
Topic 1 Elements and Compounds of Group 15 and 16
Objective Questions I (Only one correct option)

1. The correct statement among the following is 
(2019 Main, 12 April I) 

(a) (SiH ) N3 3  is planar and less basic than (CH ) N3 3 .

(b) (SiH ) N3 3  is pyramidal and more basic than (CH )3 3N.

(c) (SiH ) N3 3  is pyramidal and less basic than (CH ) N3 3 .

(d) (SiH ) N3 3  is planar and more basic than (CH ) N3 3 .

2. The number of pentagons in C60 and trigons (triangles) in

white phosphorus, respectively, are (2019 Main, 10 April II)

(a) 20 and 3 (b) 12 and 4

(c) 20 and 4 (d) 12 and 3

3. The oxoacid of sulphur that does not contain bond between

sulphur atoms is (2019 Main 10 April I) 

(a) H S O2 2 3 (b) H S O2 2 4

(c) H S O2 2 7 (d) H S O2 4 6

4. The correct order of the oxidation states of nitrogen in NO, 
NO , NO2 2 and N O2 3 is (2019 Main, 9 April I)

(a)  NO   NO  N O   N O2 2 3 2< < < (b) N O  NO  N O   NO2 2 3 2< < <

(c) O   N O   NO  N O2 2 3 2< < < (d) N O  N O   NO  NO2 2 3 2< < <

5. The pair that contains two P¾H bonds in each of the
oxoacids is (2019 Main, 10 Jan II)

(a) H P O4 2 5 and  H P O4 2 6 (b) H PO3 3 and  H PO3 2

(c) H P O4 2 5 and  H PO3 3 (d) H PO3 2 and  H P O4 2 5

6. When the first elec tron gain enthalpy (Deg
H ) of ox y gen is 

- 141kJ/ mol, its sec ond elec tron gain enthalpy is
(2019 Main, 9 Jan II)

(a) a positive value

(b) a more negative value than the first

(c) almost the same as that of the first

(d) negative, but less negative than the first

7. Good re duc ing na ture of H PO3 2 is at trib uted to the pres ence

of (2019 Main, 9 Jan II)

(a) two P¾ H bonds (b) one P¾ H bond

(c) two P¾ OH bonds (d) one P ¾ OH bond

8. The compound that does not produce nitrogen gas by the
thermal decomposition is (2018 Main)

(a) Ba(N )3 2 (b) (NH ) Cr O4 2 2 7

(c) NH NO4 2 (d) (NH ) SO4 2 4

9. The order of the oxidation state of the phosphorus atom in 
H PO3 2, H PO3 4, H PO3 3 and H P O4 2 6 is (2017 Adv.)

(a) H PO  > H PO  > H PO  > H P O3 4 3 2 3 3 4 2 6

(b) H PO  > H P O  > H PO  > H PO3 4 4 2 6 3 3 3 2

(c) H PO  > H PO  > H P O  > H PO3 2 3 3 4 2 6 3 4

(d) H PO  > H PO   H PO  > H P O3 3 3 2 3 4 4 2 6>

10. The species in which the N-atom is in a state of
sp hybridisation is (2016 Main)

(a) NO2
- (b) NO3

-

(c) NO2 (d) NO2
+

11. The pair in which phosphorus atoms have a formal oxidation 
state of +3 is (2016 Main)

(a) pyrophosphorous and hypophosphoric acids

(b) orthophosphorous and hypophosphoric acids

(c) pyrophosphorous and pyrophosphoric acids

(d) orthophosphorous and pyrophosphorous acids

12. The product formed in the reaction of SOCl2 with white

phosphorus is (2014 Adv.)

(a) PCl3 (b) SO Cl2 2

(c) SCl2 (d) POCl3

13. Which of the fol low ing prop er ties is not shown by NO?
(a) It is paramagnetic in liquid state (2014 Main)

(b) It is a neutral oxide

(c) It combines with oxygen to form nitrogen dioxide

(d) Its bond order is 2.5

14. Con cen trated ni tric acid upon long stand ing, turns
yel low-brown due to the for ma tion of (2013 Main)

(a) NO (b) NO2

(c) N O2 (d) N O2 4
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15. Which of the fol low ing is the wrong state ment? (2013 Main)

(a) ONCl and ONO- are not isoelectronic

(b) O3  molecule is bent

(c) Ozone is violet-black in solid state

(d) Ozone is diamagnetic gas

16. The re ac tion of white phos pho rus with aque ous NaOH gives 
phos phine alongwith an other phos pho rus con tain ing
com pound. The re ac tion type, the ox i da tion states of
phos pho rus in phos phine and the other prod uct  respectively
are (2012)

