P

x

m

  relationship between the amount of gas adsorbed (x) per unit mass 
of the adsorbent(m) and the pressure (p):

  x
m = kp1/n (n > 1)

  where n is constant which depends upon the nature of adsorbate and adsorbent.

 8. Colloidal State: Thomas Graham observed that certain solutes could not pass through the parch-
ment membrane while ordinary solutes can easily do so. The former solutes were called colloids 
while the latter were called crystalloids.

 9. Phases of Colloids: Colloids consist of two phases:
  Dispersed phase: It is the component present in small proportion like solute in the solution.
  Dispersion medium: It is the component present in excess like solvent in the solution.

 10. Lyophilic and Lyophobic colloids: Depending upon the nature of interactions between dispersed 
phase and dispersion medium, the colloids can be classified as lyophilic colloids and lyophobic 
colloids.

 (i) Lyophilic colloids: The colloidal solutions in which the particles of the dispersed phase 
have a great affinity (or love) for the dispersion medium are called lyophilic colloids. Such 
solutions are reversible in nature. For example; glue, gelatin, starch etc.

 (ii) Lyophobic colloids: The colloidal solutions in which the particles of the dispersed phase 
have no affinity for the dispersion medium, are called lyophobic colloids. The solutions of 
metals like Ag and Au, hydroxides like Al(OH)3 and metal sulphides like As2S3 are examples 
of lyophobic colloids.

 11. Multimolecular, Macromolecular and Associated Colloids
  Depending upon the molecular size, the colloids can be classified as:
 (i) Multimolecular colloids: In this type of colloids, the particles consist of an aggregate of 

atoms or small molecules with molecular size less than l nm. In these colloids, the particles 
are held together by van der Waals’ forces. e.g., gum, gelatine.

 (ii) Macromolecular colloids: In this type of colloids, the particles of the dispersed phase are 
sufficiently big in size to be of colloidal dimensions. In this case, a large number of small 
molecules are joined together through their primary valencies to form giant molecules. These 
molecules are called macromolecules and each macromolecule may consist of hundreds or 
thousand of simple molecules. e.g., protein, starch.

 (iii) Associated colloids: These are the substances which behave as normal electrolytes at low 
concentration but behave as colloidal particles at higher concentration. These associated 
particles are also called miscelles. e.g., soap, detergent.

 12. Properties of colloidal solutions: 

  The important properties of colloidal solutions are:

 (i) Heterogeneous nature: The colloidal solutions are heterogeneous in nature consisting of 
dispersed phase and dispersion medium.

 (ii) Visibility: The colloidal particles are not visible to naked eye and these can be seen with 
ultramicroscope.

 (iii) Brownian movement: The colloidal particles have continuous zig-zag motion called 
Brownian movement.
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 (iv) Tyndall effect: When a beam of light strikes the surface of colloidal particles then path of 
beam get illuminated due to scattering of light by colloidal particles, this phenomenon is 
called Tyndall effect. This effect was first observed by Faraday and latter was studied in 
details by Tyndall. The bright cone of the light so called Tyndall cone.

 (v) Colour: The colour of colloidal particles depends on the wavelength of the light scattered 
by the dispersed particles, which depends on the size and nature of particles.

 (vi) Charge on colloidal particles: Colloidal particles always carry either positive or negative 
charge. The presence of charge on colloidal particles is due to one or more reasons, viz, due 
to electron capture by sol particles during electrodispersion of metals, due to preferential 
adsorption of ions from solution and/or due to formulation of electrical double layer. The 
most accepted reason is preferential adsorption of ions. If two or more ions are present in the 
dispersion medium, preferential adsorption of ion common to the colloidal particles, usually 
takes place for example: when AgNO3 solution is added to KI solution (dispersion medium) 
the precipitated AgI adsorbs iodide ions (I) from the dispersion medium and negatively 
charged colloidal sol is obtained.

  Ag I/I– Negatively charged

 (vii) Electrophoresis: The movement of colloidal particles under the applied electric potential is 
called electrophoresis. In this process when electric potential is applied across two platinum 
electrodes dipping in a colloidal solution, positively charged particles move towards the 
cathode while negatively charged particles move towards the anode.

 (viii) Coagulation or precipitation: The  coagulation of colloids due to neutralisation of charge 
due to which the particles come nearer to each other to form aggregates and settle down 
under the force of gravity.

 (ix) Hardy-Schulze rule: Higher the valence of the flocculating ions added, the greater is its 
power to cause precipitation. 

 (x) Coagulation value: The minimum concentration of an electrolyte in millimoles per litre 
required to cause precipitation of sol in two hours is called coagulating value.

Coagulation value ∝  1
coagulating factor

 

 (xi) Cogulation of lyophobic sol: Coagulation of lyphobic sol can be carried out in the following 
ways:

 (a) By electrophoresis  (b) By mixing two oppositely charged sol
 (c) By boiling   (d) By persistent dialysis

 (xii) Coagulation & Lyophilic sol: Charge and solvation of the colloidal particles are responsible for 
the stability of lyophilic sol. If these two factors are removed then lyophilic sol get coagulated 
and this is done by adding an electrolyte and adding a suitable solvent like alcohols, acetone etc.

 (xiii) Gold Number: The protective power of a lyophilic colloids is measured in terms of gold 
number which is defined as the number of milligrams of the protective colloids required to 
just prevent the coagulation of 10ml of standard gold sol when 1 ml of 10% solution of 
NaCl is added to it. Smaller the value of gold number, greater will be protective power of 
the lyophilic colloid.
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QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. The incorrect statement(s) pertaining to the adsorption of a gas on a solid surface is (are):
  (a) Adsorption is always exothermic 
  (b) Physisorption may transform into chemisorption at high temperature
  (c) Physisorption increases with increasing temperature but chemisorption decreases with 

increasing temperature.
  (d) Chemisorption is more exothermic then physisorption however it is very slow due to higher 

energy of activation.

 2. Which of the following statements is incorrect regarding physisorption?
  (a) Under high pressure it results into multimolecular layer on adsorbent surface.
  (b) Enthalpy of adsorption (∆Hadsorption ) is low and positive.
  (c) It occurs because of van der Waals’ forces.
  (d) More easily liquefiable gases are adsorbed readily.

 3. According to Freundlich adsorption isotherm, which of the following is correct?

  (a) x
m

 ∝ p° (b) x
m

 ∝ p1 (c) x
m ∝ p1/n

  (d) All the above are correct for different ranges of pressure.

 4. If x is the mass of the gas adsorbed on mass m of the adsorbent at pressure p, Freundlich 
adsorption isotherm gives a straight line on slotting.

  (a) x
m

 vs p (b) log x
m vs log p (c) log x

m
 vs p (d) x

m vs 1
p

 5. Fog is a colloidal solution of
  (a) Gaseous particles dispersed in a liquid (b) Solid particles dispersed in a liquid
  (c) Liquid particles dispersed in a gas (d) Solid particles dispersed in a gas

 6. The coagulating power of electrolytes having ions Na+, Al3+ and Ba2+ for arsenic sulphide sol 
increases in the order:

  (a) Al3+ < Ba2+ < Na+   (b) Na+ < Ba2+ < Al3+

  (c) Ba2+ < Na+ < Al3+   (d) Al3+ < Na+ < Ba2+

 7. The migration of dispersion medium under the influence of an electric potential is called
  (a) Electrophoresis   (b) Cataphoresis
  (c) Electrosmosis   (d) Sedimentation

 8. Gold number of protective colloids A, B, C and D are 0.50, 0.01, 0.10 and 0.005 respectively. 
The correct order of their protective power is:

  (a) D < A < C < B   (b) C < B < D < A
  (c) A < C < B < D   (d) B < D < A < C

 9. Gold numbers of some colloids are: Gelatin:
   0.005 – 0.01, Gum Arabic : 0.15 – 0.25;

  oleate : 0.04 – 1.0, starch : 15 – 25. Which among these is a better protective colloid?
  (a) Oleate (b) Gelatin (c) Gum-Arabic (d) Starch
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 10. The Tyndall effect is observed only when the following conditions are satisfied:
  (i) The diameter of the dispersed particles is much smaller than the wavelength of the light 

used.
  (ii) The diameter of the dispersed particle is not much smaller than the wavelength of the light 

used.
  (iii) The refractive indices of the dispersed phase and dispersion medium are almost similar in 

magnitude.
  (iv) The refractive indices of the dispersed phase and dispersion medium differ greatly in 

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

 11. Zeolites:
  (a) are microporous aluminosilicates 
  (b) have general formula Mx/n [(A1O2)x (SiO2)4]. mH2O
  (c) have pore sizes between 260 pm to 740 pm
  (d) all

 12. Lyophilic sols are
  (a) Irreversible sols   
  (b) They are prepared from inorganic compound
  (c) Coagulated by adding electrolytes
  (d) Self-Stabilising

 13. In electrophoresis:
  (a) Sol particles move towards opposite electrodes
  (b) Medium moves towards opposite electrodes
  (c) Neither (a) nor (b) 
  (d) Both (a) and (b)

 14. A freshly prepared Fe(OH)3 precipitate is peptised by adding FeCl3 solution. The charge on the 
colloidal particle is due to preferential adsorption of:

  (a) Cl– ions (b) Fe+++ ions (c) OH– ions (d) None of these

 15. The coagulating power of an effective ion carrying the charge opposite to the sol particles has 
been illustrated by:

  (a) Brownian movement   (b) Gold number
  (c) Tyndall effect   (d) Schulze Hardy rule

 16. Shape selective catalysts are so called because of
  (a) The shape of the catalysts
  (b) The specificity of the catalysts
  (c) The size of the pores of the catalysts which can trap only selective molecules
  (d) Their use for only some selected reactions

 17. Which of the following statements is more correct?
  (a) Catalyst only accelerates the rate of a chemical reaction.
  (b) A catalyst can retard the rate of a chemical reaction.
  (c) A catalyst does not affect the speed of a reaction.
  (d) A catalyst alters the speed of a reaction.
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 18. Flocculation value is expressed in terms of 
  (a) Millimole per litre   (b) Mol per litre
  (c) Gram per litre   (d) Mol per millilitre

 19. Which of the following is associated colloid?
  (a) Soaps (b) Detergent (c) Both (a) & (b) (d) KCl

 20. Which of the following is less than zero during adsorption?
  (a) ∆G (b) ∆S (c) ∆H (d) All of these

ANSWERS

 1. (c) 2. (b) 3. (d) 4. (b) 5. (c) 6. (b) 7. (c) 8. (c) 9. (b)
 10. (b) 11. (d) 12. (d) 13. (a) 14. (b) 15. (d) 16. (c) 17. (d) 18. (a)
 19. (c) 20. (d)

B. Fill in the Blanks  [1 Mark]

 1. Protection of colloid is the property of ______________.

 2.  Smoke contains _____________ charged ___________ particles in air.

 3.  Blood is _____________ charged sol.

 4. The substance upon which surface adsorption takes place is called _____________.

  5.  Milk is an _____________ emulsion while butter is ___________ emulsion.

 6.  The gold number of a lyophilic colloid is a measure of its _____________.

 7.  Colloidal particles generally lie in the size range __________.

 8.  Cloud is a colloidal system of __________ dispersed in air.

 

ANSWERS
 1. lyophilic colloid 2. negatively, carbon 3. negatively 4. adsorbent
 5. aqueous, Oil-in-water 6. protective action 7. 10–4 – 10–7 cm 8. water droplets

C.  Match the Following  [1 Mark]

  Column A  Column B

 1. (a) Protective colloids (i) flocculation value
  (b) Coagulation (ii) negative
  (c) Dialysis (iii) gold number
  (d) Sulphur (iv) Purification of sol

  Column A  Column B

 2. (a) Aerosol (i) whipper cream
  (b) Emulsion (ii) mist
  (c) Gel (iii) cheese
  (d) Foam (iv) milk



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 31

  Column A  Column B

 3. (a) Tyndall effect (i) sewage disposal
  (b) Coagulation (ii) ultra-microscope
  (c) Adsorption (iii) smoke precipitator
  (d) Electrophoresis (iv) Medicine 

ANSWERS
 1. (a) (iii) (b) (i) (c) (iv) (d) (ii) 2. (a) (ii) (b) (iv) (c) (iii) (d) (i)
 3. (a) (ii) (b) (i) (c) (iv) (d) (iii)

D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : Tyndall effect is not exhibited by true solutions.
  Reason (R) : The particles present in a true solution are too small to scatter light.

 2. Assertion (A) : Zeolites are shape selective catalysts.
  Reason (R) : The catalysing action of a zeolite depends upon the size of pores and cavities 
    present in it.

 3. Assertion (A) : Chemisorption is multilayered in nature.
  Reason (R) : In chemisorption, adsorbate molecules are attached to adsorbent surface by strong 
    valence bond.

 4. Assertion (A) : The soap micelle is a negatively charged colloidal particle.
  Reason (R) : The negative charge on the micelle is due to the presence of OH– ions of water.

 5. Assertion (A) : In homogeneous catalysis, the catalyst enhances the rate of reaction by providing 
  an alternative path of lower activation energy.

  Reason (R) : The catalyst combines with a reactant to form an unstable intermediate 
    compound.

 6. Assertion (A) : Adsorption decreases with increasing temperature.
  Reason (R) : Adsorption is generally temperature dependent.

 7. Assertion (A) : Colloidal AgI is prepared by adding KI in slight excess to AgNO3 solution, the 
  colloidal particles migrate towards cathode under electric field.

  Reason (R) : Colloidal particles adsorb ions and thus becomes electrically neutral.

 8. Assertion (A) : Colloidal solutions are stable but colloidal particles do not settle down.
  Reason (R) : Brownian movement counters the force of gravity act on colloided particles.

ANSWERS

 1. (a) 2. (a) 3. (d) 4. (c) 5. (b) 6. (b) 7. (c) 8. (a)
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E.  Short Answer Type Questions [2 Marks]

 1. Define the following terms :
 (i) Aerosol  (ii) Coagulation of colloids
 Ans.  (i) Aerosol : There are the colloidal systems in which dispersion medium is gas and dispersed 

phase is either solid or liquid e.g. smoke insecticide sprays.
 (ii) Coagulation : The process of aggregating together the charged colloidal particles so as to 

change them into large sized particle which ultimately settle as down under the force of 
gravity a precipitate is called coagulation.

 2. (i) Define zeta potential.
 (ii) What is the main reason for the stability of colloidal sols?
 Ans. (i) The potential difference between the fixed layer and the diffused layer of opposite charges is 

called zeta potential.
 (ii) All the particles in a colloidal sol carry the same electric charge and hence keep on repelling 

each other and do not aggregate together to form bigger particles.

 3. What is meant by coagulation of a colloidal solution? Name any method by which coagulation 
of lyophobic sols can be carried out.

 Ans. The colloidal particles bear similar electric charge and that is why they stay away from each 
other due to repulsion. If the charge is removed, they come together and are precipitated. The 
precipitation and settling down of the discharged particles is called coagulation. Electrophoresis 
method can be used to coagulate lyophobic sol.

 4. Define the following :  (i) Peptisation  (ii) Reversible sols
 Ans. (i) Peptisation: The process of converting a precipitate into colloidal sol by shaking it with 

dispersion medium in the presence of a suitable electrolyte is called Peptisation.
 (ii) Reversible sols: The sols in which dispersion medium and dispersed phase can be separated 

and reconstituted easily.

 5. What are lyophobic colloids? Give one example for them.
 Ans. Lyophobic sols or colloids are those colloids in which the particles of the dispersed phase have 

little affinity for the particles of the dispersion medium, e.g. sols of metals and their sulphides 
and hydroxides.

 6. Why is the adsorption phenomenon always exothermic?
 Ans. During adsorption, there is always a decrease in residual forces of the surface i.e., there is decrease 

in surface energy which appears as heat. Adsorption therefore, is invariably an exothermic process. 
In other words, ∆H of adsorption is always negative.

 7. Write the dispersed phase and dispersion medium of the following colloidal system:
 (i) Smoke (ii) Milk
 Ans. (i) Smoke: Dispersed phase – Solid
    Dispersion medium – Gas

 (ii) Milk: Dispersed phase – liquid
    Dispersion medium – liquid

 8. Describe some of the important applications of colloids.
 Ans. Applications of colloids
 (i) Electrical Precipitation of Smoke : The smoke before it comes out from the Chimney, is 

led through a chamber containing plates having a charge opposite to that carried by smoke 



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 33

particles and on coming in contact with there plates, particles lose their charge and get 
precipitated. The precipitator is called cottrell precipitor.

 (ii) Medicines : Colloidal antimony is used in curing Kalaazar, argyrol is silver sol used as an 
eye lotion, colloidal gold is used for  intramuscular injection, milk of magnesia, an emulsion 
is used for stomach disorder etc.

 (iii) Tanning of leather.

 (iv) Cleansing action of soaps and detergents by micelles formation.

 9. Why is a finely divided substance more effective as an adsorbent?
 Ans. Powdered substances have greater surface area as compared to their crystalline forms. Greater 

the surface area, greater is the adsorption.

 10. What is special about the following terms:
 (i) Kraft temperature  (ii) Sorption
 Ans. (i) Kraft temperature is the minimum temperature above which the formation of micelles takes 

place.
 (ii) Sorption is a process in which adsorption and absorption take place simultaneously e.g. dyeing 

of cotton fibres by azo dyes.

 11. Write the dispersed phase and dispersion medium of the following colloids:
 (i) Cheese (ii) Fog
 Ans. 

Colloid Dispersed phase Dispersion medium

 (i) Cheese
 (ii) Fog

Liquid
Liquid

Solid
Gas

 12. (i) In reference to Freundlisch adsorption isotherm write the expression for adsorption of gases 
on solids in the form of an equation.

 (ii) Based on the type of particles of dispersed phase, give one example each of associated colloid 
and multimolecular colloid.

 Ans. (i) Freundlisch adsorption isotherm equation for adsorption of gases on solids:

   x
m

 = kp1/n (n > 1)

   or log x
m

 = log k + 1
n
 log p

  where x is the mass of the gas adsorbed on mass m of the adsorbent at pressure p, k and n are 
constants which depends on the nature of the gas and adsorbent at a particular temperature.

 (ii) Associated colloid: Surface active agents such as soap (CMC is 10–4 × 10–3 molL–1) and 
synthetic detergents.

  Multimolecular colloid: Sulphur sol, gold sol.

 13. Give one example each of the following:
  (i) Sol (ii) gel (iii) Lyophobic sol (iv) Lyophilic sol
 Ans. (i) Sol: Paints, cell fluids. (ii) Gel: Cheese, Butter.
 (iii) Lyophobic sol: Gold sol, As2S3 sol (iv) Lyophilic sol: Sol of starch, sol of gum.

 14. What is the effect of temperature on chemisorption and physisorption?
 Ans. Chemisorption initially increases then decreases with increase in temperature. The initial increase 

is due to the fact that heat supplied acts as activation energy. The decrease afterwards is due to 
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exothermic nature of adsorption equilibrium. Physical adsorption decrease with an increase in 
the temperature. This is probably due to the fact that van der Waals’ forces are stronger below 
critical temperature of the gas.

 15.   (i) A delta is formed at the meeting place of sea and river water. Why?
 (ii) Out of BaCl2 and KCl, which one is more effective in causing coagulation of a negatively 

charged colloidal sol? Give reason.
 Ans.   (i) River water is a colloidal solution of clay. Sea water contains a variety of electrolytes. When 

river water meets the sea water, the electrolytes present in sea water coagulate the colloidal 
solution of clay resulting in deposition with the formation of delta.

 (ii) BaCl2, Ba2+ ion has greater coagulating power than k+ ion as Ba2+ ion has higher charge.

F. Long Answer Type Questions [3 Marks]

 1. What is the difference between multimolecular and macromolecular colloids? Give one example 
of each type. How are associated colloids different from these two types of colloids?

 Ans. Multimolecular colloids: On dissolution, a large number of atoms or smaller molecules of a 
substance aggregate together to form species having size in colloidal range (diameter < 1 nm)

  Example: Gold sol, sulphur sol etc.
  Macromolecular colloids: They are formed when macromolecules added in suitable solvents 

from solutions in which the size of macromolecules in the colloidal range. Such colloids are 
quite stable and resembles true solutions in many respects. 

  Example: Starch, cellulose etc.
  Associated colloids: The substances which when dissolved in a medium at low concentration 

behave as normal strong electrolyte but at higher concentration exhibit colloidal behaviour due 
to formation of aggregates. The aggregates particle in called micelle.

  Example: synthetic detergents and soaps.

 2. How are the following colloids different from each other in respect of their dispersion medium 
and disperse phase? Give one example of each.

  (i) Aerosol (ii) Emulsion (iii) Hydrosol
 Ans. 

S.N. Dispersed phase Dispersion medium Example

(i) Aerosol Solid or liquid Gas Smoke, dust

(ii) Emulsion Liquid Liquid Milk, codliver oil

(iii) Hydrosol Solid Water Gum sol.

 3. State what is observed when 
  (i) an electrolyte NaCl, is added to hydrated ferric oxide solution.
  (ii) an electric current is passed through a colloidal solution.
  (iii) a beam of light is passed through a colloidal solution.
 Ans. (i) The positively charged colloidal particles of Fe(OH)3 get coagulated by the oppositely charged 

Cl– ions provided by NaCl.
 (ii) On passing direct current, colloidal particles move towards the oppositely charged electrode 

where they lose their charge and get coagulated.
 (iii) Scattering of light by the colloidal particles takes place and the parts of light becomes visible 

(Tyndall effect).
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 4. Write three features of chemisorption which are not found in physisorptions. Illustrate your answer 
with suitable examples.

 Ans. Three features of Chemisorption:
 (i) Highly specific nature: Chemical adsorption is highly specific in nature, because chemical 

bonds can not be formed arbitrarily between two species. Therefore, chemical adsorption 
occurs only when there is a possibility of chemical interaction between the gas molecules 
and the adsorbent.

  For example: Oxygen is adsorbed on metals almost in the same way an oxide is formed.
 (ii) Enthalpy of adsorption: Chemisorption is also an exothermic reaction but the heat of 

adsorption is higher than that in case of physisorption. The value of enthalpy of adsorption 
in case of chemisorption is of the order of 200 kJ mol–1.

 (iii) Mono-layered nature: Chemical adsorption is strictly monolayered. The gas atoms or 
molecules already adsorbed on the adsorbent surface are unable to form valence bonds 
furthers with the fresh gas atoms or molecules. Thus, a second layer cannot be formed over 
the first layer.

 5. Answer the following :
 (i) List various methods by which Lyophobic colloids can be coagulated.
 (ii) Physisorption is reversible while chemisorption is irreversible why?
 (iii) NH3 gas adsorbs more readily than N2 gas on the surface of charcoal.

 Ans. (i) The coagulation of lyophobic sol can be carried out the following ways :
 (a) By adding excess of electrolyte (b) By boiling
 (c) By persistent dialysis (d) By mixing two oppositively charged sols.
 (e) By electrophoresis
 (ii) As physisorption is an exothermic process so according to Le Chatelier’s principle increase 

in temperature will decrease the physisorption.
 (iii) NH3 has higher critical temperature than N2. Higher the critical temperature more easily the 

gas can be liquified i.e.; greater is the intermolecular forces of attraction and hence greater 
will be adsorption.

 6. Define each of the following terms:
  (i) Micelles (ii) Electrophoresis (iii) Desorption
 Ans. (i) Micelles: There are some substances which at low concentration behave as normal strong 

electrolytes, but at higher concentration exhibit colloidal behaviour due to formation of 
aggregated particles. The aggregated particles thus formed are called micelles. 

  Examples: Soaps & Synthetic detergents.
 (ii) Electrophoresis: The movement of colloidal particles under an applied electric potential is 

called electrophoresis.
 (iii) Desorption: The process of removing an adsorbed substance from a surface on which it is 

adsorbed is called desorption.

 7. Classify colloids where the dispersion medium is water. State their characteristics and write an 
example of their classes.

 Ans. These are of two types:
 (i) Hydrophilic
  Stability: More stable as the stability is due to charge and water envelope surrounding the 

sol. particles.
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  Nature: Reversible
  Examples: Starch, gum etc.

 (ii) Hydrophobic:
  Stability: Less stable as the stability is due to charge only.
  Nature: Irreversible
  Example: Metal hydroxide like Fe(OH)3 and metal sulphide like As2S3.

 8. Give reasons for the following observations:
  (i) Leather gets hardened after tanning
  (ii) Lyophilic sol is more stable than hydrophobic sol.
  (iii) It is necessary to remove CO when ammonia is prepared by Haber’s process.
 Ans. (i) Animal hide is colloidal in nature and contains positively charged particles. When a hide is 

soaked in a tannin which contain negatively charged colloided particles, mutual coagulation 
takes place and leather becomes hard.

 (ii) As the stability of a lyophobic sol is only due to the presence of charge on the colloidal 
particles whereas the stability of lyophilic sol is due to the two factors, the charge and the 
solvation of colloided particles.

 (iii) As CO acts as a catalytic poison.

 9. Differentiate between suspensions, colloids and true solutions.
 Ans. Difference between Suspensions, Colloids and True solution.

Property Suspension Colloid True solution
1. Visibility of particles Visible with naked

age
Visible with miniscope Not visible with any of

the optical means

2. Separation 
 (a) With filter paper
 (b) With membranes

Possible
Possible

Not possible
Possible

Not possible
Not possible

3. Diffusion Does not diffuse Diffuses very slowly Diffuses rapidly
4. Settling Settles under gravity Does not settle but it

may settle under
centrifuge

Does not settle

5. Nature Heterogeneous Heterogeneous Homogeneous
6. Appearance Opaque Generally clear Clear

 10. Give reasons for the following observations:
  (i) Physisorption decreases with increase in temperature.
  (ii) Addition of alum purifies the water. 
  (iii) Brownian movement provides stability to the colloidal solution.
 Ans. (i) As physisorption is an exothermic process so according to Le Chatelier’s principle increase 

in temperature will decrease the physisorption.
 (ii) The Al3+ ions furnished by alum help in the coagulation of negatively charged colloidal 

particles present in water as impurities.
 (iii) The Brownian movement is due to the unbalanced bombardment of the colloidal particles 

of the molecules of dispersion medium. It has a stirring effect which does not permit the 
particles to settle and thus responsible for stability of sols.
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 SUMMARY 

 1. The d-block of the periodic table contains the elements of the groups 3-12 in which the d orbitals 
are progressively filled in each of the four long periods.

 2. The f-block consists of elements in which 4f and 5f orbitals are progressively filled. They are 
placed in a separate panel at the bottom of the periodic table.

 3. There are mainly four series of the transition metals, 3d series (Sc to Zn), 4d series (Y to Cd), 
5d series (La and Ht to Hg) and 6d series which has Ac and elements from Rt to Cn.

 4. The two series of the inner transition metals; 4f (Ce to Lu) and 5f (Th to Lr) are known as 
lanthanoids and actinoids respectively.

 5. According to IUPAC, transition metals are defined as metals which have incomplete d subshell 
either in neutral atom or in their ions. Zinc, cadmium and mercury of group 12 have full d10 
configuration in their ground state as well as in their common oxidation states and hence, are not 
regarded as transition metals.

 6. The d-block occupies the large middle section of the periodic table flanked between s-and p-blocks 
in the periodic table. The d-orbitals of the penultimate energy level of atoms receive electrons 
giving rise to four rows of the transition metals, i.e., 3d, 4d, 5d and 6d.

 7. In general the electronic configuration of outer orbitals of these elements is (n-1)d1-10ns1-2. The 
(n-1) stands for the inner d orbitals which may have one to ten electrons and the outermost ns 
orbital may have one or two electrons. General electronic configuration of f-block is (n-2) f  1-14 
(n-1)d 0-2ns2.

 8. General Properties of the Transition Elements (d-Block):

 (i) Physical Properties
 (a) Nearly all the transition elements display typical metallic properties such as high tensile 

strength, ductility, malleability, high thermal and electrical conductivity and metallic 
lustre. With the exceptions of Zn, Cd, Hg and Mn, they have one or more typical metallic 
structures at normal temperatures.

 (b) The transition metals (with the exception of Zn, Cd and Hg) are very hard and have 
low volatility.

 (c) Their melting and boiling points are high. The high melting points of these metals are 
attributed to the involvement of greater number of electrons from (n-1)d in addition to 
the ns electrons in the interatomic metallic bonding. In any row the meting points of 
these metals rise to a maximum at d5 except for anomalous values of Mn and Tc and 
fall regularly as the atomic number increases.

 (d) They have high enthalpies of atomisation. In general, greater the number of valence 
electrons, stronger is the resultant bonding. Since the enthalpy of atomisation is an 
important factor in determining the standard electrode potential of a metal, metals with 
very high enthalpy of atomisation (i.e., very high boiling point) tend to be noble in their 
reactions.

3 d and f Block Elements
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 (ii) Variation in Atomic and Ionic Sizes of Transition Metals
  In general, ions of the same charge in a given series show progressive decrease in radius 

with increasing atomic number. This is because the new electron enters a d orbital each 
time the nuclear charge increases by unity. It may be recalled that the shielding effect of 
a d electron is not that effective, hence the net electrostatic attraction between the nuclear 
charge and the outermost electron increases and the ionic radius decreases. The same trend 
is observed in the atomic radii of a given series. However, the variation within a series is 
quite small. An interesting point emerges when atomic sizes of one series are compared 
with those of the corresponding elements in the other series. This phenomenon is associated 
with the intervention of the 4f orbitals which must be filled before the 5d series of elements 
begin. The filling of 4f before 5d orbital results in a regular decrease in atomic radii called 
Lanthanoid contraction which essentially compensates for the expected increase in atomic 
size with increasing atomic number. The net result of the lanthanoid contraction is that the 
second and the third d series exhibit similar radii (e.g., Zr 160 pm, Hf 159 pm) and have 
very similar physical and chemical properties much more than that expected on the basis 
of usual family relationship.

 (iii) Ionisation energies of transition elements are higher than those of s-block elements but lower 
than p-block elements. It generally increases from left to right in the series.

 (iv) Transition metals exhibit a variety of oxidation states.
  The variable oxidation states of transition metals are due to involvement of ns and (n-1)

d-electrons in bonding.
 (v) Most of the transition metals are sufficiently electropositive. They react with mineral acids 

liberating H2 gas.
 (vi) Transition elements and many of their compounds are paramagnetic.
 (vii) Formation of coloured compounds (both in solid state as well as in aqueous solution) is 

another very common characteristic of transition metals. This is due to absorption of some 
radiation from visible light to cause d-d transition of electrons in transition metal atoms.

 (viii) In contrast to s and p-block elements, the transition elements have the ability to form 
complexes. This is because these elements

 (a) have small highly charged ions, and
 (b) contain vacant d-orbitals.

 (ix) Many transition metals and their compounds act as catalysts in a variety of reactions.
 (x) Transition metals form a large number of interstitial compounds.
 (xi) A large number of alloys are formed by transition metals. It is due to their atoms mutually 

substituting their positions easily in their metal crystal lattices.
 (xii) The oxides of transition metals in lower oxidation states are generally basic in nature and 

those in higher oxidation states are amphoteric or acidic in nature.
 (xiii) The f-block elements have been divided in two series depending upon the fact whether the 

last electron (differentiating electron) enters 4f-orbitals or 5f-orbitals and accordingly called 
lanthanides or actinides respectively.

 (xiv) Actinides show several oxidation states but +3 oxidation state is most common. The highest 
oxidation state shown by actinides is +7.

 9. Properties of the lanthanides
 (i) General electronic configuration is [Xe] 4f1-14 5d0-1 6s2.
 (ii) The metals are silvery-white in colour. They are malleable, ductile, have low tensile strength 

and are good conductors of heat and electricity.
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 (iii) They have relatively high density and possess high melting points.
 (iv) The lanthanides exhibit a principal oxidation state of +3. However, some elements also exhibit 

+2 (Eu2+) and +4 (Ce4+) oxidation states.
 (v) Many of the lanthanide ions are coloured due to the electronic transition between different 

4f-levels.
 (vi) The majority of the lanthanide ions exhibit paramagnetism due to the presence of unpaired 

electrons. The lanthanide ions that do not exhibit paramagnetism are those with either no 
4f-electrons, e.g., La3+ and Ce4+ or with a completed 4f-level, e.g., Yb2+ and Lu3+.

 (vii) The lanthanides readily tarnish in air and burn to give trioxides (except caesium, which forms 
CeO2).

 (viii) The oxides and hydroxides of the lanthanides are basic in character.
 (ix) The lanthanide compounds are generally predominantly ionic.

 10. The gradual decrease in atomic size across the first f-transition element series is called lanthanoid 
contraction.

 11. Properties of actinides
 (i) General electronic configuration is (Rn) 5f  0-14 6ds0-1 7s2.
 (ii) The elements are all silvery white metals.
 (iii) The melting points of the actinides are moderately high.
 (iv) The ionic size of the actinides decreases gradually along the series.
 (v) The actinides have the ability to exhibit several oxidation states. However, +4 oxidation state 

is preferred in actinides.
 (vi) Some actinoid elements can exist in +6 oxidation state, e.g., uranium, neptunium and 

plutonium.
 (vii) Many actinide elements are radioactive. The elements beyond uranium are man-made.
 (viii) The actinides have a much greater tendency to form complexes than lanthanides.

 12. There are many useful applications of the d and f-block elements and their compounds, notable 
among them being in varieties of steels, catalyst, complexes, organic syntheses, etc.

QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. Identify the incorrect statement among the following :
  (a) d-block elements show irregular and erratic chemical properties among themselves.
  (b) La and Lu have partially filled d-orbitals and no other partially filled orbitals.
  (c) The chemistry of various lanthanoids is very similar.
  (d) 4f and 5f orbitals are equally shielded.

 2. The actinoids exhibits more number of oxidation states in general than the lanthanoids. This is 
because :

  (a) The 5f orbitals are more buried than the 4f orbitals.
  (b) There is a similarity between 4f and 5f in their angular part of the wave function.
  (c) The actinoids are more reactive than the lanthanoids.
  (d) The 5f orbitals extend further from the nucleus than the 4f orbitals.
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 3. In context with the transition elements, which of the following statements is incorrect?
  (a) In the highest oxidation states of the first five transition elements (Sc to Mn), all the 4s 

and 3d electrons are used for bonding.
  (b) Once the d5 configuration is exceeded, the tendency to involve all the 3d electrons in 

bonding decreases.
  (c) In addition to the normal oxidation states, the zero oxidation state is also shown by these 

elements in complexes.
  (d) In the highest oxidation states, the transition metal show basic character and form cationic 

complexes.

 4. Knowing that the chemistry of lanthanoids (Ln) is dominated by its +3 oxidation state, which of 
the following statements is incorrect?

  (a) Ln (III) compounds are generally colourless.
  (b) Ln (III) hydroxides are mainly basic in character.
  (c) Because of the large size of the Ln (III) ions the bonding in its compounds is predominantly 

ionic in character.
  (d) The ionic sizes of Ln(III) decrease in general with increasing atomic number.

 5. The correct order of Eo 
M2+/M values with negative sign for the four successive elements Cr,Mn,Fe 

and Co is :
  (a) Cr > Mn > Fe > Co   (b) Mn > Cr > Fe > Co

  (c) Cr > Fe > Mn > Co   (d) Fe > Mn > Cr > Co

 6. The content of the lanthanoids, which of the following statements is not correct?
  (a) Because of similar properties the separation of lanthanoids is not easy.
  (b) Availability of 4f electrons results in the formation of compounds in +4 state for all the 

members of the series.
  (c) There is a gradual decrease in the radii of the members with increasing atomic number in 

the series.
  (d) All the members exhibit +3 oxidation state.

 7. Which is not a correct statement :
   (At Nos, Ce = 58, Lu = 71, La = 57, Yb = 70)
  (a) Ce4+ has f ° configuration  (b) Lu3+ has f 14 configuration

  (c) Colour of Yb 3+ ion is pink (d) La3+ is diamagnetic

 8. Which of the following forms stable +4 oxidation state?
  (a) La (Z = 57) (b) Cu (Z = 63) (c) Gd (Z = 64) (d) Ce (Z = 58)

 9. The d-electron configuration of Cr2+, Mn2+, Fe2+ and Co2+ are d4, d5, d6 and d7 respectively which 
one of the following will exhibit the lowest paramagnetic behaviour?

  [At Nos. Cr = 24, Mn = 25, Fe = 26, Co = 27]

  (a) [Cr(H2O)6]
2+ (b) [Co(H2O)6]

2+ (c) [Mn(H2O)6]
2+ (d) [Fe(H2O)]2+

 10. Which of the following paramagnetic ions would exhibits magnetic moment (spin only) of the 
order 5BM? (At. no. Mn = 25) 

  Mn = 25, Cr = 24, V = 23, Ti = 22

  (a) V2+ (b) Ti2+ (c) Mn2+ (d) Cr2+
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 11. What would be magnetic moment of Gd3+ (Z = 64)?
  (a) 7.9 BM (b) 3.62 BM (c) 10.60 BM (d) 9.72 BM

 12. Iron exhibits +2 and +3 oxidation state. Which of the following statements about iron is 
incorrect?

  (a) Famous compounds are more easily hydrolysed then the corresponding ferric compounds.
  (b) Ferrous oxide is more basic in nature than the ferric oxide. 
  (c) Ferrous compounds are relatively more ionic than the corresponding ferric compounds.
  (d) Ferrous compounds are less volatile than the corresponding ferric compounds.

