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PART – I 

Note : (i) Answer all the questions.                                                                                                30 x 1 = 30 

  (ii) Choose the most suitable answer from the given four alternatives and write the option code    

        and the corresponding answer. 

A – TYPE B – TYPE 
1 b formaldehyde 1 d 2 

2 a hydrolysed to only glucose 2 d gel 

3 b p-benzo quinone 3 a 
CH3 – CH2COOH < CH3COOH < 

HCOOH < ClCH2COOH 

4 b 
less boiling point and low solubility in 
water  4 b 0.025 

5 a  equal to Kc 5 d C2H5 – O – C2H5 

6 b Ferric chloride 6 d 1-nitro-2-propanol 

7 d gel 7 a 3α , 4β 

8 b Sc3+ 8 d 3 

9 a 3α , 4β 9 b Sc3+ 

10 c [Rn]5f0 - 14 6d0 - 2 7s2 10 b 
less boiling point and low solubility in 
water  

11 a 
CH3 – CH2COOH < CH3COOH < 

HCOOH < ClCH2COOH 11 a promethium 

12 d it is only partially ionised 12 a large halogen 

13 d 4 13 c hydrazobenzene 

14 d d – block elements 14 b Spontaneous 

15 b Spontaneous 15 b p-benzo quinone 

16 d 1-nitro-2-propanol 16 a less than 21 cal deg –1 mole –1 

17 d protanation 17 a 
it forms multimolecular layers on 
adsorbate 

18 a large halogen 18 d protanation 

19 c hydrazobenzene 19 b formaldehyde 

20 a less than 21 cal deg –1 mole –1 20 d d – block elements 

21 d order 21 a hydrolysed to only glucose 

22 a 
it forms multimolecular layers on 
adsorbate 22 d Electron affinity of elements having d10s2 

configuration is negative 

23 b glycine 23 a phenol 

24 a phenol 24 b glycine 

25 d 2 25 b Ferric chloride 

26 d Electron affinity of elements having d10s2 
configuration is negative 

26 c [Rn]5f0 - 14 6d0 - 2 7s2 

27 d 3 27 d order 

28 b 0.025 28 d 4 

29 a promethium 29 a  equal to Kc 

30 d C2H5 – O – C2H5 30 d it is only partially ionised 
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PART – II 

Note : (i) Answer any fifteen questions.                    15 x 3 = 45 

            (ii) Each answer should be in one or two sentences. 

31. Define hybridization. 

  The intermixing of the orbitals of an atom having nearly the same energy to give exactly equivalent 

orbitals with same energy, identical shapes and symmetrical orientations in space. 

32. The value of bond length of Si-C is 1.93 Å. Covalent radius of carbon atom is 0.77 Å. Calculate 

the covalent radius of silicon atom. 

d(Si – C) = r(Si) + r(C) 

                    r(Si) = d(Si – C) – r(C) 

                            = 1.93 – 0.77            [ ∵ d(Si – C) =1.93 Å and r(C) = 0.77 Å 

               ∴ r(Si)  = 1.16 Å 

33. Write any three uses of Neon. 

1. Neon is used in discharge tubes and fluorescent bulbs for advertisement display purposes. 

2. Mixed with helium, it is used to protect electrical instruments from high voltages. 

3. It is also used in beacon lights for safety of air navigation as the light possesses fog and storm-

penetrating power. 

4. Neon light is used in botanical gardens as it stimulates growth and helps the formation of 

chlorophyll 

34. An oxy acid of phosphorus is a triprotic. Identify the the compound and draw its electron dot 

formula. 

H3PO4 / Ortho phosphoric acid is the triprotic oxy acid of phosphorus 

                                                               
35. Why do transition elements form complexes? 

1.  Small size and High positive charge density. 

2. Presence of Vacant (n – 1) d orbitals which are of appropriate energy to accept lone pair and 

unshared pair of electrons from the ligands for bonding with them. 

36. How will you convert potassium chromate to potassium dichromate? Mention the colour change 

involved in the reaction. 

On acidifying K2CrO4 forms K2Cr2O7. 

2 K2CrO4 + H2SO4 K2Cr2O7 + K2SO4 + H2O 

Yellow colour of K2CrO4 changes to Orange red K2Cr2O7 

37. Determine the average life of U238 having t1/2 = 140 days. 

Half-life, t½ = 140 days                                         Average life, τ (Tau) = 1.44 t½ 

Average life, τ (Tau) = ?                                                                            = 1.44 x 140  

                                                                                                                   = 201.6 days 

Electron dot formula : 

www.nammakalvi.org



Or               t½ = 0.693 / λ 

        t½ = 0.693 x τ       [Since, Average life, τ (Tau) = 1 / λ  

          τ  = t½ / 0.693 

              = 140 / 0.693 

 Average life, τ = 202.02 days 

38. Define super conducting transition temperature? 

Super conducting transition temperature ‘Tc’ of a material is defined as a critical temperature at 

which the resistivity of the material is suddenly changed to zero.  