(a) redox reaction, - 3 and - 5

(b) redox reaction, 3 and + 5

(c) disproportionation reaction, - 3 and + 5

(d) disproportionation reaction, - 3 and + 3

17. Which or der ing of com pounds is ac cord ing to the
de creas ing or der of the ox i da tion state of ni tro gen? (2012)

(a) HNO , NO, NH Cl, N3 4 2 (b) HNO , NO, N , NH Cl3 2 4

(c) HNO , NH Cl, NO, N3 4 2 (d) NO, HNO , NH Cl, N3 4 2

18. Ex tra pure N2 can be ob tained by heating (2011)

(a) NH3 with CuO (b) NH NO4 3

(c) (NH ) Cr O4 2 2 7 (d) Ba(N )3 2

19. The re ac tion of P4 with X  leads se lec tively to P O4 6. The X, is

(a) dry O2 (2009)

(b) a mixture of O2 and N2

(c) moist O2

(d) O2 in the presence of aqueous NaOH

20. The percentage of p-character in the orbitals forming 
P—P bonds in P4 is (2007, 3M)

(a) 25 (b) 33 (c) 50  (d) 75

21. Which of the fol low ing is not oxi dised by O3? (2005, 1M)

(a) KI (b) FeSO4

(c) KMnO4 (d) K MnO2 4

22. Which gas is evolved when PbO2 is treated with
concentrated HNO3? (2005)

(a) NO2    (b) O2 

(c) N2    (d) N2O

23. A pale blue liq uid ob tained by equimolar mix ture of two
gases at – 30°C is (2005, 1M)

(a) N O2  (b) N O2 3

(c) N O2 4 (d) N O2 5

24. Which of the fol low ing iso mers of phos pho rus is
ther mo dy nam i cally most sta ble? (2005, 1M)

(a) Red (b) White 

(c) Black (d) Yellow

25. Which of the following has —O—O— linkage? (2004, 3M)

(a) H2S2O6 (b) H2S2O8

(c) H2S2O3 (d) H2S4O6

26. For H3PO3 and H3PO4, the correct choice is (2003, 1M)

(a) H3PO3 is dibasic and reducing

(b) H3PO3 is dibasic and non-reducing

(c) H3PO4 is tribasic and reducing

(d) H3PO3 is tribasic and non-reducing

27. Polyphosphates are used as wa ter soft en ing agents be cause
they (2002, 3M)

(a) form soluble complexes with anionic species

(b) precipitate anionic species

(c) form soluble complexes with cationic species

(d) precipitate cationic species

28. The num ber of S S¾  bonds in sul phur tri ox ide trimer, 
(S O )3 9  is (2001, 1M)

(a) three (b) two

(c) one (d) zero

29. Am mo nia can be dried by (2000, 1M)

(a) conc. H SO2 4 (b) P O4 10

(c) CaO (d) anhydrous CaCl2

30. Amongst H O, H S, H Se2 2 2  and H Te2 , the one with the

high est boil ing point is (2000, 1M)