 13. The colour of light absorbed by an aqueous solution of CuSO4 is :
  (a) Orange-red (b) Blue green (c) Yellow (d) Violet

 14. Which of the following arrangements does not represent the correct order of the property stated 
against it?

  (a) V2+ < Cr2+ < Mn2+ < Fe2+ : Paramagnetic behaviour
  (b) Ni2+ < Co2+ < Fe2+ < Mn2+ : Ionic size
  (c) Co3+ < Fe3+ < Cr3+ < Sc3+ : Stability in aqueous solution
  (d) Sc < Ti < Cr < Mn : Number of oxidation states

 15. Four successive members of the first row transition elements are listed below with atomic 
numbers. Which one of them is expected to have the highest E°

m3+/m2+ value?
  (a) Cr (Z = 24) (b) Mn (Z = 25) (c) Fe (Z = 26) (d) Co (Z = 27)

 16. The colour of KMnO4 is due to :
  (a) L → M charge transfer transition (b) σ – σ transition
  (c) M → L charge transfer transition (d) d – d transition

 17. Disproportion can be shown by
  (a) MnO4

2– in acidic medium  (b) Cu+ in aqueous medium
  (c) Cl2 in alkaline medium   (d) All of these

 18. With increase on atomic number the ionic radii of actinides :
  (a) Contract slightly   (b) Increase gradually
  (c) Show no change   (d) Change irregularly

 19. In aqueous solution Eu2+ acts as :
  (a) an oxidising agent   (b) reducing agent
  (c) can act as redox agent   (d) none of these

 20. The highest oxidation states of transition elements are found to be the combination with A and 
B, which are :

  (a) F, O (b) O, N (c) O, Cl (d) F, Cl

ANSWERS

 1. (d) 2. (d) 3. (d) 4. (a) 5. (b) 6. (b) 7. (c) 8. (d) 9. (d)
 10. (c) 11. (a) 12. (a) 13. (a) 14. (a) 15. (d) 16. (a) 17. (d) 18. (a)
 19. (b) 20. (a)
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B. Fill in the Blanks  [1 Mark]

  1.  In the first transition series, the maximum number of oxidation states is shown by _________.

 2. Transition metals act as good catalyst as they provide ______________ surface area and 
_____________ oxidation states.

 3. Silver and gold atoms have nearly the same atomic radii due to ____________.

 4. Zn, Cd and _____________ are _____________ metals.

 5.  _____________ are not considered as transition element as it has completely filled d10 

 configuration in its atomic state as well as common oxidation state.

 6. Ti(III) has ___________ configuration whereas Ti(IV) has _________ configuration.

 7. The general outer shell electronic configuration of transition elements is ____________.

 8. The only metal which has a positive standard reduction potential in the first transition series is 
__________.

 
ANSWERS

 1. Manganese 2. large, variable 3. lanthanoid contraction 4. Hg, non-transition
 5. Zn, Hg & Cd 6. d1 , d° 7. (n-1)d1–10 ns0–2 8. Copper

C.  Match the Following  [1 Mark]

 1. Column I (catalyst)  Column II (process)

  (a) Ni in the presence of H2 (i) Contact process 

  (b) Cu2Cl2 (ii) Vegetable oil to ghee

  (c) V2O5 (iii) Sandmeyer reaction

  (d) Finely divided iron (iv) Haber’s process

  2. Column I (Aqueous solution of salt)   Column II (colour)

  (a) FeSO4.7H2O (i) Green

  (b) NiCl2.4H2O (ii) Light Pink

  (c) MnCl2.4H2O (iii) Pink

  (d) CoCl2.6H2O (iv) Pale green

 3. Column I   Column II

  (a) Oxidation state of Mn in MnO2 is (i) +2

  (b) Most stable oxidation of Mn is (ii) +3

  (c) Most stable oxidation state of Mn in oxides is (iii) +4

  (d) Characteristics oxidation state of lanthanoids is (iv) +7

ANSWERS
 1. (a) (ii) (b) (iii) (c) (i) (d) (iv) 2. (a) (iv) (b) (i) (c) (ii) (d) (iii)
 3. (a) (iii) (b) (i) (c) (ii) (d) (iv)
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D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : The most common oxidation state exhibited by actinides is +2.
  Reason (R) : All actinides possess two electrons in 7s subshell.

 2. Assertion (A) : Zn2+ ion is diamagnetic.
  Reason (R) : The electrons are lost from 4s orbital to form Zn2+ ion.

 3. Assertion (A) : Zn, Cd and Hg cannot be regarded as transition elements.
  Reason (R) : These elements do not belong to the d-block of the periodic table.

 4. Assertion (A) : The basic strength of oxides and hydroxides of lanthanoids decrease with increase 
  in atomic number.

  Reason (R) : The size of cation of lanthanoids increases with increase in atomic number.

 5. Assertion (A) : The pair of elements Zr-Hf, Wb-Ta, Mo-w..... Pd-Pt, Ag-Au posses almost the 
  same values of atomic radii.

  Reason (R) : The occurrence of lanthanide contraction cancels the expected increase in the 
    atomic radii values from Hf to Hg.

 6. Assertion (A) : Lanthanoids show less oxidation states than actinoids.
  Reason (R) : 4f subshell is deep-seated than 5f.

 7. Assertion (A) : AgBr is yellow coloured.
  Reason (R) : AgBr is unstable in presence of sunlight.

 8. Assertion (A) : Lu(OH)3 is more basic than Ce(OH)3.
  Reason (R) : Lu3+ has smaller size than Le3+.

ANSWERS

 1. (d) 2. (b) 3. (c) 4. (c) 5. (a) 6. (a) 7. (b) 8. (d)

E.  Short Answer Type Questions [2 Marks]

 1. Use the data to answer the following and also justify giving reason :
      Cr Mn  Fe Co
   E°

m2+/m   –0.91 –1.18 –0.44 –0.28

   E°
m3+/m2+   –0.41 +1.57 +0.77 +1.97

 (i) Which is a stronger reducing agent in aqueous medium, Cr2+ or Fe2+ and why?
 (ii) Which is the most stable ion in +2 oxidation and why?
 Ans.  (i) Higher value of electrode potential indicates, strong oxidising agent.
  Hence, out of Cr2+ or Fe2+, Cr2+ is easily oxidised to Cr3+.
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 (ii)  Cr24 → [Ar]3d5 4s1 

 Mn2+ has 3d5 configuration,
which is most stable.

   Cr2+ → [Ar]3d4  

   Mn25 → [Ar]3d5 4s2

   Mn2+ →	 [Ar]3d5

   Fe26 → [Ar]3d6 4s2

   Fe2+ →	 [Ar]3d6

   Co27 →	 [Ar]3d7 4s2

   Co2+ →	 [Ar]3d7

 2. What is lanthanoid contraction? Write its consequence? 
 Ans. Lanthanoid contraction is steady decrease in atomic radii with increase in atomic number due to 

poor shielding effect of 4f orbital electrons.
  Consequence: 5d series have almost same size as 4d series.

 3. Give reasons for the following :
 (i) Manganese has lower melting even though it has a higher number of unpaired electrons for 

bonding.
 (ii) Ce4+ is a strong oxidising agent. 
 Ans.  (i) Manganese possesses lower melting point even though it has higher number of unpaired 

electrons because it has stable 3d5 4s2 configuration, i.e., electrons are held tightly by 
nucleus so that the delocalisation in less and the metallic bond is much weaker than that of 
proceeding element.

 (ii) This is because Ce4+ tends to change in Ce3+ by gaining one electron as +3 oxidation state 
is more stable. The Eo value Ce4+/Ce3+ is 1.74 V which suggests that it can oxidise water.

 4. Give reasons for the following:
 (i) Transition elements and their compounds act as catalysts.
 (ii) Actinoids show irregularities in their electronic configuration.
 Ans. (i) The catalytic activity of transition metals is attributed to the following reasons :
 (a) Because of their variable oxidation states transition metals form unstable intermediate 

compounds and provide a new path with lower activation energy for the reaction.
 (b) In some cases, the transition metal provides a suitable large surface area with free 

valencies on which reactants are adsorbed. 
  (ii) Because the energy differences between 5f, 6d and 7s subshells are very small.

 5. Give reasons :
 (i) Iron has higher enthalpy of atomisation then copper.
 (ii) Sc3+ is colourless in aqueous solution whereas Ti3+ is coloured.
 Ans. (i) More number of unpaired electrons, higher is the enthalpy of atomisation. As Fe(3d6 4s2) 

has four unpaired electrons in 3d subshell whereas Cu(3d10 4s1) has only one electron is 4s 
subshell. Therefore, metallic bonds in Fe are much stronger than those in Cu and hence Fe 
has higher enthalpy of atomisation than copper.

 (ii) Sc3+ (3d0) has no d electron to absorb light for d-d transition and hence it is colourless in 
aqueous solution. Ti3+ (3d1) has one electron in d orbital which can absorb light on visible 
region for d-d transition and hence it is coloured in aqueous solution.

 6. In the following ions : Mn3+, V3+, Cr3+, Ti4+

  (Atomic no : Mn = 25, V = 23,  Cr = 24, Ti = 22)
 (i) Which ion is most stable in aqueous solution?
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 (ii) Which ion is the strongest oxidising agent?
 (iii) Which is colourless?
 (iv) Which ion has the higher number of unpaired electrons?
 Ans. (i) Cr3+ because half filled t3

2g level.
 (ii) Mn3+, as the change from Mn3+ to Mn2+ results in stable half-filled (d5) configuration.
 (iii) Ti4+, as Ti4+ has empty d-orbitals therefore d-d transition cannot occur in Ti4+.
 (iv) Mn3+ (3d4 4s0). It has 4 unpaired electrons.

 7. Account for the following :
   Eo

(M2+/M) values for transition metals show irregular variation.
 Ans. The irregular variation in Eo

M2+/M for transition metals is due to irregular variation in ionisation 
enthalpies (∆iH + ∆iH2) and also the sublimation enthalpies which are relatively much less for 
Mn (240 kJ mol–1) and V (470 kJ mol–1)

 8. Write one similarity and one difference between the chemistry of lanthanoid and actinoid 
elements.

 Ans. Similarity between lanthanoids and actinoids
 (i) Both lanthanoids and actinoids are electro-positive.
 (ii) Both lanthanoids and actinoids mainly show an oxidation state of +3 (any one).

  Differences between lanthoids and actinoids
 (i) Lanthanoid contraction is smaller than the actinoid contraction.
 (ii) Lanthanoids except promethium are non-radioactive metals while actinoids are radioactive 

metals.

 9. Explain the following observations.
  (i) Zinc is not regarded as a transition element.
 (ii) Generally there is an increase in density of elements from titanium (Z = 22) to copper 

(Z = 29) in the first series of transition elements.
 Ans. (i) Zinc has completely filled d-orbitals (3d10). 
  Hence, it is not regarded as a transition element.
 (ii) This is due to lanthanoid contraction (i.e. due to filling of 4f orbitals which have poor 

shielding effect.)

 10. Account for the following :
 (i) CuCl2 is more stable than Cu2Cl2.
 (ii) Atomic radii of 4d and 5d series elements are nearly same.
 Ans. (i) CuCl2 is more stable than Cu2Cl2. The higher stability of Cu2+ in aqueous solutions may be 

attributed to its greater ∆HydH° than that of Cu+. It compensate the second ionisation enthalpy 
of Cu involved in the formation of Cu2+ ions.

 (ii) This is due to filling of 4f orbitals which have poor shielding effect (Lanthanoid contraction).

 11. Give reason for the following :
 (i) E° value for (Mn3+/Mn2+) is highly positive than that for (Cr3+/Cr2+) couple.
 (ii) The chemistry of actinoids elements is not so smooth as that of the lanthanoids.

 Ans.  (i) Much large third ionisation energy of Mn where required change is stable half filled d5 to 
d4 is mainly responsible for this.

 (ii) This is due to much smaller energy difference between 5f, 6d & 7s subshells of actinoids 
than 4f, 5d and 6s subshells of lanthanoids.
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 12. Justify on the basis of Lanthanoid Contraction.
 (i) Radii of 4d and 5d block elements.
 (ii) Trends in acidic character of lanthanoids oxides.
 Ans.  (i) Due to lanthanoid contraction, radii of 4d and 5d block elements are nearly equal.
 (ii) The basic character decreases or acidic character increases as covalent character of oxides 

increases from La to Lu.

 13. (i) Which of the following ions are expected to be coloured?
   Ni2+, Ti3+, Cu+, Sc3+, Zn2+

 (ii) How many unpaired electrons are present in each of the following?
   Fe3+, Co2+, Zn2+

 Ans.  (i) Ni2+, Ti.3+ (ii) 5, 3, 0

 14. Write two uses of each Lanthanide and Actinides.
 Ans. Uses of lanthanides
 (i) Addition of about 3% misch metal to magnesium increases its strength and is used in making 

jet engine parts.
 (ii) Steel mixed with La, Ce, Pr and Nd is used in the manufacture of flame throwing tanks.

  Uses of actinides
 (i) Uranium salts impart green colour to glass.
 (ii) Thorium is used in the manufacture of fine rods for atomic reactors.

 15. Give reasons for the following :
 (i) Though copper, silver and gold have completely filled sets of d-orbitals yet they are 

considered as transition metals.
 (ii) Transition elements have many irregularities in their electronic configuration.
 Ans.  (i) There metals in their common oxidation states have incompletely filled d-orbitals.
  e.g., Cu2+ has 3d9 and Au3+ has 5d8 configuration.
 (ii) In the transition elements, the (n-1)d subshell and ns subshell have very small difference 

in energy. The incoming electron may enter into ns or (n-1)d subshell. Hence, they show 
irregularities in their electronic configurations.

F. Long Answer Type Questions [3 Marks]

 1. Give Reasons for the following :
 (i) The only oxidation state shown by Scandium is +3.  (ii) [Ti(H2O)6]

4+ is colourless.
 (iii) MnO is basic while Mn2O7 is acidic.

 Ans. (i) The only oxidation state shown by Sc is +3 because in this +3 oxidation state scandium has 
stable d° configuration.

 (ii) In [Ti(H2O)6]
4+, the oxidation state of Ti is +4 and it has empty d orbitals due to which no 

radiation is absorbed for d-d transition and hence it is colourless.
 (iii) The oxide in the lower oxidation state of a metal is basic (as it has electrons to donate) while 

in the higher oxidation state of the metal it is acidic. This is why MnO
+3

 is basic whereas 
Mn2O7

+7
 is acidic.

 2. Answer the following :
 (i) What is the general electronic configuration of lanthanoids?
 (ii) What are the common oxidation states of Cerium (At no. 58)?



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 47

 (iii) Why do actinoids show a wide range of oxidation states?

 Ans. (i) 4f  1–14 5d 0–1 6s2 (ii) +3 and +4
 (iii) Actinoids show a wide range of oxidation states due to comparable energies of 5f, 6d and 

7s orbitals in actinoids.

 3. Account for the following :
 (i) Manganese shows maximum number of oxidation states in 3d series.
 (ii) E° value for Mn3+/Mn2+ couple is much more positive that for Cr3+/Cr2+.
 (iii) Ti4+ is colourless whereas V4+ is coloured in aqueous solution.
 Ans. (i) Mn25 has electronic configuration 3d5 4s2.
  As all the seven electrons of 3d and 4s subshell can participate in bond formation, therefore, 

its shows maximum number of oxidation state (+2 to +7) in 3d series.
 (ii) The positive E° value for Mn3+/Mn2+ couple is due to much higher third ionisation of Mn 

where the change is d5 (extra stable) to d4.
 (iii) Ti4+ has no d electrons, therefore it is colourless in aqueous solution while V4+ has one 

unpaired electron in d orbitals, which can absorbs radiation in visible region for d-d transition 
and hence coloured in aqueous solution.

 4. Answer the following :
 (i) Write one difference between transition elements and p-block elements with reference to 

variability of oxidation states.
 (ii) Why do transition metal exhibit higher enthalpies of atomisation.
 (iii) Name an element of lanthanoid series which is well known to show +4 oxidation state. Is 

it a strong oxidising agent or reducing agent?
 Ans. (i) In transition elements, the oxidation states differ from each other by unity, e.g., Fe3+ and Fe2+ 

etc., while in non-transition elements (p-block elements), the oxidation states differ by two, 
e.g., Pb4+ and Pb2+, etc.

 (ii) Transition metal exhibit higher enthalpies of atomisation because they have strong metallic 
bonds as they have a large number of unpaired electrons.

 (iii) Cerium is well known to show +4 oxidation state. The E° value for Ce4+/Ce3+ is 1.74 V 
which shows that it is a strong oxidising agent.

 5. Give reasons for the following :
 (i) Transition metals form complex compounds
 (ii) E° value for (Zn2+/Zn) and (Mn2+/Mn) are more negative than expected.
 (iii) Actinoids show wide range of oxidation, states.
 Ans. (i) The tendency to form complex compounds is due to :
  ♦ Small size and high charge on metal ion.
  ♦ The availability of d orbitals for accommodating electrons donated by the ligand.
 (ii) E° values for Zn2+/Zn and Mn2+/Mn are more negative than expected is due to fact that after 

removal of electrons from orbital, stable 3d10 configuration in case of zinc and stable 3d5 
configuration in case of manganese is attained.

 (iii) Actinoids show wide range of oxidation states due to comparable energies of 5f, 6d and 7s 
orbitals in actinoids.

 6. Give reasons for the following :
 (i) Transition metals show variable oxidation states.
 (ii) E° value for (Zn2+/Zn) is negative while that of (Cu2+/Cu) is positive.
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 (iii) Higher oxidation state of Mn with fluorine is +4 whereas with oxygen is +7.
 Ans. (i) Transition elements show variable oxidation states because electrons in ns and (n-1) d orbitals 

are available for bond formation as they have nearly.
 (ii) Negative E° value for Zn2+/Zn is due to extra stability of fully filled 3d orbitals of Zn2+ (3d10). 

On the other hand, the sum of sublimation enthalpy and ionisation enthalpy to convert Cu(s) 
to Cu2+(aq) is so high that it is not balanced by hydration enthalpy of Cu2+. Therefore E° 
value for Cu2+/Cu is positive.

 (iii) This is because oxygen stabilises manganese more than fluorine by forming multiple bonds.

 7. How would you account the following :
 (i) The oxidising power of oxonions are in the order VO2

+ < Cr2O7
2– < MnO4

–

 (ii) Cr2+ is a stronger reducing agent than Fe2+.
 (iii) Cu+ ion is not known in aqueous solutions.
 Ans. (i) The oxidising power of oxoanions are in the order VO2

+ < Cr2O7
2– < MnO4

–, this is due to 
increase in the oxidation state of the metal ion.

 (ii) Cr2+ is a stronger reducing agent than Fe2+ as its configuration changes from d4 to d3, a more 
stable half filled t2g configuration.

 (iii) Cu+ ion is not known in aqueous solutions because Cu2+ ions are more stable due to more 
negative ∆Hhyd of Cu2+ than Cu+, which compensates for the second ionisation enthalpy of 
Cu.

 8. Explain the following observations :
 (i) There is a close similarity in physical and chemical properties of the 4d and 5d series of the 

transition elements, much more than expected on the basis of usual family relationship.
 (ii) There is a gradual decrease in the atomic size of transition elements in the series with 

increasing atomic numbers.
 (iii) Lanthanum and Lutetium do not show colouration in solutions. (At. No. : La = 57, Lu = 71)

 Ans. (i) There is a close similarity in physical and chemical properties of the 4d and 5d series of the 
transition elements much more than expected on the basis of usual family relationship. This 
is because 5d and 4d series elements have virtually the same atomic radii and ionic radii 
due to lanthanide contraction. Due to equality in size of Zr and Hf, Nb and Ta, Mo and Ul 
etc., the two elements of pair have the same properties.

 (ii) There is a gradual decrease in the atomic sizes of transition elements in a series with 
increasing atomic numbers due to poor shielding effect of d-electrons, the net electrostatic 
attraction between the nucleus and the outermost electrons increases.

 (iii) Lanthanum and Lutetium do not show colouration in solutions because both the elements 
exhibit +3 oxidation state in their compound thus their cations do not posses any unpaired 
electrons in them.

 9. Give reasons for the following :
 (i) Transition metals form alloys. (ii) Eu2+ is a strong reducing agent.
 (iii) The transition metals generally from coloured compounds.
 Ans. (i) The transition metals have similar radii and other characteristics. Therefore, there metals 

can mutually substitute their position in their crystal lattices and form alloys. The alloys so 
formed are hard and often have high melting point.

 (ii) The most common oxidation state of lanthanoid is +3. Therefore, Eu2+ tends to change to 
+3 oxidation state by losing one electron. Hence, Eu2+ is a strong reducing agent.
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 (iii) This is due to d-d transition. Under the influence of the ligand attached, the d-orbitals in a 
transition metal complex split in two sets of orbitals having slightly different energies. When 
white light falls on these complexes they absorb a particular colour from the white light for 
the promotion of electrons and remaining colours are emitted. The colour of the complex 
is due to this emitted radiations.

 10. State reasons for the following :
 (i) Unlike Cr3+, Mn2+, Fe3+ and the subsequent other M2+ ions of the 3d series of elements, 

the 4d series and the 5d series metals generally do not form stable cationic species.
 (ii) Cr2+ is reducing in nature while with the same d-orbital configuration (d4) Mn3+ is an 

oxidising agent.
 (iii) In a transition series of metal, the metal which exhibit the greatest number of oxidation 

occurs in the middle of the series.
 Ans. (i) Due to lanthanoid contraction the expected increase in size does not occur.
 (ii) Cr2+ is reducing as its configuration changes from d4 to d3, a more stable half filled t2g 

configuration while Mn3+ is oxidising as Mn3+ to Mn2+ results a more stable half filled 
d5 configuration.

 (iii) It is due to greater number of unpaired electrons in (n-1)d and ns orbitals at the middle of 
the series.

 11. On the basis of Lanthanoid contraction, explain the following :
 (i) Nature of bonding in La2O3 and Lu2O3.
 (ii) Trends in the stability of oxosalts of lanthanoids from La to Lu.
 (iii) Stability of the complexes of lanthanoids.
 Ans. (i) La2O3 is more ionic and Lu2O3 is more covalent due to increase in covalent character from 

La to Lu.
 (ii) Stability of oxosalts of lanthanoids from La to Lu decreases as the size decreases.
 (iii) As the size of lanthanoids decreases, change/size ratio increases and hence the stability of 

the complexes increases.

 12. Answer the following questions :
 (i) Which element of the first transition series has highest second ionisation enthalpy?
 (ii) Which element of the first transition series has highest third ionisation enthalpy?
 (iii) Which element of the first transition series has lowest enthalpy of atomisation?
 Ans. (i) Cu, As its configuration is 3d10 4s1. After loss of one electron from 4s it acquires stable 3d10 

configuration. Hence, removal of 2nd electron is very difficult.
 (ii) Zn. This is because Zn = 3d10 4s2 and Zn2+ is 3d10 which is stable electronic configuration 

hence removal of 3rd electron requires very high energy.
 (iii) Zn. This is because it has completely filled 3d subshell and no unpaired electron is available 

for metallic bonding.

 13. Answer the following :
 (i) Name the third and fourth transition elements of first transition series.
 (ii) What is the theoretical magnetic moment of Ti3+ ion?
 (iii) Which of the two V(+5) or V(+4) is diamagnetic?

 Ans. (i) Vanadium, Chromium  (ii) 1 1 2+� �  = 1.732 B.M. (iii) V(+5)
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 14. What is Actinide Contraction? Compare Lanthanide and Actinides.
 Ans. Actinide Contraction: The size of the atoms or ions of actinides decrease regularly along the 

series as in the lanthanide series. The steady decrease in the ionic radii with increase in atomic 
number is actinide contraction. This is analogous to lanthanide contraction and is due to poor 
shielding of the nuclear charge by the 5f electrons.

  Comparison of Lanthanides and Actinides

Lanthanides Actinides
1. Lanthanides show mainly +3 oxidation 

state except in a few cases where it is 
+2 and +4.

In addition to +3 oxidation state, actinides also 
show higher oxidation states such as +4, +5, +6 
and +7.

2. The tendency to form complexes is less. They have a greater tendency to form complexes.
3. Lanthanide compounds are less basic. Actinide compounds are more basic.
4. They do not form oxo ions They form oxo ions such as UO2

+, NpO+, PuO.
5. Except promethium, these are non-

radioactive.
All the actinides are radioactive.

 15. Explain any three consequences of lanthanide contraction.
 Ans. Consequences of Lanthanide Contraction
 (i) Resemblance of second and third transition series
  As a result of lanthanide contraction the elements of second and third transition series 

resemble each other much more than the elements of first and second transition series.

 (ii) Similarity among Lanthanides 
  Because of very small change in radii of lanthanides, their chemical properties are quite 

similar. Thus, it is very difficult to separate the elements in pure state.

 (iii) Basicity difference 
  Due to lanthanide contraction, the size of lanthanide ions decrease regularly with increase in 

atomic number. As a result of this their covalent character between lanthanide ion and OH– 
ions increases from La3+ to Lu3+. Therefore, the basic strength of the hydroxide decreases 
with increase in atomic number.

 16. Account for the following :
 (i) Transition metal ions have high enthalpy of hydration.
 (ii) Chromium is a typical hard metal while mercury is a liquid.
 (iii) Most of the transition metals do not displace hydrogen from dilute acids.
 Ans.  (i) This is due to their small size and large nuclear charge. This is so because when we more 

along any transition series, the nuclear charge increases and size decreases.
 (ii) Cr have five unpaired d-electrons in the d-subshell (3d5 4s1). Hence, metallic bonds are very 

strong. In Hg, all the d orbitals are completely filled (3d10 4s2). Hence, the metallic bonding 
is very weak.

 (iii) This is because most of the transition metals have negative oxidation potentials.
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 SUMMARY 

 1. Co-ordination compounds:
 (a) A coordination compound contains a central metal atom or ion surrounded by number of 

oppositely charged ions or neutral molecules. These ions or molecules re-bounded to the 
metal atom or ion by a coordinate bond.

 (b) Example: K4[Fe(CN)6]
 (c) They do not dissociate into simple ions when dissolved in water.

 2. Double salt
 (a) When two salts in stoichiometric ratio are crystallised together from their saturated solution 

they are called double salts.
 (b) Example: FeSO4.(NH4)2SO4.6H2O (Mohr’s salt)
 (c) They dissociate into simple ions when dissolved in water.

  Coordination entity:
	 (a)	 A	coordination	 entity	 constitutes	 a	 central	metal	 atom	or	 ion	bonded	 to	 a	fixed	number	

of ions or molecules.
 (b) Example: In K4[Fe(CN)6], [Fe(CN)6]

4– represents coordination entity.

  Central atom or ion:
	 (a)	 In	a	coordination	entity,	the	atom/ion	to	which	a	fixed	number	of	ions/groups	are	bound	

in	 a	 definite	 geometrical	 arrangement	 around	 it,	 is	 called	 the	 central	 atom	or	 ion.
 (b) Example: In K4[Fe(CN)6], Fe2+ is the central metal ion.

  Ligands:
 (a) A molecule, ion or group that is bonded to the metal atom or ion in a complex or 

coordination compound by a coordinate bond is called ligand.
 (b) It may be neutral, positively or negatively charged.
 (c) Example: H2O, CN–, NO+ etc.

  Donor atom:
 (a) An atom of the ligand attached directly to the metal is called the donor atom.
 (b) Example: In the complex K4[Fe(CN)6], CN is a donor atom.

  Coordination number:
	 (a)	 The	coordination	number	(CN)	of	a	metal	ion	in	a	complex	can	be	defined	as	the	number	

of ligand donor atoms to which the metal is directly bonded.
 (b) Example: In the complex K4[Fe(CN)6], the coordination number of Fe is 6.

  Counter sphere:
 (a) The central atom/ion and the ligands attached to it are enclosed in a square bracket and 

are collectively termed as the coordination sphere.
 (b) Example: In the complex K4[Fe(CN)6], [Fe(CN)6]

4– is the coordination sphere. 

4 Coordination Compounds
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  Counter ions:
 (a) The ions present outside the coordination sphere are called counter ions.
 (b) Example: In the complex K4[Fe(CN)6], K

+ is the counter ion.

  Coordination polyhedron:
 (a) The spatial arrangement of the ligand atoms which are directly attached to the central 

atom/ion	defines	 a	 coordination	polyhedron	 about	 the	 central	 atom.
 (b) The most common coordination polyhedra are octahedral, square planar and tetrahedral.
 (c) Example: [PtCl4]

2– is square planar, Ni(CO)4 is tetrahedral while [Cu(NH3)6]
3+ is 

octahedral.

  Charge on the complex ion:
  The charge on the complex ion is equal to the algebraic sum of the charges on all the ligands 
  coordinated to the central metal ion.

  Denticity:
  The number of ligating (linking) atoms present in ligand is called denticity.

    Unidentate ligands:
 (a) The ligands whose only one donor atom is bonded to metal atom are called unidentate 

ligands.
 (b) Examples: H2O, NH3, CO, CN–

    Didentate ligands:
 (a) The ligands which contain two donor atoms or ions through which they are bonded 

to the metal ion.
 (b) Examples: Ethylene diamine (H2NCH2CH2NH2) has two nitrogen atoms, oxalate ion 

�

�
� �

�
�COO–

|
COO–

  has two oxygen atoms which can bind with the metal atom.

    Polydentate ligand:
 (a) When several donor atoms are present in a single ligand, the ligand is called 

polydentate ligand.
 (b) Examples: In N(CH2CH2NH2)3, the ligand is said to be polydentate and Ethylenediami-

netetraacetate ion (EDTA4–) is an important hexadentate ligand. It can bind through 
two nitrogen and four oxygen atoms to a central metal ion.

    Chelate:
 (a) An inorganic metal complex in which there is a close ring of atoms caused by 

attachment of a ligand to a metal atom at two points.
 (b) An example is the complex ion formed between 2+

en enCu

 
ethylene diamine and cupric ion, [Cu(NH2CH2NH2)2]

2+.

    Ambidentate Ligand:
 (a) Ligands which can ligate (link) through two different atoms present in it are called 

ambidentate ligand.
 (b) Example: NO2– and SCN. Here, NO2– can link through N as well as O while SCNV̅ 

can link through S as well as N atom.

 3. Werner’s coordination theory:
 (a) Werner was able to explain the nature of bonding in complexes.
 (b) The postulates of Werner’s theory are:
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 (i) Metal shows two different kinds of valencies: primary valence and secondary valence.
 (ii) The ions/groups bound by secondary linkages to the metal have characteristic special 

arrangements corresponding to different coordination numbers.
 (iii) The most common geometrical shapes in coordination compounds are octahedral, square 

planar and tetrahedral.

  Primary valence:
 (a) This valence is normally ionisable.
 (b) It is equal to positive charge on central metal atom.
	 (c)	 These	valencies	 are	 satisfied	by	negatively	 charged	 ions.
 (d) Example: In CrCl3, the primary valency is three. It is equal to oxidation state of central 

metal ion.

  Secondary valence: 
 (a) This valence is non-ionisable.
 (b) The secondary valency equals the number of ligand atoms coordinated to the metal. It 

is also called coordination number of the metal.
	 (c)	 It	 is	 commonly	 satisfied	 by	 neutral	 and	 negatively	 charged,	 sometimes	 by	 positively	

charged ligands.

  Oxidation number of central atom:
  The	 oxidation	 number	 of	 the	 central	 atom	 in	 a	 complex	 is	 defined	 as	 the	 charge	 it	 would 
  carry if all the ligands are removed along with the electron pairs that are shared with the 
  central atom.

  Homoleptic Complexes:
  Those complexes in which metal or ion is coordinate bonded to only one kind of donor 
  atoms. For example: [Co(NH3)6]

3+

  Heteroleptic complexes:
  Those complexes in which metal or ion is coordinate bonded to more than one kind of donor 
  atoms. For example: [CoCl2(NH3)4]

+, [Co(NH3)5Br]2+

 4. Isomers:
  Two or more compounds which have same chemical formula but different arrangement of atoms 

are called isomers.

  Types of isomerism:
 (a) Structural isomerism
 (i) Linkage isomerism (ii) Solvate isomerism or hydrate isomerism
 (iii) Ionisation isomerism (iv) Coordination isomerism

 (b) Stereoisomerism
 (i) Geometrical isomerism  (ii) Optical isomerism

  Structural isomerism:
 (a) It arises due to the difference in structures of coordination compounds.
 (b) Structural isomerism, or constitutional isomerism, is a form of isomerism in which molecules
  with the same molecular formula have atoms bonded together in different orders.

 (i) Linkage isomerism:
 (a) It arises in a coordination compound containing ambidentate ligand.
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 (b) In the isomerism, a ligand can form linkage with metal through different atoms.
 (c) Example: [Co(NH3)5ONO]Cl2 and [Co(NH3)5NO2]Cl2.

 (ii) Solvate isomerism:

 (a) It is isomerism in which solvent is involved as ligand.

 (b) If solvent is water it is called hydrate isomerism, e.g., [Cr(H2O)6]Cl3 and 
[CrCl2(H2O)4] Cl2.2H2O.

 (iii) Ionisation isomerism:

 (a) It arises when the counter ion in a complex salt is itself a potential ligand and can 
displace a ligand which can then become the counter ion.

 (b) Example: [Co(NH3)5Br]SO4 and [Co(NH3)5SO4]Br.

 (iv) Coordination isomerism:

 (a) This type of isomerism arises from the interchange of ligands between cationic and 
anionic entities of different metal ions present in a complex.

 (b) Example: [Co(NH3)6][Cr(C2O4)3] and [Cr(NH3)6][Co(C2O4)]3.

 5. Valence bond theory:
	 (a)	 According	to	this	theory,	the	metal	atom	or	ion	under	the	influence	of	ligands	can	use	orbitals	

of	 definite	 geometry	 such	 as	 octahedral,	 tetrahedral,	 and	 square	planar.
 (b) These hybridised orbitals are allowed to overlap with ligand orbitals that can donate electron 

pairs for bonding.

Coordination number Type of hybridisation

4 sp3 Tetrahedral

4 dsp2 Square planar

5 sp3d Trigonal bipyramidal

6 sp3d2 (nd orbitals are involved–outer orbital 
complex or high spin or spin free complex)

Octahedral

6 d2sp3 ((n-1)d orbitals are involved-inner 
orbital or low spin or spin paired complex)

Octahedral

 6. Magnetic properties of coordination compounds:
  A coordination compound is paramagnetic in nature if it has unpaired electrons and diamagnetic 

if all the electrons in the coordination compound are paired.

Magnetic moment µ = n n( + 2)  where n is number of unpaired electrons.

 7. Crystal Field Theory:
 (a) It assumes the ligands to be point charges and there is electrostatic force of attraction between 

ligands and metal atom or ion.
 (b) It is theoretical assumption.
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  Crystal field splitting in octahedral coordination complexes:

   

Metal d orbitals

Barycentre

Free metal ion

Average energy
of the orbitals ind

spherical crystal field

Splitting of orbitalsd

in octahedral
crystal field

dx2–y2

dxy dyz

dxy dxz dyz

t2g

e.g

2/5

3/5 �O

dz2 – y2dx2

Energy

dz2

dxz

�O

�O

  Crystal field splitting in tetrahedral coordination complexes:

  

Metal d orbitals

Barycentre

Free metal ion

Average energy
of the orbitals ind

spherical crystal field

Splitting of orbitalsd

in tetrahedral
crystal field

dx2–y2 dz dxy dxz dyz

eg

t 2g

3

5

�t

�

t

�

t

dxy dxz

Energy

dz2 –y2dx2

2

5

yzd

2

 ♦ For the same metal, the same ligands and metal-ligand distances, the difference in 

∆t = 
4
9

 ∆O

  energy between eg and t2g level is

 8. Metal carbonyls:
 (a) Metal carbonyls are homoleptic complexes in which carbon monoxide (CO) acts as the ligand.
 (b) Example: Ni(CO)4
 (c) The metal-carbon bond in metal carbonyls possess both s and p character.
 (d) The M-C σ bond is formed by the donation of lone pair of electrons from the carbonyl 

carbon into a vacant orbital of the metal.
 (e) The M-C π	 bond	 is	 formed	by	 the	donation	of	 a	pair	 of	 electrons	 from	a	filled	d orbital of 

metal into the vacant antibonding π* orbital of carbon monoxide.
 (f) The metal to ligand bonding creates a synergic effect which strengthens the bond between 

CO and the metal.

QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. Which of the following compounds will give the test of Fe2+ in aqueous solution?
  (a) K4[Fe(CN)6]   (b) K3[Fe(CN)6]

  (c) (NH4)2SO4.FeSO4 .24H2O   (d) None of these
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 2. Which of the following is not chelating agent?
  (a) Thiosulphato (b) Oxalato (c) Glycinato (d) Ethylene diamine

 3. When HgI2 is added to excess of aqueous KI, mercury largely exists as

  (a) Hg2Cl2 (b) [HgI3]
– (c) [HgI4]

2– (d) None of these

 4. Which of the following species is not expected to be a ligand?
  (a) N

+
O (b) NH4

+ (c) NH2–NH3
+ (d) CO

 5. Relation between CFSE in octahedral and tetrahedral complexes is :

  (a) ∆t = 
4
9
 ∆O (b) ∆O = 

4
9
 ∆t (c) 

∆t

∆O

 = 
5
9
  (d) 

∆O

∆t

 = 
5
9

 6. The formula of magnetic moment (µ) is:

  (a) n n �� �1  (b) n n �� �2  (c) n n +1� �  (d) n n + 2� �
 7. The IUPAC name for the coordination compound NaBH4 is :
  (a) Sodium boron hydride   (b) Sodium tetrahydrido boron (III)
  (c) Sodium tetrahydrido borate (III) (d) Sodium tetrahydrido borate (I) 

 8. Which one of the following is an outer orbital complex and exhibits paramagnetic behaviour?
  (a) [Ni(NH3)6]

2+ (b) [Zn(NH3)6]
2+ (c) [Cr(NH3)6]

3+ (d) [Co(NH3)6]
3+

 9. Red Precipitate is obtained when ethanol solution of dimethylglyoxime is added to ammoniacal 
Ni(II). Which of the following statements is not true?

