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PART - I

 Note : (i)  Answer all the questions.

(ii)   Choose and write the correct 
answer. 30 × 1 =  30

1. _______ nitro compounds behave as acids in 
presence of strong alkali.

(a) Primary   (b) Secondary 

(c) (a) and (b)  (d) Tertiary
2. _____ is used as a refrigerant in refrigerator.

(a) Methoxy benzene (b) Ethoxy ethane

(c) Methoxy methane (d) Ethoxy benzene
3. In the Bragg’s equation for diffraction of X-rays, 

‘n’ represents:
(a) The number of moles (b) Avogadro number
 (c) A quantum number (d)	 Order	of	reflection

4. The charge of an electron is determined by:
(a) Thomson   (b) de-Broglie
(c) Milliken   (d) Einstein

5. The reaction of ethylene glycol with PI3 gives:
(a) ICH2CH2I  (b) CH2 = CH2

(c) CH2 = CHI  (d) ICH = CHI
6. The most common oxidation state of Lanthanides 

is :
(a) +2 (b) +1 (c) +3 (d) + 4

7. Which of the following contains a lipid?

(a) starch (b) mineral oil

(c) edible oil (d) peptide

8. An equilibrium reaction is endothermic if K1 
and K2 are the equilibrium constants at T1 and T2 
temperatures respectively and if T2 is greater than 
T1 then:

(a)  K1 < K2    (b) K1 > K2

(c) K1 = K2  (d) K1≠ K2

9. A process accompanied by increase in entropy 
tends to be:
(a) isothermal (b) adiabatic
(c) spontaneous (d) non-spontaneous

10. The geometry of [Ni(CN)4]
2− is

(a) Tetrahedral (b) Square planar
(c) Triangular (d) Octahedral

11.   Loss of a β-particle is equivalent to:

(a) Increase of one proton only
(b) Decrease of one neutron only
(c) Both (a) and (b)
 (d) No change

12. Primary amine acts as:

(a) electrophile  (b) Lewis base

 (c) Lewis acid  (d) free radical
13. Diethyl ether can be decomposed with:

(a) HI (b) KMnO4

(c) NaOH (d) H2O
14. Sucrose contains glucose and fructose linked by:

(a) C1 − C1   (b) C1 − C2

(c) C1 − C4   (d) C1 − C6

15. The order of ionization energy:

 (a) s < p < d < f (b) s > p > d > f

 (c) s > d > p > f (d) s < d < p < f
16. Which silver salt is used in Hair dye?

 (a) AgCl (b) AgBr
(c) AgNO3 (d) AgI

17. Which one of the following relationship is 
correct?

(a) [ ]
1pH

H+
=   (b) pH = log10[H

+]

(c) log10pH = [H+] (d) [ ]10
1pH log

H+
=

[1]
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18. ________ element is used as fuel in nuclear power 
plant.

(a) U-236 (b) Pu-238

(c) U-235 (d) Pu-235
19. The pressure required to get maximum yield of 

Ammonia by Haber’s process:

(a) 300 - 500 atm (b) 500 - 700 atm
(c) 700 - 1200 atm (d) 100 - 300 atm

20. The compound with garlic taste is:
 (a) P2O3 (b) P2O5

 (c) H3PO3 (d) H3PO4

21. The acid which reduces Tollen’s reagent:

 (a) acetic acid (b) benzoic acid

 (c) formic acid (d) oxalic acid
22. If ∆G for a reaction is negative, the change is:

(a) spontaneous  (b) non-spontaneous

 (c) reversible  (d) equilibrium

23. 6 5 2C H N+  is stabler than 3 2CH N+  because of :

 (a) resonance (b) steric effect

 (c) inductive effect (d) both (b) and (c)
24. The magnitude of gaseous adsorption does not 

depend upon:

 (a) temperature (b) pressure

 (c) nature of the gas 

(d) amount of the adsorbent
25. _______ is the catalyst in the oxidation of oxalic 

acid	with	acidified	KMnO4.

(a) KMnO4  (b) (COOH)2

(c) MnSO4  (d) K2SO4

26. Hydrolysis of an ester by dilute HCl is an example 
for:

 (a) second order reaction 
 (b) zero order reaction
 (c)	 pseudo	first	order	reaction
 (d)	 first	order	reaction

27. From which of the following, tertiary butyl alcohol 
is obtained by the action of Methyl magnesium 
iodide ?

 (a) HCHO (b) CH3CHO
 (c) CH3COCH3 (d) CO2

28. The Tyndall’s effect associated with colloidal 
particle is due to:

 (a) presence of charge (b) scattering of light

 (c) absorption of light (d)	 reflection	of	light
29. Formation of coloured ions is possible when 

compound contains:
 (a) paired electrons (b) unpaired electrons 
 (c) lone pair of electrons (d) (a) and (c)

30. 2
313.6E −=n n

, if the value of En = −34.84 to 

which value ‘n’ corresponds?

 (a) 4 (b) 3 (c) 2 (d) 1

PART - II
 Note : (i)   Answer any fifteen questions.

 (ii)   Each answer should be in one or two 
sentences. 15 × 3 = 45

31. Why He2 is not formed?

32.	 The	ionisation	energy	of	fluorine	is	greater	than	
oxygen. Why?

33. Show that phosphine is a very good reducing 
agent.

34. How is Potash Alum prepared?

35. What is the percentage composition and use of 
Nichrome?

36. Give the reaction of ammoniacal silver nitrate 
with Formic acid.

37. Complete the following nuclear reactions:

 (i) 7N
15 (p, α) .....    (ii)   11Na23 (n ,β ).....

 (iii) 19K
39(p, d) ......

38.	 What	is	metal	deficiency	defect?	Give	an	example.

39. The boiling point of CHCl3 is 61.5°C. Calculate 
the molar heat of vapourisation of the liquid, 
assuming ideal behaviour.
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40. What is the relationship between formation 
equilibrium constant and dissociation constant? 
Give one example.