39. Evaluate the entropy change for the following process possessing ∆Htransition = 2090 J.mol –1. 

       1 mole Sn (α, 13oC) ⇌ 1 mole Sn (β, 13oC) 

Ttransition = 13 + 273 = 286 K. 

     ∆Strans = ∆Htrans / Ttrans (K) 

                2090 J.mol –1 / 286 K 

                 ∆Strans = 7.307 J.K –1.mol –1 

40. What is reaction quotient? 

The ratio of the product of initial concentrations of products to the product of initial concentrations 

of reactants under non-equilibrium conditions. 

41. Identify to which type does the following complex reactions belongs to : 

        (i) Dehydration of 2-methyl-2-butanol            (ii) Isomerisation of cyclopropane to propene 

        (iii) Saponification of a diester in presence of an alkali 

S. No. Complex reactions Type 

(i) Dehydration of 2-methyl-2-butanol 
Parallel reactions           Or  
Side reactions  

(ii) Isomerisation of cyclopropane to propene 
Opposing reactions        Or  
Reversible reactions  

(iii) Saponification of a diester in presence of an alkali 
Consecutive reactions    Or  
Sequential reactions 

42. Write any two characteristics of first order reaction. 

1.  When the concentration of the reactant is increased by ‘n’ times, the rate of reaction is also 

increased by n times. That is, if the concentration of the reactant is doubled, the rate is doubled. 

2. The unit of rate constant of a first order reaction is sec –1 or time –1. 

k1 = rate / (a x) mol.lit –1sec / mol.lit –1 = sec –1 

3. The time required to complete a definite fraction of reaction is independent of the initial 

concentration of the reactant 

43. What is Tyndall effect? 

The scattering of light by the sol particles is called Tyndall effect 

44. What is the indicator used for the titration between oxalic acid and sodium hydroxide? Justify 

your answer with suitable reason. 

The indicator used for the titration between Oxalic acid and Sodium hydroxide is Phenolphthalein 

Reason - Titration between Oxalic acid and NaOH the pH changes from 6.5 to 10 at the end point. 

                Phenolphthalein is the suitable indicator for this titration as its working range is 8.3 – 10. 



45. What is a racemic mixture? Give an example. 

When equal amounts / 1:1 ratio of (+) or dextrorotatory or d-isomer and (–) or laevorotatory or  

l-isomer are mixed we get a ‘‘racemic mixture’’ or (±) – mixture or dl – mixture 

Example: 

1. Racemic Tartaric acid or (±) – Tartaric acid or dl – Tartaric acid 

2. Racemic Lactic acid or (±) – Lactic acid or dl – Lactic acid                           Al2O3 

46. Complete the reaction and write the name of the product.    CH3CH2OH  
                                                                                             Al2O3                                                           620 K 

CH3CH2OH  CH2 = CH2 
                                                                                  620 K 

Name of the product - Ethylene Or Ethene  

47. In crossed Cannizzaro reaction between formaldehyde and benzaldehyde the alcohol formed is 

only benzyl alcohol and not methanol. Give reason.  

Because Formaldehyde can be / is more easily oxidised than Benzaldehyde. 

48. What is Malachite green? How is it prepared? 

Malachite green is Triphenyl methane dye. 

In presence of Conc. H2SO4 Benzaldehyde condenses with two molecules of N,N-dimethyl aniline 

forming Triphenyl methane dye called Malachite green. 

 
49. Give suitable reaction to show that trans esterification is an alcoholysis. 

In presence of a little acid, Methyl acetate is cleaved by Ethyl alcohol to form Ethyl acetate. This 

reaction is called Trans esterification. 

[Alcoholysis: A reaction in which an alcohol is a reactant, and becomes part of the product.] 
                                                                                     H+ 

CH3COOCH3 + C2H5OH  CH3COOC2H5 + CH3OH 

                                Br2                      COCl2 

50. C7H7ON  C. Identify A, B and C. 

             (A)               KOH 
                                Br2  
C6H5CONH2 C6H5NH2           +     CO2    (Hoffman’s bromamide reaction) 

            (A) Benzamide       KOH       (B) Aniline 

                                  

2 C6H5NH2 + COCl2  

            (B) Aniline 

 
 

Compound A 
C7H7ON 

Compound B 
 

Compound C 
 

C6H5CONH2 C6H5NH2 (C6H5NH)2C = O 

Benzamide Aniline S-diphenyl urea 

 



51. Write the chromogen, chromophore and auxochrome present in p-hydroxyazobenzene 

In p-hydroxyazobenzene,  
Chromogen - azobenzene,  C6H5– N = N –C6H5   

Chromophore - diazo group,  – N = N – 

Auxochrome - hydroxyl group, – OH 

PART – III 
Note : Answer any seven questions choosing at least two questions from each section.    7 x 5 = 35 

SECTION – A 

52. Explain the formation of O2 molecule by molecular orbital theory. 

1. The electronic configuration of oxygen atom (Z = 8) in the ground state is 1s22s22p4.  

Each oxygen atom has 8 electrons, hence, in O2 molecule there are 16 electrons.  