  (a) Red complex has a square planar geometry
  (b) Complex has symmetrical H-bonding
  (c) Red complex has a tetrahedral geometry
  (d) Dimethylglyoxime functions as bidentate ligand.

dimethylglyoxime = 
H3C — C = N

—

—

—

H3C — C = N
OH

OH

 10. How spin complex of d6-cation	 in	 an	octahedral	field	will	 have	 the	 following	 energy.

  (a) 
–12
5

 ∆° + P   (b) 
–12
5

 ∆° + 3P

  (c) 
–2
5

 ∆° + 2P   (d) 
–2
5

 ∆° + P

 11. A magnetic moment at 1.73 BM will be shown by one among of the following :
  (a) TiU4 (b) [CoCl6] (c) [Cu(NH3)4]

2+ (d) [Ni(CN)4]
2–

 12. An excess of AgNO3 is added to 100 mL of a 0.01 M solution of dichlorotetraaquachromium 
(III) chloride. The number of moles of AgCl precipitated would be :

  (a) 0.003 (b) 0.01 (c) 0.001 (d) 0.002

 13. Crystal	field	 splitting	 energy	 for	 high	 spin	d4 octahedral complex is
  (a) –1.2 ∆O (b) –0.6 ∆O (c) –0.8 ∆O (d) –1.6 ∆O

 14. What is the oxidation state of Titanium (atomic no. 22) to have the value of magnetic moment 
of 1.73 BM?

  (a) +1 (b) +2 (c) +3 (d) +4
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 15. Which of the following ions would exhibit magnetic moment (spin only) of the order 5 BM?
  (a) V2+ (b) Ti2+ (c) Mn2+ (d) Cr2+

 16. The correct IUPAC name for [CrF2(en)2]Cl is
  (a) Chlorodifluoridoethylene-diaminechromium(III) chloride
  (b) Difluoridobis(ethylenediamine)chromium(III) chloride
  (c) Difluorobis(ethylenediamine)chromium(III) chloride
  (d) Chlorodifluoridobis(ethylenediamine)chromium (III)

 17. Which among the following is a paramagnetic complex?

  (a) [Co(NH3)6]
3+ (b) [Pt(en)Cl2] (c) [CoBr4]

2– (d) Mo(CO)6

	 	 (Al	No.	Mo	=	42,	Pt	=	78)

 18. Which is diamagnetic?
  (a) [Co(F6)]

3– (b) [Ni(CN)4]
2– (c) [NiCl4]

2– (d) [Fe(CN)6]
3–

 19. Among	 the	 following	 complexes	 the	 one	 which	 shows	 zero	 crystal	 field	 stabilization	 energy	
(CFSE) is :

  (a) [Mn(H2O)6]
3+ (b) [Fe(H2O)6]

3+ (c) [Co(H2O)6]
2+ (d) [Co(H2O)6]

3+

 20. Which of the following complexes is used to be as an anticancer agent?
  (a) mer-[Co(NH3)3Cl3] (b) cis-[PtCl2(NH3)2] (c) cis-K2[PtCl2Br2] (d) Na2CoCl4

ANSWERS

 1. (c) 2. (a) 3. (c) 4. (b) 5. (a) 6. (d) 7. (c) 8. (a) 9. (c)
 10. (b) 11. (c) 12. (c) 13. (b) 14. (c) 15. (c) 16. (b) 17. (c) 18. (b)
 19. (b) 20. (b)

B. Fill in the Blanks  [1 Mark]

  1.  _____________ are widely used in industry and laboratory in the separation of lanthanoids and 
actinoids.

 2. The ionizable groups that are written outside the brackets in a complex are called _________.

 3. The complexes in which the metal atom or ion is linked to more than one kind of ligands are 
called ___________.

 4. Oxidation number of Fe in K3[Fe(C2O4)3] is ___________.

  5.  The IUPAC name of complex [CO(NH3)6]Cl3 is __________.

 6. The structural formula of chlorodiammine platinum (II) ion ___________.

 7. [CO(NH3)6] [(CO(C2O4)3] and [CO(NH3)6] [Cr(C2O4)3] show ___________ type of isomerisation.

 8. The hybridisation in complex [Cr(NH3)6]
3+ is _____________. 

ANSWERS
 1. Chelates 2. Counter ions 3. Heteroleptic complexes 4. +3
 5. hexaammine cobalt (III) chloride 6. [Pt(NH3)2Cl (NO2)]
 7. Coordination isomerism 8. d2sp3
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C.  Match the Following  [1 Mark]

 1. Column I  Column II

  (a) H2O (i) Tetradentate

  (b) 
COO–

COO–
 (ii) Unidentate

  (c) FDTA (iii) Didentate

  (d) [Pt (trien)]2+ (iv) Hexadentate 

 2. Column I  Column II
  Complex  Geometry

  (a) [PtCl4]
2– (i) tetrahedral

  (b) [Ni(CO)4] (ii) trigonal bipyramidal

  (c) [CO(NH3)6]
3+ (iii) Octahedral

  (d) Fe(CO)5 (iv) Square planar

 3. Column I   Column II
	 	 (Metal	 ion	 configuration	on	 strong	 ligand	field)	 	(CFSE,	∆O Value)
  (a) d4 (i) –1.6
  (b) d5 (ii) –1.8
  (c) d6 (iii) –2.0
  (d) d7 (iv) –2.4

ANSWERS
 1. (a) (ii) (b) (iii) (c) (iv) (d) (i) 2. (a) (iv) (b) (i) (c) (iii) (d) (ii)
 3. (a) (i) (b) (iv) (c) (iii) (d) (ii)

D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : Mohr's salt, FeSO4.(NH4)2SO4.6H2O is not a coordination compound.
  Reason (R) : The aqueous solution of this salt gives the test of Fe2+, NH4

+ and SO4
2– ions.

 2. Assertion (A) : The complexes, [Co(pn)2Cl2]
+ and [Co(tn)2Cl2]

+ are ligand isomers.
  Reason (R) : The ligand-1, 2-diaminopropane can exist both as 1, 2-diaminopropane (pn) and 1, 
    3-diaminopropane (tr).

 3. Assertion (A) : The tetrahedral complexes can show geometrical isomerism.
  Reason (R) : This is because all the four ligands lie at the same distance from central metal 
    atom in a tetrahedral geometry.
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 4. Assertion (A) : The trans-[CoCl2(en)2]
+ is optically inactive.

  Reason (R) : It is symmetrical because it contains a plane of symmetry.
 5. Assertion (A) : The complex [Fe(H2O)6]

2+ is paramagnetic in nature.
  Reason (R) : It consists of two unpaired electrons.
 6. Assertion (A) : (CH3)3Al is a π-bonded organometallic compound.
  Reason (R) : It exists as a dimer.

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

E.  Short Answer Type Questions [2 Marks]

 1.  Write IUPAC name of the complex [Pt(en)2Cl2]. Draw structures of this complex.
 Ans. Dichlorido bis (ethane-1, 2-diamine) platinum (II)

Cl

Cl

en Pt

Cl

Cl

enen Pt

en

or

 2.  Using IUPAC norms, write the formulae for the following :
 (i) Hexaamminecobalt(III) sulphate (ii) Potassiumtrioxalatochromate(III)
 Ans. (i) [Co(NH3)6]2 (SO4)3  (ii) K3[Cr(C2O4)3]

 3. Out of [CoF6]
3– and [Co(en)3]

3+, which one complex is :
 (i) paramagnetic (ii) more stable (iii) inner orbital complex (iv) high spin complex
  [Atomic number of Co = 27]
 Ans. (i) [CoF6]

3– is more paramagnetic as it has 4 unpaired electrons.
 (ii) [Co(en)3]

3+ is more stable than [CoF6]
3– due to chelate effect.

 (iii) [Co(en)3]
3+ 

 (iv) [CoF6]
3– as F–	 is	 a	weak	field	 ligand.	

 4. Write the hybridisation and magnetic character of following complexes :
 (i) [Fe(H2O)6]

2+  (ii) [Fe(CO)5]
  [Atomic number of Fe = 26]
 Ans. (i) Fe2+[(Ar)3d64s0]

  [Fe (H2O)6]
2+ 

3d
 

4s 4p
xx xx xx xx

sp3d2

4d
xx xx

XX = electron pairs
from ligand H2O

 

  As H2O is a weak ligand 
  Hybridisation : sp3d2    Magnetic behaviour : Paramagnetic (4 unpaired e–)

 (ii) Fe : [Ar]3d0 4s2)

  Fe (CO)5 
3d 4s

dsp3 hybridisation

XX = electron pairs from ligand CO

4p
XX XX XX XX XX
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  Hybridisation : dsp3 
  Magnetic behaviour = Diamagnetic

 5. Write IUPAC name of the complex [Co(en)2 (NO2) Cl]+. What type of structural isomerism is 
drawn by this complex?

 Ans. Chlorido bis-(ethane–1,2-diamine) nitrito–N–Cobalt (III) ion. This complex shows linkage isomerism.

 6. (i) Although both [NiCl4]
2– and [Ni(CO)4] have sp3 hybridisation yet [NiCl4]

2– is paramagnetic 
and [Ni(CO)4] is diamagnetic. Give reason. [Atomic no. of Ni = 28]

	 (ii)	 Write	 the	 electronic	 configuration	of	 d5	 on	 the	basis	 of	 crystal	field	 theory	when
  (i) ∆O < P (ii) ∆O > P

 Ans. (i) Ni2+ = [(Ar)3d8]

  

3d

 

4s 4p
XX XX XX XX

sp3 hybridisation

XX = Electron pairs from ligand Cl–

 
  Ni = [(Ar)3d8 4s2]

  

3d 4s

sp3 hybridisation

4p
XX XX XX XX

 

XX = Electron pairs from ligand CO

  In (NiCl4)
2–, Cl– is a weak ligand therefore, electrons in 3d subshell do not pair up and these 

are two unpaired electrons in 3d subshell. Hence [NiCl4]
2– is paramagnetic. On the other 

hand in [Ni(CO)4]. CO is strong ligand therefore, electrons present in 4s orbital pair up with 
electrons present in 3d orbitals. Thus there is no unpaired electron present in 3d orbitals. 
Hence, it is diamagnetic.

 (ii) (i) t3
2geg

2 (ii) t5
2ge

0
g

 7.	 Define	 the	 following	 terms	with	 a	 suitable	 example	of	 each	 :
 (i) Chelate complex (ii) Ambidentate ligand

 Ans. (i) When a di-or polydentate ligand uses its two or more donor atoms Cl
Cl

Pt
CH2

CH2N

N

H2

H2

  to bind a single metal ion, a ring like structure is formed called 
chelate ring and the resulting complex is called chelate complex, 
e.g. [Pt Cl2(en)2].

 (ii) Ligand which can ligate through two different atoms is called ambidentate ligand e.g., NO2
– 

ion. It can coordinate either through nitrogen or oxygen to central metal atom/ion.

    M ← N
O

O
    M ← O — N = O 

     Nitrito — N        Nitrito — O

 8.	 Define	 the	 following	 terms	with	 a	 suitable	 example	of	 each	 :
 (i) Polydentate ligand  (ii) Homoleptic complex
 Ans. (i) When several donor atoms are present in a single ligand as in N(CH2CH2NH2)3, the ligand 

is said to be polydentate.
 (ii) The complex in which metal atom is bonded to only one kind of donor groups is called a 

homoleptic complex e.g. [Co(NH3)6]
3+.

 9. (i) Give one chemical test as an evidence to show that [Co(NH3)5Cl]SO4 and [Co(NH3)5SO4]Cl 
are ionisation isomers.
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 (ii) [NiCl4]
2– is paramagnetic while [Ni(CO)4] is diamagnetic though both are tetrahedral. Why?

  [Atomic number of Ni = 28]

 Ans. (i) [Co(NH3)5Cl]SO4 gives SO4
2– ions in the solution which will give white precipitate with BaCl2 

solution while [Co(NH3)5SO4]Cl gives Cl– ions in the solution give white precipitate with 
AgNO3 solution.

 (ii) In [NiCl4]
2– and [Ni(CO)4] the oxidation. State of Ni is +2 and O respectively and Cl is a 

weak ligand while CO is story ligand. Hence, pairing is not taking place is case of [NiCl4]
2– 

so it is paramagnetic while [Ni(CO)4] will be diamagnetic. Also, in [NiCl4]
2 and [Ni(CO)4] 

both have sp3 hybridisation. Hence, they have tetrahedral geometry.

 10. Why are different colours observed in octahedral and tetrahedral complexes for the same metal 
and same ligand?

 Ans. ∆t = 
4
9
�
�
�

�
�
�  ∆o . Thus ∆t is smaller than ∆o. Hence, less energy (higher wavelength) is absorbed by 

tetrahedral complexes than by octahedral complexes of the same metal and ligands. Therefore, 
the observed colours are different.

 11. What is the relationship between observed colour of the complex and the wavelength of light 
absorbed by the complex?

 Ans. When white light falls on the complex, some part of it is absorbed. Greater the CFSE, greater 

is the energy absorbed or shorter is the wavelength absorbed (E = 
hc
λ ). The observed colour is 

the complementary colour of the colour absorbed.

 12. Find primary and secondary valency of [Cr(ox)3]
3–.

 Ans. Primary valency (x) = +3    Secondary valency (C.N.) = 6

 13. Magnetic moment of [MnCl4]
2– is 5.92 BM.

  Explain giving reason.

 Ans. µ = n n + 2� �  BM, µ = 5.92 BM means n = 5, i.e., 5 unpaired electrons. Mn2+ = 3d5 4s0 4p0.

  To form [MnCl4]
2–, hybridisation will be sp3. Hence, the structure will be tetrahedral.

 14. What are factors affecting the magnitude of CFSE?
 Ans. Factors affecting the magnitude of orbital splitting energy (∆):
 (i) Oxidation state: Higher the value of oxidation state, higher the value of ∆.
 (ii) Nature of the metal ion: The elements of the second and third transition series have greater 

tendency	to	form	low	spin	complex	then	the	first	transition	series.	In	d-block elements within 
the same group, as we move from 3d to 4d to 5d elements, the ∆O increases and hence the 
tendency to form low spin complexes increases.

 (iii) Geometry of the coordination entity: ∆t = 4
9

 ∆o. So, ∆ value for tetrahedral complexes is 
nearly 50% of the ∆ value for octahedral complexes.

 (iv) Nature of the ligand: For the same metal ion, different ligands result in different amounts 
of splitting.

 15. Write Werner's theory of Coordination compounds.
 Ans. Werner's theory: The main postulates of this theory are as follows :
 (i) Metal consist of two type of valencies called primary valency and secondary valency. Primary 

valency is same as shown by the metal in simple salts e.g. 1 for Ag in AgCl. Hence it is 
equal	 to	oxidation	 state,	 secondary	valency	 is	 the	valency	 satisfied	 towards	 ligands.	Hence,	
it is equal to its coordination number e.g. [Cu(NH3)4]SO4
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 (ii) Every metal atom must satisfy both valencies.
 (iii) Primary valencies are non-directional, secondary valencies are directed in spaces towards 

fixed	 positions	 giving	 a	 definite	 shape	 to	 the	 complex.	 Four	 valencies	 gives	 square	 planar	
or tetrahedral shape. Six valencies gives octahedral shape.

F. Long Answer Type Questions [3 Marks]

 1. CoSO4Cl.5NH3 exists in two isomeric forms ‘A’ and ‘B’. Isomer ‘A’ reacts with AgNO3 to give 
white precipitate, but does not react with BaCl2. Isomer ‘B’ gives white precipitate with BaCl2. 
But does not react with AgNO3. Answer the following questions :

 (i) Identify ‘A’ and ‘B’ and write their structural formulae.
 (ii) Name the type of isomerism involved.
 (iii) Give the IUPAC name of ‘A’ and ‘B’.

 Ans. (i) A = [Co(NH3)5SO4]Cl

  B = [Co(NH3)5Cl]SO4

 (ii) Ionisation isomerism.
 (iii) (A) → Pentaamminesulphatocobalt(III) chloride.
  (B) → Pentaamminechloridocobalt(III) sulphate.

 2. Explain the following :
 (i) How spin octahedral complexes of nickel are not known?
 (ii) Co2+ is easily oxidised to Co3+ in the presence of a strong ligand.
 (iii) CO is a stronger complexing reagent than NH3.

 Ans. (i) Orbitals of Ni2+ 
3d 4s 4p

  For the formation of low spin complex, electrons present in 3d electrons of Ni2+ should pair 
up. This will produce only one empty d-orbital. Hence, d2sp3 hybridisation in nickel is not 
possible to form low spin octahedral complex.

	 (i)	 With	the	electronic	configuration	3d74s0, Co2+ has three unpaired electrons. H2O being a weak 
ligand, the unpaired electrons present in 3d orbitals of Co(II) do not pair up. In the presence 
of strong ligands, two unpaired electrons in 3d orbitals pair up and the third unpaired electron 
shifts to higher energy orbital from where it can be easily lost and hence shows an oxidation 
state of III.

 (iii) CO has empty π-orbitals	which	overlap	with	filled	d-orbitals (t2g orbitals) of transition metals 
and form π-bonds by back bonding. These π	 interactions	 increase	 the	value	of	 crystal	field	
stabilisation energy (∆O).

  As NH3 cannot form π bonds by back bonding, therefore, CO is stronger ligand than NH3.

 3. Write the formulae of the following coordination compounds :
 (i) Tris(ethane-1,2-diamine)chromium(II) chloride.
 (ii) Dichloridobis(ethane-1,2-diamine)platinum(IV) nitrate.
 (iii) Tetraamminediaquacobalt(III) chloride.

 Ans. (i) [Cr(en)3]Cl3 (ii) [PtCl2(en)2] (NO3)2 (iii) [Co(NH3)4 (H2O)2]Cl3

 4. Write IUPAC names of the following coordination compounds :
 (i) K2[PdCl4] (ii) K3[Fe(C2O4)3] (iii) K3[Fe(CN)6]
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 Ans. (i) Potassium tetrachloridopalladate(II)  (ii) Potassium trioxalatoferrate(III)
 (iii) Potassium hexacyanoferrate(III)

 5. Identify the types of isomerism exhibited by the following complexes and write the formulas of 
their isomers.

 (i) [Co(NH3)5 (NO2)] (NO3)2  (ii) [Pt(NH3)4 (H2O)2]Cl2 

 Ans.  (i) Ionisation isomerism : [Co(NH3)5 (NO3)] (NO3) (NO2)

    Linkage isomerism : [Co(NH3)5(ONO)] (NO3)2

   (ii) Solvation isomerism : [Pt(NH3)4Cl2].2H2O
      [Pt(NH3)4(H2O)Cl]Cl.H2O

 6. What is the coordination entity formed when excess of aqueous KCN is added to an aqueous 
solution of copper sulphate? Why is that no precipitate of copper sulphide is obtained when 
H2S(g) is passed through this solution?

 Ans. First cupric cyanide is formed which decomposes to give cuprous cyanide and cyanogen gas. 
Cuprous cyanide dissolves in excess of potassium cyanide to form the complex, K3[Cu(CN)4]

    [CuSO4 + 2KCN → Cu(CN)2 + K2SO4] × 2

    2Cu(CN)2 → Cu2(CN)2 + (CN)2

    Cu2(CN)2 + 6KCN → 2K3[Cu(CN)4]
    
    2CuSO4 + 10KCN → 2K3[Cu(CN)4] + 2K2SO4 + (CN)2
    
  Thus, coordination entity formed = [Cu(CN)4]

3–.
  As CN– is a strong ligand, the complex ion is highly stable and does not dissociate/ionize to 

give Cu2+ ions. Hence, no precipitate with H2S is formed.

 7. Give the oxidation state, d-orbital occupation and coordination number of central metal ion in 
the following complexes.

 (i) (NH4)2 [CoF4] (ii) [Mn(H2O)6]SO4 (iii) K3[Co(C2O4)3]
 Ans. 

Complex Oxidation
state

Coordination
No.

d-orbital
occupation

Onpaired
electrons

 (i) (NH4)2
+ [CoF4]

– x – 4 = –2
   x  = +2

4 Co2+ = 3d7

   = e4t2g
3

3

  (ii) [Mn(H2O)6]
2+SO4

2– x + O = +2
     x  = +2

6 Mn2+ = 3d5

     = t3
2g e g

2
5

(iii) K3[Co(C2O4)3] x – 6 = –3
   x  = +3

6 Co3+ = 3d6

   = t6
2g eg

0

0

 8. Fe2+ →SCN–

excess
 (A) →F–

excess
 (B)

  What are (A) and (B)? Give IUPAC name of (A). Find the spin only magnetic moment of (B).

 Ans. A = Fe(SCN)3,  B = [FeF6]
3– 

  IUPAC name of A = trithiocyanato iron (III)
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  E.C. of Fe(III) = d5; Unpaired electrons = 5

  Spin only magnetic moment = 5 5 2+� �  = 5.916 BM.

 9. Give three differences between double salts and coordination compounds and give examples.
 Ans. Differences between double salts and coordination compounds

S.N. Double Salts Coordination Compounds

1. It loses its identity in the solution. It retains its identity in the solution.

2. The metal ions show their normal 
valency.

The	metal	ion	satisfies	its	two	types	of	valencies	
called primary and secondary valencies.

3. They exist only in the solid state. They exist in the solid state as well as in 
aqueous solution.

 10. Write any three drawbacks of valence bond theory.
 Ans. (i) It does not distinguish between weak and strong ligand.
 (ii) It does not give an exact explanation of thermodynamic or kinetic stabilities of coordination 

compounds.
 (iii) It could not give any satisfactory explanation for the colour of the complexes.

 11. Describe the state of hybridisation, the shape and the magnetic behaviour of the following 
complexes.

 (i) [Cr(H2O)2 (C2O4)2]
– (ii) [Co(NH3)2(en)2]

3+ (iii) [Ni(CN)4]
2–

 Ans. (i) [Cr(H2O)2 (C2O4)2]
–

 (a) Hybridisation – d2sp3  (b) Shape – Octahedral
 (c) Magnetic behaviour – Paramagnetic

  (ii) [Co(NH3)2 (en)2]
3+

 (a) Hybridisation – d2sp3  (b) Shape – Octahedral
 (c) Magnetic behaviour – Diamagnetic

  (iii) [Ni(CN)4]
2–

 (a) Hybridization – dsp2 hybridisation (b) Square planar (c) Diamagnetic

 12. For the complex [Fe(en)2Cl2]Cl, identify the following :
 (i) Oxidation number of iron (ii) Hybrid orbitals and shape of the complex
 (iii) Magnetic behaviour of the complex (iv) Number of geometrical isomers
 (v) Whether there may be optical isomer also (vi) Name the complex

 Ans. (i) [Fe(en)2Cl2]Cl

  x + O × 2 + (–1) × 2 + (–1) × 1 = 0
  x = +3, Oxidation number of iron = 3

 (ii) d2sp3 hybridisation, Octahedral (iii) Paramagnetic (iv) Two

 (v) Yes, cis – [Fe(en)2Cl2] (vi) dichlorido bis [ethane-1, 2-diamine) iron (III) chloride

 13. What	do	you	understand	by	crystal	field	 stabilization	energy	 (CFSE).	Calculate	 the	CFSE	value	
for d4	 configuration	of	 a	 octahedral	 complex	 in	 case	of	 high	 spin	 state	 and	 low	 spin	 state.	

 Ans. Crystal field stabilization energy (CFSE):
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  The difference of energy between the two sets of d-orbitals	 called	 crystal	 field	 splitting	 energy	
or	 crystal	 field	 stabilization	 energy.	 It	 is	 usually	 represented	 as	 ∆O for octahedral or ∆t (for 
tetrahedral).

  Calculation of CFSE ∆O for d4	 configuration

Metal	 ion	 configuration how	 spin	 state	 (story	 ligand	field) CFSE ∆O

d4
eg 

t2g 

4 × (–0.4) = –1.6

Metal	 ion	 configuration How	 spin	 state	 (weak	 ligand	field) CFSE ∆O

d4
eg 

t2g 

3 × (–0.4) + 0.6 = –0.6

 14.  What are Metal Carbonyls? Explain Bonding in Metal Carbonyls.

 Ans. Metal Carbonyls: There are organometallics in which carbon monoxide (CO) is the ligand e.g. 
[Ni(CO)4], [Fe(CO)5] etc.

  Bonding in Metal Carbonyls: The metal-carbon bonds in metal carbonyl have both σ and 
π characters. Metal-carbon σ bond is formed by donation of lone pair of electrons on carbon 
into a vacant d-orbital of metal (M ← C = O). Metal-carbon π-bond is formed by donation of 
electrons	 from	a	filled	metal	d-orbital into a vacant antibonding π° orbital of CO (backbonding) 
(πM →  bond). Ligands like CO, NO+ or CN– which accept electrons from metal atom are called 
π-acceptor or π-acid ligands.

M

�

C O

�

�

�

  Bonding in Metal Carbonyls

 15. Explain about organometallic compounds by giving suitable examples.
 Ans. Organometallic Compounds: There are the compounds containing at least one metal-carbon 

bond or metalloid-carbon bond.
	 	 These	 are	 classified	 into	 two	 types	 as	 follows	 :
 (i) σ – bonded Organometallics: They contain metal-carbon σ bonds formed by sharing of 

electron pairs. They are formed by main groups (s & p–block) e.g. R-Mg–X, (CH3)3As, 
(CH3)4 Si, (CH3)4Sn etc.

 (iv) π-bonded Organometallics (π-complexes): Molecules like alkenes, allynes have electrons 
in π molecular orbitals which overlap with the vacant d-orbitals of transition metal atoms/
ions thereby linking all the C-atoms with the metal atom/ion. The complexes thus formed 
are called T-complexes e.g. ferrocene [Fe(n5-C5H6)n

5] indicates 5C atoms are linked to metal 
atom.
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 SUMMARY 

 1. Aldehydes:
  Aldehydes are the organic compounds in which carbonyl group is attached to one hydrogen atom 

and one alkyl or aryl group.

    
C

R H

O

 where R can be an alkyl or aryl group

 2. Preparation of aldehydes:
 (a) By oxidation of alcohols:
  Oxidation of primary alcohols in presence of oxidizing agent like PCC, Cu at 573 K, CrO3 

gives aldehydes.

    RCH2OH →Oxidations  R— C

H

 = O
    12 Alcohol Aldehyde

 (b) By ozonolysis of alkenes:

    R – CH = CH – R + O3

     

Zn/H2O

2RCHO

 (c) By hydration of alkynes:
  Ethyne on hydration with HgSO4/dil.H2SO4 at 333 K forms acetaldehyde.

    HC ≡ CH + H – OH →Hg2+/H+/333K  CH2 = C

OH

– H →Isomerisation  CH3 – C

O

 – H
    Ethyne 
      Ethanal
 (d) By Rosenmund reduction:
  Hydrogenation of acyl chloride over palladium on barium sulphate gives aldehyde.

C
Cl

O

H2

Pd–BaSO4

CHO

Benzoyl chloride Benzaldehyde

 (e) By reduction of nitriles:
 (i) Stephen Reaction: Reduction of nitriles in presence of stannous chloride in presence of 

HCl gives imine which on hydrolysis gives corresponding aldehyde.

RCN + SnCl2 + HCl → RCH = NH →
H3O

+

 RCHO

5 Aldehydes, Ketones and 
Carboxylic Acids
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 (ii) Nitriles are selectively reduced by DIBAL-H [Diisobutylaluminium hydride) to aldehydes.

RCN →
AlH(i-Bu)2/H2O  R – CHO

CH3 – CH = CH – CH2CH2 – CN →
AlH(i-Bu)2/H2O  CH3 – CH = CH – CH2CH2 – CHO

 (f) By reduction of ester:

  Esters are reduced to aldehydes in presence of DIBAL-H (Diisobutylaluminium hydride)

CH3(CH2)9  – 

O

C– OC2H5 →
DIBAL-H/H2O  CH3(CH2)9 – 

O

C– H

 (g) From Hydrocarbons:

 (i) By oxidation of methyl benzene:

  Etard Reaction: Chromyl chloride (CrO2Cl2) oxidizes methyl group to a chromium 
complex, which on hydrolysis gives corresponding benzaldehyde.

  

CH3

CS2

CH O( CrOHCl )2 2

Toluene Chromium complex

+ CrO Cl2 2
H3O

+

Benzaldehyde

CHO

  Using chromium oxide (CrO3): Toluene or substituted toluene is converted to 
benzaldehyde in presence of chromic oxide in acetic anhydride.

     

CH3

273-283K
CH O C( CO H )3 2

+ CrO  + (CH CO) O3 3 2
H3O

+

Benzaldehyde

CHO

�

 (ii) By side chain chlorination followed by hydrolysis:
  Halogenation of toluene: Side chain halogenation of toluene gives benzal chloride which 

on hydrolysis gives Benzaldehyde.

  

CH3

Cl /h2 �

CHCl2

H2O

Benzaldehyde

CHO

Benzal chlorideToluene

373 K

 (iii) Gatterman–Koch reaction:
  Benzene or its derivatives on treatment with carbon monoxide and HCl in presence 

of anhydrous aluminium chloride or cuprous chloride (CuCl) gives benzaldehyde or 
substituted benzaldehydes.

CO,HCl
CHO

BenzaldehydeBenzene

Anhyd. AlCl /CuCl3
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 3. Ketones:
  Ketones are the organic compounds in which carbonyl group is attached to two alkyl group or 

aryl group or both alkyl and aryl group.

    

C
R R+

O

Ketone    where R, R+ may be alkyl or aryl.

 4. Preparation of ketones: 

 (a) By oxidation of alcohols:
  Oxidation of secondary alcohols in presence of oxidizing agent like K2Cr2O7/H2SO4, KMnO4, 

CrO3 gives ketones.

K Cr O /H SO2 2 2 2 4

2° Al oholc
R – C – OH

R�

Ketone
R – C O=

Oxidation R�

 (b) By dehydrogenation of alcohols:
  When the vapours of a secondary alcohol are passed over heated copper at 573 K, 

dehydrogenation takes place and a ketone is formed.

Cu/573 K

OH

R – CH – R� R – C – R�

O

 (c) By hydration of alkynes:

  Alkynes on hydration with HgSO4/dil.H2SO4 at 333 K form ketones.

CH3 – C ≡ CH + H – OH  →Hg2+/H+333K  CH3 – C

OH

= CH2 →Isomerisation  CH3 – C

O

 – CH3

        Propanone

 (d) From acyl chloride:
  Acyl chloride on treatment with dialkyl cadmium (prepared by reaction of cadmium chloride 

with Grignard reagent) gives ketone.

2R – Mg – X + CdCl2 → R2Cd + 2Mg(X)Cl

2R′ – C

O
 – Cl + R2Cd → 2R′– C

O
 – R + CdCl2

 (e) From nitriles:
  Nitriles on treatment with Grignard reagent followed by hydrolysis give ketones.

CH3 – CH2 – C = N + C6H5MgBr  →ether  CH3CH2 – 
NMgBr

H O3
+

Propiophenone
(I-Phenylpropanone)

C
C H6 5

O
C H2 3

C H6 5

– C
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 (f) By Friedel Crafts acylation reaction:
  Benzene or substituted benzene on treatment with acid chloride in presence of anhydrous 

aluminium chloride forms ketone.

Anhyd. AlCl3

C

+ Ar/R – C – Cl

O
Ar/R

O

 5. Preparation of aldehydes and ketones

  (a) by ozonolysis of alkenes:

C C�

Propene
+ O3 C

O

C

C

O
ozonide

Zn + H O2

C O�

Aldehydes or Ketones
+    O = C

 (b) From Calcium salt of carboxylic acids:

 (i) (HCOO)2Ca →distillation
675 K  CaCO3 + HCHO 

 (ii) (CH3COO)2Ca + (HCOO)2Ca →distil.
675 K  2CH3CHO + CaCO3

 (iii) (CH3COO)2Ca  →distil.
675 K  CH3COCH3 + CaCO3

 6. Boiling point order: Hydrocarbons < Ether < aldehyde or ketone < carboxylic acid (if same 
molar mass)

 7. Reactions of aldehydes and ketones:
 (a) Aldehydes are generally more reactive than ketones in nucleophilic addition reactions due to 

steric and electronic reasons (or inductive effect).

 (b) Electronic Effect:
  Relative reactivities of aldehydes and ketones in nucleophilic addition reactions is due the 

positive charge on carbonyl carbon. Greater positive charge means greater reactivity. Electron 
releasing power of two alkyl groups in ketones is more than one in aldehyde. Therefore 
positive charge is reduced in ketones as compared to aldehydes. Thus ketones are less reactive 
than aldehydes.

 (c) Steric Effect:
  As the number and size of alkyl group increase, the hindrance to the attack of nucleophile also 

increases and reactivity decreases. In aldehydes there is one alkyl group and one hydrogen 
atom, whereas in ketones there are two alkyl groups (same or different).

 8. Nucleophilic addition reactions of aldehydes and ketones: 
 (a) Addition of hydrogen cyanide (HCN) to form cyanohydrins
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C

Cyanohydrin

O   + :CN–�

+
�

–

C
O
–

CN

H+

C
CN

OH
Tetrahedral
intermediate

 (b) Addition of sodium hydrogensulphite (NaHSO3) to form bisulphate addition compound.

  

C

Bisulphite addition
compound (crystalline)

O   + NaHSO3 C
OSO H2

ONa

proton transfer
C

OSO Na2

OH

 (c) Addition of Grignard reagent (RMgX) to form alcohol

C O   + R Mg – X C
O Mg–X

R

H O
2

�

–

�

+

Adduct

– +

C     OH  +  Mg(OH)X

R

 (d) Addition of alcohol:
 (i) Aldehydes on addition of monohydric alcohol in presence of dry HCl forms hemiacetal 

and acetal.

  

R–CHO R-CH

Hemiacetal

R-OH
H l gasC

OH

OR�

R -OH�

H+
R-CH +    H O2

OR�

OR�

acetal

 (ii) Ketones do not react with monohydric alcohols. Ketones react with ethylene glycol under 
similar conditions to form cyclic products known as ethylene glycol ketals.

C O   +
CH OH2

R

R

CH OH2 HCl gas

dil. H lC
C

R

R

O

O CH2

CH2

+ H O2

Ethylene glycol ketal

 (e) Addition of ammonia and its derivatives:

C O   +   H N – Z
2

C

OH

NHZ

C N Z  + H O–
2

Z = Alkyl, aryl, OH, NH2, C6H5NH, NHCONH2, –

NO
2

NH NO
2

 (f) Reaction with NH3:

6HCHO + 4NH3
+  6H O2

urotropine
hexamethylenetetramine

N N
N

N

Formaldehyde
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 (g) Reaction with PCl5 or SOCl2:

CH3CHO + PCl5 → CH3CHCl2 + POCl3
   ethylidene dichloride

CH3COCH3 + PCl5 → CH3CCl2CH3 + POCl3
   2, 2-Dichloropropane

 9. Reduction of aldehydes and ketones:

 (a) Reduction of alcohols:
  Aldehydes and ketones on catalytic hydrogenation in presence of Ni, Pt or Pd by using lithium 

aluminium hydride (LiAlH4) or sodium borohydride (NaBH4) forms primary and secondary 
alcohols respectively.

C = O CH – OH

H /Ni  Pt or Pd2 2

Or
LiAlH4

or
NaBH4

 (b) Reduction to hydrocarbons:
 (i) Clemmensen reduction: Carbonyl group of aldehydes and ketones is reduced to CH2 

group on treatment with zinc amalgam and concentrated hydrochloric acid.

C = O CH  + H O2 2

Zn–Hg/HCl

 (ii) Wolf-Kishner reduction: Carbonyl group of aldehydes and ketones is reduced to CH2 
group on treatment with hydrazine followed by heating with sodium or potassium 
hydroxide in high boiling solvent such as ethylene glycol.

C = O C = NNH2

NH NH H O2 2 2/ KOH/ethylene glycol/Heat CH  +2 2N

 10. Oxidation of aldehydes and ketones: 
 (a) Aldehydes are oxidized to acids in presence of mild oxidising agents HNO3, K2Cr2O7, KMnO4.

R – CHO 
[O]

 R – COOH

 (b) Ketones are oxidized under drastic conditions i.e. with powerful oxidising agents like HNO3, 
K2Cr2O7/H2SO4, KMnO4/H2SO4 at higher temperature.

R – CH2 – C – CH2 – R′ [O]1 2 3

O

 R – COOH + R′ – CH2COOH + R – CH2COOH + R′ – COOH
   (By cleavage of C2–C3 bond) (By cleavage of C1–C2 bond) 

  In case of unsymmetrical ketones cleavage occurs in such a way that keto group stays with 
smaller alkyl group. This is known as Popoff’s rule.

 (c) Haloform reaction: Aldehydes and ketones having at least one methyl group linked to 
the carbonyl carbon atom i.e. methyl ketones are oxidised by sodium hypohalite to sodium 
salts of corresponding carboxylic acids having one carbon atom less than that of carbonyl 
compound. The methyl group is converted to haloform.

R – 

O

C – CH3 →NaOX   R – 

O

C – ONa + CHX3(X = Cl, Br, I)
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 11. Reaction of aldehydes and ketones due to α-hydrogen: 
 (a) Aldol condensation: Aldehydes and ketones having at least one α-hydrogen undergo a self 

condensation in the presence of dilute alkali as catalyst to form α-hydroxy aldehydes (aldol) 
or α-hydroxy ketones (ketol), respectively.

    dil. NaOH
2CH3 – CHO ⇔ CH3 – CH

OH

 – CH2 – CHO →∆/–H2O  CH3 – CH = CH – CHO
    Ethanal  But-2-enol

     3-Hydroxybutanal (Aldol) 
(Aldol condensation product)

    
Ba(OH)2

2CH3 – CO – CH3 ⇔ CH3 – 

CH3

OH

C – CH2CO – CH3 →∆/–H2O  CH3 – 
CH3

C = CH – CO – CH3
    Propanone   4-methylpent-3en-2-one

     4-Hydroxy-4-methylpentan-2-one(ketole) 
(Aldol condensation product)

 (b) Cross aldol condensation: Aldol condensation between two different aldehydes and ketones 
is called aldol condensation. If both of them contain α-hydrogen atoms, it gives a mixture 
of four products.

  

CH CHO3

+
CH3 2CH CHO But-2-enal

from two molecules
of ethanal

2-Methylpent-2-enal from
two molecules of propanal

simple or self aldol products
+

2-Methylbut-2-enal Pent-2-enal
from one molecule of ethanal and one molecule of propanal

cross aldol products

1. NaOH
2. �

CH3 3 2– CH = CH – CHO    +    CH CH – CH = C – CHO

CH3

CH3 3 2– CH = C – CHO    +    CH CH – CH = CHCHO

CH3

 12. Canizzaro reaction: 

  Aldehydes which do not have an α-hydrogen atom undergo self-oxidation and reduction (dispro-
portionation) reaction on treatment with concentrated alkali to form alcohol and salt of acid.

C O   +
H

Methanol Potassium formate

H
C O   + Conc. KOH

H

H
H – – OH + H – CC

H

H

O

OK

Formaldehyde

Benzaldehyde

2 CHO + Conc. NaOH CH OH   +2 COONa

Benzyl alcohol Sodium benzoate

 13. Test to distinguish aldehydes and ketones: 

 (a) Tollens’ test: When an aldehyde is heated with Tollens’ reagent it forms silver mirror. Tollens’ 
reagent it ammoniacal solution of AgNO3
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RCHO + 2[Ag(NH3)2]
+ + 3OH– → RCOO′ + 2Ag + 2H2O + 4NH3

 Note: Ketones do not form silver mirror and hence do not give this test.