41. What is opposing reaction? Give an example.

42. Give three examples for first order reaction.

43. Give the dispersed phase and dispersion medium 
for a gel. Give example for gel.

44. Define Kohlraush’s law.

45. Trans isomers are more stable than cis-isomers. 
Why?

46. Give the oxidation reaction of phenol.

47. Write the Victor Meyer’s test for secondary 
alcohol.

48. Write Knoevenagal reaction.
49. What is trans esterification? Give example.

50. An alkylamine (A) molecular formula CH5N 
undergoes carbylamine reaction to give (B). When 
(B) is reduced with LiAlH4 gives (C). Identify (A), 
(B) and (C).

51. What is antiseptic? Give an example.

PART - III
 Note :   Answer any seven questions choosing at 

least two questions from each section.  
[7 × 5 = 35]

SECTION - A

52. Explain the shape of p-orbitals.

53. Explain Aluminothermic process with neat 
diagram.

54. Describe the extraction of lanthanides from 
monazite sand.

55. How is chlorophyll important in environmental 
chemistry? Mention its functions.

SECTION - B

56. Give the characteristics of entropy.

57. Derive the relation between Kp and Kc.

58. What are the differences between simple and 
complex reactions?

59. What is the potential of a half cell consisting of 
zinc electrode in 0.01 M ZnSO4 solution 25°C,  
E° = 0.763 V ?

SECTION - C

60. How does diethyl ether reacts with the 
following reagents?

 (i) Con. H2SO4 (ii) dil. H2SO4

 (iii)  HI
61. Differentiate acetaldehyde from benzaldehyde.
62. Explain the reaction mechanism of bromine with 

salicylic acid.
63. Write short notes on chemicals in food.

PART - IV
Note :  (i)   Answer four questions in all.
  (ii) Question number 70 is compulsory and 

answer any three from the remaining 
questions.

 4 × 10 = 40
64.	 (a)		Describe	the	factors	influencing	the	ionisation	

energy.
	 (b)	Explain	the	anamalous	behaviour	of	fluorine.
65. (a)  Explain the following:
  (i) Ligand (ii) Coordination number
 (b)  Give the uses of radioactive isotopes in 

medicine.
66. (a) Explain Bragg’s spectrometer method.
	 (b)		Write	briefly	about	the	adsorption	theory	of	

catalysis.
67. (a)  Explain the quinonoid theory of acid-base 

indicator.
 (b)  Derive Nernst equation of a reversible cell 

reaction.
68. (a)  Explain the optical activity of Tartaric acid.
 (b)  How do succinic acid reacts with the 

following?
  (i)  NaOH (ii)  NH3 (iii)  PCl5

69. (a)  How do you prepare the following compounds 
from benzene diazonium chloride?

  (i) Nitrobenzene
  (ii) Chlorobenzene
  (iii) Phenyl hydrazine
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 (b)  Show the formation of a peptide bond with an 
equation

70. (a)  An organic compound (A) molecular 
formula CH2O reacts with CH3MgI to give 
compound (B). Compound (B) liberates 
Hydrogen with metallic sodium. Compound 
(B) in the presence of Con. H2SO4 at 410 K on 
dehydration to give compound (C) molecular 
formula C4H10O. Identify (A), (B) and (C). 
Explain the above reactions.

 (b)  Compound (A) also known as blue vitriol can 
be prepared by dissolving Cupric oxide in dil. 
H2SO4. A on heating to 230°C gives compound 
B which is colourless. A reacts with excess of 

NH4OH and gives C which is a complex salt. 
A also reacts with H2S and gives compound 
D, a precipitate which is black in colour. Find 
out A, B, C, and D. Explain the reactions.

OR
 (c)  An organic Compound ‘A’ (C8H8O) undergoes 

iodoform test. When reduced with Zinc 
amalgam and HCl it gives B (C8H10). A with 
Br2 in Ether at 273 K gives ‘C’ (C8H7OBr). 
Identify A, B, and C. Explain the reactions.

 (d)  Calculate the pH of 0.02 M Ba(OH)2 aqueous 
solution assuming Ba(OH)2 as a strong 
electrolyte.

]]]]

ANSWERS

PART - I
1. (c) 2. (b) 3. (d) 4. (c) 5. (b) 6. (c) 7. (c) 8. (a) 9. (c) 10. (b)

11. (a) 12. (b) 13.  (a) 14. (b) 15. (b) 16.  (c) 17. (d) 18.  (c) 19.  (a) 20. (c)
21. (c) 22. (a) 23. (a) 24. (d) 25.  (c) 26.  (c) 27. (c) 28.  (b) 29.  (b) 30. (b)

PART - II
31.	 	The	 electronic	 configuration	 of	 helium	 (Z=2)	

in the ground state is 1s2. As each helium 
atom contains two electrons, there will be four 
electrons in He2 molecule. Keeping in view the 
Aufbau principle and Pauli’s exclusion principle 
its	electronic	configuration	would	be	as	follows:

   He2 : (σ1s)
2 (σ*1s)

2

  The molecular orbital energy level diagram of 
He2 (hypothetical) is given here

1s

2sσ

1s

1s
σ∗

En
er

gy

 Nb = 2 and Na = 2

 ∴Bond order 
N N 2 2 0

2 2
b a− −= =

  As the bond order of He2 come out to be zero, 
this molecule does not exist.

32. 	Similarly	 the	 I.E.	 of	fluorine	 is	more	 than	 that	
of oxygen. It can be explained as follows.

 (i)  F (Z = 9; 1s2 2s2 2px
2 2py

2 2pz
1) is having 

more nuclear charge than oxygen (Z = 8; 
1s2 2s2 2px

2 2py
1 2pz

1). In both the cases, 
the electron has to be removed from the 
same 2p-subshell. As fluorine is having 
more nuclear charge than oxygen, it means 
that	 the	 nucleus	 of	 fluorine	will	 attract	 the	
outer	2p-electrons	more	firmly	than	oxygen.	
Hence,	 first	 I.E.	 of	 fluorine	would	 be	more	
than that of oxygen.

33.  Reducing properties : PH3 is a powerful reducing 
agent. When it is passed through the salt solutions, 
corresponding metal is formed.