2. The electronic configuration of O2 is: 

O2: KK (σ2s)2 (σ*2s)2 (σ2pz)2 (π2px)2 = (π2py)2 (π*2px)1 = (π*2py)1 

Here (σ1s)2 (σ*1s)2 part of the configuration is abbreviated as KK. 

3. The molecular orbital energy level diagram of O2 molecule is: 

 
4. The bond order of O2 can be calculated as follows: 

Nb = 8 and Na = 4 

Bond order = Nb – Na / 2 

                     = 8 – 4 / 2 = 2 
5. Nature of bond: A bond order of 2 means that a double bond is present in a molecule of oxygen. 

6. Paramagnetic nature: Since two electrons in oxygen [(π*2px) & (π*2py)] are unpaired, it is 

paramagnetic in nature. 

53. How is zinc extracted from its chief ore? 

1. Chief ore : Zinc blende, ZnS 

2. Concentration : Froth-floatation process. 

 



3. Roasting : 

The concentrated ore is then roasted in the presence of excess of air at about 1200 K. 
                                                                                    Δ 

2 ZnS + 3 O2  2 ZnO + 2 SO2 

4. Reduction : 

Zinc oxide is mixed with powdered coke and heated to 1673 K in a fire clay retort, in which ZnO 

is reduced to zinc metal. 
                                                                                  1673 K 

ZnO + C  Zn + CO 

5. Electrolytic refining : 

Anode  - Impure Zinc 

Cathode  - Pure Zinc 

Electrolyte  - ZnSO4 solution containing a little of dil. H2SO4.  

On passing electric current, pure zinc get deposited at the cathode. 

54. Write the uses of Lanthanides and Actinides. 

Use of Lanthanides: 

1. A pyrophoric alloy which contains cerium, lanthanum and Neodymium; iron; aluminium; calcium, 

carbon and silicon is used in cigarette lighters, toys, flame throwing tanks and tracer bullets. 

2. Ceria (CeO2) and thoria (ThO2) are used in gas lamp materials. 

3. Cerium salts are used in dyeing cotton, lead storage batteries and as catalyst. 

4. Lanthanides are used in metallothermic reactions due to their extraordinary reducing property. 

Lanthanido - thermic processes can yield sufficiently pure Nb, Zr, Fe, Co, Ni, Mn, Y, W, U, B and Si. 

5. Alloys of Lanthanides are known as mish - metals. The major constituents of mish-metals are Ce(45-

50%), La(25%), Nd(5%) and small quantities of other lanthanide metals and Fe and Ca impurities. Mish-

metals are used for the production of brands of steel like heat resistant, stainless and instrumental steels. 

Mg - alloys containing 30% mish metal and 1% Zr are useful in making parts of jet engines. 

Uses of Actinides: 

1. U - 235 is fissionable, used as fuel in nuclear power plants and as a component in nuclear weapons. 

2. Plutonium - 238 is used as a power source in long mission space probes. 

55. For the given complex [Ni(PPh3)2Cl2] Mention i) IUPAC Name   ii) Central metal ion    iii) Ligand        

iv) Coordination number  v) Nature of the complex 

i) IUPAC name   -  Dichlorobis(triphenylphosphine)nickel(II) 

ii) Ligand    -  PPh3 / Triphenylphosphine and Cl – / Chloro 

iii) Central metal ion   -  Nickel (II) / Ni (II) / Nickel(ous) / Ni2+ 

iv) Coordination number  -   4 / Four 

v) Nature of the complex  -  Neutral complex 

SECTION – B 

56. State the various statements of Second Law of Thermodynamics. 

1. Kelvin - Planck statement : It is impossible to construct an engine which operated in a complete cycle 

will absorb heat from a single body and convert it completely to work without leaving some changes in the 

working system. 

2. Clausius statement : It is impossible to transfer heat from a cold body to a hot body by a machine 

without doing some work. 

3. Entropy statement : A process accompanied by increase in entropy tends to be spontaneous. 
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4. Efficiency of a machine can never be cent percent. 

5. The heat Efficiency of any machine is given by the value of ratio of output to input energies. 

% Efficiency = [ output / input ] x 100 

Output can be in the form of any measurable energy or temperature change  

while input can be in the form of heat energy or fuel amount which can be converted to heat energy. 

57. Derive a relation between Kp and Kc for a general chemical equilibrium reaction. 

Consider a general chemical equilibrium reaction in which the reactants and products are in gaseous phases, 

aA + bB + cC + ....  lL + mM + nN + ... 

Then,  Kp = pL
l pM

m pN
n ... / pA

a pB
b pC

c ... 

Where, 

p is the partial pressure of the respective gases. 

In terms of molar concentrations of reactants and products 

Kc = [L]l [M]m [N]n ... / [A]a [B]b [C]c ... 

For any gaseous component ‘i’ in a mixture, its partial pressure ‘pi’ is related to its molar concentration ‘Ci’ 

as Ci  = pi / RT 

Since pi = (ni / V) RT 

Where,  (ni / V) = Ci = Number of moles of i per litre. V = Volume in litres. 