(a) H O2  because of hydrogen bonding

(b) H Te2  because of higher molecular weight

(c) H S2  because of hydrogen bonding

(d) H Se2  because of lower molecular weight

31. The cor rect or der of acidic strength is (2000, 1M)

(a) Cl O > SO > P O2 7 2 4 10 (b) CO > N O > SO2 2 5 3

(c) Na O > MgO > Al O2 2 3 (d) K O > CaO > MgO2

32. The num ber of P O P¾ ¾  bonds in cy clic metaphosphoric
acid is (2000, 1M)

(a) zero    (b) two (c) three (d) four

33. One mole of cal cium phos phide on re ac tion with ex cess
wa ter gives (1999, 2M)

(a) one mole of phosphine

(b) two moles of phosphoric acid

(c) two moles of phosphine

(d) one mole of phosphorus pentaoxide

34. So dium thiosulphate is pre pared by (1996, 1M)

(a) reducing Na SO2 4 solution with H S2

(b) boiling Na SO2 3 solution with S in alkaline medium

(c) neutralising H S O2 2 3 solution with NaOH

(d) boiling Na SO2 3 solution with S in acidic medium

35. There is no S S¾  bond in (1991, 1M)

(a) S O2 4
2– (b) S O2 5

2– (c) S O2 3
2– (d) S O2 7

2–

36. Which one of the fol low ing is the stron gest base? (1989, 2M)

(a) AsH3 (b) NH3 (c) PH3 (d) SbH3

37. Amongst the trihalides of ni tro gen, which one is least ba sic?
(a) NF3 (b) NCl3 (1987, 1M)

(c) NBr3 (d) NI3

38. Which of the fol low ing ox ides of ni tro gen is a col oured gas ?
(a) N O2 (b) NO (1987,1M)

(c) N O2 4 (d) NO2

39. The bonds pres ent in N O2 5 are (1986, 1M)

(a) only ionic (b) covalent and coordinate

(c) only covalent (d) covalent and ionic

40. A gas that can not be col lected over wa ter is (1985, 1M)

(a) N2 (b) O2 (c) SO2 (d) PH3
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41. Am mo nia gas can be dried by (1978, 1M)

(a) conc H SO2 4 (b) P O2 5

(c) CaCl2 (d) quicklime

42. Which of the fol low ing is in cor rect state ment? (1978, 1M)

(a) NO is heavier than O2

(b) The formula of heavy water is D O2

(c) N2 diffuses faster than oxygen through an orifice

(d) NH3 can be used as a refrigerant

Objective Questions II 
(One or more than one correct option)

43. The compound(s) which generate (s) N2 gas upon thermal

decomposition below 300°C is (are) (2018 Adv.)

(a) NH NO4 3 (b) (NH ) Cr O4 2 2 7

(c) Ba(N )3 2 (d) Mg N3 2

44. Based on the compounds of group 15 elements, the correct
statement(s)  is (are) (2018 Adv.)

(a) Bi O2 5 is more basic than N O2 5

(b) NF3 is more covalent than BiF3

(c) PH3 boils at lower temperature than NH3

(d) The N—N single bond is stronger than the P—P single bond

45. The ni tro gen containing com pound pro duced in the re ac tion
of HNO3 with P O4 10 (2016 Adv.)

(a) can also be prepared by reaction of P4 and HNO3

(b) is diamagnetic 

(c) contains one N¾N bond

(d) reacts with Na metal producing a brown gas

46. The cor rect state ment(s) about O3 is/are (2013 Adv.)

(a) O—O bond lengths are equal

(b) thermal decomposition of O3 is endothermic

(c) O3 is diamagnetic in nature

(d) O3 has a bent structure

47. The ni tro gen ox ide(s) that con tain(s) N—N bond(s) is/are
(2009)

(a) N O2 (b) N O2 3

(c) N O2 4 (d) N O2 5

48. Am mo nia, on re ac tion with hypochlorite an ion, can form 
(1999, 3M)

(a) NO (b) NH Cl4

(c) N H2 4 (d) HNO2

49. White phos pho rus (P4 ) has (1998, 2M)

(a) six P P¾  single bonds

(b) four P P¾  single bonds

(c) four lone pairs of electrons

(d) P¾P¾P angle of  60°

50. Ni tro gen (I) ox ide is pro duced by (1989, 1M)

(a) thermal decomposition of NH NO4 3

(b) disproportionation of N O2 4

(c) thermal decomposition of NH NO4 2

(d) interaction of hydroxylamine and nitrous acid

Numerical Value

51. The total number of compounds having at least one bridging
oxo group among the molecules given below is ……… .

N O , N O , P O , P O , H P O2 3 2 5 4 6 4 7 4 2 5 , H P O , H S O ,5 3 10 2 2 3

                    H S O2 2 5

(2018 Adv.)

Assertion and Reason

Read the following questions and answer as per the direction
given below:

(a) Statement I is correct, Statement II is correct, Statement II
is the correct explanation of Statement I

(b) Statement I is correct, Statement II is correct, Statement II
is not the correct explanation of Statement I

(c) Statement I is correct, Statement II is incorrect

(d) Statement I is incorrect, Statement II is correct

52. State ment I  Nitrogen and oxygen are the main components
in the atmosphere but these do not react to form oxides of
nitrogen.

State ment II  The reaction between nitrogen and oxygen
requires high temperature. (1998, 2M)

53. State ment I  The elec tronic struc ture of O3 is

State ment II  The fol low ing struc ture is not al lowed

be cause oc tet around O can not be ex panded.

(1998, 2M)

54. State ment I  HNO3 is a stron ger acid than HNO2.

State ment II  In HNO3, there are two ni tro gen to ox y gen

bonds whereas in HNO2 there is only one. (1998, 2M)

55. State ment I  Al though PF5, PCl5 and PBr5 are known, the

pentahalides of ni tro gen have not been ob served.