 PH3 + 6AgNO3 + 3H2O  6Ag + 6HNO3 + H3PO3

34.  Alunite or alum stone is K2SO4. Al2(SO4)3. 
4Al(OH)3.	It	is	finely	powdered	and	boiled	with	
dilute sulphuric acid, the aluminium hydroxide 
part changes into aluminium sulphate. When 
a little more potassium sulphate in calculated 
amount is added, the alum is crystallised.
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  In the dissociation equilibrium reaction of SO3, 
the reactants become product

 2SO3(g)  2SO2(g)+ O2(g)

  The equilibrium constant of the dissociation 
equilibrium is Kc’, given by

 

2
32 2

c 2
3 c

[SO ] [O ] 1K´ mole / dm
[SO ] K

= =

  Kc´ is considered as the dissociation constant 
of SO3 gas. The equilibrium constant of the 
dissociation equilibrium is the reciprocal of 
the equilibrium constant of the formation 
equilibrium reaction.

41.  The reactions in which the products formed 
react back simultaneously to form reactants 
are called opposing reactions (or) reversible 
reactions.

 e.g.,

 (i) CO(g) + NO2(g) 

kr

kr
 CO2(g) + NO(g)

 (ii) 2HI(g)  H2(g) + I2(g)

 (iii) 

H C2 C 2H

C 2H
 

kr

kr
 CH3–CH = CH2

42. 1.	 	All	 radioactive	 transformations	 follow	first	
order kinetics. For example,

  
238 234 4

92 90 2U Th He→ +
 2.  Decomposition of sulphuryl chloride in the 

gas	phase	proceeds	by	first	order	kinetics.

  2 2(g) 2(g) 2(g)SO Cl SO Cl→ +

 3.  Inversion of sucrose in acidic aqueous 
medium	follows	first	order	reaction.

 
12 22 11 2 6 12 6 6 12 6C H O H O C H O C H O+ → +H+

             Glucose     Fructose
43. disperesed phase.  
 A colloidal system is made up of two phases. 

The substance distributed as the colloidal 
particles is called the dispersed phase.

 dispersion medium.
 The second continuous phase in which the 

colloidal particles are dispersed is called the 
dispersion medium.

35. Nichrome and its uses: 
Alloy % Composition Uses
Nichrome Cr = 15%, 

Ni = 60%
Fe = 25%

It is used in 
resistance wires for 
electrical heating

36.  Ammonical silver nitrate is called tollen’s reagent. 
Action with organic compounds:  Ammonical silver 
nitrate (Tollen’s reagent) is reduced to silver mirror 
by compounds like formic acid, formaldehyde or 
glucose.

 2AgNO3 + 2NH4OH  Ag2O + 2NH4NO3 + H2O
 Ag2O + HCOOH  2Ag  + H2O + CO2

37. ( i)    15
7 N  (p, ) .........a  - 6C

12

 (ii)   23
11 Na  (n, ) ........b  - 12Mg24

 (iii)  39
19 K  (p, d) .......... - 19K

38

38.  In certain cases, one of the positive ions is 
missing from its lattice site and the extra 
negative charge is balanced by some nearby 
metal ion acquiring additional charges instead 
of original charge. This type of defect is 
generally found in compounds of transition 
metals which can exhibit variable valency. FeO 
and FeS show this type of defects.

39.   
Hvap 1 1S = = 21 cal.deg .molevap 4Tb

∆ − −∆

	 ΔHvap of CHCl3 =  (21 cal. mole-1.deg-1× 4.184 J) 
(273 + 61.5)K

         = 29. 376 kJ mol-1

40.    In a chemical equilibrium reaction, the 
equilibrium constant of the dissociation 
equilibrium reaction which is also known 
as dissociation constant is found to be the 
reciprocal value of the equilibrium constant for 
the formation equilibrium reaction.

  For  example ,  cons ider  the  format ion 
equilibrium reaction of SO3, from SO2 and O2 
gases,

 2 SO2(g) + O2(g)  2SO3(g)

 The equilibrium constant, Kc, is given by

 

2
33

c
2 2

[SO ]K dm / mole
[SO ][O ]

=
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 Dispersed Phase - Liquid, 
 Dispersion medium  - Solid
 Example of gel - Curd, Cheese

44. Kohlraush’s Law : Kohlraush’s law states 
that,	“at	infinite	dilution	wherein	the	ionisation	
of all electrolytes is complete, each ion migrates 
independently	 and	 contributes	 a	 definite	 value	
to the total equivalent conductance of the 
electrolyte.”

45.	 Among	substituted	olefins,	 trans	olefin	 is	more	
stable	than	cis	olefin.	In	the	cis	isomer	to	similar	
groups are very near to each other, Vander 
Waals repulsion and steric hindrance make the 
molecule much unstable. In the trans isomer, 
similar groups are diagonally opposite to each 
other. Hence there is no such steric interaction. 
Generally trans isomer is more stable than cis 
isomer.

46.  Phenol undergoes oxidation to quinone on 
treatment with chromyl chloride (CrO2Cl2).

 

CrO CI2     2

p-quinon

+ 2[O]

O

O

OH

47.  Secondary alcohol. 

CHOH
P/I2

CH3

CH3

CHI
CH3

CH3

AgNO2

CH3

CH3

NO2

H

C

2 - propanol 2 - iodo propane 2 - nitro propan

HON = O KOH

CH3

CH3

NO2

N=O

C

Pseudonitrol (Blue colour)

No reaction but blue colour rem

48.  Benzaldehyde condenses with malonic acid in the 
presence of Pyridine forming cinnamic acid

C6H5CH=O + H2C(COOH)2 Pyridine  C6H5CH = C (COOH)2

                      
Co2
∆  C6H5CH = CHCOOH

Malonic acid

Cinnamic acid

49.  In presence of a little acid, methyl acetate is 
cleaved by ethyl alcohol to form ethyl acetate. 

H+
CH3COOCH3  +  C2H5OH  CH3COOC2H5  +  CH3OH

 This is called ‘trans esterification’.