 (b) Fehling’s test: When an aldehyde is heated with Fehling’s reagent it forms reddish brown 
precipitates of cuprous oxide. Fehling’s reagent: Fehling solution A (aqueous solution of 
CuSO4) + Fehling solution B (alkaline solution of sodium potassium tartarate)

R – CHO + 2Cu2+ + 5OH– → RCOO– + Cu2O + 3H2O
    Red-Brown ppt

 Note: Ketones do not give this test. Benzaldehyde does not give Fehling's test.

 14. Benzoin Condensation:

alcoholic

CHO

KCN

CH – CH – C

O

Benzaldehyde Benzoin

OH

 15. Perkin's reaction:

CH3COONa

CHO

453 K

Benzaldehyde

+ (CH3 2CO) O CH = CH – COOH + CH COOH3

Cinnamic acid

 16. Ring substitution: In Benzaldehyde, —CHO is deactivating and m-directing group.

  Nitration :  Conc. HNO
3

CHO

Conc. H SO
2 4

CHO

Benzoin

NO
2

+ H O
2

  Chlorination :   + Cl2

CHO

anhy. AlCl3

CHO

Cl

	 	 Uses	 of	 benzaldehyde:	 (i)	 as	flavouring	 agent	 (ii)	 in	manufacturing	of	 dyes	 like	malachite	
green.

   Test of benzaldehyde:
 (a) smell of bitter almond.
 (b) Restores pink colour of Schiff's reagent.

 (c) [O]

CHO

alk. KMnO4

COO K– +

conc. HCl

COOH

white ppt
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 17. Carboxylic Acids: Carboxylic acids are the compounds containing the carboxyl functional group 
(–COOH).

C

Carboxylic acid

O

R OH

 18. Preparation of Carboxylic acid:
 (a) From alcohols: Primary alcohols are readily oxidised to carboxylic acids with common 

oxidising agents such as potassium permanganate (KMnO4) in neutral, acidic or alkaline 
media or by potassium dichromate (K2Cr2O7) and chromium trioxide (CrO3) in acidic media.

 (a) RCH2OH →alkaline KMnO4/H3O
+

 RCOOH

 (b) RCH2OH →
K2Cr2O7 – H2SO4  RCOOH

 (b) From aldehydes: Oxidation of aldehydes in presence of mild oxidizing agents like Tollens’ 
reagent (ammoniacal solution of AgNO3) or Fehling reagent (Fehling solution A (aqueous 
solution of CuSO4) + Fehling solution B (aqueous solution of sodium potassium tartarate) 
forms carboxylic acids.

 (a) RCHO + 2[Ag(NH3)2]
+ + 3OH– → RCOO– + 2Ag + 2H2O + 4N

 (b) R – CHO + 2Cu2+ + 5OH– → RCOO– + Cu2O + 3H2O

 (c) From alkyl benzenes: Aromatic carboxylic acids can be prepared by vigorous oxidation of 
alkyl benzenes with chromic acid or acidic or alkaline potassium permanganate.

KMnO -KOH
4

R

Heat

COOK

H O
3

+

Benzoic acid

COOH

  R is an alkyl group (primary or secondary)

 (d) From alkenes: Suitably substituted alkenes are oxidised to carboxylic acids on oxidation 
with acidic potassium permanganate or acidic potassium dichromate.

 (a) R – CH = CH – R →
KMnO4/H

+

 2R – COOH

 (b) R – CH = CH – R1 →
KMnO4/H

+

 R – COOH + R1 – COOH

 (e) From Nitriles: Nitriles on hydrolysis in presence of dilute acids or bases forms amide which 
on further hydrolysis gives carboxylic acid.

  R – CN →
H+ or OH–/H2O  R – 

O
C – NH2 →H+ or OH–/∆  RCOOH

 (f) From Grignard reagent: Grignard reagents react with carbon dioxide (dry ice) to form salts 
of carboxylic acids which on hydrolysis forms carboxylic acids.

  R – Mg – X  +  O = C = O →Dry ether  R – 
O

O  
+
MgX

–C   →H2O
+

 RCOOH
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 (g) From acyl halides and anhydrides: Acid chlorides when hydrolysed with water give 
carboxylic acids. On basic hydrolysis carboxylate ions are formed which on further 
acidification forms corresponding carboxylic acids. Anhydrides on hydrolysis forms 
corresponding acids(s).

RCOCl

H O2

OH/H2O
–

RCOO– +

RCOOH  + Cl
–

Cl
– H O3

+

RCOOH

   (RCO)2O →H2O  2RCOOH

 (h) From esters: Acidic hydrolysis of esters gives directly carboxylic acids while basic hydrolysis 
gives	 carboxylates,	which	on	 acidification	give	 corresponding	 carboxylic	 acids.

    H3O
+

   R – COO – R′     R – COOH + R′ – OH

    NaOH
   R – COO – R′     R-COONa + R′ – OH
    H3O

+

    RCOOH

 19. Physical properties of carboxylic acids:
 (a) Solubility: As the size of alky group increases solubility of carboxylic acid decreases because 

non-polar part of the acid increases.
 (b) Boiling points : Carboxylic acids are higher boiling liquids than aldehydes, ketones and even 

alcohols of comparable through intermolecular hydrogen bonding.

O

R — C

O H— O

H O—

C — R

dimer

 20. Acidity of carboxylic acids:
  Carboxylic acids are more acidic than phenols. The strength of acid depends on extent of ionization 

which in turn depends on stability of anion formed.
 (a) Effect of electron donating substituents on the acidity of carboxylic acids: Electron 

donating substituent decreases stability of carboxylate ion by intensifying the negative charge 
and hence decreases acidity of carboxylic acids.

 (b) Effect of electron withdrawing substituent on the acidity of carboxylic acids:
  Electron withdrawing group increases the stability of carboxylate ion by delocalizing negative 

charge and hence, increases acidity of carboxylic acid. The effect of the following groups in 
increasing acidity order is Ph < I < Br < Cl < F < CN < NO2 < CF3

 (i) Effect of number of electron withdrawing groups: As the number of electron 
withdrawing groups increases–I effect increases, increasing the acid strength.

 (ii) Effect of position of electron withdrawing group: As the distance between electron 
withdrawing	 group	 and	 carboxylic	 group	 increases,	 electron	 withdrawing	 influence	
decrease.

 21. Reaction of carboxylic acids:
  Reactions involving cleavage of C-OH bond:
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  Carboxylic acids on heating with minerals acids such as H2SO4 or with P2O5 give corresponding 
anhydride.

 (a) Anhydride formation:

O

H C — C
3

OH HO

O

C — CH
3

Ethanoic acid

+
H +

+

�

or P O ,
2 5

�

O

CH C —
3

C

O

O

C — CH
3

 (b)	 Esterification:	 Carboxylic	 acids	 are	 esterified	 with	 alcohols	 in	 the	 presence	 of	 a	 mineral	
acids such as concentrated H2SO4 or HCl gas as a catalyst.

   H+

RCOOH + R′OH  ⇔  RCOOR′ + H2O

 (c) Carboxylic acids react with PCl5, PCl3 and SOCl2 to form acyl chlorides.

 (a) RCOOH + PCl5 → RCOCl + PCl3 + HCl

 (b) 3RCOOH + PCl3 → 3RCOCl + H3PO3

 (c) RCOOH + SOCl2 → RCOCl + SO2 + HCl

 (d) Reaction with ammonia (NH3): Carboxylic acids react with ammonia to give ammonium 
salt which on further heating at high temperature gives amides.

 (i) CH3COOH + NH3 ⇔ CH3COO
– 

N
+ 

H4 →∆/–H2O  CH3CONH2

   Ammonium acetate Acetamide

COOH

Ammonium benzoate Benzamide

COONH
4

+ NH
3

�

– +

–H O
2

CONH
2

 (ii) Reactions involving COOH group:

  Reduction: Carboxylic acids are reduced to alcohols in presence of LiAlH4 or B2H6.

R – COOH →
LiAlH4/either or B2H6/H2O  R – CH2OH

  Decarboxylation: Sodium or potassium salts of carboxylic acids on heating with soda 
lime (NaOH + CaO in ratio of 3 : 1) gives hydrocarbons which contain one carbon 
less than the parent acid.

R – COONa →NaOH & CaO/Heat  R – H + Na2CO3

 (iii) Reactions involving substitution reaction in hydrocarbon part:

  Hell-Volhard-Zelinsky reaction: Carboxylic acids having an α-hydrogen are 
halogenated at the α-position on treatement with chlorine or bromine in the presence 
of small amount of red phosphorus to give α-halocarboxylic acids.

R – CH2 – COOH →
(i) X2/Red phosphorus

(ii) H2O
 R – CH – COOH

   

 
X
α-Halocarboxylic acid
X = Cl, Br
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  Ring substitution in aromatic acids: Aromatic carboxylic acids undergo electrophilic 
substitution reactions. Carboxyl group in benzoic acid is electron withdrawing group 
and is meta directing.

 (a) 

COOH

m-Nitrobenzoic acid

Conc. H
2 4
SO

Conc. HNO  +
3

COOH

NO
2

 (b) 

COOH

m-Bromobenzote acid

Br /FeBr
2 3

COOH

Br

 22. (a) Formic Acid (HCOOH)

  Chemical Test: (i) gives silver mirror test with Tollens' reagent.
     (ii) red ppt with Fehling's solution

  Uses : (i) as an antiseptic (ii) in preservation of fruits (iii) for dehairing of hides

  (b) Acetic Acid (CH3COOH)

  Chemical Test:
 (a) forms ester (pleasant odour) when treated with ethyl alcohol and conc. H2SO4.
 (b) produces red colour when treated with neutral FeCl3 solution.

  Uses :
 (a) as lab reagent (b) in vinegar (c) in production of cellulose acetate (SPM)

  (c) Benzoic acid (C6H5COOH)

  Chemical Test:
 (i) gives buff coloured ppt with neutral FeCl3 solution.
 (ii) releases CO2 on reacting with Na2CO3 
 (iii) shows ester test

  Uses :
 (i) salts of benzoic acid are used as food preservatives
 (ii) salts of benzoic acid are used as urinary antiseptics.

QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. Cannizzaro reaction is an example of :
  (a) Only oxidation   (b) Only reduction
  (c) Disproportionation   (d) None of these
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 2. The reagent with which both acetaldehyde and acetone react easily is :
	 	 (a)	 Fehling	 solution	 (b)	 Grignard	 reagent	 (c)	 Schiff 's	 reagent	 (d)	 Tollens'	 reagent

 3. The formation of cyanohydrin from a ketone is an example of :
  (a) Electrophilic addition   (b) Nucleophilic addition
  (c) Nucleophilic substitution   (d) Electrophilic substitution

 4. Methyl ketones are usually characterised through :
	 	 (a)	 Tollens'	 reagent	 (b)	 Iodoform	 test	 (c)	 The	Schiff 's	 test	 (d)	 Benedict's	 reagent

 5. Propanoic acid with Br2/P yields a dibromoproduct. Its structure would be :
  (a) CHBr2 – CH2COOH   (b) CH2Br – CH2 – COBr
  (c) CH3CBr2 – COOH   (d) CH2Br – CHBr – COOH

 6. Among the following the most susceptible to nucleophilic attack at the carbonyl group is :
  (a) CH3COCl (b) CH3COOCH3 (c) CH3CONH2 (d) CH3COOCOCH3

 7. Among the following compounds, most acidic is :
  (a) p-nitrophenol   (b) p-hydroxybenzoic acid
  (c) o-hydroxy benzoic acid   (d) p-toluic acid

 8. Which of the following reactions will not result in the formation of carbon-carbon bond?
  (a) Friedel-Crafts acylation   (b) Reimer-Tiemann reaction
  (c) Cannizzaro reaction   (d) Wurtz reaction

 9. A compound A undergoes Cannizaro reaction and B undergoes positive iodoform test. Therefore,
  (a) A = Acetaldehyde B = 1-Pentanal (b) A = C6H5CH2CHO B = 3-Pentanone
  (c) A = Formaldehyde B = 2-Pentanone (d) A = Propionaldehyde B = 1, 2-Pentanol

 10. CH3CHO and C6H5CH2CHO can be distinguish chemically by :
  (i) Benedict's test   (ii) Iodoform test
  (iii) Tollens' regent test   (iv) Fehling's solution test

 11. In the given transformation, which of the following is the most appropriate reagent?
CH = CHCOCH

3

Reagent

HO

CH = CHCH CH
2 3

HO

  (a) Zn-Hg/HCl (b) Na in liq. NH3 (c) NaBH4 (d) NH2 – NH2, OH–

 12. Arrange the following compound in increasing order of their reactivity in nucleophilic addition 
reactions. Ethanal (I), Propanal (II), Propanone (III), Butanone (IV).

  (a) III < II < I < IV   (b) II < I < III < IV
  (c) IV < III < II < I   (d) I < II < III < IV

 13. Which of the following on heating with aqueous KOH, produces acetaldehyde :
  (a) CH3CH2Cl (b) CH2Cl, CH2Cl (c) CH2CHCl2 (d) CH3COCl

 14. CH3CH2 – C ≡ N →X  CH3CH2CHO

  The reagent/s X is (are)

  (a) SnCl2/HCl, H2O/boil   (b) H2/Pd - BaSO4

  (c) LiAlH4/ether   (d) NaBH4/ether, H3O
+
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 15. Ozonolysis	 of	 an	 organic	 compound	 gives	 formaldehyde	 as	 one	 of	 the	 products.	 This	 confirms	
the presence of :

  (a) a vinyl group   (b) an isopropyl group
  (c) an acetylene triple bond   (d) two ethylenic double bonds

 16. The IUPAC name of 

O

CH
3 is :

  (a) acetylcydohexadiene   (b) 6-cyclohexa-1, 3-dienyl ethanone
  (c) 1-cyclohexa-2, 4-dienylethanone (d) none of these

 17. One mole of a symmetrical alkene on ozonolysis gives two moles of an aldehyde having a 
molecular mass of 44g. The alkene is :

  (a) 2-butene (b) ethene (c) propene (d) 1-butene

 18. The major product of the following reaction is :
RCH OH (excess)

2

H
+

( nhydrous)a

R – CHO

  (a) a hemiacetal (b) an acetal (c) an ether (d) an ester

 19. The major product H of the given reaction sequence is :

CH3 – CH2 – CO – CH3 →CN–

 G →
95%H2SO4

Heat
 H

  (a) CH3 – CH = C – COOH  (b) CH3 – CH = C – CN

     CH3   CH3

     OH

  (c) CH3CH2 – C – COOH   (b) CH3CH = C – CONH2

     CH3   CH3

 20. Acetone is treated with excess of ethanol in the presence of hydrochloric acid. The product 
obtained is :

     O     O

  (a) CH3CH2CH2 – C – CH3   (b) CH3CH2CH3 – C – CH2CH2CH3  
     

  (c) (CH3)2 
OH

OC2H5

C     (d) (CH3)2 
OC2H5

OC2H5

C  
        

ANSWERS

 1. (c) 2. (b) 3. (b) 4. (b) 5. (c) 6. (a) 7. (c) 8. (c) 9. (c)
 10. (b) 11. (d) 12. (c) 13. (c) 14. (a) 15. (a) 16. (c) 17. (a) 18. (b)
 19. (b) 20. (d)
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B. Fill in the Blanks  [1 Mark]

 1.  When benzaldehyde reacts with _______________ it forms ______________ and POCl3.

 2. Hydrolysis of methyl propanoate gives _______________ and _______________.

 3. Acetaldehyde on treatment with _______________ gives aldol.

 4. Fehling A consists of an aqueous solution of copper sulphate while Fehling ‘B’ consists of an 
alkaline solution of _________________. 

 5.  Conversion of hexan-1-o1 to hexanal is carried out by the reagent ___________.

 6. When vapour of isopropyl alcohol is passed over hot reduced copper __________ is formed.

 7. Calcium acetate on heating gives _____________ which gives _____________ on heating with 
iodine and sodium hydroxide solution.

 8. Benzaldehyde undergoes ______________ reaction due to ______________ of α-hydrogen atom.

 

ANSWERS
 1. PCl5, benzal chloride 2. methanol, propanoic acid 3. dil.NaOH
 4. Sodium potassium tartarate 5. PCC   6. CH3COCH3

 7. acetone, iodoform 8. Cannizzaro, absence

C.  Match the Following  [1 Mark]

 1. Column I  Column II

  (a) Acetic acid (i) Sodium hypoiodite

  (b) Formic acid (ii) Disproportionation

  (c) Acetone (iii) Fehling's solution

  (d) Benzaldehyde (iv) HVZ reaction

 2. Column I  Column II

  (a) HCHO + C6H5CHO →OH–

 (i) CH3COCH2CH2OH

  (b) CH3COCH3 + C6H5CHO →OH–

  (ii) CH3COOC2H5

  (c) HCHO + CH3COCH3 →OH–

  (iii) C6H5CH2OH + HCO2
–

  (d) CH3CHO →
Al(COC2H5)3   (iv) C6H5CH = CHCOCH3

ANSWERS

 1. (a)-(iv), (b)-(iii), (c)-(i), (d)-(ii) 2. (a)-(iii), (b)-(iv), (c)-(i), (d)-(ii)



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 81

D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : Acetic acid does not undergo haloform test.
  Reason (R) : Acetic acid does not contain any α-hydrogen.

 2. Assertion (A) : Benzaldehyde gives negative Benedict's test. 
  Reason (R) : Aldehydes do not respond positively with Benedict's reagent.

 3. Assertion (A) : Ketones in presence of highly electro-positive elements such as Na, Mg, yield 1, 2 
     diol or pinacol.
  Reason (R) : Electrons released by electropositive elements convert C = O group into radical 
    anion.

 4. Assertion (A) : When C6H5CHO is made to react in D2O, deuterium is incorporated in product.
  Reason (R) : In Cannizzaro reaction transfer of hydride takes place from one molecule to 
    other.

 5. Assertion (A) : Cyclohexanone on reaction with secondary amines yields Schiff's base.
  Reason (R) : The initial adduct lose water to generate product.

 6. Assertion (A) : Decarboxylation of β-ketoacid	 is	 very	difficult.
  Reason (R) : Decarboxylation takes place via a six membered cyclic transition state.

 7. Assertion (A) : Methanoic acid reduces mercuric chloride to mercurous chloride on heating while 
  ethanoic acid does not.

  Reason (R) : Methanoic acid is stronger acid than ethanoic acid.

 8. Assertion (A) : The boiling points of aldehydehydes and ketones lower than hydrocarbons and 
  ethers of comparable molecular mass.

  Reason (R) : There is a weak molecular association in aldehydes and ketones arising out of the 
    dipole-dipole interactions.

 9. Assertion (A) : Coupling of Aniline with diazonium chloride occurs in slightly acidic medium.
  Reason (R) : Aniline is less basic than aliphatic amines.

 10. Assertion (A) : Aryl amines cannot be prepared by Gabriel's phthalimide synthesis.
  Reason (R) : Aromatic halides do not give SN2 reactions.

 11. Assertion (A) : Methyl cyanide has higher boiling point than methyl isocyanide.
  Reason (R) : Methyl cyanide has co-ordinate bond between N and C.

ANSWERS

 1. (c) 2. (c) 3. (a) 4. (d) 5. (d) 6. (d) 7. (b) 8. (d) 9. (b) 10. (a) 11. (c)
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E.  Short Answer Type Questions [2 Marks]

 1. Give balanced equations for the following reactions :
 (i) Benzaldehyde treated with hydrogen cyanide.
 (ii) Benzoic acid solution is treated with sodium carbonate.

 Ans.  (i)  
pH 9-10

CHO

+ HCN

H
OH

CN
C

Benzaldehyde yanohydrinCBenzaldehyde

 (ii)  

COOH

+  Na CO
2 3

Sodium benzoate

2 2

COONa

+   CO
2 2
+ H O

 2.  Give one good chemical test to distinguish between the following pairs of organic compounds. 
Benzaldehyde and acetone.

 Ans. Distinction between benzaldehyde and accetone.
  Iodoform test : Acetone on treatment with NaOH/I2 (NaOI) gives yellow precipitate of Iodoform 

but benzaldehyde does not.
CH3COCH3 + 3NaOI → CHI3↓ + CH3COONa + 2NaOH

CHO + 3NaOI → No yellow ppt of Iodoform

 3. Give an example (equation) for each of the following name reactions.
 (i) Aldol Condensation (ii) Rosenmund's reduction
 Ans. (i) Aldol Condensation
    OH

   CH3CHO + H – CH2 – CHO →dil NaOH  CH3 – CH – CH2 – CHO
   Ethanal (2 molecules)   β-hydroxy butanal

 (ii) Rosenmund's reduction 

   CH3COCl + H2  →
Pd/BaSO4,S  CH3CHO + HCl

 4. Give a plausible explanation for each one of the following :
 (i) Although phenoxide ion has more number of resonating structures than carboxylate ion, 

carboxylic acid is a stronger acid than phenol.

R – C

O

O
–

R – C

O
–

O

 (ii) There are two –NH2 groups in semi-carbazide. However, only one is involved in the formation 
of semi carbazone.

NH – NH – C – NH
2 2

O

NH – NH – C = NH
2 2

O
–

+
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 Ans. (i) The delocalisation of benzene electrons contributes little towards the stability of phenoxide 
ion. The carboxylate ion is much more resonance stabilized than phenoxide ion. So it is 
stronger acid than phenol.

 (ii) Semicarbazide has two NH2 groups. One of them, which is directly attached to C = O is 
involved in resonance. Thus electron density on this group decreases and it does not act as 
a nucleophile. In contrast, the lone pair of electrons on the other –NH2 group is available 
for nucleophilic attack.

 5. (i) Give a simple chemical test to distinguish between the pair of organic compound : Ethanal 
and Propanal.

 (ii) Name and complete the following chemical reaction :

  RCH2COOH →
(i) X2/redP

(ii) H2O
 

 Ans. (i) Ethanal and Propanal can be distinguished by Iodoform test.
  Ethanal give a yellow precipitate of iodoform with an alkaline solution of NaOH. Propanal 

does not give this test.

CH3CHO + 4NaOH + I2 → CHI3↓ + HCOONa + 3H2O + 3NaI

 (ii) RCH2COOH →
(i) X2/redP

(ii) H2O
 RCHCOOH

      X 

  The name of the reaction is Hell Volhard Zelinsky reaction.

 6. Predict the product formed when cyclohexane carbaldehyde reacts with following reagents :
 (i) PhMgBr and the H3O

+  (ii) Tollens' reagent

 Ans. (i) Ph gBrM

Dry ether
CHO

C – H

O gBrM

Ph
H O

3

+

C – H

OH

Ph

  (ii) 

CHO

+ 2[Ag (NH ) ] 3OH3 2
+ –+

COO–

+ 2Ag + 4NH  + 2H O� 3 2

Silver
mirror

 7. Write structure of compounds A and B in each of the following reactions :

 (i) 

CH CH
2 3

KMnO – KOH
4

A
H O

3

+

B

 (ii) 

OH

CrO
3

A
H N – NH – CONH

2 2

B
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 Ans. (i) 

COOK

– +

B =A =

Potassium benzoate

COOH

Benzoic acid

 (ii) 

O

B =A =

Cy ohexanonecl

;

NNHCO NH2

Cydohexanone semicarbazone

 8. Me3CCH2COOH is more acidic than Me3SiCH2COOH.
 Ans. Si(E.N. = 1.8) is more electropositive than C(E.N. = 2.5), therefore, Me3Si (trimethylsilyl group) 

has greater +I effect than that of Me3C (t-butyl group). As a result, Me3Si	 intensifies	 the	 -ve	
charge on the carboxylate ion relative to t-butyl group and hence Me3CCH2COOH is a stronger 
acid than Me3SiCH2COOH.

 9. What is Tollens' reagent? Write one usefulness of this reagent.
 Ans. Ammoniacal silver nitrate solution is called Tollens' reagent. It is used to test aldehydes. Both 

diphatic and cromatic aldehydes reduce Tollens' reagent to shining silver mirror. It is also used 
to distinguish aldehydes from ketones.

     2[Ag(NH3)2]
+ + RCHO + 3OH– →Heat   2Ag↓  +  RCOO–  +  4NH3

     Tollens' reagent Aldehyde Silver mirror Carboxylate ion

 10. Write structural formula of the following compounds :
 (i) 3-Bromo-4-phenylpent-3-enoic acid  (ii) Hex-2-en-4-ynoic acid

 Ans. (i) CH3 – C = C – CH2 – COOH  (ii) CH3 – C ≡ C – CH = CH – COOH
   C6H5

   Br

 11. Write the structures of A & B in the following reactions :

 (i) CH3COCl →
H2,Pd-BaSO4   A  →

NH2 – OH
  B

 (ii) CH3MgBr →
(i) CO2

(ii) H3O
+   A  →

PCl5   B

 Ans. (i) A = CH3 – CHO ; B = CH3 – CH = NOH
   Ethanal  Ethanal oxime

 (ii) A = CH3COOH ; B = CH3COCl
   Ethanoic acid  Ethanoyl Chloride

 12. A & B are the functional isomers of compound C3H6O. On heating with NaOH and I2. Isomer 
B forms yellow precipitate of iodoform whereas isomer A does not form any precipitate. Write 
the formula of A & B.

 Ans.  A = CH3CH2CHO  B = CH3COCH3
   Propanal    Propanone

  Reactions involved are
  CH3COCH3 + 3I2 + 4NaOH →∆    CHI3↓   + CH3COONa + 3NaI + 3H2O
   Yellow ppt Iodoform
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 13. Write the structures of A, B, C and D in the following reactions :

CH3CN →
(i) SnCl2 – HCl

(ii) H3O
  A →dil NaOH   B  →Heat

 C

     
HCN

      D

 Ans. A = CH3CHO  B = CH3CH(OH) CH2CHO 
 Ethanal 3-hydroxybutanal

  C = CH3CH = CHCHO D = CH3CH(OH)CN
  But-2-enal 2-hydroxy propane-nitric

 14. How do you convert : (i) toluene to benzaldehyde (ii) ethanoyl chloride to ethanal 

 Ans. (i)  

CH
O – COCH3

Benzylidene diacetateToluene

CrO3

( CCH O) O3 2

CH3
O – COCH3

H O2

�

CHO

Benzaldehyde

 (ii)  CH3COCl  +  H2  →
Pd/BaSO4

S   CH3CHO + HCl
  Ethanoyl chloride ethanal

 15. Write balanced chemical equations for the following reactions.
 (i) Thionyl chloride reacts with benzoic acid
 (ii) Calcium acetate distills with Calcium formate at 675K
 Ans. (i) C6H5COOH + SOCl2 → C6H5COCl + SO2 + HCl
    Thionyl chloride

 (ii) (CH3COO)2Ca + (HCOO)2Ca →distil
675K  2CH3CHO + CaCO3

 16. Illustrate the following name reactions giving a chemical equations in each case :
 (i) Clemmensen reaction (ii) Cannizzaro's reaction
 Ans. (i) Clemmensen reaction : The carbonyl groups of aldehydes and ketones is reduced to CH2 

group on treatment with zinc amalgam and concentrated hydrochloric acid.

C = O + 4[H]  →Zn – Hg
HCl (conc.)  CH2 + H2O

     CH3 – CH2 – CH2 – CHO + [H] →Zn – Hg
HCl (conc.)  CH3 – CH2 – CH2 – CH3 + H2O

      Butyraldehyde  n-Butane 

COCH3

+  [H]

Ethylbenzene

CH CH2 3

+ H O2

Acetophenone

Zn – Hg
HCl (conc.)

 (ii) Cannizaro reaction: Aldehydes which do not have an α-hydrogen, undergo self oxidation 
and reduction (disproportionation) reaction on treatment with concentrated alkali. In this 
reaction, one molecule of the aldehyde is reduced to alcohol while another is oxidised to 
carboxylic acid salt.

     2HCHO →Conc.KOH   CH3OH   +  HCOO–K+ 

      Methyl alcohol Potassium formate
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CHO

Benzyl alcohol

CH OH2

+conc. NaOH2

COONa

Sodium benzoate

 17. Illustrate the following name reactions:
 (i) Hell-Volhard-Zelinsky reaction (ii) Wolf Kishner reduction reaction
 Ans. (i) Hell-Volhard-Zelinsky reaction: Carboxylic acids having an α-hydrogen are halogenated at 

the α-position on treatment with chlorine or bromine in the presence of red phosphorus to 
give α-halocarboxylic acids.

    α
R – CH2 – COOH  →

(i) X2/Red P
(ii) H2O

 R – CH – COOH (X = Cl, Br)

      X
    α

CH3 – CH2 – COOH  →
(i) Cl2/Red P

(ii) H2O
 CH3 – CH – COOH

    Cl
     2-chloropropanoic acid

 (ii) Wolf-Kishner-reduction: The carbonyl group of aldehyde and ketones is reduced to –CH2 
group on treatment with hydrazine followed by heating with potassium or sodium hydroxide 
in a high boiling solvent such as ethylene glycol.

C = O →
+NH2 – NH2

H2O
  C = N – NH2   →KOH

Ethylene glycol ∆  CH2 + N2      Hydrazone

 C = O
CH3

CH3

  →
+NH2 – NH2

–H2O
  C = NNH2

H3C

H3C
   →KOH

Ethylene glycol  CH3CH2 – CH3 + N2

   Acetone        
Propane

 18. Give simple chemical test to distinguish between :
  (i) Pentan-2-one and pentan-3-one (ii) Ethanal and Propanal

 Ans. (i) Pentan-3-one + NaOI → No reaction

  CH3COCH2CH2CH3 + 3NaOH →
NaOH/I2

∆   CHI3↓  +  CH3CH2CH2COONa + 2NaOH
      Yellow ppt

 (ii) CH3CH2CHO + 3NaOI → No reaction

  CH3CHO + 3NaOI → CHI3↓  +  HCOONa + 2NaOH
      Yellow ppt

 19. Which acid of each pair shown here would you expect to be stronger?

 (i) F – CH2 – COOH or Cl – CH2 – COOH (ii) 

OH

  or  CH3COOH

 Ans. (i) F-CH2COOH is a stronger acid due to higher +I effect.
 (ii) Acetic acid is stronger acid than phenol as CH3 is electron donating while C6H5 is electron 

withdrawing group.



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 87

 20. Name the reagents used in the following reactions :
  (i) CH3COCH3 →?  CH3CH(OH) – CH3 (ii) C6H5CH2CH3 →?  CH6H5COO

–
K

+

 Ans. (i) CH3COCH3 →NaBH4  CH3CH(OH) – CH3

 (ii) C6H5CH2CH3 →KMnO4/KOH
∆  C6H5COO

–
K

+

F. Long Answer Type Questions [3 Marks]

 1. An organic compound A with molecular formula C3H8O3 reacts with oxalic acid at 110°C to give 
a	 monocarboxylic	 acid	 B.	 B	 gives	 a	 silver	 mirror	 with	 Tollens'	 reagent	 and	 reduces	 acidified	
potassium	 permanganate	 solution.	 Identify	A	 and	 B	 and	 give	 the	 reaction	 of	 B	 with	 acidified	
KMnO4 solution.

 Ans. Compound A is glycerol  CH2OH
      CHOH
      CH2OH
      (A)

CH OH
2

CHOH

CH OH
2

+

C OHO

COOH

110°C

–H O
2

–CO
2

CH OC – H
2

CH – OH

CH OH
2

O

H O
2

HCOOH   +

Formic

acid

(B)

CH OH
2

CHOH

CH OH
2

  B is formic acid.
  Reaction of B with

 (i) Tollens' reagent
  HCOOH + 2[Ag(NH3)2]

+ + 2OH– → 2Ag↓ + CO2↑ + 2H2O + 4NH3 

   Tollens' reagent Silver 
  mirror

 (ii) Acidified	KMnO4

  2KMnO4 + 3H2SO4 + 5HCOOH → K2SO4 + 5CO2 + 8H2O + 2MnSO4

 2. Carryout the following conversions:
  (i) Methyl chloride to acetic acid (ii) Benzene to Benzoic acid (iii) Ethanol to acetone

 Ans. (i) CH3Cl →KCN  CH3CN →
H+/H2O

Hydrolysis  CH3COOH
  Chloromethane Ethanoic acid

 (ii) 

Ben ez ne

CH Cl3

CH3

AlCl  (an ydrous)3 h

Tol eneu

(i) Alk.KMnO4

(ii) H /H O+
2

COOH

Benzoic acid

 (iii) C2H5OH →
K2Cr2O7/H2SO4  CH3COOH →

Ca(OH)2

–H2O
 (CH3COO)2Ca →dry distill

–CaCO3
 CH3 – C

O

CH3
Acetone

  Ethanol  
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 3. Identify A to F :

A →
LiAlH4  C2H5OH →

PBr3  B →
KCN

 C →D  C3H7NH2  →HNO2  E →
[O]

K2Cr2O7/H
+

 F

 Ans. A = CH3CHO, B = CH3CH2Br, C = CH3CH2CN

  D = LiAlH4, or  H2/Raney Ni  E = C3H7OH, F = CH3CH2COOH

 4. Carryout the following conversions in not more than two steps :
 (i) Phenyl magnesium bromide to benzoic acid (ii) Acetaldehyde to But-2-enal
 (iii) Benzene to m-Nitroacetophenone

 Ans. (i)  MgBr + CO2 → C6H5COOMgBr →
H2O  C6H5 – COOH

 (ii) 2CH3CHO →OH–

dil  CH3CH(OH) – CH2CHO →Heat  CH3CH = CH – CHO

 (iii) C6H5 →
(CH3CO)2O

and AlCl3
 C6H5COCH3 →

Conc H2SO4+
Conc. HNO3

 

COCH
3

NO
2

 5. Draw the structures of the following derivatives :
 (i) The 2, 4-Dinitrophenylhydrazone of benzaldehyde (ii) Acetaldehyde dimethyl acetal
 (iii) Cyclopropanone oxime

 Ans. (i) CH = NNH 

NO2

NO2
 (ii) 

H3C

H

OCH3

OCH3

C  (iii) 

N – OH

 

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

      
OH

 Ans.  CH3COCH2CH3   CH3CHCH2CH3    CH3CH = CHCH3

  Butan-2one  Butan-2ol But-2ene  
   (A) (B) (C)

  Reactions involved are :

 (i) CH3COCH2CH3 →reduction  CH3CH – CH2CH3

      OH 
    (A)  (B)

 (ii) CH3CH – CH2CH3 →
H2SO4  CH3CH = CHCH3

    OH But-2-ene
    (B)  (C)

   O

 (iii) CH3 – CH = CH – CH3  →
O3   CH3 – CH   CH – CH3  →

Zn/H2O  2CH3CHO
     O — O 
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 7. Complete the following reactions :

 (i) 

CHO

Na N H OC /
2  (ii) (C6H5CH2)2Cd +  2CH3COCl  →  

 (iii) CH3 – CH – COOH →
(i) Br2/RedP4

(ii) H2O
     CH3

 Ans. (i) 

CHO

NaCN/HCl
C – H

OH

CN

Benzaldehyde cyanohydrin

 (ii) (C6H5 – CH2)2 Cd + 2CH3COCl  →  2C6H5 – CH2 – COCH3 + CdCl2
  Dibenzylcadmium    1-Phenylpropan-2-one

       Br OH

 (iii) CH3 – CH – COOH  →
Br2

Red P  CH3 – C – COOH →
H3O

+

 CH3 – C – COOH

     CH3
  CH3

 CH3
 

  2-methyl propanoic acid   2-Bromo-2-methyl propanoic acid

 8. Write chemical equations for the following reactions :
  (i) Propanone is treated with Ba(OH)2.
  (ii) Acetophenone is treated with Zn(Hg)/conc.HCl.
  (iii) Benzoyl chloride is hydrogenated in presence of Pd/BaSO4.
    OH O

 Ans. (i) 2CH3COCH3   
Ba(OH)2

  CH3 – C – CH2 – C – CH3

    Propanone CH3
     Ketol
      4-hydroxy-4-methylpentan-2-one

   CH3 O

  CH3 – C = CH – C – CH3 –H2O
 ∆

  4-methylpent-3en-2-one

 (ii) 

COCH3

Zn(Hg)/con .HClc

C H2 5

Ethylbe enenzAcetophenone

+ 4 H[ ] +   H O2

 (iii) 

COCl

Pd-B SOa 4

CHO

BenzaldehydeBenzoyl chloride

+ H2 +   HCl
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 9. Describe how the following conversions can be brought about :
 (i) Cyclohexanol to cyclohexan-1-one (ii) Ethylbenzene to benzoic acid
 (iii) Bromobenzene to benzoic acid

 Ans. (i) 

OH

CrO , H SO3 2 4

O

Cy ohexan-1-oneclCy ohexanolcl

Oxidation

 (ii) 

CH C2 3H

KMnO /OH4
–

COOH

Benzoic acidEthyl benz nee

Vigorous oxidation

 (iii) 

Br

Mg/dry ether

MgBr

Phenyl magnesium
bromide

Bromobenz nee

Grignard reagent
(i) Dry ice
(ii) H O3

+

COOH

Benzoic acid

 10. How are the following conversions carried out :
  (i) Ethylcyanide to ethanoic acid (ii) Butan-l-ol to Butanoic acid
  (iii) Methyl benzene to benzoic acid

 Ans. (i) CH3CH2CN  →Conc.HCl  CH3CH2CONH2 →
Br2/NaOH

  CH3CH2NH2
    Ethyl cyanide Partial Hydrolysis Propanamide Ethylamine HONO

        CH3COOH ←
K2Cr2O7/H

+

 CH3CH2OH
       Ethanoic acid   Ethanol

 (ii) CH3CH2CH2CH2OH →
KMnO4/OH–

[O]  CH3CH2CH2COOH
      Butanoic acid

 (iii) 

CH3

K Cr O  + H SO2 2 7 2 4

COOH

Benzoic acidMethyl benzene

[O]

 11. An organic compound A has the molecular formula of C7H6O. When A is treated with NaOH 
followed by acid hydrolysis, it gives two products, B and C. When B is oxidised, it gives A. 
When A and C are each treated separately with PCl5, they give two different organic products 
D and E.

  Identify A to E.
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 Ans.   