Substituting concentration terms by partial pressures, 

Kc = (pL/RT)l (pM/RT)m (pN/RT)n / (pA/RT)a (pB/RT)b (pC/RT)c 

      = pL
l x pM

m x pN
n / pA

a x pB
b x pC

c X (1/RT)(l + m + n + …) – (a + b + c + …) 

 Kc = Kp / (RT)Δng 

             Or 

Kp = Kc (RT)Δng 

Where, 

Δng = (l + m + n + …) – (a + b + c + …) 

Δng = Total number of stoichiometric moles of gaseous products, np – (Minus) 

           Total number of stoichiometric moles of gaseous reactants, nr. 

58. Explain the experimental determination of rate constant for the decomposition of hydrogen 

peroxide in aqueous solutions. 
                                                                                 Pt 

H2O2     H2O + ½O2 

The decomposition of H2O2 in aqueous medium in the presence of Pt catalyst follows a first order 

reaction. The progress of the reaction is followed by titrating equal volumes of the reaction mixture at 

regular time intervals against standard KMnO4 solution. 

Since volume of KMnO4 used in the titration is a measure of concentration of undecomposed H2O2, 

volume of KMnO4 consumed at t = 0 is ‘Vo’ which is proportional to ‘a’, the initial concentration of H2O2. 

Vt is the volume of KMnO4 consumed after time ‘t’ of the reaction. Vt is proportional to unreacted 

H2O2 which is similar to (a – x). 

Similarly (Vo – Vt) is proportional to ‘x’; the concentration of H2O2 reacted in time interval ‘t’.  

The first order rate constant ‘k1’ of the reaction is,   k1 = 2.303/ t . log Vo / Vt sec –1 



59. Determine the standard e.m.f of the cell and standard free energy change of the cell reaction.  

        Zn | Zn2+ || Ni2+ | Ni. The standard reduction potentials of Zn | Zn2+ and Ni2+ | Ni half cells are    

        – 0.76 V and – 0.25 V respectively. 

           Eo
cell = Eo

R – Eo
L 

           = – 0.25 – (– 0.76) = + 0.51 V 

Eo
cell is + ve.      ∴ ΔGo = – ve. 

∴ ΔGo = – n FEo
cell 

         n = 2 electrons 

∴ ΔGo = – 2 x 96495 x 0.51 

            = – 98425 Joules Or = – 98.43 kJ 

SECTION – C 
60. Mention three methods of preparing anisole. 

1. Williamson’s synthesis: When Sodium phenoxide is heated with Methyl iodide Anisole is obtained. 

C6H5ONa +  I– CH3  C6H5 – O – CH3 + NaI 

2. Using diazomethane: Phenol reacts with Diazomethane gives Anisole. 

C6H5 – O – H + CH2 – N2  C6H5 – O – CH3 + N2 

3. Manufacture of ether: Anisole is manufactured on large scale by reacting Phenol with Dimethyl 

sulphate in presence of Sodium hydroxide. 

                                                                           NaOH 
C6H5OH + (CH3)2SO4  C6H5 – O – CH3 + CH3.HSO4 

61. Explain the mechanism of Claisen Schmidt reaction. 

          Benzaldehyde reacts with aliphatic aldehydes in presence of NaOH forming  unsaturated aldehyde 
Similarly, Benzaldehyde reacts with aliphatic ketones in presence of NaOH forming  unsaturated ketone 

 
62. Explain the isomerism exhibited by carboxylic acid. 

1. Chain isomerism: 

This arises due to the difference in the carbon chain of alkyl group attached to carboxyl group. 

                                                                       CH3                                                           CH3 

                                                                                    |                                                                  | 
CH3 – CH2 – CH2 – CH2 – COOH   and CH3 – CH – CH2 – COOH           CH3 – CH2 – CH – COOH 

            Pentanoic acid       3-Methyl butanoic acid                  2-Methyl butanoic acid 



2. Functional isomerism: 

Carboxylic acids may be functional isomers of esters. 

CH3 – CH2 – COOH   and  CH3 – COOCH3   H – COOC2H5 

Propanoic acid    Methyl acetate   Ethyl formate 

63. Write a note on chemical propellants used in propulsion system of Rockets. 

1. Rocket motors are used both in space vehicles and in offensive weapons such as missiles. The propulsion 

system in most space vehicles consists of rocket engines powered by chemical propellants. These also 

called rocket propellants. 

2. Propellants are combustible compounds which on ignition undergo rapid combustion to release 

large quantities of hot gases. A propellant is a combination of an oxidiser and a fuel. 

3. Working of a propellant: 

When a propellant is ignited, it burns to produce a large quantity of hot gases. These gases then come out 

through the nozzle of the rocket motor. The passage of gases through the nozzle of the rocket motor, 

provides the necessary thrust for the rocket to move forward according to the Newton’s Third law of 

Motion (to every action, there is an equal and opposite reaction). 

4. Examples: 

Hydrazine, Liquid hydrogen, Polyurethane, etc 

PART – IV 

Note : (i) Answer four questions.                    4 x 10 = 40 

            (ii) Question number 70 is compulsory and answer any three from the remaining questions. 
64. a) Explain the various factors that affect electron affinity. 