50. CH3NH2 + CHCl3 + 3KoH → CH3NC  +3KCl + 3H2O
 (A)  (B)
 CH3NC  

H  /ft2  CH3−NH−CH3

        (B) (C)
 A − CH3NH2 − Methyl amine
 B − CH3NC − Methyl iso cyanide
 C − CH3−NH−CH3 − dimethyl amine

51.  Antiseptic is a substance that rendors micro 
organisms innocuous by killing them or preventing 
their growth. This term is used particularly for 
preparations applied to living tissues.

 (i)  Iodoform, CHI3 is used as an antiseptic and its 
1% solution is a disinfectant.

PART - III

SECTION - A
52. Shape of p-orbitals : For p-orbitals l = 1 There 

are 3 values of ‘m’ namely m = –1, 0 and +1.

 

Y

X

Z
2px

Z

Y

X

2py

2px, 2 py and 2pz  orbitalsShapes of

 

Z

Y

X

2pz

Y

X
Z

Nodal plane for 2px orbitals

 ‘p’ orbitals can have three possible orientations. 
These three p-orbitals are equal in energy but 
differ in their orientations. Each p-orbital consists 
of two lobes symmetrical about a particular axis. 
Depending upon the orientation of the lobes, they 
are denoted as 2px, 2py and 2pz. The lines in the 
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figure	 represents	 the	 cross-section	 of	 the	 three	
dimensional boundary surface of p-orbital. Two 
lobes of each p-orbitals are separated by a nodal 
plane. p-orbital have dumb-bell shape and have 
directional	character.	The	probability	of	finding	
the electrons is equal in both the lobes.

53. Aluminothermic process :

Magnesium ribbon
BaO  + Mg Powder2

Fireclay crucible

Cr O  + Al2 3

Sand

  Chromic oxide is mixed with powdered Aluminium 
in	the	ratio	3:1	and	is	placed	in	a	large	fire	clay	
crucible. A mixture of barium peroxide and 
Mg powder is placed over this. The crucible is 
surrounded by sand which prevents loss of heat 
by radiation. The mixture is ignited by a piece of 
Mg ribbon. During this process a large amount 
of heat is liberated, in which Cr2O3 is reduced to 
chromium.

  The molten chromium is collected in the crucible 
and aluminium oxide is removed as slag.

 Cr2O3 + 2Al → 2Cr + Al2O3 + 468.6 kJ

54. Extraction of lanthanides from monazite sand.
Monazite sand

Heat
210°C

with
H SO2 4

for several hours
Grey mud

cold water

Unreacted monazite sand
SiO  TiO , ZrSiO , etc2 2 2

(recycle sand)

Filtrate containing
(Ln , Th , H O ,3+ 4+ +

3

HSO ,SO ,H PO )4 4 2 4
– 2– –

Neutralised
acidity

to proper
(or) added HF

Precipitate of (Th) (PO4 

(or)
Precipitate of Th

3 4) Filtrate containing
lanthanide and 
phosphate ions

NaOH (or)
oxalic acid

Lanthanide hydroxides
(or) oxalates

  Individual lanthanides are separated by a suitable 
physical	method.	The	 anhydrous	 fluorides	 and	
chlorides are heated under Argon atmosphere 
in the presence of Calcium at 1270 K to get 
the individual metal. The pure metal is obtained 
by	heating	 the	 trifluorides	 of	 lanthanides	 in	 the	
presence of Calcium and Lithium.

55. Chlorophyll is a magnesium porphyrin complex. 
The	magnesium	is	at	the	centre	of	the	modified	
porphyrin ring septeon.

 In plants, chlorophyll ‘a’ is the pigment directly 
responsible for the transformation of light energy 
to chemical energy. Hence in plants, the green 
pigment chlorophyll helps photosynthesis. The 
conversion of atmospheric carbon dioxide and 
atmospheric moisture into carbohydrate and 
molecular oxygen in the presence of sunlight, by 
the plant is called as photosynthesis. Chlorophyll 
acts as a light sensitiser in this process.

 2 2 2 2( )chlorophyll
x ysunlightXCO yH O C H O O+ → + ↑

 All oxygenated animals take molecular oxygen 
through haemoglobin and release CO2. But 
chlorophyll helps in the conversion of atmosphere 
CO2 into molecular oxygen which acts as a fuel 
for human cell.

 In this way chlorophyll is important in 
environmental chemistry.

SECTION - B
56. Characteristics of entropy ‘S’

i) The term ‘S’ entropy is evolved from the 
formulation of II law of thermodynamics as a 
thermodynamic state function.

ii) Entropy change ‘ S∆ ’ of a system under a process 
is	defined	as	the	constant	equal	to	the	ratio	of	the	
heat change accompanying a process at constant 
temperature to the temperature of the system under 
process. The process should be reversible at that 
temperature.

 

rev
rev

qS
T(K)
∆∆ =

 Heat, q is not a state function, But for a reversible 
process 2 1q (q q )∆ = −  divided by temperature 
(T) of the process is a state function.
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iii) A spontaneous process is accompanied by 
increase in the ‘disorder’ (or) ‘randomness’ of 
the molecules constituting the system. Entropy 
increases in all spontaneous processes. Hence 
entropy may be regarded as a measure of disorder 
(or) randomness of the molecules of the system.

iv) When a system undergoes a physical (or) a 
chemical process, there occurs a change in the 
entropy of the system and also in its surroundings. 
This total change in the entropy of the system and 
its surroundings is termed as the entropy change 
of the universe brought about by the process. For 
an isothermal process (T=constant), the entropy 
change of the universe during a reversible process 
is Zero.

 The entropy of the universe increases in an 
irreversible process.

v) The energy of the universe remains constant 
although the entropy of the universe tends to a 
maximum.

vi) For a spontaneous process, at constant T, ∆S is 
positive (∆S > 0).

 For an equilibrium process, ∆S is zero. 
 For a non-spontaneous process, ∆S is negative or 

(∆S < 0).
vii) Units of entropy : The dimension of entropy 

are energy in terms of heat X temperature–1. The 
entropy is expressed as calories per degree which is 
referred to as the entropy units (eu). Since entropy 
also depends on the quantity of the substance, unit 
of entropy is calories per degree per mole (or) eu. 
per mole.

 cgs units of entropy is cal.K–1 denoted as eu. The SI 
unit is JK–1 and denoted as EU. 1 eu = 4.184 EU.

viii) Entropy change is related to enthalpy change as 
follows :

 For a reversible and isothermal process,

 revqS
T

∆∆ = . Since ∆H is the heat absorbed (or) 

evolved in the process at constant T and pressure P. 