  

CHO CH2OH

BenzylalcoholBenzaldehyde

, B =A =

COOH CHCl2

Benzal dichlorideBenzoic acid

, D =C =

COCl

Benzoyl chloride

E =, ,  

 12. How will you convert the following :
 (i) Toluene to benzoic acid
 (ii) Ethanol to propan-2-ol
 (iii) Propanal to 2-hydroxypropanoic acid

 Ans. (i)  

CH3 COO K– +

Toluene

KMnO – KOH4 +

COOH

Benzoic acid

H O3

+

�

   O OMgBr OH
 (ii) CH3CH2OH →PCC

∆  CH3 – C – H →
CH3Br

 CH3 – CH – CH3 →
H3O

+

 CH3 – CH – CH3
   Ethanol  Propan-2-ol
     Cl

 (iii) CH3CH2CHO →
KMnO4

H3O
+  CH3CH2COOH  →

Cl2/red P
 CH3 – CH – COOH

   Propanal Propanoic acid  NaOH(aq)

      

      CH3 – 

OH

CH – COOH  
      2-hydroxypropanoic acid

 13. Write the structures of A, B, C, D & E in the following reactions :

C6H6 →
CH3COCl

Anhy AlCl3

  A →
Zn – Hg/conc. HCl

  B  →
(i) KMnO4 – KOH, ∆

(ii) H3O
+  C

     
NaOI

     D + E

 Ans. 

COCH3 CH CH2 3

EthylbenzeneAcetophenone

; B =A = ;

COOH

Benzoic acid

C =

COONa

Sodium benzoate

D or  E = CHI   ;3 E or  D =
Iodoform
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 14. (i) Why pka of F-CH2 – COOH is lower than that of Cl CH2COOH?
 (ii) Write the product in the following reaction :

CH3 – CH = CH – CH2CN →(i) DlBAL-H
(ii) H2O

 (iii) How can you distinguish between propanal and propanone?

 Ans.	 (i)	 Due	to	stronger	negative	I-effect	of	F	than	Cl,	fluoro	acetic	acid	is	stronger	acid	than	chloro	
acetic acid and hence pka	 of	fluoroacetic	 acid	 is	 lower	 than	 chloroacetic	 acid.

 (ii) CH3 – CH = CH – CH2 – CHO
     Pent-3-en-l-al

 (iii) Propanal being an aldehyde gives silver mirror test with Tollens' reagent while propanone 
being a ketone does not give this test.

CH3CH2CHO + 2[Ag(NH3)2]
+ + 3OH– →∆  CH3CH2COO– + 2Ag↓ + 4NH3 + 2H2O

 15. (i) Distinguish between :
 (a) C6H5COCH3 and C6H5–CHO (b) CH3COOH and HCOOH

 (ii) Arrange the following in the increasing order of their boiling points :
  CH3CHO, CH3COOH, CH3CH2OH

 Ans. (i) (a) Acetophenone being a methyl ketone on treatment with NaOI gives yellow precipitate of 
iodoform while benzaldehyde does not.

  (b) Formic acid gives silver mirror with Tollens' reagent while acetic acid does not.

 (ii) CH3CHO < CH3CH2OH < CH3COOH

 16. (i) Arrange the following in the increasing order of their reactivity towards nucleophilic addition 
reaction.

C6H5COCH3, CH3CHO, CH3COCH3

 (ii) Write the product in the following reaction

CH3CH2 = CH – CH2CN →
(i) (i-Bu)2AlH

(ii) H2O

 (iii) Why carboxylic acid does not give reactions of carbonyl group.

 Ans. (i) C6H5COCH3 < CH3COCH3 < CH3CHO

 (ii) CH3 – CH2 – CH = CH – CH2CN →
(i) (i-Bu)2AlH

(ii) H2O
CH3CH2CH = CHCH2CHO

   Hex-3-en-nitrile         Hex-3-enal

 (iii) Carboxylic acids are resonance hybrid of the following structures :

I

R – C
O

OH
II

R – C
O

O – H
+

–

  Similarly, a carbonyl group of aldehydes and ketones may regarded as resonance hybrid of 
the following structures :

III

C O

IV

C – O
+ –
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  Because of contribution of structure IV, the carbonyl carbon in aldehydes and ketones is 
electrophilic. On the other hand, electrophilic character of carboxyl carbon is reduced due to 
contribution of structure II. As carboxyl carbon of carboxyl group is less electropositive than 
carbonyl carbon in aldehydes and ketones, therefore carboxylic acids to not give nucleophilic 
addition reactions of aldehydes and ketones.

 17. An organic compound ‘X’ having molecular formula C4H8O gives orange red ppt with 
2,4-DNP reagent. It does not reduce Tollens' reagent but gives yellow ppt of iodoform on heating 
with NaOI. Compound X on reduction with LiAlH4 gives compound ‘Y’ which undergoes 
dehydration reaction on heating with conc. H2SO4 to form but-2-ene. Identify the compounds X 
and Y.

 Ans. X = CH3CH2COCH3  Y = CH3CH2CH(OH)CH3
   Butan-2-one   Butan-2-ol

  Reactions involved

CH3CH2COCH3 + H2N – 

NO
2

2, 4-DNP

N

H

NO
2

CH – CH – C = N – NH
3 2

NO
2

NO
2

Orange red ppt

CH
3

  CH3 – CH2 – COCH3 + 3NaOI →  CHI3↓ + CH3CH2COONa + 2NaOH
    Iodoform

  CH3CH2 COCH3 →LiAlH4  CH3 – CH2 – CH(OH)CH3
    Butan-2-ol

  CH3CH2 – CH(OH)CH3  →
Conc. H2SO4

∆
 CH3 – CH = CH – CH3

      But-2-ene

 18. Give reasons :
 (i) The α-hydrogen atoms of aldehydes and ketones are acidic in nature.
 (ii) Oxidation of aldehydes is easier than ketones.
 (iii) CH2 = CH – COOH is more acidic than CH3CH2 – COOH.

 Ans. (i) The acidity of α-hydrogen in aldehydes and ketones is due to the strong electron withdrawing 
effect of the carbonyl group and resonance stabilisation of the conjugate base:

– C – C –

O

H : B

– C –– C –

O

–

– C = C –

O
–

 (ii) As Aldehydes contain H atom on the carbonyl group but ketones do not. Cleavage of C–H 
bond in aldehydes is easier than cleavage of C–C bond in ketones.

 (iii) This is because in CH2 = CH – COOH, the carboxyl group attached to sp2 hybridised carbon 
atom which is more electronegative and makes of H+ ion easy.
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 19. (i) Distinguish between :
 (a) C6H5 – CH = CH – COCH3 and C6H5CH = CH – COCH2CH3

 (b) CH3CH2COOH and HCOOH

 (ii) Arrange the following in the increasing order of their boiling points :
CH3CH2OH, CH3COCH3, CH3COOH

 Ans. (i) (a) C6H5CH = CHCOCH3 on warming with NaOI gives yellow precipitate of iodoform while 
C6H5CH = CHCOCH2CH3 does not.

 (b) Formic acid reduces Tollens' reagent to metallic silver while propionic acid does not.

 (ii) CH3COCH3 < CH3CH2OH < CH3COOH 

 20. Give reasons for the following :
 (i) Aldehydes (R–CHO) are more reactive than ketones (R–CO–R) towards nucleophilic addition 

reaction.
 (ii) Benzaldehyde does not undergo aldol condensation reaction.
 (iii) Benzoic acid does not give Friedal-Crafts reaction.

 Ans.  (i) Aldehydes are generally more reactive than ketones in nucleophilic addition reactions due 
to steric and electronic reasons. Sterically, the presence of two relatively large substituents 
in ketones hinders the approach of nucleophile to carbonyl carbon than in aldehydes having 
only one such substituent. Electronically, aldehydes are more reactive than ketones because 
two allyl groups reduce the electrophilicity of the carbonyl carbon more effectively than in 
former.

 (ii) Due to absence of α-hydrogen.
 (iii) Benzoic acid does not give Friedal-Craft reaction because :
 (a) the carboxyl group is strongly deactivating.
 (b) the catalyst AlCl3 which is a lewis acid gets bonded to the carboxyl group strongly.
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 SUMMARY 

 1. AMINES:
  These are derivatives of ammonia. They can be classified into primary, secondary or tertiary amines 

if they have functional groups –NH2, –NH, – N respectively.

  Alkyl Amines RNH2, Aryl Amine; C6H5NH2

  Benzyl amine; C6H5CH2NH2

  	Preparation of Amines:
  (a) Reduction of alkyl cyanides:

RCN + H2/Ni or LiAlH4 → RCH2NH2

  (b) Reduction of isocyanides:
RNC + H2/Pt  →  RNHCH3

  (c) Reduction of alkanamides:
RCONH2 + H2/Pt or LiAlH4  →  RCH2NH2

  (d) Hofmann's bromamide reaction:
RCONH2 + Br2 + 2KOH → RNH2 + 2KBr + K2CO3 + 2H2O

  (e) Hydrolysis of isocyanides:
RNC + KOH  →HCl   RNH2 + HCOOH

  (f) Ammonolysis of halides: RX + NH3 → RNH2 + HX

  (g) Ammonolysis of alcohols:
ROH + NH3  →

Al2O3   RNH2 + H2O
  (h) Reduction of nitro compounds:

C6H5NO2 + 6[H]  →Sn/HCl   C6H5NH2

  (i) Gabriel's Phthalamide Synthesis:

KOH alcNH
C

O

C

O

–H O2

C

O

C

O

NK

RX –KX

H O/H2
+

C – OH

O

C – OH

O

C

O

C

O

N – RRNH    +2

1° Amine

6 Organic Compounds Containing
Nitrogen
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	 Physical Properties –
 (a) Lower R-NH2 are gases fishy odour.
 (b) Aniline and other arylamines are colourless but get coloured on storage due to atmospheric 

 oxidation.
 (c) Lower aliphatic amines are soluble in H2O because they can form H-bonds with water molecules.
  Solubility decreases with increase in molar mass of amines due to increase in size of non-polar 

 part (hydrophobic alkyl part).
  Higher amines are insoluble in water.

    Order of H-bonding –  R–NH2 > R2NH > R3N

   	Order of H-bonding & solubility in water: CH3NH2 > (CH3)2NH > (CH3)3N

  Intermolecular H-bonding in 1° amines is more than in 2° amines as there are 2 H-atoms available 
for H-bond formation in it. 3° amines have no H-atom for H-bonding.

 Chemical Reactions
 (a) Amines are reactive due to presence of lone pair on N-atom, it acts as nucleophile (lewis base)
  Hybridisation of N = sp3 (pyramidal shape)

 (b) Basic Character of amines α lp availability on N -atom
 (i) Aliphatic amines are more basic than aromatic amines because in aliphatic amines, lone 

pair is easily available for donation while in aromatic amines, lone pairs are involved in 
resonance [e– withdrawing nature of aryl group] So, pKb of aniline >pKb value of amine. 
pKb = – log Kb

NH2 NH2

+

–

+ +
NH2 NH2 NH2

–
–

I II III IV V

 (ii) Basic character in gaseous or vapour phase :  3° > 2° > 1°  > NH3

    R3N > R2NH > RNH2 > NH3

N

R

R

R

  Due to electron releasing nature of alkyl group, it pushes electrons towards N and hence, the 
availability of lone pair increases for donation or sharing. It occurs due to +I effect of alkyl group.

 (iii) Basic Character in aqueous phase :
  +I effect of alkyl group increases the lone pair density on N and increases the basic character 

order : 3° > 2° > 1°

  H-bonding or solvation with water molecules – Greater the size of amine, lesser will be salvation 
or H-bonding & the less stabilized is the ion. Hence, 3° would be less basic because of less 
H-bonding. Order :      1° > 2° > 3°

  Hence,  2° is most basic.
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  In case of –CH3 (methyl group), steric hinderance is less dominating than H-bonding.

  So, order of basicity : 2° > 1° > 3° > NH3

(CH3)2 NH > CH3NH2 > (CH3)3 N > NH3

  In case of bigger alkyl group (bigger than – CH3 group), steric hinderance and +I effect is more 
dominating than H-bonding.   2°  >  3° >  1° >  NH3

(C2H5)2 NH > (C2H5)3 N > C2H5NH2 > NH3

 (iv) e– releasing groups like  –OCH3,  –CH3  increase the basic strength whereas e– withdrawing 
groups like –NO2, –SO3, –COOH, –X decrease it.

 (v) Benzylamine, Aniline, N-methyl aniline, N,N -dimethyl aniline

C6H5 – CH2 – NH2 > (CH3)2N – C6H5 > CH3 – NH – C6H5 > C6H5NH2

   (c) Alkylation:
R – NH2 + R’ – Cl → R – NH + HCl

      (1°)   |
         R’ (2°)

 (d) Acylation – Aliphatic and aromatic primary and secondary amines react with acid chlorides, 
 anhydrides and esters by nucleophilic substitution reaction. This reaction is known as acylation.

  Pyridine is used to remove HCl formed in a reaction to prevent backward reaction. 

NH2

+ (CH CO) O3 2
py C H – NH – CO – CO + CH COOH6 5 3 3

N – Phenylethanamide
or acetanilide

C H NH  + CH2 5 2 3 – C – Cl

O
Pyridine C H NH – C2 5 3– CH

O

N-Ethylethanamide

(C H )  NH + CH2 5 2 3COCl Py (C H )2 5 2 3N – COCH  + HCl
N, N-Diethylethanamide

acetic
anhydride

 (e) Benzoylation [Schautten–Bauman reaction]

COCl

+ CH NH3 2
py

CONH – CH3

amine

Benzoyl
Chloride

+ HCl

N - Methyl
benzamide

 (f) Carbylamine reaction – [Isocyanide test for 1° amines]
   Aliphatic and aromatic primary amines on heating with chloroform and ethanolic KOH form 

isocyanides or carbylamines which are foul smelling substances.

   NOTE : 2° & 3° amines do not show this reaction
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RNH2 + CHCl3 + 3KOH →D  RNC + 3KCl + 3H2O
       (alc)  (Carbylamine) 

 (g) Hinsberg Test – to distinguish between 1°,  2°  & 3° amines
   Hinsberg reagent =  Benzene sulphonyl chloride

 (i) – Cl

sulphonamide
(soluble in alkali)

RNH2 +

O

S

O

– NH – R + HCl

O

S

O

– N – RK

O

S

O

aqKOH

– +

1°

   [H-atom attached to N in sulphonamide is highly acidic due to the presence of e– withdrawing 
sulphonyl group].

 (ii) – Cl + R NH2

(insoluble in alkali)

O

S

O

– NR  + HCl2

O

S

O

aqKOH

No reaction
[absence of H–atom on N]

(2°)

 (iii) – Cl + R N3

O

S

O

No reaction

Another reagent that can be used -

(3°)

– Cl

O

SP – Toluenesulphonyl chloride H C3

O

 (h) Electrophilic Substitution reactions –   –NH2 group. is  o, p – directing as its lone pair is 
involved in resonance which increases the e-density on the carbon of benzene at o– & p – 
positions…, –NH2 gp. is highly activating and forms trisubstituted product easily.

NH
2

NH
2

+

–

–

+ +

NH
2

NH
2

–

NH
2
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 (i) Bromination: 

NH2

+ 3 Br2
H O2

NH2

+ 3 HBr

Br Br

Br
2, 4, 6 – Tribromoaniline
(White ppt)

  To prepare monosubstituted product, the activating effect of –NH2 group is controlled by 
protecting the –NH2 group by acetylation with acetic anhydride or CH3COCl

    

NH2

+ (CH CO)3 2O
py

NHCOCH3

+ HCl

Acetanilide

Br  in CH COOH2 3

NHCOCH3
NH2

Br

—OH
Or
H+

Br (major)

  NHCOCH3 group is less activating group as the lone pair of electrons on N of acetanilide 
interacts with oxygen atom due to resonance.

  So, lone pair of electrons on N is less available for donation to benzene ring by resonance.

 (ii) Nitration:

  –NH2 gp. is o, p – directing and forms o, p – products. Aniline also forms meta product on 
nitration because in acidic medium, aniline is converted into anilinium ion which is meta – 
directing.

– – C –NH CH
3

– NH = C – CH
3

O

+

O
–

  in acidic medium, aniline is converted into anilinium ion which is meta-directing.

NH
2

Conc HNO
3

NO
2

Conc H SO
2 4

288 K

NH
2

(51%)

( –)p

NO
2

NH
2

(47%)

( –)m

+

NO
2

NH
2

(2%)

( –)o

+

NH2

+   H+

NH2

(protonation)
(anilinium ion)

+
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  For monosubstitution

NH2

(CH CO) O3 2

NHCOCH3

py

acetanilide

HNO3

NHCOCH3

H SO2 4

288 K

NO2

OH–

NH2

or H+

NO2

 (iii) Sulphonation –

NH2

Conc.

NH HSO3 4

453—

NH2

473K

SO H3

NH3

SO3

H SO2 4

+ –

Sulphanilic acid

+

–

(Zwitter ion)

 (iv) Friedal Craft reaction –
  Aniline does not undergo Friedal craft alkylation and acetylation due to salt formation with 

AlCl3 (catalyst). Aniline has lone pair and acts as lewis base while AlCl3 acts as lewis acid 
and form salt due to which nitrogen of aniline acquires positive charge and acts as a strong 
deactivating group.

NH2 NH – AlCl2 3

+ AlCl3

+ –

 (i) Reaction with nitrous acid:

 (a) RNH2 + HNO2 →
(NaNO2 + HCl)

 [R 
+
N2Cl–] →

H2O  ROH + N2 + HCl
  (1° amine) (insitu)

 (b) 

NH2 N   Cl2

+ NaCl + 2H O2

+ –

(NaNO  + 2HCl)2

0 – 5°C

 2. DIAZONIUM SALTS:
  Primary aliphatic amines form unstable alkyl diazonium salts. Primary aromatic amines form 

arene diazonium salts which are stable at low temperature (0 – 5°C) due to the resonance.

N N�

+

–+

N = N

+

–+

N = N
+

N = N N � N
+

+

+
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  Diazonium salts = RN2 
+X–

  X– = Cl–, Br–, HSO4
–, BF4

–

N2
+ –Cl

Benzene diazonium
chloride

N2
+ –HSO4

Benzene diazonium
hydrogensulphate

;

 R – NH2 + HONO (0 – 5°C) → [R – N2
+Cl–] + H2O → R – OH + N2 + HCl

  Preparation – (Diazotisation reaction)

NH2

+ NaNO    +   2HCl2

Aniline
Sodium
nitrite

273–278 K

N2
+Cl–

+ Na + 2H OCl 2

  Diazonium salts are stable at low temperature and has unstability at room temperature, it is not 
stored and is used immediately after its preparation.

  Physical Properties – Diazonium salt is colourless crystalline solid. It is readily soluble in water 
and is stable in cold but reacts with water when warmed.

  Chemical Properties – HONO Diazonium group is a good leaving group as N2 gas escapes out.

 (a) Sandmeyer reaction – (Yield is more)

N2X
CuCl/HCl

+ –

CuBr/HBr

CuCN/
HCN

Cl

+ N2 Br

+ N2CN

+ N2

 (b) Gatterman reaction – (Yield is less)

N2X Cu/HCl+ –

Cu/HBr

Cl

+ N + CuX2

Br

+ N + CuX2



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

102 Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination

 (c) 

N2X

+ Kl
�

+ –
I

+ KX+ N2

 (d) 

N
2
X

+ –

+ HBF
4

N
2 4
BF

+ –

�

F

+ BF + N
3 2

 (e) 

N2Cl
+ –

+ H PO  + H O3 2 2 + N + H PO  + HCl2 3 3
(phosphinic acid)

N2Cl
+ –

+ CH CH HO3 2 + N + CH CHO + HCl2 3
ethanol

 (f) 

N2Cl
+ –

+ + HON l2

Phenol

Warm
H O2

OH

 (g) 

N2Cl
+ –

+ + NABFN2 4

Phenol

HBF4

fluoroboric acid

N2 4BF
+ –

NaNO2

Cu, �

NO2

  Coupling reaction (Dye test):

  

N Cl   + H2

+ –
OH OH–

N = N OH + HCl

(p-hydroxy
azobenzene)
(orange dye)

diazonium salt

N Cl   + H2

+ –
NH2

H+

N = N

(p-aminoazobenzene)
(yellow dye)

aniline

NH  + HCl2

   It is the test for diazonium salt, phenol and aniline detection.
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QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. Amine that cannot be prepared by Gabriel phthalimide synthesis is :
 (a) Aniline (b) benzylamine (c) Methylamine (d) iso-butylamine

 2. Which is most basic:
  (a) CH3NH2 (b) (CH3)2NH (c) C6H5NH2 (d) (CH3)3N

 3. The amine that reacts with NaNO2 + HCl to give yellow oily liquid is:
  (a) ethylamine   (b) diethylamine
  (c) isopropylamine   (d) secondary butylamine

 4. The primary amine reacts with CHCl3 with alcoholic KOH, then the product is :
  (a) isocyanide (b) aldehyde (c) cyanide (d) alcohol

 5. Which of the following exists as a zwitter ion?
  (a) p-Aminophenol   (b) m-Aminobenzene sulphonic acid
  (c) Benzene sulphonic acid   (d) Sulphanilic acid

 6. Which of the following will not undergo diazotisation?
  (a) m-Toluidine (b) Aniline (c) p-Aminophenol (d) Benzylamine

 7. Carbenes are not the reactive intermediates in:
  (a) Reimer-Tiemann reaction  (b) Fittig reaction
  (c) Hofmann bromamide reaction (d) Carbylamine reaction

 8. Which statement is true regarding the given structure? N
CH3

C2H5

C3H7  (a) It is a chiral molecule
  (b) It exists in two resolvable optically active forms
  (c) Both (a) and (b)
  (d) Neither (a) nor (b)

 9. The basic character of ethylamine, diethylamine and triethyl amine in vapour phase is :

  (a) C2H5NH2 < (C2H5)2NH < (C2H5)3N (b) C2H5NH2 < (C2H5)3N < (C2H5)2NH

  (c) (C2H5)3N < (C2H5)2NH < C2H5NH2 (d) (C2H5)3N < C2H5NH2 < (C2H5)2NH

 10. Zn/Hg

CH = CHNO2

COCH3

HCl
 Product, here the product is :

  (a) 

CH = CHNO
2

CH CH
2 3

   (b) 

CH = CHNH
2

CH CH
2 3
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  (c) 

CH CH N
2 2 2

H

CH CH
2 3

   (d) 

CH CH N
2 2 2

O

CH CH
2 3

 11. Gabriel phthalimide synthesis is used in the preparation of :
  (a) 1° Amines   (b) 2° Amines
  (c) 3° Amines   (d) Mixture of all the three

 12. Which of the following does not react with nitrous acid?
  (a) C6H5NH2 (b) C6H5NHCH3 (c) C6H5N(CH3)2 (d) None of these

 13. Which one of the following is not an oxidation product of a primary amine?
  (a) A hydroxylamine   (b) A nitroso compound
  (c) A nitro compound   (d) None of these

 14.  The correct increasing order of basic strength is :
  (a) NH3 < C6H5NH2 < C6H5CH2NH2 < C2H5NH2 < (C2H5)2NH

  (b) C6H5CH2NH2 < C6H5NH2 < NH3 < C2H5NH2 < (C2H5)2NH

  (c) C6H5NH2 < NH3 < C6H5CH2NH2 < C2H5NH2 < (C2H5)2NH

  (d) (C2H5)2NH < C6H5NH2 < C6H5CH2NH2 < NH3 < C2H5NH2

 15. Which of the following leads to carbon-carbon double bond?
  (a) 1° amine + RCHO   (b) 2° amine + R2CO
  (c) 2° amine + RCHO   (d) Both (b) and (c) 

 16. In the following reaction, the reagent X should be :

RCOOH + [X] →
Conc.H2SO4  RNH2

  (a) NH3   (b) HN3

  (c) either of the two   (d) None of the two

 17. The correct order of increasing basicity is

    CH3CH2NH2 CH3C

NH

NH2 CH3C

O

 NH2

    I II III

  (a) II < III < I (b) I ≈ III < II (c) I < II < III (d) III < I < II

 18. Which of the following does not reduce C6H5NO2 to aniline?
  (a) Sn/HCl (b) SnCl2/HCl (c) Zn/HCl (d) LiAlH4

 19. Reaction of ethyl amine with alkaline CHCl3 leads to the formation of carbylamine reaction. This 
reaction involves the attack of an electrophilic an ethyl amine, the electrophile is :

  (a) H3O
+ (b) H+  (c) RNH3

+ (d) :CCl2

 20. Which of the reactions cannot be used for introducing C = C linkage?
  (a) Hofmann elimination   (b) Aldol condensation
  (c) Fittig reaction   (d) None of these
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ANSWERS

 1. (a) 2. (b) 3. (b) 4. (a) 5. (c) 6. (d) 7. (c) 8. (a) 9. (a)
 10. (b) 11. (a) 12. (d) 13. (d) 14. (c) 15. (d) 16. (b) 17. (d) 18. (d)
 19. (d) 20. (d)

B. Fill in the Blanks  [1 Mark]

  1.  _____________ is formed when ethylamine is heated with CHCl3 and KOH.

 2. Reduction of N-methyl acetanamide with LiAlH4 in ether gives ___________.

 3. The boiling points of amines are _____________ than those of alcohols of comparable molecular 
mass due to ____________.

 4. Tetra-alkyl ammonium salts are called _____________ salts. 

 5.  Benzyl amine is ___________ basic than aniline.

 6. Among the isomeric o-m and p-toluidine ____________ is the weakest base.

 7. The reaction of aniline with NaNO2 and HCl at 0°C to form benzenediazonium chloride is called 
_____________.

 8. Aniline on treatment with bromine water gives ______________. 

ANSWERS
 1. Ethyl isothiocyanate 2. ethylmethyl amine 3. lower, weak H-bonding
 4. quaternary ammonium salts   5. more
 6. m-toluidine 7. diazotisation 8. 2, 4, 6-tribromoaniline

C.  Match the Following  [1 Mark]

 1. Column I  Column II

  (a) Ammonolysis (i) Amine with lesser number of carbon atoms

  (b) Gabriel phthalimide synthesis (ii) Detection test for primary amines

  (c) Hofmann Bromamide reaction (iii) Reaction of phthalimide with KOH and R–X

  (d) Carbylamine reaction (iv) Reaction of alkylhalides with NH3
 
 2. Column I  Column II

  (a) Benzene sulphonyl chloride (i) Zwitter ion

  (b) Sulphanilic acid (ii) Hinsberg reagent

  (c) Alkyl diazonium salts (iii) Dyes

  (d) Aryl diazonium salts (iv) Conversion to alcohols

ANSWERS
 1. (a) (iv) (b) (iii) (c) (i) (d) (ii) 2. (a) (ii) (b) (i) (c) (iv) (d) (iii)
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D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : Aromatic 1° amines can be prepared by Gabriel phthalimide synthesis.
  Reason (R) : Aryl halides cannot undergo nucleophilic substitution with anion formed by 
    phthalimide.

 2. Assertion (A) : Only a small amount of HCl is required in the reduction of nitro compounds 
    with iron scrap and HCl in the presence of steam.
  Reason (R) : FeCl2 formed gets hydrolysed to release HCl during the reaction.

 3. Assertion (A) : Amines are basic in nature.
  Reason (R) : Amines have lone pair of electrons on nitrogen atom.

 4. Assertion (A) : Acetanilide is less basic than aniline.
  Reason (R) : Acetylation of aniline results in decreases of electron density on nitrogen.

 5. Assertion (A) : Aniline does not undergo Friedel-Crafts reaction.
  Reason (R) : –NH2 group of aniline reacts AlCl3 (Lewis acid) to give acid-base reaction.

 6. Assertion (A) : Nitration of aniline can be conveniently done by protecting the amino group by 
  acetylation.

  Reason (R) : Acetylation increases the electron-density in the benzene ring.

ANSWERS

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

E.  Short Answer Type Questions [2 Marks]

 1. Write the following conversions :
 (i) nitrobenzene → acetanilide (ii) acetanilide → p-nitroaniline

 Ans. (i) 

NO2

nitrobenzene

Sn/HCl
Reduction

NH2

(CH CO) O3 2

Pyridine Acetylation

NHCOCH3

Acetanilide

 (ii) H /H O
+

2

NHCOCH
3

HNO /H SO
3 2 4

NHCOCH
3

NO
2

NH
3

NO
2 
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 2. A compound Z with molecular formula C3H9N reacts with C6H5SO2Cl to give a solid, insoluble 
in alkali, identify Z.

 Ans. Compound ‘Z’ with molecular formula C3H5N is an aliphatic amine which on treatment with 
C6H5SO2Cl gives a solid, insoluble in alkali. Therefore the product does not have any replaceable 
hydrogen on the nitrogen atom. In other words, the amine (Z) must be secondary amine i.e., Z 
is ethyl methylamine.

N – H  + C H SO Cl6 5 2 N – SO C H2 6 5

C H2 5

CH3

C2 5H

CH3

N-methyl ethanamine N-ethyl-N-methyl
benzene sulphonamide

 3. Identity A and B in each of the following processes:

 (i) CH3CH2Cl  →NaCN   A  →Reduction
Ni/H2

  B

 (ii) C6H5NH2  →NaNO2/HCl
  A  →

C6H5NH2

OH–   B

 Ans. (i) CH3CH2Cl →NaCN  CH3CH2CN →reduction
Ni/H2

 CH3CH2CH2NH2

    

Ethyl
cyanide

(A)  

n-propylamine
(B)

 (ii) C6H5NH2 →
NaNO2/HCl

  C6H5N ≡ NCl  →
C6H5NH2

OH–  C6H5N = N NH2

    
Benzene diazonium

chloride  
p-Aminoazobenzene

 4. Give the chemical tests to distinguish between the following pairs of compounds.

 (i) Ethylamine and Aniline

 (ii) Aniline and Benzylamine

 Ans. (i) To distinguish Ethylamine and aniline

Chemical test C2H5NH2
Ethylamine

C6H5NH2
Aniline

NaNO2 + dil HCl at 273-
278 K followed 
by NaOH and 
β-naphthol

No reaction Yellow orange dye is obtained

C6H5NH2 
→

NaNO2/dil.HCl
0°C to 5°C  2H2O + 

N Cl2

Orange dye ← + β-naphthol

 (ii) Aniline and Benzylamine

Chemical test Aniline Benzylamine

Add NaNO2/HCl to
both the samples.

No evolution
of gas

N2 gas is evolved 

C6H5NH2 →
(i) HONO

(ii) H2O
 

CH OH
2

 + N2↑ + HCl
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 5. Complete the following reaction equations :

 (i) C6H5NH2 + CHCl3 + KOH alc.

 (ii) C6H5N2Cl + H3PO2 + H2O →

 Ans. (i) C6H5NH2 + CHCl3 + 3KOH (alc.) → C6H5NC + 3KCl + 3H2O
   Aniline  Phenyl
   isocyanide

 (ii) C6H5N2Cl + H3PO2 + H2O → C6H5 + N2 + HCl + H3PO3
   Benzene Benzene 

 diazonium
   chloride

 6. Explain the following giving a reason in each case :
 (i) Why is an alkylamine more basic than ammonia?
 (ii) Why do primary amines have higher boiling points than the tertiary amines?
 Ans. (i) Alkylamines is more basic than ammonia because in aliphatic amines, the electron releasing 

alkyl group stabilize their ammonium cations by dispersing the positive charge and in parent 
amine it makes the nitrogen unshared electrons more available for sharing with a proton.

 (ii) The boiling point of primary amine are higher than the tertiary amines because strong 
intermolecular hydrogen bonding takes place between the molecules of primary amines.

 7. State reasons for the following :
 (i) pkb value for aniline is more than that for methylamine.

 (ii) Ethylamine is soluble in water whereas aniline is not soluble in water.
 Ans. (i) In aniline, the lone pair of electrons on N-atom are delocalised over benzene ring due 

to resonance. As a result, electron density on the nitrogen atom decreases. In contrast, 
in methylamine, +I effect of CH3 group increases electron density on the nitrogen atom. 
Therefore, aniline is a weaker base than methylamine, hence its pkb value is more than that 
for methylamine.

 (ii) Ethylamine is soluble in water due to formation of intermolecular hydrogen bonds with water 
molecules. However, in aniline due to large hydrophobic part i.e., hydrocarbon part, the extent 
of hydrogen bondings decreases considerably and hence aniline is insoluble in water.

 8. Write structures of the following compounds 
 (i) 2-methyl-1, 4-dinitrobutane
 (ii) p-Toluidine

 Ans. (i) CH3 CH – CH2 – CH2 – NO2

    CH2NO2

 (ii) H3C  NH2

 9. (i) What is the role of HNO3 in the nitrating mixture used for nitration of benzene?
 (ii) Why is NH2 group of aniline acetylated before carrying out nitration?

 Ans. (i) HNO3 acts as a base in the nitrating mixture and provides the electrophile NO2+.

 (ii) The hurdles for the nitration of aniline are overcome by the protection of amino group by 
acetylation. The acetyl group reduces the reactivity of the ring and thus its oxidation does 
not occur easily with nitric acid HNO3. 
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 10. (i) What is the product when C6H5CH2NH2 reacts with HNO2?

 (ii) What is the best reagent to convert nitrile to primary amine?

 Ans. (i) C6H5CH2OH as the major product. When C6H5CH2NH2 reacts with HNO2 at low temperature, 
stable Diazonium salt is formed and no N2 gas is evolved in this case.

 (ii) LiAlH4 and Sodium/Alcohol are the best reagents for converting nitrile to primary amine. 
The nitriles can be transformed into a corresponding primary amine through reduction.

 11. Give the structure of ‘A’ in the following reaction.

CH3

NH2

NO2

(i) NaNO  + HCl, 273-278 K2

(i) H PO , H O2 2 2

A

 Ans.  CH3

NH2

NO3

Na/NO  + HCl2

273-278 K

CH3

N Cl2

No2

H PO , H O3 2 2

(Reduction)

CH3

m-Nitrotoluene
( )A

NO2(Diazotisation)

 

 12. (i) What is Hinsberg reagent?
 (ii) Why is benzene diazonium chloride not stored and is used immediately after its preparation?
 Ans. (i) Hinsberg reagent is benzene sulphonyl chloride (C6H5SO2Cl)
 (ii) Benzene diazonium chloride is very unstable. Therefore, it cannot be stored and is used 

immediately its preparation.

 13. (i) Explain why is MeNH2 stronger base than MeOH?

 (ii) What is the role of pyridine in the acylation reaction of amines?
 Ans. (i) Nitrogen is less electronegative than oxygen, therefore, lone pair of electrons on nitrogen is 

readily available for donation. Hence, MeNH2 is more basic than MeOH.
 (ii) Pyridine and other bases are used to remove the side product i.e., HCl formed during reaction 

mixture.

 14. Complete the following chemical equations :

 (i) C6H5N2Cl + C6H5NH2 →OH–

  (ii) C6H5N2Cl + CH3CH2OH →

 Ans. (i)  N2Cl +  NH2 
→OH–

  N = N  NH2 + HCl

    Aniline p-amino azobenzene (Yellow dye)

 (ii) C6H5N2Cl + CH3CH2OH →
  + N2 + CH3CHO + HCl

 15. Complete the following chemical equations :

 (i) CH3CH2Cl  →NaCN   A  →reduction
Ni/H2

  B
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 (ii) RCONH2  →LiAlH4

H2O
 

 Ans. (i) CH3CH2Cl →NaCN   CH3CH2CN  →reduction
Ni/H2

  CH3CH2CH2NH2

 (ii) RCONH2 →LiAlH4

H2O
 RCH2NH2

 16. Account for the following, supporting your answer with diagrams or equations wherever possible.
 (i) Diazonium salts of Aromatic amines are more stable than those of aliphatic amines.
 (ii) Methyl amine in water reacts with ferric chloride to precipitate hydrated ferric oxide.

 Ans. (i) The diazonium salts of aromatic amines are more stable than those of aliphatic amines due 
to disperse of the positive charge on the benzene ring as shown below.

   

N N�

+

N = N
+ –

N = N
+ –

+

+

N = N
+ –

+

N N�

+

  (ii) Methylamine being more basic than water, accepts a proton from water, liberating OH– ions, 

CH NH  + H – OH
3 2

CH H  + OH
3

– N
3

–
+

  There OH– ions combine with Fe3+ ions present in H2O to form brown precipitate of hydrated 
ferric oxide.

FeCl3 → Fe3+ + 3Cl–

2Fe3+ + 6OH– → 2Fe(OH)3  or  Fe2O3, 3H2O
      hydrated ferric oxide

 17. Write the chemical equations involved when aniline is treated with the following reagents :
 (i) Br2 Water  (ii) HCl

  Ans.  (i)  

NH2

2, 4, 1-tribromoaniline

NH2

+  3Br  (water)2

Br Br

Br

+  3HBr

 (ii)  

NH2

Anilinium chloride

NH Cl3

+  HCl

Aniline

+ –

 18. Arrange the following :

 (i) In increasing order of their basic strength.

C6H5 – NH2, CH3CH2 – NH2, CH3NH – CH3
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 (ii) In increasing order of solubility in water

CH3 – NH2, (CH3)3N, CH3 – NH – CH3

 Ans. (i) C6H5 – NH2 < CH3CH2NH2 < CH3NHCH3

 (ii) (CH3)3N < (CH3)2NH < CH3NH2

F. Long Answer Type Questions [3 Marks]

 1. In the following cases, rearrange the compounds as directed :
 (i) In an increasing order of basic strength 

C6H5NH2, C6H5N(CH3)2, (C2H5)2NH and CH3NH2

 (ii) In a decreasing order of basic strength :
  Aniline, p-nitroaniline and p-toluidine

 (iii) In an increasing order of pkb values :

C2H5NH2, C6H5NHCH3, (C2H5)2NH and C6H5NH2

 Ans. (i) C6H5NH2 < C6H5N(CH3)2 < CH3NH2 < (C2H5)2NH

 (ii) p-Toluidine > Aniline > p-nitroaniline

 (iii) (C2H5)2NH2 < C2H5NH2 < C6H5NHCH3 < C6H5NH2

 2. (i) Explain why an alkylamine in more basic than ammonia.
 (ii) How would you convert
  (a) Aniline to nitrobenzene  (b) Aniline to iodobenzene

 Ans. (i) Due to electron releasing nature, the alkyl group (R) pushes electrons towards nitrogen in 
alkyl amine and thus makes the unshared electron pair more available for sharing with the 
proton of the acid. Therefore, alkyl amine is more basic than ammonia.