1. Atomic size:     Electron affinity α 1 / Size of atom 

Smaller the size of an atom, greater is its electron affinity. As the size of atom increases, the effective 

nuclear charge decreases or the nuclear attraction for adding electron decreases. Consequently, atom will 

have less tendency to attract additional electron towards itself. 

Therefore,                                           Electron affinity α Effective nuclear charge 

In general, electron affinity Decreases in going down the Group and Increases in going from Left 

to Right across the Period. On moving down the group atomic size increases and on going from left to 

right in a period atomic size decreases. 

2.  Shielding or Screening Effect:   Electron affinity α 1 / Shielding effect 

Electronic energy state, lying between nucleus and outermost state hinder the nuclear attraction for 

incoming electron. 

Therefore, greater the number of inner lying state less will be the electron affinity. 

3.  Electronic Configuration - The electronic configurations of elements influence their electron affinities 

to a considerable extent. 

Completely / half filled or stable electronic configuration leads to zero or low electron affinity. 

Electron affinities of inert gases are zero. This is because their atoms have stable ns2np6 configuration in 

their valence shell and there is no possibility for addition of an extra electron. 

64. b) How is fluorine isolated from fluorides using Dennis method? 

In Dennis’ Method fluorine is prepared by the electrolysis of fused Sodium hydrogen fluoride, 

NaHF2 or Potassium hydrogen fluoride, KHF2 (perfectly dry). Electrolysis is carried out between 

Graphite electrodes in a V-shaped electrically heated Copper tube. The ends of the tube are covered with 

Copper caps into which the graphite electrodes are fixed with Bakelite cement. The copper tube is thickly 

lagged to prevent loss of heat. 



KHF2  KF + HF 

HF  H+ + F ¯ 

2H+ + 2e–  H2  (At cathode) 

2F – – 2e–  F2  (At anode)  

 

                                                                   

                                                                                        Preparation of fluorine 

Fluorine liberated at the anode is passed through the U-tube containing Sodium fluoride. This 

removes the Hydrogen fluoride vapours coming with Fluorine. 

NaF + HF NaHF2 

65. a) Explain hydrate (solvate) isomerism and linkage isomerism with suitable examples.  

Hydrate isomerism or Solvate isomerism 

The best known examples of this type of isomerism occurs for chromium chloride CrCl3.6H2O 

which may contain 4, 5 or 6 coordinated water molecules. 

1. [Cr(H2O)4Cl2]Cl.2H2O  – Bright green 

2. [Cr(H2O)5Cl]Cl2.H2O  – Grey-green 

3. [Cr(H2O)6]Cl3   – Violet 

     These isomers have very different chemical properties and on reaction with AgNO3 to test for Cl ¯ ions, 

would find 1, 2 and 3 Cl ¯ ions in solution respectively. 

Linkage isomerism 

Linkage isomerism occurs with ambidentate ligands. These ligands are capable of coordinating in 

more than one way. The best known cases involve the monodentate ligands SCN ¯/NCS¯ and NO2¯/ONO¯ 

Example: 
[Co(NH3)5ONO]Cl2 the nitrito isomer – O attached  – Red colour 

[Co(NH3)5NO2]Cl2 the nitro isomer – N attached  – Yellow colour 

65. b) Explain the use of radioactive isotopes in the study of mechanism of photosynthesis in plants 

and hydrolysis of esters. 

Use of radioactive isotopes in the Study of Mechanism of photosynthesis in plants: 

A small quantity of Radioactive C*O2 containing radioactive oxygen, O18 is mixed with ordinary 

carbon dioxide and the process is carried out. It has been found that oxygen gas evolved along with sugar 

formation is non-radioactive. Therefore, O2 produced comes from water and not from carbon dioxide. 

So the correct mechanism is as follows. 

 
Use of radioactive isotopes in the Study of hydrolysis of esters: 

By labeling oxygen, the mechanism of ester hydrolysis can be studied by using water labeled with 

O18. The hydrolysis of an ester by water enriched with radioactive oxygen is indicated as: 

 
Therefore, it is the acid and not alcohol produced which is radioactive confirming the above mechanism. 
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66. a) Write the properties of ionic crystals. 

1. The heats of vapourisation of ionic crystals are high. 

2. The vapour pressure of ionic crystals at ordinary temperature are very low. 

3. The melting and boiling points of ionic crystals are very high. 

4. Ionic crystals are hard and brittle. 

5. Ionic crystals are insulators in the solid state. 

6. Ionic crystals are soluble in water and also in other polar solvents. 

7. Ionic solids are good conductors when dissolved in water 

66. b) Explain the adsorption theory of catalysis. 

This theory explains the mechanism of heterogeneous catalysis. Here, the catalyst functions by 
adsorption of the reacting molecules on its surface. 

  
Adsorption 

In general, there are four steps involved in the heterogeneous catalysis. 
                                                                                Catalyst 

A(g) + B(g)  C(g) + D(g) 

Step - 1 Adsorption of Reactant molecules 
The reactant molecules A and B strike the surface of the catalyst. They are held at the surface by 

weak vanderwaal’s forces or by partial chemical bonds. 