∆S is also calculated from ∆H as HS
T

∆∆ =  where 

T is the temperature of the process involving ∆H, 
amount of enthalpy change, at constant pressure.

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

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

 

l m n
L M N

p a b c
A B C

p p p ....then K
p p p ....

=

 When p is the partial pressure of the respective 
gases. In terms of molar concentrations of reactants 
and products

 

[ ] [ ] [ ]
[ ] [ ] [ ]

1 m n

c a b c

L M N ....
K

A B C ....
=

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

 
i i

i i
p nC sin ce p RT

RT V
= =

 where i
i

n C
V

=  = number of moles of i per litre. 

V = volume in litres.

 Substituting, concentration terms by partial 
pressures,

 

g

l m n
L M N

c a b c
A B C

(l m n....) (a b c ...)l m n
L M N
a b c
A B C

np
p cng

(p / RT) (p / RT) (p / RT) ....K
(p / RT) (p / RT) (p / RT) ....

p p p .... 1
p p p .... RT

K
and K K (RT)

(RT)

+ + − + + +

∆
∆

=

 =   

= ∴ =

 Where ∆ng = total number of stoichiometric 
moles of gaseous product – total number of 
stoichiometric moles of gaseous reactants. 

 Usually, depending on the sign of ∆ng, Kp and KC 
are related in three ways.

 Case (i)

 When ∆ng = 0, the total number of moles of 
gaseous products are equal to the total number of 
moles of gaseous reactants. For example, in the 
formation equilibrium of HI,

 2(g) 2(g) (g)H  + I 2HI

 ∆ng = 2 – (1 + 1) = 2 – 2 = 0
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 ∴ Kp = Kc(RT)°
     Kp = Kc
 Case (ii) 
 When ∆ng = + ve, the total number of moles of 

gaseous products are greater than the total number 
of moles of gaseous reactants.

 For example, 

 2 (g) 2( ) (g) 2( )2 2 4 ggH O Cl HCl O+ +

 ∆ng  = (4+1) – (2+2) = 5 – 4 = 1
 ∴ Kp = Kc(RT)1

     Kp = Kc RT and Kp > Kc

 Case (iii)
 When ∆ng = −ve, the total number of moles of 

gaseous products are lesser than the total number 
of moles of gaseous reactants. 

 For example, consider the formation equilibrium 
of ammonia,

 2(g) 2( ) 3(g)3 2+ gH N NH

 ∆ng  = 2 – (3+1) 
        = 2 – 4 = –2
 ∴ Kp = Kc(RT)−2

   
2( )

= c
p

KK
RT

 and Kp < Kc

58. 
S. 
No.

Simple reactions Complex reactions

1. They occur in single 
step.

They occur in many 
steps.

2. Overall order values 
are small. Total and 
pseudo order values lie 
between 0, 1, 2 and 3.

Overall order values 
are large and greater 
than 3. Sometimes 
fractional orders 

such as 1 1 3
2 3 2

, ,  are 
seen.

3. No side reactions Many side reactions 
are present.

4. Products are formed  
directly from the 
reactants

In some complex 
reactions, products 
are not formed 
in steps directly 
involving the 
reactants.

5. Experimental rate 
constant values agree 
with the calculated 
values. Theories of 
reaction rates apply 
well on this reactions.

Experimental 
overall rate constant 
values differ from 
the calculated 
values. Theories of 
reaction rates do 
not agree well on 
complex  reactions.

59. The half-cell reaction is
 Zn  Zn2+ + 2e−1

  The Nernst equation for the oxidation of half-cell 
reaction is 

 
[ ]20.0591E = E log Zn

n
+° −

  The number of electrons transferred n = 2,  
Zn2+ = 0.01 M and E0 = 0.763 V

 Substituting these values in the Nernst equation
 we have,

 
[ ]0.0591E 0.763 log 2

2
= − −

 E = 0.763 + 0.0591 = 0.8221 V
SECTION - C

60. (i) Con. H2So4

   Strong mineral acids protonate the ethereal 
oxygen forming oxonium salts.

   H
   |
C2H5−O−C2H5 + H2SO4  (C2H5−O−C2H5) HSO4

− 
    +
                                           diethyl oxonium hydrogen sulphate

 (ii) dil. H2So4

   When diethyl ether is boiled with water in 
the presence of dil, H2SO4, hydrolysis takes 
place to form ethyl alcohols.

2 4.
2 5 2 5 2 52dil H SOC H O C H HOH C H OH− − + →

Ethyl alcohol

 (iii) HI 
   On treating with HBr or HI ether gets cleaved 

to form alcohol and alkyl halide.Halogen 
prefers to attack the carbon atom of the 
smaller alkyl group.

 2 5 2 5 2 5 2 5C H -O-C H C H OH+C H IHI→
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61.  
Reactions acetaldehyde benzaldehyde
1.  Heating with 

Fehling’s 
solution.

gives a red 
precipitate.

no reaction.

2. With ammonia forms simple 
addition product

forms 
complex 
condensation 
product.

3.  With caustic 
soda

undergoes Aldol 
condensation.

undergoes 
Cannizzaro 
reaction.

4.  With primary 
amines

does not form 
Schiff’s base

forms Schiff’s 
base.

5. With chlorine does not form 
acetyl chloride

forms 
benzoyal 
chloride.

62. Reaction of bromine with salicylic acid

 

OH
C

O

O–

Br – Br

+OH
C

O

O–

Br

+  Br–

+OH
C

O

O–

Br

OH
Br

+  CO2

 

OH
Br

2Br2

OH
Br

Br

Br

63.  Foods can also be preserved by using certain 
chemical substances which can kill the food 
spoiling microorganisms. These chemical 
substances either directly kill such organisms, 
or produce some other chemical substance in 
the preserved food which then kills the food 
spoiling microorganisms. This method of food 
preservation is called chemical preservation.