 (ii) (a) 

NH2

Aniline

N2Cl

HBF4

N2 4BF

NaNO /HCl2

273-278 K
NaNO2

Cu, �

NO2

Nitro benzene

  (b) 

NH2

Aniline

N2Cl

+KI

I

NaNO /HCl2

273-278 K

Iodobenzene

 3. Illustrate the following reactions giving a chemical equation in each case ;
 (i) Hofmann's bromamide reaction
 (ii) Gabriel pthalimide synthesis
 (iii) A coupling reaction

 Ans. (i) Hofmann's bromamide reaction: When a primary acid amide is heated with an aqueous or 
ethanolic solution of NaOH or KOH and bromine, it gives a primary amine with one carbon 
atom less.
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  RCONH2 + Br2 + 4NaOH → RNH2 + Na2CO3 + 2NaBr + 2H2O

  C6H5CONH2 + Br2 + 4KOH → C6H5NH2 + K2CO3 + 2KBr + 2H2O

 (ii) Gabriel Phthalamide Synthesis: This reaction is used for the preparation of aliphatic 
primary amines. In this reaction, Phthalimide is first of all treated with ethanolic KOH to form 
potassium phthalimide. Potassium phthalimide on treatment with alkyl halide gives N-alkl 
phthalimide, which on hydrolysis with dilute HCl gives a primary amine as the product.

+KOH (alc.)
C

O

C

O

C

O

C

O

N – KNH
– +

RX

H O/H2
+

COOH C

O

C

O

N – K+  RNH2

COOH
Phthalic acid

1° amine

 (iii) Coupling reaction: Diazonium salts react with aromatic amines in weakly acidic medium 
and phenols in weakly alkaline medium to form coloured compounds called azo dyes by 
coupling at p-position of amines or phenols. The mechanism is basically that of electrophilic 
aromatic substitutions where the diazonium ion is electrophile.

    

N Cl   + H2

+ –
OH OH–

N = N OH + HCl

(p-hydroxy
azobenzene)
(orange dye)

diazonium salt

 4. Write the structures of the main products of the following reactions :

 (i) 

NH
2

(CH CO) O
3 2

Pyridine
   (ii) (CH ) NH3 2SO Cl2

 (iii) 

N2Cl

CH CH OH3 2

+ –

 Ans. (i) 

NH2

(CH CO) O3 2

Pyridine

A ilinen

NHCOCH3

Acetanilide

+  HCl
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 (ii) 
(CH ) NH3 2SO Cl2

Benzene sulphonyl
chloride

S – N – CH  + HCl3

N, N-Dimethyl
benzene sulphon midea

O CH3

O

 (iii) + CH CH OH3 2

Benzene di-azonium
chloride

+ CH CHO + N  + HCl3 2

Benz nee

N Cl2

+

 5. Write the structures of the main products when benzene diazonium chloride reacts with the 
following reagents.

 (i) CuCN (ii) CH3CH2OH  (iii) Cu/HCl

 Ans. (i) CuCN

Benzonitrile

N Cl2 CN

 (ii) 
CH CH OH3 2

Benzene

N Cl2

 (iii) 
Cu/HCl

Chlorobenzene

N Cl2 Cl

 6. Write the structures of A, B and C in the following :

 (i) C6H5CONH2  →Br2/aq. KOH
  A  →NaNO2 + HCl

0 – 5°C   B →KI  C

 (ii) CH3 – Cl  →KCN   A  →LiAlH4   B →CHCl3 + alc KOH
D  C

 Ans. (i) A = C6H5NH2,  B = C6H5 – N2Cl,  C = C6H5I
     Aniline  Benzene di-azonium   Iodobenzene 

     chloride

  (ii) KCNCH Cl3 CH CN3

Methyl cyanide

LiAlH4 CH CH NH3 2 2

Ethylamine

CHCl  + KOH3 alc. CH CH N = C3 2

Ethylisocyanide

�

 7. Describe Hinsberg method for the identification of primary, secondary and tertiary amines. Also 
write the chemical equations of the reactions involved.

 Ans. Hinsberg's test : In this test, the amine is first treated with Hinsberg's reagent (benzene sulphonyl 
chloride) and then shaken with aqueous KOH solution when the three amines behave in different 
ways.

 (i) A 1° amine gives a clear solution which on acidification gives an insoluble N-alkyl benzene 
sulphonamide.
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–HCl
SO Cl + RNH2 2

1° amine
S – N – F

N, Alkylbenzene sulphonamide

O H

O

+ KOH
–H O2

S – N – R

O

O
K+

–

Potassium salt

 (ii) A 2° amine gives an insoluble N1 N-dialkyl benene sulphonamide which remains unaffected 
on addition of acid.

SO Cl + R NH2 2

2° amine
S – N – R + HCl

N – N – Dialkyl benzene
sulphonamide

(insoluble in KOH)

O R

O

 (iii) A 3° amine does not react at all 

C6H5SO2Cl + R3N  →KOH   No reaction
   3° amine 

 8. How do you convert the following

 (i) C6H5CONH2 to C6H5NH2  (ii) Aniline to phenol 

 (iii) Ethanenitrile to ethanamine

 Ans. (i) C6H5CONH2 to Br + 4KOH → C6H5NH2 + K2CO3 + 2KBr + 2H2O 

 (ii)  
NaNO /HCl2

Aniline

NH2

0° – 5°C
H O2

Phen lo

N Cl2

�

OH

 (iii) CH3C = N + 4[H]  →
Na – Hg/C2H5OH

or LiAlH4

  CH3CH2NH2

   Ethanamine

 9. Give reasons for the following :
 (i) Aniline does not undergo Friedal-Craft's reaction.
 (ii) p-methylaniline is more basic than p-nitroaniline.
 (iii) Acetylation of –NH2 group is done in aniline before preparing its ortho and para compounds.

 Ans. (i) Aniline being a Lewis base reacts with Lewis acid. AlCl3 (catalyst) to form a salt. Due to the 
conc. of the charge on N— atom in the salt, the group –N

+
H2AlCl

–

3 reduces electron density 
in benzine ring and acts as a strong deactivating group and hence aniline does not undergo 
Friedal-Craft reaction.
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 (ii) –CH3 being electron donating group released electrons, stabilises the conjugate acid of 
p-methyl aniline whereas –NO2 being electron withdrawing group, destabilities conjugate 
acid of p-nitro aniline that is why p-methyl aniline is stronger base than p-nitroaniline.

 (iii) Acetylation of –NH2 group reduces the activating effect of its and thus prevail the formation 
of di and tri-substitution products.

 10. Write the structures of A, B, C, D and E in the following reactions :
CH COCl3C H6 5 2NH Br /CH COOH2 3

Pyridine

CHCl  + KOH3

A

E

HNO  + H SO3 2 4

B
H+

C

D

 Ans. 

NHCOCH3

Acetanilide

;A =

NH2 NC

;C = D =

Phenyl
isocyanideBr

p-bromoaniline

NHCOCH3

E =

NO2

p-nitroacetanilide

NHCOCH3

Br

B =

p-bromoacetanilide

; ;

 11. An aromatic compound ‘A’ of molecular formula C7H6O2 undergoes a series of reactions as shown 
below. Write the structures of A, B, C, D and E in the following reaction:

NH3(C H O ) A7 6 2
Br  + NaOH2

�

D

LiAlH /ether4

B CC H CONH6 5 2
(CH CO) O3 2

E

Br2

 Ans. 

C OHO

Benzoic acid

NH2

;A = B =

Aniline

;

NHCOCH3

C =

N-phenyl ethanamide

CH NH2 2

Benzylamine

NH2

;D = E =

2, 4, 6 tribromoaniline

Br Br

Br

 12. An aromatic compound ‘A’ of molecular formula C7H7ON undergoes a series of reactions as 
shown below :  
Write the structures of A, B, C, D and E in the following reactions :

Br  + KOH2(C H ON)7 7 A NaNO  + HCl2

D

CHCl  + KOH3

B
CuCl

CC H NH6 5 2 0° – 5°C

E

H O2
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 Ans. 

C NHO 2

Benzamide

N2Cl

;A = B =

Benzene diazonium
chloride

;

CN

C =

Benzonitrile

N = C

Phenyl isocyanide

OH

;D = E =

Phenol

;

 13. A hydrocarbon ‘A’(C4H8) on reaction with HCl gives a compound ‘B’, (C4H9Cl), which on reaction 
with 1 mol of NH3 gives compound ‘C’, (C4H11N). On reacting with NaNO2 and HCl followed 
by treatment with water, compound ‘C’ yields an optically active alcohol, ‘D’. Ozonolysis of ‘A’ 
gives 2 mols of acetaldehyde, Identify compounds ‘A’ to ‘D’. Explain the reactions involved.

 Ans. A = CH3–CH = CH–CH3 B = CH3CH2CHClCH3
     Acetaldehyde  2-Chlorobutane

  C = CH3CH2CH – CH3 D = CH3CH2 – CH – CH3

     NH2  OH
    Buten-2-amine  Butanzol

  Reactions involved are

  As C4H8 is fit in formula CnH2n of alkene.

  So, its an alkene

    CH3CH = CHCH3 →
(i) O3/CH2Cl2

(ii) Zn/H2O
 2CH3CHO

    But-2-ene Acetaldehyde

    CH3CH = CHCH3 + HCl → CH3CH2CHCl – CH3

     2-chloro butane

    x  x
    CH3CH2 – CH – CH3 →

NH3(1 mol.)
–HCl

 CH3CH2CH – CH3

     Cl NH2

    x  x
    CH3CH2 – CH – CH3 →

H4NO2/HCl
 CH3CH2CH – CH3

     NH2 OH 

 14.  An aromatic compound (A) on treatment with NH3 followed by heating forms compound (B), 
which on heating with Br2 and KOH forms a compound (C) having molecular formula C6H7N.

  Give the structures of A, B and C and write the reactions involved.

 Ans. A = Benzoic acid ;  B = Benzamide ;  C = Aniline

NH3

Benzoic acid

COOH

–H O2

Benzamide
(B)

COONH4

�

CONH2

Ammonium
benzoate

Br /KOH2

Aniline
(C)

NH2
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 15. (i) Stating the necessary reaction conditions write chemical reaction equations to obtain the 
following :

  Chlorobenzene from aniline

 (ii) Identify A and B in the following :

  (a) CN–

CH Br2

A B
LiAlH4

  (b) R2CO →
NH3  A →

Ni/H2  B

 Ans. (i) NaNO /HCl2

NH2

0° – 5°C
CuCl

N Cl2

HCl

Cl

chlorobenzene

  (ii) (a) CN–

CH Br2

LiAl/H4

CH CN2 CH CH NH2 2 2

2-phenyl ethanamine
A B

Benyl cyanide

  (b) R2CO →
NH3  R – C = NH →

Ni/H2  R – CH – NH2

     R R
      ‘B’ (Diallyl ethanamine)

  16. Identify A and B in the following reactions :

 (i) CH3CH – CONH2 →
Br2/NaOH

 A →
HNO2  B

    CH3

 (ii) Br /Fe2
3+

NO2

A BSn/HCl

 (iii) CH3CN →
H+/H2O  A →

LiA/H4  B

 Ans. (i) CH3CH – CONH2 →
Br2/NaOH

 CH3CHNH2 →
HNO2  CH3 – CH – OH 

    CH3  CH3  CH3

      (B) Propan-2-ol
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 (ii) 
Fe /Br3+

2

NO2

Sn/HCl

NO2

Br
A

NH2

Br

m-Bromoaniline3-bromonitrobenz nee

 (iii) CH3CN  →
H2O/H+

 CH3COOH →
LiAlH4  CH3CH2OH 

 17. How will you convert 4-nitrotoluene to 2-bromobenzoic acid.

 Ans. Br2

CH3

Sn/HCl

CH3

Br

NO2 NO2

CH3

Br

NH2

NaNO /HCl2

273-278 K

CH3

Br

N Cl2

CH3

Br

COOH

Br KMnO4

OH–

H PO3 2

anhydrous
FeBr3
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 SUMMARY 

 1. Carbohydrates: Carbohydrates are primarily produced by plants and form a very large group 
of naturally occurring organic compounds. Some common examples of carbohydrates are cane 
sugar, glucose, starch, etc. Most of them have a general formula, Cx(H2O)y, and were considered 
as hydrates of carbon from where the name carbohydrate was derived. For example, the molecular 
formula of glucose (C6H12O6) fits into this general formula, C6(H2O)6.

 2. Chemically, the carbohydrates may be defined as optically active polyhydroxy aldehydes or ketones 
or the compounds which produce such units on hydrolysis.

 3.	 Classification	of	Carbohydrates:	Carbohydrates are classified on the basis of their behaviour on 
hydrolysis. They have been broadly divided into the following three groups.

	 (a)	 Monosaccharides:	A carbohydrate that cannot be hydrolysed further to give simpler unit 
of polyhydroxy aldehyde or ketone is called a monosaccharide. About 20 monosaccharides 
are known to occur in nature. Some common examples are glucose, fructose, ribose, etc.

	 (b)	 Oligosaccharides:	Carbohydrates that yield two to ten monosaccharide units, on hydrolysis, 
are called oligosaccharides. They are further classified as disaccharides, trisaccharides, 
tetrasaccharides, etc., depending upon the number of monosaccharides, they provide on 
hydrolysis. Amongst these the most common are disaccharides. The two monosaccharide 
units obtained on hydrolysis of a disaccharide may be the same or different. For example,

 (i) C12H22O11 + H2O   H+

or invertase     C6H12O6     +   C6H12O6
  sucrose D (+) – glucose D(–) fructose

 (ii) C12H22O11 + H2O   maltase     2D(+) glucose
  maltose

 (iii) C12H22O11 + H2O   lactase     D(+) glucose  + D(+) galactose
  lactose

	 (c)	 Polysaccharides:	 Carbohydrates which yield a large number of monosaccharide units 
on hydrolysis are called polysaccharides. Some common examples are starch, cellulose, 
glycogen, gums, etc. Polysaccharides are not sweet in taste, hence they are also called non-
sugars.

 4. The carbohydrates may also be classified as either reducing or non reducing sugars. All those 
carbohydrates which reduce Fehling’s solution and Tollens’ reagent are referred to as reducing 
sugars. All monosaccharides whether aldose or ketose are reducing sugars. Reducing sugars contain 
free aldehydic groups.

	 5.	 Preparation	of	Glucose:	All disaccharides except sucrose are reducing sugars. 
	 A.	 From	 sucrose	 (Cane	 sugar):	 If sucrose is boiled with dilute HCl or H2SO4 in alcoholic 

solution, glucose and fructose are obtained in equal amounts.

  C12H22O11 + H2O 
H+

 C6H12O6 + C6 H12O6

    Sucrose Glucose Fructose

7 Biomolecules
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	 B.	 From	 starch:	Commercially glucose is obtained by hydrolysis of starch by boiling it with 
dilute H2SO4 at 393 K under pressure.

C12H22O11 + H2O 
H+

 C6H12O6 + C6 H12O6

    Sucrose Glucose Fructose

	 6.	 Structure	of	Glucose:

  

Fischer
Projection
of Glucose

CHO
H OH

CH OH2

HO
H
H

H
OH
OH

=

 (a) Its molecular formula was found to be C6H12O6.

 (b) On prolonged heating with HI, it forms n-hexane, suggesting that all the six carbon atoms 
are linked in a straight chain.

CHO

H OH

CH OH
2

HO

H

H

H

OH

OH

   

HI
∆   CH3– CH2 – CH2– CH2– CH2– CH3

      (n-Hexane)

 

  D (+) Glucose

 (c) Glucose reacts with hydroxylamine to form an oxime and adds a molecule of hydrogen 
cyanide to give cyanohydrin. These reactions confirm the presence of a carbonyl group 
(>C= O) in glucose.

CHO
H OH

CH OH2

HO
H
H

H
OH
OH

CH = N – OH
H OH

CH OH2

HO
H
H

H
OH
OH

NH OH2

D(+) – Glucose (Oxime)

CHO
H OH

CH OH2

HO
H
H

H
OH
OH

CH
H OH

CH OH2

HO
H
H

H
OH
OH

HCN

D(+) – Glucose Cyanohydrin

CN
OH

 (d) Glucose gets oxidised to six carbon carboxylic acid (gluconic acid) on reaction with a mild 
oxidising agent like bromine water. This indicates that the carbonyl group is present as an 
aldehydic group.
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CHO
H OH

CH OH2

HO
H
H

H
OH
OH

COOH
H OH

CH OH2

HO
H
H

H
OH
OH

Br2

Water

D(+) – Glucose Gluconic acid

 (e) Acetylation of glucose with acetic anhydride gives glucose pentaacetate which confirms the 
presence of five–OH groups. Since it exists as a stable compound, five –OH groups should 
be attached to different carbon atoms.

CHO
H OH

CH OH2

HO
H
H

H
OH
OH

CHO
H OCOCH3

CH OCOCH2 3

H
H

H
OCOCH3

OCOCH3

�

D(+) – Glucose Pentacetate of glucose

(acetic anhydride)

(CH3 2CO) O H COCO3

 (f) 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. 

CHO

H OH

CH OH
2

HO

H

H

H

OH

OH

COOH

H OH

COOH

H

H

H

Saccharic acid

HNO
3 HO

[O] OH

OH

	 7.	 Cyclic	Structure	of	Glucose
  These two cyclic forms exist in equilibrium with open chain structure.

  6 66
H H

H H

H H

H C C

O O
H

H

H

H

C

C

1 11

H H

5 55

4 44

3 33

2 22

H

         a – D – (+) – Glucose       b – D – (+) – Glucose
  Haworth Projection of Glucose (Cyclic structures)

O

H

OH

OHH

HO

H

HOH

CH OH
2

H
O

H

H

OHH

HO

H

HOH

CH OH
2

OH

    a-D(+) – glucopyranose   b-D(+) – glucopyranose
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  Glucose does not form addition compound with NaHSO3 and does not give Schiff's test and 
2, 4-DNP test due to absence of free aldehydic group. 

  The two cyclic hemiacetal forms of glucose differ only in the configuration of the hydroxyl group 
at C1, called anomeric carbon the aldehyde carbon before cyclisation). Such isomers, i.e., alpha 
-form and beta -form, are called anomers.

	 8.	 Fructose: Fructose is an important ketohexose. It is obtained along with glucose by the hydrolysis 
of disaccharide, sucrose. It is a natural monosaccharide found in fruits, honey and vegetables. In 
its pure form it is used as a sweetener. It is also an important ketohexose.

  Structure	of	Fructose:

    

H

H

C = O

H

HO

 

6
H

H

C

CH OH
2

OH

OHC

O

2

5

4

3

HOH
2

1

HO H

6
H

H

HO

CH OH
2

OH

CH OH
2

C

O

2

5

4

3
HO H

1

       a – D – (–) – Fructofuranose    b – D – (–) – Fructofuranose

  Haworth	Projection	of	 fructose
O

OHOHHH

HOH

CH OH
2

CH OH
2

O

OH

OHHH

HOH

CH OH
2

CH OH
2

    a-D(+) – fructofuranose   b-D(–) – fructofuranose

 9. In Disaccharides, 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.

	 10.	 Proteins: The word protein is derived from Greek word, “proteios” which means primary or of 
prime importance. All proteins are polymers of alpha-amino acids.

 11. Amino acids contain amino (–NH2) and carboxyl (–COOH) functional groups. Depending upon the 
relative position of amino group with respect to carboxyl group, the amino acids can be classified 
as a, b, γ, and so on. Only alpha -aminoacids are obtained on hydrolysis of proteins. They may 
contain other functional groups also.

General formula = H2N – Cn – COOH
         
         R
  The amino acids, which can be synthesised in the body, are known as non-essential amino acids. 

On the other hand, those which cannot be synthesised in the body and must be obtained through 
diet, are known as essential amino acids.

  	Example	of	non-essential	AA
 (i) Glycine (gly) (optically inactive) = NH2 – CH2 – COOH
 (ii) Alanine (ala) = NH2 – CH – COOH
     
     CH3
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  Example of essential AA

 (i) Valine (val) = NH – CH – COOH
2

CH
3

CH

CH
3

 (ii) Leucine (leu) = H N
2

– CH – COOH

CH
2 3 2
– CH(CH )

  Amino acids can also be classified on the basis of their nature.
 (a) Neutral AA = contain equal number of –NH2 and –COOH group.
  E.g. Alanine, Glycine, Valine, Leucine

 (b) Acidic AA = contain –COOH groupes more than –NH2 group

  E.g. Aspartic acid (Asp) = H N
2

– CH – COOH

CH
2
– COOH

     

 (c) Basic AA = contain –NH2 group more than –COOH group

  E.g. Lysine (Lys) = H N
2

– CH – COOH

CH
2 2 3 2
– (CH ) – NH

 12. In aqueous solution, the carboxyl group can lose a proton and amino group can accept a proton, 
giving rise to a dipolar ion known as zwitter ion. This is neutral but contains both positive and 
negative charges. In zwitter ionic form, amino acids show amphoteric behaviour as they react 
both with acids and bases.

H N
3

– CH – COO

R

+
–

 13. Proteins are the polymers of alpha-amino acids and they are connected to each other by peptide 
bond or peptide linkage. Chemically, peptide linkage is an amide formed between –COOH group 
and –NH2 group.

	 14.	 Proteins	 can	be	 classified	 into	 two	 types	on	 the	basis	 of	 their	molecular	 shape.
	 (i)	 Fibrous	 proteins	 :	 When the polypeptide chains run parallel and are held together by 

hydrogen and disulphide bonds, then fibre-like structure is formed. Such proteins are 
generally insoluble in water. Some common examples are keratin (present in hair, wool, 
silk) and myosin (present in muscles), etc.

 (ii) Globular	 proteins	 :	This structure results when the chains of polypeptides coil around to 
give a spherical shape. These are usually soluble in water. Insulin and albumins are the 
common examples of globular proteins.

	 15.	 Structure	of	proteins
 (i) Primary	 structure	 of	 proteins:	Proteins may have one or more polypeptide chains. Each 

polypeptide in a protein has amino acids linked with each other in a specific sequence and 
it is this sequence of amino acids that is said to be the primary structure of that protein.

  Any change in this primary structure i.e., the sequence of amino acids creates a different 
protein.

 (ii) Secondary	structure	of	proteins:	The secondary structure of protein refers to the shape in 
which a long polypeptide chain can exist. They are found to exist in two different types of 
structures viz. Alpha -helix and beta-pleated sheet structure involving hydrogen bonds. 
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 (iii) Tertiary	 structure	of	proteins:	The tertiary structure of proteins represents overall folding 
of the polypeptide chains i.e., further folding of the secondary structure. It gives rise to two 
major molecular shapes viz. fibrous and globular. The main forces which stabilise the 2° 
and 3° structures of proteins are hydrogen bonds, disulphide linkages, van der Waals' and 
electrostatic forces of attraction.

 (iv) Quaternary	 structure	 of	 proteins:	 Some of the proteins are composed of two or more 
polypeptide chains referred to as sub-units. The spatial arrangement of these subunits with 
respect to each other is known as quaternary structure.

 16. Protein found in a biological system with a unique three-dimensional structure and biological 
activity is called a native protein. When a protein in its native form, is subjected to physical 
change like change in temperature or chemical change like change in pH, the hydrogen bonds 
are disturbed. Due to this, globules unfold and helix get uncoiled and protein loses its biological 
activity. This is called denaturation of protein. E.g. Converting milk into curd, boiling of egg.

	 17.	 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). Since nucleic 
acids are long chain polymers of nucleotides, so they are also called polynucleotides.

   Nucleotide = N – base + Sugar moiety + Phosphate group

   Nucleotide = N – base + Sugar moiety 

 18. DNA (Deoxyribo Nucleic Acid) has a double helical structure while RNA (Ribo Nucleic Acid) is 
single stranded.  Complete hydrolysis of DNA (or RNA) yields a pentose sugar, phosphoric acid 
and nitrogen containing heterocyclic compounds (called bases). In DNA molecules, the sugar 
moiety is beta -D-2-deoxyribose whereas in RNA molecule, it is beta -D-ribose.

 19. 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).RNA 
molecules are of three types and they perform different functions. They are named as messenger 
RNA (m-RNA), ribosomal RNA (r-RNA) and transfer RNA (t-RNA).

 20. In DNA, there is complementary base paring between two strand's (5' – 3'). Purine A is always 
linked with G by 3 H-bonds while pyrimidine, C is always attached to T with 2 H-bonds. 
(A ≡ G, C = T).

 21. Biological function DNA is a hereditary material transferred from parents to offsprings. RNA is 
used for protein synthesis in body.

QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. Purines present in DNA are:
  (a) adenine and thymine    (b) guanine and thymine
  (c) cytosine and thymine    (d) adenine and guanine

 2. DNA molecule has ___________ internucleotide linkage and ___________ sequence of the 
different nucleotides

  (a) regular, regular    (b) regular, irregular
  (c) irregular, regular    (d) irregular, irregular



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination 125

 3. Sucrose (cane sugar) is a disaccharide. One molecule of sucrose on hydrolysis gives _________. 
  (a) 2 molecules of glucose   
  (b) 2 molecules of glucose + 1 molecule of fructose 
  (c) 1 molecule of glucose + 1 molecule of fructose
   (d) 2 molecules of fructose 

 4. Which of the following pairs represents anomers?

   (a) CHO

H

HO

H

H

OH

H

CH OH
2

OH

OH

CHO

HO

HO

H

H

H

H

CH OH
2

OH

OH

  (b) 
CHO

H

HO

H

H

OH

H

CH OH
2

OH

OH

CHO

H

HO

HO

HO

H

CH OH
2

H

OH

H

   (c) 
H OH

H H

HO HO

H H

H H

OH H

OH OH

CH OH
2

H H

HO OH

O O

CH OH
2

  (d) 
H HO

H HO

HO H

H HO

H H

OH H

OH H

CH OH
2

H OH

OH H

O O

CH OH
2

 

 

 

  5. Proteins are found to have two different types of secondary structures viz. α-helix and β-pleated 
sheet structure. α-helix structure of protein is stabilised by : 

  (a) Peptide bonds    (b) van der Waals' forces
   (c) Hydrogen bonds    (d) Dipole-dipole interactions

 6. In disaccharides, if the reducing groups of monosaccharides i.e. aldehydic or ketonic groups are 
bonded, these are non-reducing sugars. Which of the following disaccharide is a non-reducing 
sugar?

  (a) Sucrose  (b) Maltose  (c) Lactose  (d) none of these 

 7.  DNA has a ___________ backbone.

  (a) phosphate-purine    (b) pyrimidines-sugar

  (c) phosphate-sugar    (d) purine-pyrimidine

 8. Dinucleotide is obtained by joining two nucleotides together by phosphodiester linkage. Between 
which carbon atoms of pentose sugars of nucleotides are these linkages present?

   (a) 5′ and 3′  (b) 1′ and 5′  (c) 5′ and 5′  (d) 3′ and 3′ 

 9. Nucleic acids are the polymers of ______________.

   (a) Nucleosides  (b) Nucleotides  (c) Bases  (d) Sugars 

 10. Which of the following statements is not true about glucose? 
  (a) It is an aldohexose.    (b) On heating with HI it forms n-hexane. 
  (c) It is present in furanose form.  (d) It does not give 2,4-DNP test. 

 11. Each polypeptide in a protein has aminoacids linked with each other in a specific sequence. This 
sequence of amino acids is said to be ____________. 

  (a) primary structure of proteins.  (b) secondary structure of proteins. 
  (c) tertiary structure of proteins.  (d) quaternary structure of proteins. 
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 12. DNA and RNA contain four bases each. Which of the following bases is not present in RNA?
   (a) Adenine  (b) Uracil  (c) Thymine  (d) Cytosine 

 13. Converting milk into curd involves
  (a) 2°, 3° structure converting to 1° (b) 3° converting to 1°

  (c) 1° structure converting to 2°, 3° (d) no change in protein structure

 14. Which of the following bases is not present in DNA? 
  (a) Adenine  (b) Thymine  (c) Cytosine  (d) Uracil 

 15. Three cyclic structures of monosaccharides are given below which of these are anomers

H
H

OH
H
H

OH
OH

CH OH2

H
OH

O
HO

H

H
H

H
OH

CH OH2

H
OH

O
H

(III)

H
OH

CH OH2

H
OH

OOH

OH
OH
OH

H

(I) (II)

  (a) I and II    (b) II and III  
  (c) I and III    (d) III is another of I and II

 16. Which of the following reactions of glucose can be explained only by its cyclic structure? 
  (a) Glucose forms pentaacetate. 
  (b) Glucose reacts with hydroxylamine to form an oxime. 
  (c) Pentaacetate of glucose does not react with hydroxylamine. 
  (d) Glucose is oxidised by nitric acid to gluconic acid. 

 17. Optical rotations of some compounds along with their structures are given below which of them 
have D configuration.

CHO
H

HO
H
H

OH
H

CH OH2

OH
OH

H
OH
H

CH OH2

OH

CHO

H OH

CH OH2

H
OH

(+) rotation

CH OH2

(+) rotation (–) rotation
(I) (II) (III)

C O=

  (a) I, II, III  (b) II, III  (c) I, II  (d) III

 18. Structure of a disacharide formed by glucose and fructose is given below. Identify anomeric 
carbon atoms in monosaccharide units.

CH OH
2

O O

HO H

H

OH

OH HOH

H
H

HOH C
2

HO

f
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2

a b

OH

H

a

e

fd
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  (a) ‘a’ carbon of glucose and ‘a’ carbon of fructose.
  (b) ‘a’ carbon of glucose and ‘e’ carbon of fructose.  
  (c) ‘a’ carbon of glucose and ‘b’ carbon of fructose.
  (d) ‘f’ carbon of glucose and ‘f’ carbon of fructose.

 19. Which amino acid is an acidic amino acid?
  (a) H2N – CH2 – COOH   (b) H2N – CH – CH3

 
 COOH

  (c) H2N – CH2 – COOH
 
 CH2 – CONH2

   (d) H2N – CH – COOH
 
 CH2 – COOH

 20. Carbohydrates are classified on the basis of their behaviour on hydrolysis and also as reducing 
or non-reducing sugar. Sucrose is a __________. 

  (a) monosaccharide    (b) polysaccharide 
  (c) reducing sugar    (d) non-reducing sugar

ANSWERS
 1. (d) 2. (b) 3. (d) 

 4. (c) Hint	: Cyclic hemiacetal forms of monosaccharide which differ only in the configuration of 
the hydroxyl group at C1 are anomers.  

 5. (c) Hint	: In α-helix, hydrogen bonds are present between –NH group of one amino acid residue 
to the >C== O group of another amino acid residue. 6. (a) 7. (c) 8. (a) 9. (b)

 10. (c) 11. (a) 12. (c) 13. (a) 14. (d) 15. (a) 16. (c) 17. (a) 18. (c)
 19. (d)   20. (d)

B. Fill in the Blanks  [1 Mark]

  1.  _____________ N-base is present in RNA instead of ____________.

 2. ______________ amino acids can not be synthesized by our body and are required by outside 
source.

 3. ___________ involves uncoiling of 2° and 3° structure of proteins to 1° structure.

 4. Complementary base pairing in DNA occurs between Adenine with ______________ and 
Cytosine with _____________.

  5. ____________ is also known as invert sugar.

 6. _______________ is a disaccharide which is a non-reducing sugar.

ANSWERS
 1. Uracil, Thymine 2. Essential 3. Denaturation
 4. Guanine, Thymine 5. Sucrose 6. Sucrose
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C.  Match the Following  [1 Mark]

 1. Match the following enzymes given in Column I with the reactions they catalyse given in 
Column II.

 	 Column	 I	 (Enzymes)	 Column	 II	 (Reactions)
 (i) Invertase (a) Decomposition of Urea into NH3 and CO2

 (ii) Maltase (b) Conversion of glucose into ethyl alcohol

 (iii) Pepsin (c) Hydrolysis of maltose into glucose

 (iv) Urease (d) Hydrolysis of cane sugar

 (v) Invertase (e) Hydrolysis of proteins into peptides

 

ANSWERS
 1. (i) → (d),  (ii) → (c) (iii) → (e) (iv) → (a) (v) → (b)

D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.

 1.	 Assertion	 (A)	 : Cellulose is a polymer of glucose.
  Reason	 (R)	 : Carbohydrates which show mutarotation are reducing in nature.

 2.	 Assertion	 (A)	 : D-Glucose and D-Mannose are C-2-epimers.
	 	 Reason	 (R)	 :	 They only have different configuration at carbon number-2.

 3.	 Assertion	 (A)	 : Primary structure of proteins is determined by amino acid sequence.

	 	 Reason	 (R)	 : Intramolecular hydrogen bonding between carbonyl group and 
 
–N – H  group 

    is responsible for the folding of polypeptide chain.

	 4.	 Assertion	 (A)	 : Glucose and fructose can be differentiated by Fehling's solution.
	 	 Reason	 (R)	 : Glucose is an aldose while fructose is a ketose (having keto functional group).

	 5.	 Assertion	 (A)	 : Enzymes are proteins but all proteins are not enzymes.
	 	 Reason	 (R)	 : Enzymes are biocatalyst and posses a stable configuration having a active site 
    pocket.

	 6.	 Assertion	 (A)	 : The product of hydrolysis of sucrose is known as invert sugar.
	 	 Reason	 (R)	 : Sucrose is laevorotatory in nature but upon hydrolysis it gives the mixture of 
    D-glucose and D-fructose which is laevorotatory.

ANSWERS

 1. (b) 2. (a) 3. (b) 4. (d) 5. (b) 6. (c)
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E.  Short Answer Type Questions [2 Marks]

 1. Name the sugar present in milk. How many monosaccharide units are present in it? What are 
such oligosaccharides called? 

	Ans.	 Lactose, two monosaccharide units are present. Such oligosaccharides are called disaccharides.

 2. How do you explain the presence of all the six carbon atoms in glucose in a straight chain?
 Ans. On prolonged heating with HI, glucose gives n-hexane.

CH3 CH3 CH2 CH2 CH2 CH2 CH3

( -Hexane)n

HIGlucose
�

 3. In nucleoside a base is attached at 1′ position of sugar moiety. Nucleotide is formed by linking 
of phosphoric acid unit to the sugar unit of nucleoside. At which position of sugar unit is the 
phosphoric acid linked in a nucleoside to give a nucleotide? 

	Ans.	 Phosphoric acid is linked at 5′-position of sugar moiety of nucleoside to give a nucleotide.

P O

P

O

O

CH2

–

–

O
Base

OH

H OH
4'

3'
1'

2'

5'

OH

H

(Nucleotide)

 4. (i) Name the linkage connecting monosaccharide units in polysaccharides. 
  (ii) Coagulation of egg white on boiling is an example of denaturation of protein. Explain it in 

terms of structural changes.
	Ans.	 (i)  Glycosidic linkage.
 (ii) When an egg is boiled, the soluble globular protein, albumin present in it is converted into 

insoluble fibrous protein. During this denaturation 
 (a) biological activity is lost and 
 (b) secondary and tertiary structures of albumin protein are destroyed while the primary 

structure (representing the sequence of α-amino acids) remains intact.

 5. Under what conditions glucose is converted to gluconic and saccharic acid? 
	Ans.	 Glucose is converted to gluconic acid by bromine water and to saccharic acid by conc. HNO3.

 6. Monosaccharides contain carbonyl group hence are classified, as aldose or ketose. The number 
of carbon atoms present in the monosaccharide molecule are also considered for classification. 
In which class of monosaccharide will you place fructose? 

	Ans.	 Fructose is a ketohexose. 

 7. The letters ‘D’ or ‘L’ before the name of a stereoisomer of a compound indicate the correlation of 
configuration of that particular stereoisomer. This refers to their relation with one of the isomers 
of glyceraldehyde. Predict whether the following compound has ‘D’ or ‘L’ configuration.

	Ans.	 ‘L’ configuration
CHO

H

HO

OH

H

CH OH
2

HO

HO

H

H
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 8. Aldopentoses named as ribose and 2-deoxyribose are found in nucleic acids. What is their relative 
configuration?

	Ans.	 ‘D’ configuration 

  9. Which sugar is called invert sugar? Why is it called so? 

	Ans.	 Sucrose is dextrorotatory but after hydrolysis gives dextrorotatory glucose and laevorotatory 
fructose. Since the laevorotation of fructose (–92.4°) is more than dextrorotation of glucose 
(+ 52.5°), the mixture is laevorotatory. Thus, hydrolysis of sucrose brings about a change in the 
sign of rotation, from dextro(+) to laevo (–) and the product is named as invert sugar.

 10. Amino acids can be classified as α-, β-, γ-, δ- and so on depending upon the relative position of 
the amino group with respect to the carboxyl group. Which type of amino acids form polypeptide 
chain in proteins? 

	Ans.	
�-amino acids, R CH COOH

NH
2

 

 11. α-Helix is a secondary structure of proteins formed by twisting of polypeptide chain into right 
handed screw like structures. Which type of interactions are responsible for making the α-helix 
structure stable? 

	Ans.	 In α-helix, a polypeptide chain is stabilised by the formation of hydrogen bonds between —NH— 
group of amino acids in one turn with the >C= O groups of amino acids belonging to adjacent 
turn.

 12. During curdling of milk, what happens to sugar present in it?

	Ans.	 During curdling of milk sugar present in it is transformed to lactic acid by the bacteria present in 
milk under the action of the enzyme 'Lactase' present in Lactobacillus bacteria . It is an example 
of denaturation of protein, i.e., when a protein is subjected is some physical or chemical changes.

 13. How do you explain the presence of five —OH groups in glucose molecule? 

	Ans.	 Glucose gives pentaacetate derivative on acetylation with acetic anhydride. This confirms the 
presence of five —OH groups.

 14. Why does compound (A) given below not form an oxime?

	Ans.	 Glucose pentaacetate (structure A) doesn’t have a free —OH group at C1 and so can’t be 
converted to the open chain form to give —CHO group and hence doesn’t form the oxime.

O

H

CH OAc
2

OAc

OAc

H

H

H

AcO

AcO

(A)

 15. Sucrose is dextrorotatory but the mixture obtained after hydrolysis is laevorotatory. 
  Explain. 

	Ans.	 On hydrolysis sucrose (dextrorotatory), gives glucose (dextrorotatory, + 52.5°) and fructose 
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(laevorotatory, – 92.4°). Since laevorotation of fructose is more than the dextrorotation of glucose, 
the mixture is laevorotatory.

 16. Amino acids behave like salts rather than simple amines or carboxylic acids. Explain. 

	Ans.	 In aqueous solution, the carboxyl group loses a proton and amino group accepts a proton to form 
a zwitter ion. 