Step - 2 Formation of Activated complex 

The particles of the reactants adjacent to one another join to form an intermediate complex (A – B). 

The activated complex is unstable. 

Step - 3 Decomposition of Activated complex 

The activated complex breaks to form the products C and D. The separated particles of the products 

hold to the catalyst surface by partial chemical bonds. 

Step - 4 Desorption of Products 

The particles of the products are desorbed or released from the surface. 

67. a) Give the evidences in favour of Arrhenius theory of electrolytic dissociation. 

1. The enthalpy of neutralisation of strong acid by strong base is a constant value and is equal to  

– 57.32 kJ. gm. Equiv –1 because 

a) Strong acids and strong bases are completely ionised in water and produce H + and OH – ions 
respectively along with the counter ions. 

b) The net reaction in the acid-base neutralisation is the formation of water from H + and OH – ions. 

H+ + OH –  H2O; ΔHr
o = – 57.32 kJ.mol –1. 

2. The colour of certain salts or their solution is due to the ions present. 

For example, copper sulphate is blue due to Cu2+ ions. Nickel salts are green due to Ni2+ ions. 

Metallic chromates are yellow due to CrO4
2 – ions. 

3. Ostwald’s dilution law, Common ion effect and Solubility product and other such concepts are 

based on Arrhenius theory. 



4. Chemical reactions between electrolytes are almost ionic reactions. This is because these are 

essentially the reaction between oppositely charged ions. 

For example, Ag+ + Cl –  AgCl ↓ 

5. Electrolytic solutions conduct current due to the presence of ions which migrate in the presence of 

electric field. 

6. Colligative properties depend on the number of particles present in the solution. Electrolytic solution has 

abnormal colligative properties. 

For example, 0.1 molal solution of NaCl has elevation of boiling point about twice that of 0.1 

molal solution of non-electrolyte. 

67. b) Derive Nernst equation. 

The reaction occurring in a reversible cell is represented by the equation        A + B C + D 

The decrease in free energy, – ΔG, accompanying the process is given by      – ΔG = – ΔGo – RT ln J 

Where, 

– ΔGo is the decrease in free energy accompanying the same process when all the reactants and 

products are in their standard states of unit activity. 

J stands for the reaction quotient of the activities of the products and reactants at any given stage of 

the reaction. 

Substituting the value of J, we have               – ΔG = – ΔGo – RT ln aC x aD / aA x aB 

If E is the E.M.F. of the cell in volts and the cell reaction involves the passage of ‘n’ faradays  

i.e., nF coulombs, the electrical work done by the cell is in nFE volt-coulombs or Joules. 

Hence free energy decrease of the system, – ΔG, is given by the expression 

– ΔG = nFE 

  nFE = – ΔGo – RT ln aC x aD / aA x aB         = nFEo – RT ln aC x aD / aA x aB 

      E = Eo – RT / nF ln aC x aD / aA x aB is known as the Nernst equation 

Where, 

Eo is the E.M.F. of the cell in which the activity, or as an approximation, the concentration of each reactant 

and each product of the cell reaction is equal to unity. Eo is known as the standard E.M.F. of the cell. 

Replacing activities by concentrations the Nernst equation may be written as 

E = Eo – RT / nF ln [C][D] / [A][B] 

Replacing [C][D] / [A][B] as equal to K, the equilibrium constant in the molar concentration units, 

E = Eo – RT / nF ln K 

E = Eo – 2.303 RT / nF log K 
Where, 

Eo = Standard electrode potential 

R = Gas constant,  

T = Kelvin temperature 

n = Number of electrons transferred in the half-reaction 

F = Faraday of electricity 

K = Equilibrium constant for the half-cell reaction as in equilibrium law. 

Substituting the values of R (8.314 J K –1 mol –1), F (96,495 coulombs) and T at 25oC (273 + 25 = 298 K), 

the quantity 2.303 RT / F comes to be 0.0591. 

Thus the Nernst equation can be written in its simplified form as      E = Eo – 0.0591 / n log K 



68. a) Write notes on cis-trans isomerism with suitable example. 

Isomerism that arises out of difference in the spatial arrangement of atoms or groups about the 

doubly bonded carbon atoms is called Geometrical isomerism. These isomers are not mirror images of 

each other. Rotation about C = C is not possible at normal conditions and hence the isomers are isolable. 

If different atoms or groups are bonded to the ‘C = C’ bond in a molecule, more than one spatial 
arrangement is possible. For example, 2-butene exists in two isomeric forms. 

 
The isomer in which similar groups lie on the same side is called ‘Cis isomer’ (I). The other in 

which similar groups lie in opposite direction is called ‘Trans isomer’ (II). This isomerism is called ‘Cis-

Trans’ isomerism. 

The two groups attached to the carbon atoms need not be same, it may be different also. e.g., 

 
This isomerism arises out of the hindrance to rotation about the C = C bond in such molecules. 

Or  

‘Cis-trans’ system of nomenclature may not be suitable for many substituted olefins. 