 A chemical substance which prevents the 
spoilage of food material by destroying the food-
spoiling microorganisms in it is called a food 
preservative.

 Sodium benzoate, and potassium metabisulphite 
are used for food preservation.

 Sodium benzoate is used to preserve fruit juices 
and squash as sodium benzoate is soluble in water. 
It kills the food spoiling microorganisms.

 Potassium meta-bisulphite is used for preserving 
the colourless fruits like apple, litchi, mango 
chutney and lemon squashes etc. Potassium 
metabisulphite reacts with the acid of fruit/juice 
and produces SO2, which kills the microorganisms.

  Artificial Sweetening Agents
 Mono and disaccharides are sweet in taste. 

Sweetness is commonly associated with sugars. 
However, certain organic compounds which 
have been synthesized in laboratories are known 
to be many times sweeter than canesugar. Such 
compounds are called artificial sweetening 
agents or artificial sweetners.

	 Some	 commonly	 used	 artificial	 sweetners	 are,	
(i) Saccharin, (ii) Dulcin, (iii) Cyclamate, (iv) 
Nectarin and (v) Sucralose 

 Antioxidants
 The substances that act against oxidants are called 

antioxidants. Antioxidants thus minimise the 
damage caused by oxidants. Antioxidants protect 
us against cardiovascular disease, cancer and 
cataract and they slow down the effect of ageing. 
 The most important antioxidants are vitamin C, 
vitamin E and β-carotene.

 Antioxidants act as radical inhibitors. These 
antioxidants can be used as food preservatives. 
Vitamin E is a naturally occurring preservative 
found in vegetable oil.

PART - IV
64. (a)   The ionisation enthalpy of an atom depends 

on the following factors.
 (i) Size of the atom
 As the distance between the electron and the 

nucleus increases, i.e., as the size of the atom 
increases, the outermost electrons are less tightly 
held by the nucleus. Thus, it becomes easier to 
remove an outermost electron. Thus ionization 
enthalpy decreases with increase in atom’s size.

   I.E ∝Atomic size
  (ii) Charge on the nucleus 
  Ionization enthalpy increases with increase in 

nuclear charge because of the increase in the 
attractive force between the nucleus and the 
electron.

   I.E ∝ nuclear charge
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 (iii) Screening effect of inner electrons
 Ionization enthalpy decreases when the shielding 

effect of inner electrons increases. This is because 
when the inner electron shells increases, the 
attraction between the nucleus and the outermost 
electron decreases.

   I.E ∝ 
1

screening effect

 (iv) Penetration effect of electrons
 The penetration power of the electrons in various 

orbitals decreases in a given shell (same value of 
n) in the order : s>p>d>f. Since the penetration 
power of s-electron towards the nucleus is more, 
it will be closer to the nucleus and will be held 
firmly.	Thus,	 for	 the	 same	 shell,	 the	 ionization	
enthalpy would be more to remove the s-electrons 
in comparison with the p-electron which in turn 
would be more than that of d-electron and so on.

 (v)  Effect of half-filled and completely filled 
sub-levels

	 If	 an	 atom	has	 half-filled	 or	 completely	 filled	
sub-levels, its ionization enthalpy is higher than 
that expected normally from its position in the 
periodic table. This is because such atoms, have 
extra	stability	and	hence	it	is	difficult	to	remove	
electrons	from	these	stable	configurations.

 (b)
 1.  Fluorine is the most reactive element among 

halogen. This is due to the minimum value 
of     F–F bond dissociation  energy.

 2.  Fluorine decomposes cold dilute alkalies 
liberating OF2 and with conc. alkali, O2 is 
liberated. Under similar conditions, the other 
halogens will give rise to the hypohalites and 
halates respectively.

 3.  It has the greatest affinity for hydrogen, 
forming  HF which is associated due to the 
hydrogen	 bonding.	 	Hydrofluoric	 acid	 is	 a	
weak acid whereas the other hydrohalic acids 
are strong acids

   ....... H– F...... H– F..... H–F.
 4.  It differs markedly from the other halogens in 

that it can form two types of salts with metals. 
NaF and NaHF2.

 5.  The salts of HF differ from  the corresponding 
salts of other hydracids. AgF is soluble in 
water while the other AgX are insoluble.

 6.  Being strongly electronegative it can have 
only a negative oxidation state while the other 
halogens can have negative as well as positive 
oxidation state.

 7. HF attacks glass while others do not.
 8.  Fluorine, because of the absence of d–orbitals 

in its valence shell does not form any 
polyhalides. Thus we have 3 3 3, ,I Br Cl− − −  ions 
but no 3F −  ion.

65. (a)  (i)  Ligand:
  A ligand is an ion or a molecule capable of 

functioning as an electron donor. They are 
either neutral molecules or ions which can 
donate a lone pair of electrons to the central 
metal ion. Ligands act as Lewis bases.

  (ii)  Coordination Number:
	 	Coordination	number	is	defined	as	the	number	

of ligands to which the metal is directly 
bonded. Numerically, coordination number 
represents the total number of bonds formed 
between the central metal ion and ligands.

(b)

No. Isotope Name Use
1 1H

3 Tritium Measure water 
content of the 
body.

2 6C
11 Carbon - 11 Brain scan.

3 6C
14 Carbon - 14 Radio 

immunology.
4 53I

131 Iodine - 131 Diagnosis of 
damaged heart 
muscles and 
hyperthyroidism.

5 80Hg197 Mercury 197 Kidney scan.

6 15P
32 Phosphorous - 32 Detection of eye 

tumour.
7 26Fe59 Iron - 59 Diagnosis of 

anaemia.
8 27Co60 Cobalt - 60 Treatment of 

cancer.
9 11Na24 Sodium - 24 Location of 

blood clots 
and circulatory 
disorder

10 79Au198 Gold - 198 Curing of 
cancers.
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66. (a)  Bragg’s spectrometer method is used for 
studying crystals using X-rays.