CH

NH
2

C OHR CH

NH
3

+

CR O
–

O

(Zwitter ion)

O

 17. Structures of glycine and alanine are given below. Show the peptide linkage in glycylalanine.

H N2

CH3

CH2 COOH ; H N2 CH2 COOH

(Glycine) (Alanine)

	Ans.	 In glycylalanine, carboxyl group of glycine combines with the amino group of alanine.

  

H N2 CH2 COOH + H N2 CH COOH –H O2 H N2 CH2 C NH CH COOH

O

CH3

(Glycine) (Alanine) (Glycylalanine)
CH3

 18. Protein found in a biological system with a unique three-dimensional structure and biological 
activity is called a native protein. When a protein in its native form, is subjected to a physical 
change like change in temperature or a chemical change like, change in pH, denaturation of 
protein takes place. Explain the cause. 

	Ans.	 Due to physical or chemical change, hydrogen bonds in proteins are disturbed, globules unfold 
and helix gets uncoiled therefore protein loses its biological activity. This is called denaturation 
of proteins.

 19. How do you explain the presence of an aldehydic group in a glucose molecule? 

	Ans.	 Glucose reacts with hydroxylamine to form a monoxime and adds one molecule of hydrogen 
cyanide to give cyanohydrin so it contains a carbonyl group which can be an aldehyde or a 
ketone. On mild oxidation with bromine water, glucose gives gluconic acid which is a six carbon 
carboxylic acid. This indicates that carbonyl group present in glucose is an aldehydic group.

 20. Which moieties of nucleosides are involved in the formation of phosphodiester linkages present 
in dinucleotides? What does the word diester in the name of linkage indicate? Which acid is 
involved in the formation of this linkage? 

	Ans.	 When nucleoside is linked to phosphoric acid at 5 position of the sugar moiety. It forms a 
nucleotide. Nucleotides are joined together by phosphodiester link between 5 and 3 carbon atoms 
of the pentose sugar.
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O O
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+ OH
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O

O
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CH2
O

OH

SUGAR

BASE

5’

3’

3’
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 21. What are glycosidic linkages? In which type of biomolecules are they present? 

	Ans.	 Two molecules of monosaccharides are joined together by an oxide linkage formed by the loss 
of water molecule. Such a linkage between two monosaccharide units through oxygen atom 
is called glycosidic linkage. Glycosidic linkage is present in disaccharides, trisaccharides and 
polysaccharides, etc.

 22. Which monosaccharide units are present in starch, cellulose and glucose and which linkages link 
these units? 

	Ans.	 In starch and glycogen, glycosidic α-linkage is present and in cellulose, glycosidic β-linkage is 
present between glucose units.

F. Long Answer Type Questions [3 Marks]

 1. Write the reactions of D-glucose which can’t be explained by its open-chain structure.

	Ans.	 The open chain structure of glucose explained most of its properties. However, it could not 
explain the following facts.

 (i) Despite having an aldehydic (-CHO) group, glucose does not undergo certain characteristic 
reactions of aldehydes. For example,

 (a) Glucose does not react with ammonia.
 (b) Glucose does not react with sodium bisulphite (NaHSO3) to form addition product.
 (c) Glucose does not give Schiff’s test and 2, 4-DNP test like other aldehydes.

 (ii) Glucose reacts with hydroxylamine (-NH2OH) to form an oxime but glucose pentaacetate 
does not react with hydroxylamine. This shows that -CHO groups is not present in glucose 
pentaacetate.

 (iii) D (+) – Glucose exists in two stereoisomeric forms i.e., α -D-glucose and β-D-glucose. These 
two forms are crystalline and have different melting points and optical rotations.

 2. How can cyclic structure of glucose explain these reactions?

 Ans. (i) An aqueous solution of glucose shows mutarotation, i.e., its specific rotation gradually 
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decreases from +110° to + 52.5° in case of α -glucose and increases from +19.7° to + 52.5° 
in case of β-glucose.

 (ii) Glucose forms isomeric methyl glucosides. When glucose is heated with methanol in the 
presence of dry hydrogen chloride gas, it gives two isomeric monomethyl derivatives known 
as methyl α -D-glucoside (m.p. = 438 K or 165°C) and methyl β-D-glucoside (m.p. = 380 
K or 107°C).

 (iii) Glucose forms isomeric methyl glucosides. When glucose is heated with methanol in the 
presence of dry hydrogen chloride gas, it gives two isomeric monomethyl derivatives 
known as methyl α-D-glucoside (m.p. = 438 K or 165°C) and methyl β-D glucoside  
(m.p. = 380 K or 107°C). 

6
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  These results shows that glucose does not have open chain form structure.

 3. On the basis of which evidences D-glucose was assigned the following structure?

  

CHO

(CHOH)
4

CH OH
2

	Ans.	 This structure was assigned on the basis of the following evidences:
  (i)  Molecular	 formula: The molecular formula of glucose has been found to be C6H12O6.

  (ii) Straight	 chain	 structure:
  (a) When aqueous solution of glucose is treated with sodium amalgam (Na/Hg) or sodium 

borohydride, it is reduced to sorbitol (or glucitol) a hexahydric alcohol.

CHO

(CHOH)4

CH OH2

CHO

(CHOH)4

CH OH2

+ 2[H]
Na amalgam

CH OH2

(CHOH)4

CH OH2

(Sorbitol)

  (b) Prolonged heating with hydriodic acid and red phosphorus at 100°C gives a mixture 
of n-hexane and 2-iodohexane.

   

CH OH (CHOH) CHO2 4

HI
CH (CH ) CH  + CH CH(CH ) CH3 2 4 3 3 2 33

I
2-Iodohexane

Glucose red P, 100°C
n-hexane
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  (iii) Presence	 of	 five	 hydroxyl	 (-OH)	 groups: On acetylation with acetic anhydride, glucose 
gives a pentaacetate. This confirms that glucose contains five -OH groups. We know that 
the presence of two or more -OH groups on the same carbon atom makes the molecules 
unstable.

   Now since glucose is a stable compound, therefore, the five -OH groups must present on 
different carbon atoms.

  (iv) Presence	 of	 one	 primary	 alcoholic	 group: On oxidation with conc. nitric acid, both 
glucose and gluconic acid give the same dicarboxylic acid, saccharic acid or glucaric acid. 
The primary alcoholic group (CH2OH) is always present at the end of the carbon chain.

  (v) Presence	of	an	aldehyde	 (-CHO)	group: Glucose reacts with hydroxylamine, NH2OH to 
form glucose CHO oxime. Which suggest that glucose contains a carbonyl (CHOH)4 (>C 
= O) groups.

   On the basis of above observations, the following open- CH2OH chain structure for glucose 
can be written as follows:

   

CHO

(CHOH)
4

CH OH
2

 4. Carbohydrates are essential for life in both plants and animals. Name the carbohydrates that are 
used as storage molecules in plants and animals, also name the carbohydrate which is present in 
wood or in the fibre of cotton cloth. 

	Ans.	 Carbohydrate that are used as storage molecules in plants and animals are as follows
 (i) Plant contains mainly starch, cellulose, sucrose, etc.
 (ii) Animal contain glycogen in their body. So, glycogen is also known as animal starch. 

Glycogen is present in liver, muscles and brain when body needs glucose, enzyme breaks 
glycogen down to glucose.

 (iii) Cellulose is present in wood, and fibre of clothes.

 5. Explain the terms primary and secondary structure of proteins. 
	Ans.	 Primary	structure: Proteins may have one or more polypeptide chains. Each polypeptide chain 

has a large number of a-amino acids linked to one another in a specific sequence. The specific 
sequence in which the various α-amino acids present in a protein are linked to one another is 
called its primary structure. Any change in this primary structure, i.e., sequence of amino acids 
creates a different protein.

C N C C

R H H O
HR”

N
C

O

C

R�

H

N

H O

C

Primary structure of a protein

   The primary structure of a protein is usually determined by its successive hydrolysis with either 
enzymes or mineral acids into various products having decreasing molecular mass as shown 
below:

Proteins Proteoses Peptones Polypeptides

�-Amino acids Simple peptides
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	 	 Secondary	structure. The secondary structure gives the manner in which the polypeptide chains 
are folded or arranged. Therefore, it gives the shape or conformation of the protein molecule.

  This arises from the plane geometry, of the peptide bond and hydrogen bond between the 
> C = O and N – H groups of different peptide bonds.

 6. What is the difference between α-helix and β-pleated sheet structure of proteins?

	Ans.	 α-Helix	 structure: α-helix form is the most common
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N
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O

O
O

O
O
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The α-Helix	 structure	of	proteins

  form in which a polypeptide chain forms all possible 
types of hydrogen bonds by twisting into a right 
handed screw (helix) with the –HN group of each 
amino acid residue hydrogen bonded to -C = O group 
of the adjacent turn of the helix. The a-helix structure 
is also known as 3.613 helix. This represents that each 
turn of the helix contains approximately 3.6 amino 
acids and a 13-member ring is formed by hydrogen 
bonding. The helix is held in its shape primarily 
by hydrogen bonds between one amide group and 
carbonyl group which is 3.6 amino acids units away.

	 	 β-pleated	 sheet	 structure:	 In this conformation, the 
polypeptide chains lie side by side in a zigzag manner 
with alternate R groups on the same side situated 
at fixed distances apart. The two such neighbouring 
polypeptide chains are held together by intermolecular 
H-bonds. A number of such chains can be interbounded to form a sheet. These sheets are then 
stacked one above the other like the pages of this book to form a three-dimensional structure. This 
structure resembles pleated folds of drapery and hence is also called β-pleated sheet structure.

 7. Write the structures of fragments produced on complete hydrolysis of DNA. How are they linked 
in DNA molecule? Draw a diagram to show pairing of nucleotide bases in double helix of DNA.

	Ans.	 Complete hydrolysis of DNA yields a pentose sugar, phosphoric acid and nitrogen containing 
heterocyclic compounds called bases.

	 	 Structure:

  (i) Sugar:   (ii) Phosphoric	 acid:

   

O
C

HH

HOH
2

OH
23

14

OH

OH H

5

H

�-D-2-doxyribose

    
O

P

OH

OHOH

  (iii) Nitrogen	base: DNA contains four base  Adenine (A), Guanine (G), Cytosine (C) and 
Thymine (T). 

   A unit formed by the attachment of a base to 1' position of sugar is called nucleoside. When 
nucleoside links to phosphoric acid at 5'-position of sugar moiety, a nucleotide is formed. 
Nucleotides are joined together by phosphodiester linkage between 5' and 3' carbon atoms 
of the pentose sugar.
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Base

Sugar – Phosphate

Base

Sugar – Phosphate– –

Base

Sugar –

n

   In DNA, two chains of nucleic acid coil about each other and held together by H-bonds 
between bases of two chains.  

 8. Describe the term D– and L– configuration used for amino acids with examples. 

	Ans.	 The sugars are divided into two families: the D-family and L-family which have definite 
configurations. These configurations are represented with respect to glyceraldehyde as the 
standard. The glyceraldehydes may be presented by two forms as:

  The D–configuration has –OH attached to the carbon adjacent to –CH2OH on right while 
L–configuration has –OH attached to the carbon adjacent to –CH2OH on left. The sugars are called 
D– or L-depending upon whether the configuration of the molecule is related to D–glyceraldehyde 
or L–glyceraldehyde. It has been found that all naturally occurring sugars belong to D–series, 
e.g., D–glucose, D-ribose and D-fructose.

CHO

H OH

CH OH
2

CHO

HOH

CH OH
2

    D-glyceraldehyde     L-glyceraldehyde

 9. How will you distinguish 1° and 2° hydroxyl groups present in glucose? Explain with reactions.
	Ans.	 Glucose on treatment with acetic anhydride in presence of pyridine or a few drops of cone 

H2SO4 it forms penta-acetyl derivative indicating the presence of 5–OH groups-Out of which 
one–OH group is primary (1°) alcoholic and four (C2, C3, C4 and C5) –OH group are secondary 
(2°) alcoholic groups.

  

(CH OH)  + 5(CH CO) O2 4 3 2

Pyridine
(Acetylation)

(CH O C CH )3 4

CH2 O C CH3

O

OCHO

Glucose penta-acetate

CHO

CH OH2

  Glucose (or gluconic acid) on oxidation with HNO3 gives saccharic acid (a dicarboxylic acid) 
indicating that one of the primary (1°) alcoholic group is oxidized to –COOH group but (2°) 
hydroxyl groups undergo oxidation only under drastic conditions.

  

(CHOH)4

Oxidation

(HNO )3

CHO

CH OH2

(CHOH)4

CHO

COOH

Oxidation
(HNO )3

(CHOH)4

CHO

CH OH2

Gluconic acidGlucose Saccharic acid
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 SUMMARY 

 1. Chemistry has influenced our life so much that we do not even realise that we come across chem-
icals at every moment; that we ourselves are beautiful chemical creations and all our activities 
are controlled by chemicals.

 2. Drugs are chemicals of low molecular masses (~100 – 500u). These interact with macromolecular 
targets and produce a biological response. When the biological response is therapeutic and useful, 
these chemicals are called medicines and are used in diagnosis, prevention and treatment of 
diseases. Most of the drugs used as medicines are potential poisons, if taken in doses higher than 
those recommended. Use of chemicals for therapeutic effect is called chemotherapy.

 3. Drugs can be classified mainly on criteria outlined as follows:
 (a) On the basis of pharmacological effect
  This classification is based on pharmacological effect of the drugs. It is useful for doctors 

because it provides them the whole range of drugs available for the treatment of a particular 
type of problem. For example, analgesics have pain killing effect, antiseptics kill or arrest 
the growth of microorganisms.

 (b) On the basis of drug action
  It is based on the action of a drug on a particular biochemical process. For example, all 

antihistamines inhibit the action of the compound, histamine which causes inflammation in  
the body. There are various ways in which action of histamines can be blocked. 

 (c) On the basis of chemical structure
  It is based on the chemical structure of the drug. Drugs classified in this way share 

common structural features and often have similar pharmacological activity. For example, 
sulphonamides.

 (d) On the basis of molecular targets
  Drugs usually interact with biomolecules such as carbohydrates, lipids, proteins and nucleic 

acids. These are called target molecules or drug targets. Drugs possessing some common 
structural features may have the same mechanism of action on targets.

 4. Macromolecules of biological origin perform various functions in the body. For example, proteins 
which perform the role of biological catalysts in the body are called enzymes, those which are 
crucial to communication system in the body are called receptors. Carrier proteins carry polar 
molecules across the cell membrane. Nucleic acids have coded genetic information for the cell. 
Lipids and carbohydrates are structural parts of the cell membrane.

 5. Antagonists – The Drugs that bind to the receptor site and inhibit its natural function.

 6. Agonists – Drugs Mimic the natural messenger by switching interceptor.

 7. Hormones – They are molecules that act as intercellular messengers. These are produced by 
endocrine glands in the body and are released directly in the blood stream.

 8. Antacids – These are compounds which neutralize excess acid of stomach. e.g. – Aluminium 
Hydroxide, Magnesium Hydroxide.

8 Chemistry in Everyday Life
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 9. Antihistamines – The drug which interfere with the natural action of histamines and prevent the 
allergic reaction to. – Ranitidine, Brompheniramine.

 10. Tranquilizers – The class of chemical compound used for the treatment of stress, mild or even 
severe mental diseases  e.g. – derivatives of Barbiturates, Luminal, Equanil.

 11. Analgesics – They reduce pain without causing impairment of consciousness, mental confusion 
or some other disturbance of the nervous system. e.g. – Aspirin, Phenacetin.

 12. Antimicrobials – They tend to prevent / destroy or inhibit the pathogenic action of microbes as 
bacteria,virus,fungi etc.They are classified as :  

 (i) Antibiotics – those are the chemicals which are produced by the micro – organisms e.g. – 
Penicillin, Ofloxacin.

  Narrow Spectrum Antibiotics – These are effective mainly against gram positive and gram 
negative bacteria. e.g. Penicillin, streptomycin.

  Broadspectrum Antibiotics – They kill or inhibit a wide range of gram positive and gram 
-ve bacteria. e.g. Chloramphenicol, tetracycline.

 (ii) Antiseptics or Disinfectant – These are which either kill/inhibit the growth of microorganisms. 
Antiseptic are applied to the living tissues such as wounds, cuts, ulcers etc. e.g. Boric acid, 
terpineol (Dettol). Disinfectant are applied to inanimate objects such as floors, drainage system. 
E.g. Cl2, SO2 (0.2% solution of phenol is an antiseptic while 1% solution is disinfectant.)

 13. Antifertility Drugs – These are the chemical substances used to control pregnancy. They are also 
called oral contraceptives birth control pills. e.g. Mifepristone, norethindrone.

 14. Artificial Sweeting Agents – These are the chemical compounds which give sweetening effect to 
the food without increasing calories to the body. They are good for diabetic people. Eg. Aspartame, 
saccharin, alitame, sucralose.

 15. Food Preservatives – They prevent spoilage of food to microbial growth. Eg. Salt, sugar and 
sodium benzoate.

 16. Antioxidants in Food – They help in food preservation by retarding the action of oxygen on food. 
For example butylated hydroxyl toluene (BHT) and butylated hydroxyl anisole (BHA).

QUESTION BANK

A. Multiple Choice Questions [1 Mark]

 1. Which of the following statements is not correct?
  (a) Some antiseptics can be added to soaps.
  (b) Dilute solutions of some disinfectants can be used as antiseptic.
  (c) Disinfectants are antimicrobial drugs.
  (d) Antiseptic medicines can be ingested.

 2. Which is the correct statement about birth control pills?
  (a) Contain estrogen only. 
  (b) Contain progesterone only.
  (c) Contain a mixture of estrogen and progesterone derivatives.
  (d) Progesterone enhances ovulation.
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 3. Which statement about aspirin is not true?
  (a) Aspirin belongs to narcotic analgesics. (b) It is effective in relieving pain.
  (c) It has anti blood clotting action. (d) It is a neurologically active drug.

 4. The most useful classification of drugs for medicinal chemists is _________.
  (a) on the basis of chemical structure. (b) on the basis of drug action.
  (c) on the basis of molecular targets. (d) on the basis of pharmacological effect.

 5. Which of the following statements is correct?
  (a) Some tranquilisers function by inhibiting the enzymes which catalyse the degradation of 

noradrenaline.
  (b) Tranquilisers are narcotic drugs.
  (c) Tranquilizers are chemical compounds that do not affect the message transfer from nerve 

to receptor.
  (d) Tranquilisers are chemical compounds that can relieve pain and fever.

 6. Salvarsan is arsenic containing drug which was first used for the treatment of ____________.
  (a) syphilis  (b) typhoid  (c) meningitis  (d) dysentry

 7. A narrow spectrum antibiotic is active against _______________.
  (a) gram positive or gram negative bacteria.  
  (b) gram negative bacteria only.
  (c) single organism or one disease.  
  (d) both gram positive and gram negative bacteria

 8. The compound that causes general antidepressant action on the central nervous system belongs 
to the class of _____________.

  (a) analgesics  (b) tranquilizers  (c) narcotic analgesics (d) antihistamines

 9. Which of the following is bacteriostatic?
  (a) Penicillin  (b) Erythromycin (c) Aminoglycoside  (d) Ofloxacin

 10. Equanil is __________.

  (a) artificial sweetener  (b) tranquilizer  (c) antihistamine  (d) antifertility drug

 11. When salicylic acid is treated with acetic anhydride, we get :
  (a) aspirin  (b) paracetamol (c) salol  (d) none of these

 12. The correct structure of the drug paracetamol is :

  (a) HO CONH
2
  (b) HO NHCOCH

3

  (c) Cl CONH2   (d) H
2
N SO

3
H

 13. An artificial sweetener that cannot be used at cooking temperature is :
  (a) alitame (b) sucralose (c) aspartame (d) tagatose

 14. The bactericidal and bacteriostatic respectively are :
  (a) Penicillin, ofloxacin   (b) Erythromycin, tetracycline
  (c) Penicillin, chloramphenicol (d) Tetracycline, penicillin
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 15. Which of the following is not a target molecule for drug function in the body?
  (a) Carbohydrates  (b) Lipids  (c) Vitamins  (d) Proteins

 16. Which of the following statements is not true about enzyme inhibitors?
  (a) Inhibit the catalytic activity of the enzyme.
  (b) Prevent the binding of substrate.
  (c) Generally a strong covalent bond is formed between an inhibitor and an enzyme.
  (d) Inhibitors can be competitive or non-competitive.

 17. Which of the following chemicals can be added for sweetening of food items at cooking 
temperature and does not provide calories?

  (a) Sucrose  (b) Glucose  (c) Aspartame  (d) Sucrolose

 18. Which of the following will not enhance the nutritional value of food?
  (a) Minerals    (b) Artificial sweeteners   
  (c) Vitamins    (d) Amino Acids

 19. Which of the following statements are incorrect about receptor proteins?
  (i) Majority of receptor proteins are embedded in the cell membranes.
  (ii) The active site of receptor proteins opens on the inside region of the cell.
  (iii) Chemical messengers are received at the binding sites of receptor proteins.
  (iv) Shape of the receptor doesn’t change during attachment of the messenger.
  (a) (ii), (iv)  (b) (i), (iii)  (c) (iii), (iv)  (d) (i), (iv)

 20. Which of the following are not used as food preservatives?
  (i) Table salt    (ii) Sodium hydrogen carbonate 
  (iii) Cane sugar    (iv) Benzoic acid

  (a) (ii), (iv)  (b) (i), (iii)  (c) (iii), (iv)  (d) (i), (iv)

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

B. Fill in the Blanks  [1 Mark]

  1.  Antipyretic medicines are used to treat _____________

 2.  Heroin is a _____________ type of drug.

 3. Main constituents of dettol are _____________ and _____________.

 4. Tincture of iodine is _____________. 

 5.  2-acetoxybanzoic acid is used as _____________.

 6. Chloroquine is a drug used to control _____________.

 7. Phenol can be used as _____________ and _____________.

 8. Artificial sweetener which is stable under cold conditons only is _____________.

ANSWERS
 1. High fever 2. narcotic analgesics 3. Chloroxylenol, terpineol 4. Alcoholic solution of I2

 5. Antipyretic 6. malaria 7. antiseptic. disinfectant 8. aspartame
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C.  Match the Following  [1 Mark]

 1. Column I  Column II

 (a) Ranitidine  (i) Tranquilizer

 (b) Furacine  (ii) Antibiotic

 (c) Phenelzine  (iii) Antihistamine

 (d) Chloramphenicol  (iv) Antiseptic

   (v) Antifertility drug

 2. Column I  Column II

 (a) Phonacetin (i) antiseptic

 (b) Equanil (ii) artificial sweetener

 (c) Iodoform (iii) tranquilizer

 (d) Alitame (iv) antacid

   (v) antipyretic

ANSWERS
 1. (a) → (iii),  (b) → (iv) (c) → (i) (d) → (ii)
 2. (a) → (v),  (b) → (iii) (c) → (i) (d) → (ii)

D. Assertion-Reason [1 Mark]

In the following questions, a statement of assertion followed by a statement of reason is given :
Choose the correct answer out of the following choices:

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

 1. Assertion (A) : Metal hydroxides are better antacids than sodium hydrogen carbonate
  Reason (R) : Metal Rydroxides are insoluble and do not increase the pH above neutrality.

 2. Assertion (A) : Cimetidine is an antihistamine drug
  Reason (R) : Antihistamines affect the message transfer mechanism from nerve to receptor.

 3. Assertion (A) : Aspirin can be used in prevention of heart attacks.
  Reason (R) : Aspirin prevents plate it coagulation.

 4. Assertion (A) : Morphine a Non-narcotic analgesic called as opiates.
  Reason (R) : Morphine are obtained from opium poppy.

 5. Assertion (A) : Alitame is a high potency sweetener.
  Reason (R) : Alitame is unstable at cooking temperature and its use is limited to cold foods 

  and soft drinks.
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 6. Assertion (A) : Bithionol is added to soap.
  Reason (R) : Bithionol provide antiseptic properties to soap.

ANSWERS
 1. (a) 2. (c) 3. (a) 4. (d) 5. (c) 6. (a)

E.  Short Answer Type Questions [2 Marks]

 1. What is the average molecular mass of drugs?
 Ans. Drugs smelts chemicals of two molecular masses i.e., (-100 – 500 u). They interact with 

macromolecular targets and produce a biological response. When the biological response is 
therapeutic and useful, these chemicals are called medicines.

 2. Write the uses of medicines.
 Ans. Four contemporary goals of medicine:
  (i) preventing disease and injury and promoting and maintaining health;
  (ii) relieving pain and suffering caused by maladies;
  (iii) caring for and curing those with a malady and caring for those who cannot be cured; and
  (iv) avoiding premature death and pursuing a peaceful death
 3. What are antiseptics? Give any two examples of antiseptic.
 Ans. Antiseptic is defined as the destruction or inhibition of microorganisms on living tissues, thereby 

limiting or preventing the harmful results of infection. Examples are :
   Furacin and soframycin are antiseptics.
 4. Which type of drugs come under antimicrobial drugs?
 Ans. The drugs which are used to treat microbial functions are termed as antimicrobial drugs 

(i) antibiotics (ii) sulpha drugs (iii) antiseptics (iv) disinfectants all these come under antimicrobial 
drugs which helps in controlling the microbial activities. They also include antifungals, 
antiprotozoals and antivirals.

 5. Where are receptors located?
 Ans. Receptor sites can be found within the plasma membrane of a cell, which acts as a boundary 

between the cell's internal and external environment. Molecules that bind to receptor sites are 
known as ligands. Hormones, neurotransmitters, and drugs are examples of ligands.

 6. What is the harmful effect of hyperacidity?
 Ans. Hyperacidity produces sudden stomach pain. It may lead to vomiting, loss of appetite flatulence 

and heart burn. It is also responsible for chronic indigestion and in severe cases cause gastric 
ulcers.

 7. Which site of an enzyme is called an allosteric site?
 Ans. The allosteric site is a site that allows molecules to either activate or inhibit (or turn off) enzyme 

activity. It is different than the active site on an enzyme, where substrates bind.
 8. What type of forces are involved in binding a substrate to the active site of an enzyme?
 Ans. Substrate bind to the active site of the enzymes through a variety of interactions. These forces 

are van der Waals' interactions, ionic bonding, hydrogen bonding or dipole-dipole interaction.
 9. (i) What is the commonality between the antibiotic arsphenamine and azodye?
 (ii) Which class of drugs is used in sleeping pills?
 Ans. (i) Arsphenamine possesses —As= As— linkage that resembles —N= N— linkages in azodyes.
 (ii) Tranquilizers are sleep inducing drugs.
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 10. Aspirin is a pain relieving antipyretic drug but can be used to prevent heart attack. Explain.
 Ans. Aspirin prevents platelet coagulation and thus has anti blood clotting action. Therefore, it prevents 

blood clotting in the heart. Aspirin given shortly after a heart attack decreases the risk of death. 
Aspirin is also used long-term to help prevent further heart attacks, ischaemic strokes, and blood 
clots in people at high risk.

 11. Both antacids and antiallergic drugs are antihistamines but they cannot replace each other. Explain 
why?

 Ans. Antacids and antiallergic drugs are categorized under antihistamines due to their working pathway, 
but they cannot be replaced. Since antacids are responsible for neutralising excess acid present 
in the stomach, antiallergic drugs act to prevent the action of histamine produced in the body in 
case of an allergic reaction. Having different body receptors and purpose, they cannot be replaced.

 12. (i) What are analgesics?
  (ii) What is the scientific explanation for the feeling of depression?
 Ans. (i)  An analgesic or painkiller is any member of the group of drugs used to achieve analgesia, 

relief from pain. They are distinct from anesthetics, which temporarily affect, and in some 
instances eliminate, sensation.

  (ii) Research suggests that depression doesn't spring from simply having too much or too little 
of certain brain chemicals. Rather, there are many possible causes of depression, including 
faulty mood regulation by the brain, genetic vulnerability, stressful life events, medications, 
and medical problems.

 13. What is the basic difference between antiseptics and disinfectants?
 Ans.  

Antiseptic Disinfectant

(1)  Used for humans and animals (1) Used for non- living things like furniture
  and other household items

(2) Commonly found in healthcare centers of
  hospitals

(2) Comonly found in homes or public places

(3)  Cleanses wounds and surgical sites to
  prevent infection and treatment creams

(3) Kills microorganisms on the surface of non
  living things.

(4) Includes mouthwash and cold sore and
  yeast infection. 

(4) Includes cleaning products for houses and
  public places

(5) Transports through the lymphatic system
  and destroys bacteria within the human
  body

(5) Destroys the cell wall of microorganisms or
  interferes with the metabolism of microbes
  thriving on the surface of tangible objects

(6) Not harmful to humans and animals (6) Harmful to humans and animals

 14. Between sodium hydrogen carbonate and magnesium hydroxide which is a better antacid and 
why?

 Ans. An antacid is used to neutralize the stomach acid and thus provide relief. Sodium hydrogen 
carbonate react with the stomach acid and neutralises it. But as it is soluable, its excess can make 
the stomach alkaline and trigger the production of acid. In contrast, magnesium hydroxide also 
reacts with stomach acid and neutralises it but it being insoluble does not allow the pH and the 
stomach to increase above neutrality.

  Thus magnesium hydroxide is a better ant acid as compared to sodium hydrogen carbonate.
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 15. (i) Which analgesics are called opiates?
  (ii) What is the medicinal use of narcotic drugs?
  (iii) What are antagonistic drugs?
 Ans.  (i) Analgesics may be classified into two types: anti-inflammatory drugs, which alleviate pain 

by reducing local inflammatory responses; and the opioids, which act on the brain. The 
opioid analgesics were once called narcotic drugs because they can induce sleep. The opioid 
analgesics can be used for either short-term or long-term relief of severe pain. In contrast, 
the anti-inflammatory compounds are used for short-term pain relief and for modest pain, 
such as that of headache, muscle strain, bruising, or arthritis.

  (ii) Narcotics are also called opioid pain relievers. They are only used for pain that is severe 
and is not helped by other types of painkillers. When used carefully and under a healthcare 
provider's direct care, these drugs can be effective at reducing pain.

  (iii) An antagonist is a drug that binds to the receptor either on the primary site, or on another 
site, which all together stops the receptor from producing a response.

 16.  What is the mode of action of antimicrobial drugs?
 Ans.  There are six major modes of action:
  (i) interference with cell wall synthesis, (ii) inhibition of protein synthesis,
  (iii) interference with nucleic acid synthesis, (iv) inhibition of a metabolic pathway,
  (v) inhibition of membrane function, (vi) inhibition of ATP Synthase

F. Long Answer Type Questions [3 Marks]

 1. Answer the following
  (i)  What is the advantage of using antihistamines over antacids in the treatment of acidity?
  (ii) What are the functions performed by histamine in the body?
  (iii) With the help of an example, how do tranquilizers control the feeling of depression?
 Ans. (i) Antihistamines are medications that help with allergies, and also with stomach problems, cold, 

anxiety and more. Antihistamines are a class of drugs commonly used to treat symptoms of 
allergies. These drugs help treat conditions caused by too much histamine, a chemical created 
by your body's immune system. 

  (ii) Histamine is a potent vasodilator. It contracts muscles in the gut and bronchi. It relaxes some 
other muscles, e.g., in the walls of blood vessels. Histamine is also responsible for congestion 
in the nose associated with common cold and allergies. Also, histamine simulates the release 
of pepsin and hydrochloric acid in the stomach.

  (iii) Tranquilizers increase the level of noradrenaline in the body thus curing the feeling of de-
pression. Low levels of noradrenaline are a cause of depression and anxiety. Tranquilizers 
help in regulating the amount of noradrenaline and thus curing the feeling of depression. 
They are also used in sleeping pills.

 2. (i) Sugar is the main source of energy as it produces energy on metabolic decomposition. But 
these days low calorie drinks are more popular, why? 

  (ii) Pickles have a long shelf life and do not get spoiled for months, why?
  (iii) Name two α-amino acids which form a dipeptide which is 100 times more sweet than cane 

sugar?

 Ans. (i) In such drinks artificial sweetening agents are present which do not metabolise hence do not 
produce any energy.
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  (ii) Plenty of salt and cover of oil act as preservatives. These do not allow moisture and air to 
enter the material and hence bacteria cannot thrive on them. Therefore, pickles do not get 
spoiled for months together.

  (iii) Aspartic acid and phenylalanine.
 3. (i) Aspartame is unstable at cooking temperature, where would you suggest aspartame to be 

used for sweetening?
  (ii) Sodium salts of some acids are very useful as food preservatives. Suggest a few such acids.
  (iii) Explain the role of allosteric site in enzyme inhibition?
 Ans. (i) Since aspartame decomposes at cooking temperature, therefore, it is used as a sweetening 

agent in cold foods and soft drinks.
  (ii) Benzoic acid, sorbic acid, propanoic acid
  (iii) The allosteric site allows molecules to either activate or inhibit, or turn off, enzyme activity. 

These molecules bind the allosteric site and change the confirmation, or shape, of the enzyme. 
Molecules that turn off enzymes are called allosteric inhibitors.

 4. (i) How are receptor proteins located in the cell membrane?
  (ii) What happens when the bond formed between an enzyme and an inhibitor is a strong covalent 

bond?
 Ans. (i) Intracellular receptors are located in the cytoplasm of the cell and are activated by hydrophobic 

ligand molecules that can pass through the plasma membrane. Cell-surface receptors bind to 
an external ligand molecule and convert an extracellular signal into an intracellular signal.

  (ii) If a strong covalent bond is formed between the enzyme and the inhibitor which cannot be 
broken easily then the enzyme is blocked permanently. The body then degrades the enzyme-
inhibitor complex and synthesises the new enzyme.

 5. In what respect do prontosil and salvarsan resemble. Is there any resemblance between azo dye 
and prontosil? Explain.

 Ans. Both Prontosil and Salvarsan have classified under the same category, i.e. antibacterial  
(antimicrobial) drugs, they were discovered by Paul Ehrlich. The other name for Salvarsan is 
arsphenamine and its molecule being organoarsenic has a –As = As– double bond.

  

H N2 As

HO
As

OH

NH2(Salvarsan)

  Due to the same category, they have similarities in their structure. The linkage in Salvarsan is 
–As = As– and prontosil contains –N = N– linkage.

  
(Prontosil)

NH2

H N2

N

N

SO NH2 2

  Prontosil (a red azo dye) and azo dye both have –N = N – linkage.

OH
N = N

Azodye
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 6. How do enzymes catalyse a chemical reaction in the living system? Explain drug target interaction 
taking the example of enzyme as target.

 Ans. Enzymes play the main role in biochemical reactions as they are the catalysts, the types of 
mechanisms they catalyzes are -

  (i) The active site of the enzyme captures the substrate and holds it in a particular position so 
as to react effectively with the substrate. Some of the types of forces involved in binding of 
the substrate with the active site include ionic bonding, hydrogen bonding, van der Waals, 
dipole-dipole, interactions.

  (ii) Enzymes also work as a catalyst by providing functional groups to attack the substrate in 
order to complete the chemical reactions. This role is acted out by amino acid residues of 
protein found on the enzymes’ active site. They attack the substrate to carry out chemical 
reactions. The enzyme inhibitor drugs hinder this process by blocking the active site 
attachment of the substrate.

 7. What are enzyme inhibitors? Classify them on the basis of their mode of attachments on the active 
site of enzymes. With the help of diagrams explain how inhibitors inhibit enzymatic activity.

 Ans. Enzymes are responsible to hold the substrate molecule for a chemical reaction and they provide 
functional groups which will attack the substrate to carry out the chemical reaction. Drugs which 
inhibit any of the two activities of enzymes are called enzyme inhibitors. 

  Enzyme inhibitors can block the binding site thereby preventing the binding of the substrate to 
the active site and hence inhibiting the catalytic activity of the enzyme.

  Drugs Inhibit the attachment of natural substrate on the active site of enzymes in two different 
ways as explained below

  (i) Drugs which compete with the natural substrate for their attachment on the active sites of 
enzymes are called competitive inhibitors.  

 

Active
site

Drug

Substrate

Enzyme Drug and substrate competing
for enzyme active site of

Drug

Enzyme
Substrate

Drug blocks the active
site of enzyme

  (ii) Some drugs bind to a different site of an enzyme called allosteric site. It changes the shape 
of the active site and substrate cannot recognize it. Such enzymes are called noncompetitive 
inhibitor the bond formed between the enzyme and an inhibitor is strong covalent bond 
then enzyme is blocked permanently

Active
site

Allosteric site
Inhibitor Inhibitor occupying

allosteric site

Active site with
changed shape
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SPECIMEN QUESTION PAPER (Solved) 
(For Semester–2 Examination) 

[Issued by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory
The intended marks for questions or parts of questions are given in brackets. [ ]

All working, including rough work, should be done on the same sheet as, and adjacent 
to the rest of the answer.

Balanced equations must be given wherever possible and diagrams where they are helpful.
When solving numerical problems, all essential working must be shown.

In working out problems, use the following data:
Gas constant R = 1.987 cal deg-1 mol-1 = 8.314 JK-1 mol-1 = 0.0821 dm3 atm K-1 mol-1 

1l atm = 1 dm3 atm = 101.3J. 1 Faraday = 96500 coulombs.
Avogadro’s number = 6.023×1023.

SECTION A – 7 MARKS
Question 1
Fill in the blanks by choosing the appropriate word(s) from those given in the brackets:
(two, four, sec-1, diamagnetic, acetaldehyde, mol-1L sec-1, paramagnetic, formaldehyde, acetone, ethanol)
 (i) When the concentration of a reactant of first order reaction is doubled, the rate of reaction becomes 

___________ times. The unit of rate constant (k) for the first order reaction is __________. [1]
 (ii) The transition metals show ___________ character because of the presence of unpaired electrons 

while Cu+ is ___________ because its electronic configuration is [Ar]3d10. [1]
 (iii) Calcium formate on distillation gives ___________ but the distillation of calcium formate and 

calcium acetate gives ___________.  [1]
Question 2
Select and write the correct alternative from the choices given below.
 (i) The type of hybridization involved in Octahedral complexes is: [1]
 (a) sp3 (b) dsp2 (c) sp3d (d) d2sp3

 (ii) One mole of a symmetrical alkene on ozonolysis gives two moles of an aldehyde having a 
molecular mass of 44 amu. The alkene is: [1]

 (a) ethene (b) propene (c) 1-butene (d) 2-butene
 (iii) Primary amine when warmed with chloroform and alc. KOH yields: [1]
 (a) cyanides   (b) isocyanides
 (c) benzene diazonium chloride (d) secondary amines
 (iv) Assertion: The conversion of fresh precipitate to colloidal state is called peptization. [1]
  Reason: It is caused by addition of common ions.