For example, 

 
A newer system based on the priority of groups is the Cahn-Ingold-Prelog convention. This system is 

called the (E - Z) system, applies to alkene diastereomers of all type.  

If the two groups of higher priority are on the same side of the double bond, the alkene is designated ‘Z’ 

(from the German word Zusammen-meaning together). 

If the two groups of high priority are on opposite sides of the double bond, the alkene is designated ‘E’ 

(from the German, Entgegen, meaning opposite) 

The priorities follow the order of decreasing atomic number of the atom directly bonded to the carbon. 

For some compounds the priority is shown by numbers as 

 



68.b) How oxalic acid prepared by?   i) Laboratory method     ii) Industrially from sodium formate 

i) Laboratory method 

Oxalic acid is made by oxidation of Sucrose or Molasses with Conc. HNO3 in the presence of 
Vanadium pentoxide, V2O5 as catalyst. 

 
The –CHOH–CHOH - units present in Sucrose molecule are split and oxidised to Oxalic acid. 

ii) Industrially from Sodium formate 

Oxalic acid is made industrially by heating Sodium formate to 673 K. 

                                                                       673 K 
2HCOONa NaOOC – COONa + H2 

                                                   Sodium formate          Sodium oxalate 

The Sodium oxalate thus formed is dissolved in water and Calcium hydroxide added to precipitate 

Calcium oxalate. The solution is filtered and the precipitate is treated with calculated quantity of dilute 

Sulphuric acid to liberate the Oxalic acid. 

 
Calcium sulphate precipitates and Oxalic acid is crystallised as the hydrate (COOH)2.2H2O. 

69. a) Distinguish between primary, secondary and tertiary amines. 
S. No Primary amine, RNH2 Secondary amine, R2NH Tertiary amine, R3N 

1 With HNO2 forms Alcohol. Forms N-nitroso amine. Forms salt. 

2 With CHCl3 / KOH forms 

Carbylamines. 

No reaction. No reaction. 

3 With Acetyl chloride forms  

N-alkyl acetamide. 

Forms N, N-dialkyl acetamide. No reaction. 

4 With CS2 and HgCl2  

Alkyl isothiocyanate is formed. 

No reaction. No reaction. 

5 With Diethyl oxalate  

Dialkyl oxamide, a solid at 

room temperature is formed. 

COOC2H5                    CONHR 

 |            + 2RNH2  | 

COOC2H5                     CONHR 

Forms N,N-dialkyl oxamic 

ester, a liquid 

CONR2 

| 
COOC2H5 

No reaction. 

6 With three molar proportion of 

Alkyl halide, Quaternary 

ammonium salt is formed. 

RNH2 + 3RX R4N+ X – 

With two molar proportion of 

Alkyl halide, Quaternary 

ammonium salt is formed. 

R2NH + 2RX  R4N+ X – 

With only one molar 

proportion of Alkyl halide, 

Quaternary ammonium salt is 

formed. 

R3N + RX  R4N+ X – 
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69. b) Write notes on Polysaccharides. 

Polysaccharides Or Non-sugars are carbohydrates which involve a large number of monosaccharide units 

linked to each other by oxide bridges. These linkages are called glycosidic linkages. The common and 

widely distributed polysaccharides correspond to the general formula (C6H10O5)n. They get hydrolysed 

to give monosaccharides.                                                   H+ 

(C6H10O5)n + n H2O n C6H12O6 

                                                        Starch                                         Glucose 

Thus chemically, polysaccharides are long chain polymers of monosaccharides. 

They are classified into two groups 1. Homopoly saccharides  and  2. Heteropoly saccharides  

Examples of polysaccharides : Starch, Cellulose and inulin 

Starch : 
A white amorphous substance with no taste or smell. Present in wheat, corn, barley, rice, potatoes, nuts, etc. 

When heated to a temperature between 200 – 250oC, it changes into Dextrin. At higher 

temperature charring occurs. When boiled with dilute acid, starch ultimately yields Glucose. 

(C6H10O5)n   (C6H10O5)n C12H22O11 C6H12O6 

  Starch                 Dextrin               Maltose   Glucose 

When treated with enzyme, Diastase, it yields Maltose. 

2 (C6H10O5)n + n H2O n C12H22O11 

                                                                                                            Maltose 

Starch solution gives a Blue colour with a drop of Iodine. The exact chemical nature of starch varies 

from source to source. Even the starch obtained from same source consists of two fractions (i) Amylose 

and (ii) Amylopectin. 

Cellulose :  

Found in all plants and so is the most abundant of all carbohydrates. It is the material used to form 

cell walls and other structural features of the plants. 

Cellulose is insoluble in water and in most of the organic solvents. When it is boiled with dil. H2SO4, it 

is completely hydrolysed into D-Glucose. 

(C6H10O5)n + n H2O n C6H12O6 

                                                       Cellulose                                     Glucose 
70. a) An organic compound (A) of molecular formula C6H6O, gives violet colour with neutral ferric 

chloride. Compound (A) when heated with zinc dust gives a hydrocarbon (B). Also Compound (A) 

reacts with phthalic anhydride and conc. H2SO4 to give Compound (C) of molecular formula 

C20H14O4. Identify (A), (B) and (C). Explain the reactions. 