  The apparatus consists of a X-ray tube from which 
a narrow beam of X-rays is allowed to fall on the 
crystal mounted on a rotating table. The rotating 
table is provided with scale and vernier, from 
which the angle of incidence θ can be measured.

  An arm which is rotating about the same axis as 
the crystal table, carries an ionisation chamber. 
The	rays	reflected	from	the	crystal	enter	into	the	
ionisation chamber and ionise the gas present 
inside. Due to the ionisation, current is produced 
which is measured by electrometer. The current 
of ionisation is a direct measure of intensity of 
reflected	 beam	 from	 the	 crystal.	 For	 different	
angles of incidence, the corresponding ionisation 
current is measured from the electrometer. These 
values are plotted in the form of graph.

 

X -ray tube

Slit Diffracted
X-rays

Path of 
Recorder

Ionisation
chamber

Turn table

Scale to measure
rotation of crystal

Crystal

Incident
X-rays

X -ray spectrometer

θ

	 	For	sodium	chloride,	the	maximum	reflection	or	
peaks for 100 plane occurred at θ = 5.9o, 11.85o and 
18.15o. The sines of these angles are 0.103, 0.205 
and 0.312 which are in the ratio 1 : 2 : 3. These 
peaks	represent	the	first,	second	and	third	order	
reflections.	The	ratio	confirms	the	correctness	of	
Bragg’s equation.

(b)  Adsorption theory : This theory explains the 
mechanism of heterogeneous catalysis.

  

A B

DC C D

Adsorption

  ( ) ( ) ( ) ( )
Catalyst

g g g gA B C D+ → +

   Step-1 Adsorption of reactant molecules : The 
reactant molecules A and B strike the suface of the 
catalyst. They are held up at the surface by weak 
Vander Waal’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) Quinonoid theory of indicators : 
 (i)  According to this theory, Acid base indicators 

are organic compounds with a least on 
benzene ring and colour change arises as a 
result of structural change.

 (ii)  The indicator exhibits tautomerism. It has 
two tautomeric structures such as Benzenoid 
and quinonoid form which are in equilibrium 
with each other.

 benzenoid form quinonoid form

 (iii)  One form exists in acidic solution and has 
one colour and the other form exists in basic 
solution and it has different colour.

 (iv)  As the pH of the solution containing the 
indicator changes, the solution shows a 
change of colour. The colour change is due 
to the fact that one tautomer changes over to 
the other.

 (v)  For e.g., Phenolphthalein has two tautomeric 
forms.
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O
||
C

C

OH

OH

O

O
||
C

C

O–

OH

O
OH–

H+

Benzenoid form, colourless,
exists predominantly in acidic

medium

O
||
C

C

OH

O

O

–

Quinonoid form, pink,
exists predominant
in basic medium

(b)  Thermodynamics of a reversible cell 

   Nernst equation : Suppose the reaction occurring 
in a reversible cell is represented by the equation

  A + B  C + D

   The decrease in free energy, – ∆G, accompanying 
the process is given by the well known 
thermodynamic equation

  
oG = G RT ln J−∆ − ∆ −

   where – ∆G° is the decrease in free energy 
accompanying the same process when all the 
reactants and products are in their standard states 
of unit activity and 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

  
G= G RT lno C D

A B

a a
a a

×−∆ − ∆ −
×

   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, – ∆G is given by 
the expression

  – ∆G = nFE

   
= G RT lno C D

A B

a anFE
a a

×− ∆ −
×

          
o C D

A B

a anFE RT In
a a

×= −
×

       
o C D

A B

RT a aE E In
nF a a

×=
×

   where E° 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. E° is known as the 
standard E.M.F. of the cell.

  E = E lno C D

A B

a aRT
nF a a

×
−

×
 is often referred to as the  

  Nernst equation.

   Replacing activities by concentrations, as an 
approximation, the Nernst equation may be written 
as

  
[ ][ ]E = E lnK
[ ][ ]

o RT C D
nF A B

−

   where the quantities in parantheses represent the 
concentration of the species involved. Replacing 
[C] [D]/[A] [B] as equal to K, the equilibrium 
constant in the molar concentration units,

  E=E lnKo RT
nF

−

  This equation is known as Nernst equation.

  
E=E 2.303 log lnKo RT

nF
−

  where E° = standard electrode potential

         R = gas constant

         T = Kelvin temperature

         n =  numberC of electrons transferred in 
the half-reaction

         F = Faraday of electricity

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

68. (a) 
  (i)  The phenomenon in which compounds having 

the same molecular formula but possessing 
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different spatial arrangement of atoms differ 
in the direction of rotation of plane polarised 
light is known as optical isomerism.

  (ii)  Tartaric acid (α α1 -dihydroxy succinic acid) 
contains two chiral carbon atoms. (i.e.,) the 
carbon atom is surrounded by -H, -OH, -COOH 
and -CH(OH)COOH groups.

   

H C* OH

COOH

COOH

C*HO H  C * Chiral carbon

  (iii)  Three isomeric forms are possible for tartaric 
acid. Among these, two forms have non-super 
impossible object and mirror image structures. 
They are enantiomers.

   

COOH

OHH

COOH

HHO

COOH

HHO

COOH

OHH

             d, l -pair of tartaric acid
  (iv)  In the d-isomer, each of the two asymmetric 

carbon atoms rotate the plane polarised light  
towards right leading to overall dextro rotation.

  (v)  In the l-isomer, each of the two asymmetric 
carbon atoms rotate the plane polarised light 
towards left leading to overall laevo rotation

  (vi)  When equal amounts of d-tartaric acid and 
l-tartaric acid are mixed, the resulting mixture 
is known as racemic mixture which becomes 
optically inactive due to external compensation.

(vii)  There is another optical isomer for tartaric 
acid in which on asymmetric carbon atom is 
dextro rotatory and the other is laevo rotatory 
both rotating to the same extent in opposite 
direction. The net result is this isomer is 
optically inactive and is called meso isomer.

   

COOH

H

COOH

OH

OHH

(viii)  Meso isomer becomes optically in active 
due to internal compensation. This molecule 
is said to have a symmetric plane and the 
molecule becomes achiral. Meso form cannot 
be separated into optically active components 
because this form is a single substance and 
not a mixture. hence, meso form is said to be 
a diastereomer. 