Section B: Specimen Question Paper
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 (a) Both assertion and reason are true and reason is the correct explanation of assertion.
 (b) Both assertion and reason are true but reason is not the correct explanation for assertion.
 (c) Assertion is true but reason is false.
 (d) Assertion is false but reason is true.

ANSWERS
Question 1
 (i) two, sec–1   (ii) paramagnetic, diamagnetic  (iii) formaldehyde, acetaldehyde

Question 2
 (i) (d) (ii) (d) (iii) (b) (iv) (b) 

SECTION B – 16 MARKS

 Question 3
Name the type of isomerism shown by each of the following pairs of compounds:  [2]

 (i) [CoCl2(NH3)4]Cl.H2O and [CoCl(H2O)(NH3)4]Cl2
 (ii) [Cr(NH3)5Br]SO4 and [Cr(NH3)5SO4]Br

Answer
 (i) solvation isomerism 
 (ii) ionization isomerism

Question 4
 (i) Write chemical equations to illustrate each of the following name reactions:  [2]
 (a) Rosenmund’s reduction
 (b) Clemmensen’s reduction

OR
 (ii) How will you bring about the following conversions? (Give equation).
 (a) Acetic acid to acetone
 (b) Formaldehyde to urotropine
Answer
 (i) (a) Rosenmund's reduction

CH3COCl + H2 →Pd
BaSO4

 CH3CHO + HCl

  (b) Clemmensen's reduction

CH3CHO →
Zn(Hg)
HCl

 CH3 – CH3

OR

 (ii) (a) CH COOH3 CH COCH3 3

(CH COO) Ca3 2
dry distil

lationCa(OH)2
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  (b) 6HCHO  →
+ 4NH3  urotropine

N
+  6H O

2N

N

N

 Question 5
What is a zwitter ion? Represent the zwitter ion of glycine.  [2]

Answer
A zwitter ion is an ion that contains two functional groups. It is an ion possessing both positive and 
negative electrical charges. They are also known as dipolar ions.

H2N – CH2 – COOH →neutral
medium

 H3N+ – CH2 – COO–

   Glycine Zwitter ion of glycine

 Question 6
 (i) Arrange the following in the increasing order of their basic strength: C2H5NH2, C6H5NH2, 

(C2H5)2NH.  [2]
 (ii) What are the products formed when benzene diazonium chloride reacts with phenol in weak 

alkaline medium? (Give equation).

Answer
 (i) C6H5NH2 < C2H5NH2 < (C2H5)2NH

 (ii) 

N Cl2
+ – OH

+ OH–

N = N OH + HCl

p-hydroxy az benzeneo
(orange dye)

 Question 7
Give reasons for the following:  [2]
 (i) Diabetic patients are advised to take artificial sweeteners instead of natural sweeteners.  
 (ii) The use of aspartame is limited to cold foods and drinks.

Answer
 (i) Artificial sweeteners are safe for people with diabetes. They can reduce both calorie and 

carbohydrate intake. So, they act as an aid to keep blood sugar levels stable.
 (ii) Aspartame is unstable at cooking temperature. Its peptide linkage breaks at high temperature.

 Question 8
The rate of reaction becomes four times when the temperature changes from 293K to 313K. Calculate 
the energy of activation (Ea) of the reaction assuming that it does not change with temperature. 
(R = 8·314 JK-1mol-1)  [2]
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Answer
  T1 = 293 k T2 = 313 k

  T2 = 4 k1 ea = ?

  
log   =  

2.303 R
1
T

1
T

2

1 1 2

k
k

ea�

�
�

�

�
�

�

�
�

�

�
� ���

  
log

4
  =  

2.303  8.314
1

293
1

313
1

1

k
k

ea
�

�
�
�

�

�
�
�

�
�
�

�
�
��

��� 

  log4 = ea
19.14  × 20

293 × 313

  ea = 19.14 × 293 × 313
20  × 2 × 0.3010

  ea = 52834.8 J/mol

  ea = 52.83 kJ/mol

 Question 9
Give balanced equation for each of the following:  [2]
 (i) Ethylamine and nitrous acid
 (ii) Aniline and acetyl chloride

Answer
 (i) C2H5NH2 + HONO → [C2H5N2

+Cl–] 

   
H2O

   C2H5OH + N2 + HCl

 (ii) 

NH2

+ CH COCl3
Py +  HCl

NHCOCH3

 Question 10
Give one chemical test for each to distinguish between the following pairs of compound:  [2]
 (i) Acetaldehyde and benzaldehyde
 (ii) Acetone and acetic acid

Answer
 (i) Acetaldehyde gives red precipitate with Fehling's solution but benzaldehyde does not.

CH3CHO + 2Cu2+ + 5OH– →D  CH3COO– + Cu2O↓ + 3H2O
   Fehling's

solution
 red ppt
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 (ii) Acetone will not react with sodium carbonate but acetic acid react with sodium carbonate and 
produces brisk effervescence of CO2.

2CH3COOH + Na2CO3 → 2CH3COONa + H2O + CO2↑

SECTION C – 12 MARKS
 Question 11
(i) Answer the following:  [3]
 (a) Define molecularity of a reaction. Give one difference between the order of reaction and its 

molecularity.
 (b) The rate constant (k) of a first order reaction is 4·5 × 10–2 sec–1. What will be the time required 

for the initial concentration of 0·4 M of the reactant to be reduced to 0·2 M?

OR
(ii) Answer the following:  
 (a) For a first order reaction, show that the time required for the completion of 99% reaction is 

twice the time required for the completion of 90% of the reaction.
 (b) For a reaction, rate = k[A]1[B]1.5[C]0. What is the overall order of reaction?
Answer
 (i) (a) The number of reactant molecules that react in an elementary (single – step) reaction is 

known as molecularity.
   Order can be fractional and negative while molecularity can never be fractional and negative.
 (ii) (b) k = 4.5 × 10–2s–1 → I order
     t = ?
 [R]0 = 0.4 M   [R] = 0.2 M

 k = 2.303
t   log 

[R]0
[R]

 t = 2.303
4.5 × 10–2   log 0.4

0.2  = 2.303 × 100
4.5   log2 

 t = 15.4 sec.  OR t–12  = 0.693
K  = 0.693

4.5 × 10–2  = 15.4 sec.

 (ii) (a) t99% = 2t90%

  Proof : t = 2.303
k  log 

[R]0
[R]  (I order)

   t99% = 2.303
k  log 

R 0
1

100
R 0

� �

� �
 = 2.303

k  log 100

   t99% = 2.303
k  × 2   ...(1)

  and t90% = 2.303
k  log 

R 0
1

10
R 0

0

0

� �

� �
  ...(2)

  Put (2) in (1) eqn. we get,
   t99% = 2 t90%
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  (b)  Order = 2.5

 Question 12
 (i) What is the basic difference between the electronic configuration of transition and inner 

transition elements?  [3]
 (ii) Why are Zn2+ ions colourless while Ni2+ ions are green in colour?
Answer
 (i) In inner transition elements, last electron occupies f-orbitals.
  General configuration = (n – 2)f 1–14(n – 1)d 0–1

  In transition elements, last electron occupies d–orbital
  General configuration = (n – 2)d 1–10ns 1–2

 (ii) Zn2+ ion is colourless as it contains all paired electrons (3d10) and Ni2+ ion is green in colour 
as it contains 2 unpaired electrons (3d8).

 Question 13
 (i) Write the formula of each of the following compounds:  [3]
  (a) Potassium trioxalatoaluminate (III)
  (b) Triammine triaquachromium (III) chloride
 (ii) For the complex ion [Co(NH3)6]3+, state the oxidation state of central metal atom and the 

coordination number of the complex ion.
Answer
 (i) (a) K3[Al(C2O4)3]

  (b) [Cr(NH3)3(H2O)3]Cl3

 (ii) [Co(NH3)6]3+

  x = +3
  C.N. = 6

 Question 14
Give reason for each of the following:  [3]
 (i) For ferric hydroxide sol. the coagulating power of phosphate ion is more than chloride ion.
 (ii) Lyophilic colloidal solutions are more stable than lyophobic colloidal solutions.
 (iii) Gelatin is added to ice cream.

Answer
 (i) By Hardy-Schulze rule, higher the valency greater is the coagulating power of an ion.
 (ii) In lyophilic colloids, dispersed phase interacts with dispersion medium while in lyophobic 

colloids, dispersed phase does not interact with dispersion medium.
 (iii) Gelatin is an emulsifier which stabilize the emulsion and give it soft texture and fresh look.

qqq
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MODEL TEST PAPER–1 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

(For Semester-2 Examination)

Maximum Marks: 35
Time allowed: One and a half hour

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory
The intended marks for questions or parts of questions are given in brackets. []

All working, including rough work, should be done on the same sheet as, and adjacent to 
the rest of the answer.

Balanced equations must be given wherever possible and diagrams where they are helpful.
When solving numerical problems, all essential working must be shown.

In working out problems, use the following data:
Gas constant R = 1.987 cal deg-1 mol-1 = 8.314 JK-1 mol-1 = 0.0821 dm3 atm K-1 mol-1 

1l atm = 1 dm3 atm = 101.3J. 1 Faraday = 96500 coulombs.
Avogadro’s number = 6.023×1023.

SECTION A – 7 MARKS
Question 1
Fill in the blanks by choosing the appropriate word(s) from those given in the brackets:
(can, rate, oxidation, variable, acetaldehyde, reduction, less, benzoic acid, cannot, more)
 (i) A catalyst ______________ start a reaction but it can increase the ______________ of the 

reaction. [1]
 (ii) The transition metals show valency because of the energy gap between (n-1)d and ns is 

______________. [1]
 (iii) Toluene on ______________ with alkaline potassium permanganate gives ______________. [1]

Question 2
Select and write the correct alternative from the choices given below.
 (i) The type of hybridization involved in outer d orbital octahedral complexes is : [1]
 (a) sp3 (b) dsp2 (c) sp3d2 (d) d2sp3 
 (ii) Iodoform test is not given by: [1]
 (a) Ethanol (b) Ethanal (c) Pentan-3-one (d) Pentan-2-one
 (iii) Out of the following, the strongest base in aqueous solution is: [1]
 (a) Methyl amine (b) Dimethyl amine (c) Trimethyl amine (d) Aniline 
 (iv) Assertion : Coagulation of Al3+ is more than Na+. [1]
  Reason : Greater the valency of the flocculating ion added, greater is its power to cause 

  precipitation. 

Section C: Model Test Papers
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 (a) Both assertion and reason are true and reason is the correct explanation of assertion. 
 (b) Both assertion and reason are true but reason is not the correct explanation for assertion. 
 (c) Assertion is true but reason is false. 
 (d) Assertion is false but reason is true. 

SECTION B – 16 MARKS
 Question 3
[Ni(NH3)6]2+ is an outer d-orbital complex but [Cr(NH3)6]3+ is an inner orbital complex. [2]
Explain by VBT.

 Question 4
 (i) Draw the structures of the following: [2]
 (a) Cyclobutanone oxime.
 (b) The ethylene ketal of pentan-3-one.

OR
 (ii) Give reason:
 (a) Aldehydes are more volatile than the corresponding alcohols.
 (b) Dialkyl cadmium is preferred over Grignard reagent for preparation of ketone.

 Question 5
 (i) The two strand in DNA are not identical but are complimentary. Explain.  [2]
 (ii) Name the purine and pyrimidine bases present in DNA and RNA.

 Question 6
 (i) Arrange in increasing order of basic character:  [2]
  p-methoxyaniline, p-nitroaniline, aniline, benzylamine.
 (ii) Write reactions of the final alkylation product of aniline with excess of methyl iodide in the 

presence of sodium carbonate solution.

 Question 7
 (i) Name a substance which can be used as an antiseptic as well as disinfectant. [2]
 (ii) Name the derivative of dipeptide used as a sugar substitute. Why do we need them?       

Question 8 [2]
Ester decomposes in acid solution into acetic acid and ethanol according to the first order rate law with 
t1/2 = 2 hours. Calculate the fraction of ester which remains after 10 hours.

Question 9
Convert the following: [2]
 (i) Aniline to p-bromoaniline
 (ii) Nitrobenzene to benzene 

Question 10
 What happens when  [2]
 (i) Propanone is treated with methylmagnesium iodide and then hydrolysed
 (ii) Benzene is treated with CH3COCl in presence of anhydrous AlCl3? 
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SECTION C – 12 MARKS
 Question 11
 (i) Answer the following: [3]
 (a) How does temperature affect the rate of a reaction? Explain graphically.
 (b) A reaction is 50% complete in 2 hours and 75% complete in 4 hours, what is the order of 

the reaction?
OR

 (ii) The following results have been obtained during the kinetic studies of the reaction: 
2NO(g) + Cl2(g) → 2NOCl(g) 

Exp. Initial NO (mol/L) Initial Cl2 (mol/L) Init. Rate of Formation 
of NOCl (M min-1)

1 0.15 0.15 0.60 
2 0.15 0.30 1.20 
3 0.30 0.15 2.40 
4 0.25 0.25 ? 

  What is the initial rate of disappearance of Cl2 in experiment 4?

Question 12 [3]
Explain:
 (i) E° value for (Mn2+|Mn) is negative whereas for (Cu2+|Cu) is positive.
 (ii) Cu+ ion is not stable in aqueous solution.
 (iii) Eu2+, Yb2+ are good reductants whereas Tb4+ is an oxidant.

 Question 13 [3]
 (i) Give the electronic configuration of d-orbital of Ti in [Ti(H2O)6]2+ ion in an octahedral crystal 

field. 
 (ii) Why is this complex coloured? Explain on the basis of distribution of electrons in d-orbitals. 
 (iii) How does the colour changes on heating [Ti(H2O)6]3+ ion ? 

 Question 14 [3]
Answer the following:
 (i) What is the role of activated charcoal in gas mask?

 (ii) A colloidal sol is prepared by the given method in figure. What is the FeCl3

Solution

NaOH
Solution

  charge on hydrated ferric oxide colloidal particles formed in the test tube?
  How is the sol represented? 
 (iii) How does chemisorption vary with temperature ?
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MODEL TEST PAPER–2 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

(For Semester-2 Examination)

Maximum Marks: 35
Time allowed: One and a half hour

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory
The intended marks for questions or parts of questions are given in brackets. []

All working, including rough work, should be done on the same sheet as, and adjacent to 
the rest of the answer.

Balanced equations must be given wherever possible and diagrams where they are helpful.
When solving numerical problems, all essential working must be shown.

In working out problems, use the following data:
Gas constant R = 1.987 cal deg-1 mol-1 = 8.314 JK-1 mol-1 = 0.0821 dm3 atm K-1 mol-1 

1l atm = 1 dm3 atm = 101.3J. 1 Faraday = 96500 coulombs.
Avogadro’s number = 6.023×1023.

SECTION A – 7 MARKS
Question 1
Fill in the blanks by choosing the appropriate word(s) from those given in the brackets:
(partially, first order, zero order, variable, less, directly, elemental, alkyl group, fully, more, inversely)
 (i) A reaction in which rate of reaction is independent of concentration of the reactants is called 

_________________ reaction. The half life of such reactions is _________________ proportional 
to initial concentration. [1]

 (ii) Transition elements are those elements which have _________________ filled d-subshells in their 
_________________ state or in their commonly occurring oxidation states. [1]

 (iii) Ketones are _________________ reactive than aldehydes towards nucleophilic addition reaction 
because ketones contain steric hinderance and greater + I effect of _________________. [1]

Question 2
Select and write the correct alternative from the choices given below.
 (i) The IUPAC name of [Ni(CO)4] is  [1]
 (a) tetracarbonylnickel(II)   (b) tetracarbonylnickel (0)
 (c) tetracarbonylnickelate(II)  (d) tetracarbonylnickelate (0)
 (ii) The carbonyl compound formed when ethanol gets oxidised and can form But-2-enal during aldol 

condensation is [1]
 (a) Butanone  (b) Ethanal  (c) Propanal  (d) Butanal 
 (iii) Which of the following compounds is formed on the electrolytic reduction of nitrobenzene in 

presence of strong acid? [1]
 (a)  Azoxybenzene (b)  Aniline (c)  Azobenzene (d)  p-aminophenol
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 (iv) Assertion : Precipitate can be converted into sol by adding electrolyte.
  Reason : Colloid can be converted back into precipitate by adding an electrolyte. [1]
 (a) Both assertion and reason are true and reason is the correct explanation of assertion. 
 (b) Both assertion and reason are true but reason is not the correct explanation for assertion. 
 (c) Assertion is true but reason is false. 
 (d) Assertion is false but reason is true. 

SECTION B – 16 MARKS

 Question 3
 (i) Arrange the following complexes in order of increasing electrical conductivity:  [2]
  [Co(NH3)4]Cl3, [Co(NH3)5Cl]Cl2, [Co(NH3)4Cl2]

 (ii) Write IUPAC name of the following complex: [Fe(NH3)4Cl2] [Ag(CN)2]

 Question 4
 (i) Convert:  [2]
 (a) Propyne to Propanone
 (b) Benzene to benzoic acid 

OR
 (ii) Arrange the following compounds in increasing order of reactivity towards HCN:
  Acetaldehyde, acetone, di–tertbutylketone, methyl–tert–butylketone. Justify.

 Question 5
Despite having an aldehyde group :  [2]
 (i) Glucose does not give 2, 4-DNP test, what does it indicate ?
 (ii) Draw the Haworth structure of  -D-(+)-Glucopyranose.

 Question 6
 (i) Write structure and IUPAC name of the amide which gives propanamine by Hofmann bromamide 

reaction.  [2]
 (ii) the amine produced by the Hofmann degradation of benzamide.

 Question 7
  (i) Why one should not take aspirin empty stomach?  [2]
 (ii) What is the difference between preservative and an antioxidant?

Question 8 
Give an example of a reaction having equal molecularity and order. Write its differential rate 
equation.  [2]

Question 9
Arrange in increasing order of basic character: [2]
p-methoxyaniline, p-nitroaniline, aniline, benzylamine. Justify. 



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

158 Goyal’s ISC Chemistry Question Bank with MTP Class-12 for Semester-2 Examination

Question 10
Give simple chemical tests to distinguish between the following pairs of compounds :  [2]
 (i) Butanal and Butan-2-one  (ii) Benzoic acid and Phenol

SECTION C – 12 MARKS

 Question 11
 (i) Answer the following:  [3]
 (a) How order of a reaction and molecularity differ towards a complex reaction?
 (b)  A drug becomes ineffective after 40% decomposition. It has rate constant k = 4.215 × 10–3 

months–1. Assuming that decomposition of first order, calculate the expiry time of the drug 
in months.

OR
 (ii) The following data were obtained during the first order thermal decomposition of N2O5 at constant 

volume: 2N2O5 → 2N2O4 + O2

S.No. Time (min) Total pressure (atm)

1. 0 0.40

2. 200 0.50

  Calculate rate constant for the reaction

Question 12 [3]
Which is :
 (i) a stronger reducing agent Cr2+ or Fe2+? Justify.
 (ii) oxometal anion of the first series of the transition metals in which the metal exhibits the oxidation 

state equal to its group number?

 Question 13 [3]
A metal ion Mn+ having d4 valence electronic configuration combines with three bidentate ligands to 
form a complex compound. Assuming ∆o > P : 
 (i) Write the electronic configuration of d4 ion. 
 (ii) What type of hybridisation will Mn+ ion has? 
 (iii) Calculate magnetic moment of this complex.

 Question 14 [3]
Answer the following:
 (i) Why is adsorption an exothermic process?
 (ii) Which type of colloids are needed to be protected? How can we stabilize them?
 (iii) How does coagulating value of an electrolyte related to rate of coagulation of a colloid?
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MODEL TEST PAPER–3 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

(For Semester-2 Examination)

Maximum Marks: 35
Time allowed: One and a half hour

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory
The intended marks for questions or parts of questions are given in brackets. []

All working, including rough work, should be done on the same sheet as, and adjacent to 
the rest of the answer.

Balanced equations must be given wherever possible and diagrams where they are helpful.
When solving numerical problems, all essential working must be shown.

In working out problems, use the following data:
Gas constant R = 1.987 cal deg-1 mol-1 = 8.314 JK-1 mol-1 = 0.0821 dm3 atm K-1 mol-1 

1l atm = 1 dm3 atm = 101.3J. 1 Faraday = 96500 coulombs.
Avogadro’s number = 6.023×1023.

SECTION A – 7 MARKS

Question 1
Fill in the blanks by choosing the appropriate word(s) from those given in the brackets:

(β-hydrogen, mol/l/min, alpha-hydrogen, 1.5, Br2/red P, d-d transition, paired, HBr, f-f transition, 
unpaired, bar/min)
 (i) The rate law of certain reaction is Rate = k(PCH3OCH3)3/2 if the pressure is measured in bar and 

time in minutes. The order and unit of rate is ___________ and ___________ respectively. [1]
 (ii) Transition metals form coloured ions due to the presence of ___________ electrons which undergo 

___________. [1]
 (iii) Propanoic acid reacts with ___________ to form 2-Bromo propanoic acid as it contains 

___________. [1]

Question 2
Select and write the correct alternative from the choices given below.
 (i) The formula of the coordination compound Tetraammineaquachloridocobalt (III) chloride is  [1] 
 (a)  [Co(NH3)4(H2O)Cl]Cl2   (b) [Co(NH3)4(H2O)Cl]Cl3 

 (c)  [Co(NH3)2(H2O)Cl]Cl2   (d)  [Co(NH3)4(H2O)Cl]Cl    

 (ii) An organic compound ‘A’ with molecular formula C3H6O on reaction with CH3MgBr followed 
by hydrolysis gives compound ‘B’. The compound ‘B’ on dehydration at 443K gives compound 
‘C’ which on ozonolysis gives back compound ‘A’ and another compound ‘D’. Identify compound 
‘D’. [1]

 (a) Ethanal (b) Propanone (c)  Methanal (d) Acetophenone 
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 (iii) In which of the following reactions does amide get converted to amine? [1]
 (a)  Claisen (b)  Hoffmann (c)  Kekule (d)  Perkin 
 (iv) Assertion : Adsorption of gases on activated charcoal is physisorption.
  Reason : It is a multimolecular process and is accompanied by low enthalpies of adsorption  [1]
 (a) Both assertion and reason are true and reason is the correct explanation of assertion. 
 (b) Both assertion and reason are true but reason is not the correct explanation for assertion. 
 (c) Assertion is true but reason is false. 
 (d) Assertion is false but reason is true. 

SECTION B – 16 MARKS

 Question 3
 Out of [CoF6]3– and [Co(en)3]3+, which one complex is  [2]

 (i) paramagnetic    (ii) more stable 
 (iii) inner orbital complex and  (iv) high spin complex (Atomic no. of Co = 27)

 Question 4
 (i) Write chemical equations for the following reactions:  [2]
 (a) Propanone is treated with dilute Ba(OH)2. 
 (b) Acetophenone is treated with Zn(Hg)/Conc. HCl 

OR
 (ii) Account for the following: 
 (a) CH3CHO is more reactive than CH3COCH3 towards reaction with HCN
 (b) 2-Fluorobutanoic acid is a stronger acid than 3-Fluorobutanoic acid

 Question 5
 (i) What is denaturation? What changes occur in the nature of egg protein on boiling?  [2]
 (ii) Name the type of bonding which stabilizes alpha-helix structure of protein.

 Question 6
Write a chemical test to distinguish between the following pair of compounds : Methylamine and 
Dimethylamine. Write the reaction involved. [2]

 Question 7
  (i) What is tincture of iodine? Give its use.  [2]
 (ii) What are antipyretics? Give an example.

Question 8 
Find the order and dimensions of rate constant of following reactions.        [2]  

 (i) CH3COOC2H5 + H2O   → CH3COOH + C2H5OH

 (ii) CH3CHO  →∆  CO + CH4, Rate = k[CH3CHO]3/2

Question 9
How would you account for the following :  [2]
 (i) Aniline is a weaker base than cyclohexyl amine. 
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 (ii) Methylamine in aqueous medium gives reddish-brown precipitate with FeCl3.

Question 10
How will you carry out the following conversions:  [2]
 (i) Benzyl alcohol to phenyl ethanoic acid 
 (ii) Propanone to propene

SECTION C – 12 MARKS

 Question 11
 (i) How does temperature and catalyst effect the rate of a reaction? Explain. Draw graphs as well to 

justify your answer.  [3]
OR

 (ii) For the decomposition of azoisopropane to hexane and nitrogen at 543K, the following data is 
obtained.

  t (sec.) 0 360 720
  Pressure (atm.) 35.0 54.0 63.0
  Calculate the rate constant.

Question 12 
 (i) Explain [3]
 (i) E° value for (Mn2+|Mn) is negative whereas for (Cu2+|Cu) is positive.
 (ii) Transition metals show variable oxidation states.
 (ii) Give reason and select one atom / ion which will exhibit asked property : 
 (i) Sc3+ or Cr3+ (Exhibit diamagnetic behaviour) 
 (ii) Cr or Cu (High melting and boiling point)

 Question 13 
 (i) What is spectrochemical series. Explain the difference between weak field ligand and strong field 

ligand.  [3]
 (ii) A solution of [Ni(CN)4]2– is colourless. Explain.

 Question 14 [3]
Answer the following:
 (i) Write the dispersed phase and dispersion medium of milk. 
 (ii) Write one similarity between physisorption and chemisorption. 
 (iii) Write the chemical method by which Fe(OH)3 sol is prepared from FeCl3.
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MODEL TEST PAPER–4 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

(For Semester-2 Examination)

Maximum Marks: 35
Time allowed: One and a half hour

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory
The intended marks for questions or parts of questions are given in brackets. []

All working, including rough work, should be done on the same sheet as, and adjacent to 
the rest of the answer.

Balanced equations must be given wherever possible and diagrams where they are helpful.
When solving numerical problems, all essential working must be shown.

In working out problems, use the following data:
Gas constant R = 1.987 cal deg-1 mol-1 = 8.314 JK-1 mol-1 = 0.0821 dm3 atm K-1 mol-1 

1l atm = 1 dm3 atm = 101.3J. 1 Faraday = 96500 coulombs.
Avogadro’s number = 6.023×1023.

SECTION A – 7 MARKS
Question 1
Fill in the blanks by choosing the appropriate word(s) from those given in the brackets:
(disproportionation, rate, aldol condensation, variable, aldol, order, less, ketol, large, more, molecularity)
 (i) ___________ is the sum of powers of concentration terms as expressed in rate law expression. 

While ___________ is the number of reacting species undergoing collisions in the elementary or 
simple reaction. [1]

 (ii) The transition metals act as good catalysts as they have ___________ oxidation state and provide 
___________ surface area on which reactants may be adsorbed for the reaction to occur [1]

 (iii) Aldehydes having atleast one α-hydrogen undergo a ___________ reaction in presence of dilute 
alkali as catalyst to form ___________. [1]

Question 2
Select and write the correct alternative from the choices given below.
 (i) Which of the following inner orbital complexes are diamagnetic? [1]
 (a) [Co(NH3)6]3+ (b) [Mn(CN)6]3– (c) [Fe(CN)6]4– (d) [Fe(CN)6]3– 
 (ii) Carbonyl compounds undergo nucleophilic addition because of  [1]
 (a) More stable anion with negative charge on oxygen and less stable carbocation  
 (b) Electromeric effect  
 (c) Electronegativity difference of carbon and oxygen atoms  
 (d) None of these  
 (iii) IUPAC name of product formed by the reduction of Nitrobenzene followed by reaction with two 

moles of methyl chloride is: [1]
 (a) N, N-Dimethylaniline   (b) N, N-Diethylaniline 
 (c) N-Methyl aniline    (d) N-Ethyl, N-methylaniline  
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 (iv) Assertion: Extent of adsorption remains constant at high pressure.  [1]
  Reason: There is no effect of change in pressure on extent of adsorption in any condition. 
 (a) Both assertion and reason are true and reason is the correct explanation of assertion. 
 (b) Both assertion and reason are true but reason is not the correct explanation for assertion. 
 (c) Assertion is true but reason is false. 
 (d) Assertion is false but reason is true. 

SECTION B – 16 MARKS
 Question 3  [2]
 (i) Write IUPAC name of the complex: K4[Pd(en)2(NO2)2] 
 (ii) Write the formula of given complex: Iron(III) hexacyanidoferrate(II)

 Question 4  [2]
 (i)  (a) During the preparation of esters from a carboxylic acid and an alcohol in the presence of an 

acid catalyst, the water or the ester should be removed as fast as it is formed. Give reason.
 (b) What happen when – Formaldehyde reacts with conc. KOH?

OR
 (ii) Distinguish between the following by giving suitable chemical test:
 (a) Phenol and Benzoic acid.
 (b) Acetophenone and benzophenone

 Question 5
 (i) Write two function of nucleic acid.  [2]
 (ii) What type of linkage holds together the monomer of DNA ?

 Question 6
 (i) Give reason:  [2]
  Although, amino group is ortho, para-directing in aromatic, electrophilic substitution reaction, 

aniline on nitration gives a substantial amount of meta-nitroaniline.
 (ii) Aniline forms bipolar ion on sulphonation

 Question 7
 (i) What kind of medicines are given to agitated and violent patient? [2]
 (ii) Write one difference between bacteriostatic and bactericidal antibiotic.

Question 8 
Explain the following term : (i) Rate of a reaction (ii) order of a reaction. [2]

Question 9
Arrange the following in increasing order of property specified:  [2]
 (i) Aniline, ethanamine, 2-methylethanamine (solubility in water) 
 (ii) Ethanoic acid, ethanamine, ethanol (boiling point)

Question 10
A & B are the two isomers of compound C3H6O. On heating with NaOH/I2, B form yellow 
ppt. of iodoform but A does not. Write the structure of A & B. Write the reaction involved. [2]
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SECTION C – 12 MARKS
 Question 11
 (i) For the first order thermal decomposition reaction, the following data were obtained :  [3]
  C2H5Cl(g) → C2H4(g) + HCl(g)

Time (s) Total pressure  (atm)
0 0.30

300 0.50

Calculate the rate constant.  (Given: log 2 = 0.3010, log 3 = 0.4771, log 4 = 0.6021)
OR

 (ii) The decomposition of phosphine PH3, proceeds according to the following equation : 
  4PH3(g) → P4 (s) + 6H2(g)
  It is found that the reaction follows the following rate equation : Rate = K[PH3], the half-life of 

PH3 is 37.98 s at 120°C. 
 (a) How much time is required for 3/4th of PH3 to decompose? 
 (b) How fraction of original sample of PH3 remain behind after/minute?

Question 12 
 (i) In what way is electronic configuration of transition elements different from non-transition 

elements?  [3]
 (ii) How variability in oxidation state of transition metals different from non-transition metals ?

 Question 13 
A metal complex having composition Cr(NH3)4Cl2Br has been isolated in two forms A and B. The form 
A reacts with AgNO3 to give a white precipitate readily soluble in dilute aqueous ammonia whereas B 
gives a pale yellow precipitate soluble in concentrated ammonia.  [3]
 (i) Write the formulae of isomers A and B. 
 (ii) State the hybridisation of chromium in each of them. 
 (iii) Calculate the magnetic moment (spin only value) of the isomer A.

 Question 14 [3]
Answer the following:
 (i) Which of the following electrolytes is most effective for the coagulation of AgI/Ag+ sol? 
  MgCl2, K2SO4, K4[Fe(CN)6]. Justify.
 (ii) What happens when a freshly precipitated Fe(OH)3 is shaken with a little amount of dilute solution 

of FeCl3?
 (iii) Out of sulphur sol and proteins, which one forms macromolecular colloids? What is its colloidal 

range.
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MODEL TEST PAPER–5 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

(For Semester-2 Examination)

Maximum Marks: 35
Time allowed: One and a half hour

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory
The intended marks for questions or parts of questions are given in brackets. []

All working, including rough work, should be done on the same sheet as, and adjacent to 
the rest of the answer.

Balanced equations must be given wherever possible and diagrams where they are helpful.
When solving numerical problems, all essential working must be shown.

In working out problems, use the following data:
Gas constant R = 1.987 cal deg-1 mol-1 = 8.314 JK-1 mol-1 = 0.0821 dm3 atm K-1 mol-1 

1l atm = 1 dm3 atm = 101.3J. 1 Faraday = 96500 coulombs.
Avogadro’s number = 6.023×1023.

SECTION A – 7 MARKS
Question 1
Fill in the blanks by choosing the appropriate word(s) from those given in the brackets:
(s-1, oxidation, high, variable, Ag, Hg, low, cannizzaro, absence, mol/l/s)

 (i) The unit of the rate of reaction is ___________ and the unit  of first order rate constant is 
___________. [1]

 (ii) Zn, Cd and ___________ have ___________ melting points. [1]

 (iii) Benzaldehyde undergoes ___________ reaction due to ___________ of α-hydrogen atom. [1]

Question 2
Select and write the correct alternative from the choices given below.
 (i) When 0.1 mol CoCl3 (NH3)5 is treated with excess of AgNO3; 0.2 mol of AgCl are obtained. 

The conductivity of solution will correspond to :  [1]
 (a) 1 : 3 electrolyte   (b) 1 : 2 electrolyte
 (c) 1 : 1 electrolyte   (d) 3 : 1 electrolyte
 (ii) When acetone is treated with Grignard reagent, followed by hydrolysis, the product formed 

is :  [1]
 (a) Secondary alcohol   (b) Tertiary alcohol
 (c) Primary alcohol   (d) Aldehyde 
 (iii) Which of the following is formed when an alkyl primary amine reacts with nitrous acid? [1]
 (a) Alkyl nitrite   (b) Secondary amine
 (c) Nitroalkane   (d) Alcohol 
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 (iv) Assertion: When KI solution is added to AgNO3 solution, positively charged colloidal sol is 
obtained.  [1]

  Reason: Positive charge is due to the preferential adsorption of ions. 
 (a) Both assertion and reason are true and reason is the correct explanation of assertion. 
 (b) Both assertion and reason are true but reason is not the correct explanation for assertion. 
 (c) Assertion is true but reason is false. 
 (d) Assertion is false but reason is true.

SECTION B – 16 MARKS

 Question 3  [2]
Name the type of isomerism exhibited by the following pairs of compounds:

 (i) [Co(ONO)(NH3)5]2+ and [Co(NO2)(NH3)5]2+

 (ii) [Co(NH3)6] [Cr(CN)6] and [Cr(NH3)6] [Co(CN)6]

 Question 4  
 (i) Write chemical equations to illustrate each of the following name reactions: [2]
 (a) Benzoin condensation
 (b) HVZ reaction

OR

 (ii) Give a chemical test to distinguish between the following pairs of compounds:
 (a) Ethanal and propanal
 (b) Benzoic acid and acetic acid

 Question 5
What happens when D-glucose is treated with following reagents :  [2]
 (i) HI (ii) Bromine water

 Question 6
 (i) pKb value for aniline is more than that for methylamine. Give reason. [2]
 (ii) Suggest a method to protect amino group during further reactions.

 Question 7
 (i) Name the type of drug which lowers the body temperature in high fever condition. [2]
 (ii) What are tranquilizers? Give one example.

Question 8 
In the reaction, 2N2O5 → 4NO2 + O2, initial pressure and rate constant, k are 500 atm and 3.38 × 10–5 
sec–1 respectively. Calculate final pressure of N2O5 after 10 minutes.

Question 9
Convert the following: [2]
 (i) Nitrobenzene to 2, 4, 6- Tribromoaniline
 (ii) Ethanoic acid to methanamine
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Question 10  [2]
An organic compound 'X' having molecular formula C4H8O gives orange-red ppt. with 2, 4-DNP reagent. 
It does not reduce Tollens' reagent but gives yellow ppt. of iodoform on heating with NaOI. Compound 
X on reduction with LiAIH4 gives compound 'Y' which undergoes dehydration reaction on heating with 
conc. H2SO4 to form But-2-ene. Identify the compounds X and Y.

SECTION C – 12 MARKS

 Question 11
 (i) For a reaction the rate law expression is represented as follows: Rate = k[A][B]1/2 [3]
 (a) Interpret whether the reaction is elementary or complex. Give reason to support your answer. 
 (b) Write the units of rate constant for this reaction if concentration of A and B is expressed in 

moles/L.
OR

 (ii) The following results have been obtained during the kinetic studies of the reaction: 
P + 2Q → R + 2S

  Determine the rate law expression for the reaction.

Question 12 
Observed and calculated values for the standard electrode potentials of elements from Ti to Zn in the 
first reactivity series are depicted in figure (1): [3]
Explain the following observations: 

 (i) The general trend towards less negative Eo values 
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 (ii) The unique behaviour of Copper
 (iii) More negative Eo values of Mn and Zn

 Question 13 
For the complex [Fe(en)2Cl2]Cl (en = ethylene diamine), identify :  [3]
 (i) Hybrid orbital and shape of complex. 
 (ii) Magnetic behaviour of complex. 
 (iii) Name of complex (At. No. Fe = 26).

 Question 14 [3]
Give examples of :-        
 (i) An associated colloid (ii) A negatively charged sol
 (iii) a solid sol (iv) a lyophilic sol
 (v) an aerosol
 (vi) A colloid in which dispersed phase is liquid but dispersion medium is a gas.
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ANSWERS TO MODEL TEST PAPERS

 MODEL TEST PAPER-1 (Section-A)

 1. (i) cannot, rate (ii) Variable, less (iii) oxidation, benzoic acid
 2. (i) (c) (ii) (c) (iii) (b) (iv) (a)

MODEL TEST PAPER-2 (Section-A)

 1. (i) zero, directly (ii) partially, elemental (iii) less, alkyl group
 2. (i) (b) (ii) (b) (iii) (b) (iv) (b)

MODEL TEST PAPER-3 (Section-A)

 1. (i) 1.5, bar/min (ii) unpaired, d-d transition (iii) Br2/red P, alpha-hydrogen
 2. (i) (c) (ii) (c) (iii) (b) (iv) (b)

MODEL TEST PAPER-4 (Section-A)

 1. (i) order, molecularity   (ii) Variable, large   (iii) aldol condensation, aldol
 2. (i) (c) (ii) (a) (iii) (a) (iv) (c)

MODEL TEST PAPER-5 (Section-A)

 1. (i) mol/l/s, s–1  (ii) Hg, low (iii) Cannizzaro, absence
 2. (i) (b) (ii) (b)   (iii) (d) (iv) (a)
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