Solution:  

An organic Compound (A) of molecular formula C6H6O gives violet colour with neutral FeCl3. 

Compound (A) is C6H5OH, Phenol / Carbolic acid / Hydroxy benzene / Benzenol 

Compound (A) when heated with Zinc dust gives a hydrocarbon (B). 

C6H5OH     +     Zn   C6H6          +    ZnO 

                                 (A) Phenol                                 (B) Benzene 

Compound (B) is C6H6, Benzene 

Compound (A) also reacts with Phthalic anhydride and Conc. H2SO4 to give Compound (C) of 

molecular formula C20H14O4 



 
                               Phthalic anhydride     (A) Phenol                              (C) Phenolphthalein 

Compound (C) is Phenolphthalein 

ANSWER 

(A) 
C6H5OH 

Phenol 

 

(B) 
C6H6 

Benzene 
 

 

(C) 
Phenolphthalein 

 
70. b) An element (A) belongs to period number 4 (four) and group number 11 (eleven) and is 

extracted from its pyrite ore. Element (A) reacts with oxygen at two different temperatures forming 

compounds (B) and (C). Element (A) also reacts with conc. HNO3 to give Compound (D) with the 

evolution of NO2. Identify (A), (B). (C) and (D). Explain the reactions. 

Solution:  

An element (A) belongs to Period number 4 (Four) and Group number 11 (Eleven) and is extracted 

from its Pyrite ore.  

Element (A) is Cu, Copper 

Element (A) reacts with oxygen at two different temperatures forming compounds (B) and (C).  
                                                                               Below 1370 K 

2 Cu + O2 2 CuO 

                                                            (A) Copper                            (B) Cupric oxide (Black) 

Compound (B) is Cupric oxide, CuO 
                                                                              Above 1370 K 

4 Cu + O2 2 Cu2O 

                                                            (A) Copper                          (C) Cuprous oxide (Red) 

Compound (C) is Cuprous oxide, Cu2O 

Element (A) also reacts with Conc. HNO3 to give Compound (D) with the evolution of NO2 

Cu + 4 HNO3 (Conc)  Cu(NO3)2 + 2 NO2↑ + 2 H2O 

                              (A) Copper                                               (D) Cupric nitrate 

Compound (D) is Cupric nitrate, Cu(NO3)2 

ANSWER 

(A) 

Cu 

Copper 

(B) 

CuO 

Cupric oxide 

Copper (II) oxide 

(C) 

Cu2O 

Cuprous oxide 

Copper (I) oxide 

(D) 

Cu(NO3)2 

Cupric nitrate 

Copper (II) nitrate   

70. c) An organic compound (A) C7H6O has the smell of bitter almonds. Compound (A) reacts with 

ammonia to give Compound (B) C21H18N2. Compound (A) also reacts with dilute alcoholic KCN 

forms compound (C) C14H12O2. Identify (A), (B) and (C). Explain the reactions. 

Solution: An organic compound (A) C7H6O has the Smell of bitter almonds 

Compound (A) is Benzaldehyde, C6H5CHO 
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Compound (A) reacts with ammonia to give Compound (B) C21H18N2.  

 
                           (A) Benzaldehyde                                                           (B) Hydro benzamide

Compound (B) is Hydro benzamide 
Compound (A) also reacts with dilute alcoholic KCN forms compound (C) C14H12O2 

                                                            O                                                                     O 
                                                             ||                      alc. KCN                                  || 

C6H5CH = O + H – C – C6H5 C6H5CHOH – C – C6H5 

                            (A) Benzaldehyde                                                  (C) Benzoin

Compound (C) is Benzoin;  

2-Hydroxy-1,2-diphenylethanone; 2-Hydroxy-2-phenylacetophenone; Benzoylphenylcarbinol 

ANSWER 

(A) 

C6H5CHO 

Benzaldehyde 

 

(B) 

 (C6H5CH = N)2CHC6H5 
Hydro benzamide 

 

(C) 

Benzoin 
 

           O 
           || 

C6H5CHOH – C – C6H5 

70. d) What is the pH of a solution containing 0.5 M propionic acid and 0.5 M sodium propionate? 

The Ka of propionic acid is 1.34 x 10 –5. 

Ka of Propionic acid = 1.34 x 10 –5 

∴ pKa = – log Ka = – log (1.34 x 10 –5) 

           = 5 – log 1.34 
           = 5 – 0.1271 
    pKa = 4.8729 

pH = pKa + log [salt] / [acid]... Henderson equation 

       = 4.8729 + log 0.5 / 0.5 

 pH = 4.8729 
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Or 
The dissociation equilibrium of Propionic acid will be 

C2H5COOH C2H5COO – + H+ 

Ka = [C2H5COO –][ H+ ] / [C2H5COOH] 

      = 0.5 x [H+] / 0.5 

Ka = [H+] 

∴ pH = – log [H+] = – log Ka 

           = – log (1.34 x 10 –5) 
           = 5 – log 1.34 
           = 5 – 0.1271 

∴   pH = 4.8729 
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