(ix)   The Fischer projection formula of tartaric 
acides are, 

R

HO

COOH

H

D - configuration

R

HO

COOH

H

L - configuration

 R= -CH(OH)COOH
(b)  (i)  NaOH
CH2COOH   CH2COONa
|        + NaOH   |
CH2COOH   CH2COOH
Succinic acid   mono sodium
         succinate

                       

  CH2COONa
NaOH  |

  CH2COONa
  disodium succinate

   (ii) NH3

    Succinic acid forms its ammonium salt. On 
strong heating it forms succinimide.

CH2–COOH CH2COONH4
| + 2NH 3 |
CH2–COOH CH2COONH4

Succinic acid Ammonium succinate

∆ CH2CO
| NH
CH2CO

Succinimide
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  (iii) PCl5

   

CH2 –  COOH   
|               + PCl5  
CH2 – COOH   

                                

CH2 COCl  
|       + POCl3  + H2O
CH2 COCl  
succinoyl chloride

69. (a) 
 (i)  Replacement by Nitro group
 Diazonium salt when treated with sodium nitrite 

in the presence of cuprous ion as a catalyst forms 
Nitro compounds.

 C6H5N2Cl 
NaNO2

Cu+
 C6H5NO2

 (ii)  Chlorobenzene
   (a) Sandmeyers reaction: When aqueous 

solution of diazonium chloride is warmed with 
Cu2Cl2 or Cu2Br2 in halogen acid, halogenated 
benzene is formed.

 C6H5N2Cl 
2 2

HCl
Cu Cl

→  C6H5 – Cl + N2

 C6H5N2Cl
2 2

HBr
Cu Br

→  C6H5 Br + N2

  (b) Gatterman reaction: When the diazonium 
chloride solution is warmed with copper powder 
and the hydrogen halide, the corresponding 
halobenzene is obtained. Iodo benzene cannot be 
prepared by this procedure.

 

Cu
C6H5N2Cl C H6 5Cl + N2HCl

Cu
C6H5N2Cl C H6 5Br + N2HBr

 (iii)  Phenyl hydrazine

 Diazonium chloride is reduced to phenyl hydrazine 
on treatment with SnCl2/HCl or Zn/HCl or 
NaHSO3.

 C6H5N2Cl 
4[H]

 C6H5NHNH2 + HCl
 (b)
  The bond formed between two amine acids by 

the elimination of a water molecule is called 

peptide linkage or bond. The amine group of one 
amino acid and a carboxyl group of other amino 
acid undergoes condensation to remove a water 

molecule and it results in the formation of 
-C-N

O H
 

bond.

  

–C–OH      H–N–

 H

–C–N–

O  HO
+ + H O2

  The Product formed by linking amino acid 
molecules through peptide linkages is called a 
peptide. 

  In peptide formation the two different amino acid 
molecules may react in one of the two ways.

  

Glycine
2 2 2NH CH COOH H N CH COOH− − + − −

Alanine

CH3

O      H

2 2H N CH C N CH COOH→ − − − − −

CH3

Glyeyl alanine (Dipeptide)

  

2 2 2H N CH COOH H N CH COOH− − + − −
Alanine Glyeine

CH3

2 2H N CH C N CH COOH→ − − − −

O      H

CH3

Ananyl glycine (Dipeptide)

70. (a)  HCHo + CH3MgI →  
    (A)
      formaldehyde

  

       H
        |

H – C –O MgI  
HoH

 CH3CH2OH
        |   (B)
      CH3                      Ethanol

  CH3CH2OH + H2So4 
410K

 C2H5–O–C2H5

                             (B)             (C)
                                             diethylether
   ∆ – HcHO – formaldehyde
   B – CH3CH2OH – ethanol
   C – C2H5–O–C2H5 – diethylether.
(b) (i) Compound (A) is also known as blue vitriol 

CuSO4. 5H2O, Pentaldehydrated copper 
sulphate. It is prepared by dissolving cupric 
oxide in dil.H2SO4.
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  CuO + H2SO4 
dil→  CuSO4 + H2O

    Copper
    sulphate
 (ii)  Blue vitriol on heating to 230°C, gives 

anhydrous copper sulphate CuSO4 which is 
white in colour.

 

CuSO4.5H2O 
o100 C

4H O2−
→  CuSO4. H2O

Blue vitriol (A)

     
o230 C

H O2−
→  CuSO4

   Anhydrous copper 
   sulphate (White)(B)

 iii)  Copper sulphate reacts with excess of 
ammonium hydroxide to give a complex 
compound [Cu(NH3)4] SO4 which is a deep 
blue colour compound and it is (C).

CuSO4 + 4NH4OH →  [Cu(NH3)4]SO4  +  4H2O
   Tetraamine copper (II)
   sulphate (C)
 (iv)  Copper sulphate reacts with H2S to give a 

black precipitate of Copper sulphide and it is 
(D).

  CuSO4 + H2S →  CuS + H2SO4

    Copper sulphide
             (D)

A
B
C
D

CuSO . 5H O
CuSO . H O
[Cu(NH ) ]SO
CuS

4 2

4 2

3 4 4

Blue vitriol
Anhydrous copper sulphate
Tetraamine copper (II) sulphate
Copper sulphide

(OR)

(c) C6H5COCH3  
2(H)

Zn|Hg|Hcl
  C6H5CH2CH3

  (A) (B)
   acetophenone                                 Ethylbenzene

 C6H5COCH3  
Br2

  C6H5COCH2Br + HBr

  (A)                                      (C)
                               Phenacylbromide
 A – C6H5COCH3 – acetophenone
 B – C6H5CH2CH3 – Ethyl benzene
 C – C6H5COCH2Br – phenacyl bromide

(d)  Ba(OH2) →  Ba2+ + 2OH–

 ∴ [OH–] = 2 [Ba(OH)2] = 2 × 0.02 = 0.04 M

 ∴ pOH = –log [OH–] = 1.398 = 1.40

 ∴ pH = 14 – 1.4 = 12.6

]]]]