State ment II  Phos pho rus has lower electronegativity than
ni tro gen. (1994, 2M)

Passage Based Questions

Passage

Upon heating KClO3 in presence of catalytic amount of
MnO2, a gas W  is formed. Excess amount of W  reacts with
white phosphorus to give X . The reaction of X  with pure
HNO3 gives Y  and Z. (2017 Adv.)

56. Y  and Z are, respectively
(a) N O2 4 and HPO3 (b) N O2 4 and H PO3 3

(c) N O2 3 and H PO3 4 (d) N O2 5 and HPO3

57. W  and X  are, respectively
(a) O  and P O2 4 10 (b) O  and P O2 4 6

(c) O  and P O3 4 6 (d) O  and P O3 4 10

O
Å

OO
s

O

OO



Passage

There are some deposits of nitrates and phosphates in earth’s 
crust. Nitrates are more soluble in water. Nitrates are
difficult to reduce under the laboratory conditions but
microbes do it easily. Ammonia forms large number of
complexes with transition metal ions. Hybridisation easily
explains the ease of sigma donation capability of NH3 and 
PH3. Phosphine is a flammable gas and is prepared from
white phosphorus. (2008, 3  ́ 4M = 12M)

58. Among the fol low ing, the cor rect state ment is
(a) Phosphates have no biological significance in humans

(b) Between nitrates and phosphates, phosphates are less abundant 

in earth’s crust

(c) Between nitrates and phosphates, nitrates are less abundant in

earth’s crust

(d) Oxidation of nitrates is possible in soil

59. Among the fol low ing, the cor rect state ment is
(a) Between NH3  and PH3  , NH3  is a better electron donor

because the lone pair of electrons occupies spherical ‘s’ orbital 

and is less directional

(b) Between NH3  and PH3 , PH3  is a better electron donor

because the lone pair of electrons occupies sp3-orbital and is

more directional

(c) Between NH3  and PH3 , NH3  is a better electron donor

because the lone pair of electrons occupies sp3-orbital and is

more directional

(d) Between NH3  and PH3 , PH3  is a better electron donor

because the lone pair of electrons occupies spherical ‘s’ orbital 

and is less directional

60. White phos pho rus on re ac tion with NaOH gives PH3 as one

of the prod ucts. This is a
(a) dimerisation reaction (b) disproportionation reaction

(c) condensation reaction (d) precipitation reaction

Match the Columns

61. The un bal anced chem i cal re ac tions given in Column I show
miss ing re agent or con di tion (?) which are pro vided in
Column II. Match Column I with Column II and se lect the
cor rect an swer us ing the codes given be low the Columns.

(2013 Adv.)

Column I Column II

P.
PbO H SO PbSO O2 2 4 4 2+ ¾® + +?

         other product

1. NO

Q. Na S O H O NaHSO2 2 3 2 4+ ¾® +?  

other product

2. I2

R. N H N2 4 2¾® +?  other product
3. Warm

S. XeF Xe2 ¾® +?  other product
4. Cl2

Codes
    P  Q R S    P  Q R S
(a) 4 2  3  1 (b) 3 2  1    4

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

Fill in the Blanks

62. The lead cham ber pro cess in volves ox i da tion of SO2 by

atomic ox y gen un der the in flu ence of  ………as cat a lyst.
(1992, 1M)

63. In P O4 10 , the num ber of ox y gen at oms bonded to each

phos pho rus atom is  ……… . (1992, 1M)

64. The ba sic ity of phos pho rus acid (H PO )3 3  is  ………

(1990, 1M)

65. ……… phos pho rus is re ac tive be cause of its highly strained

tet ra he dral struc ture. (1987, 1M)

True/False

66. Ni tric ox ide, though an odd elec tron mol e cule, is

dia mag netic in liq uid state. (1991, 1M)

67. The H N H¾ ¾  bond an gle in NH3 is greater than the 

H As H¾ ¾  bond an gle in AsH3. (1984, 1M)

68. In aque ous so lu tion, chlo rine is a stron ger oxi dis ing agent

than flu o rine. (1984, 1M)

69. Di lute HCl oxi dises me tal lic Fe to Fe2+ . (1983, 1M)

Integer Answer Type Question

70. The total number of lone pair of electrons in N O2 3 is

(2015 Adv.)

71. Among the fol low ing, the num ber of com pounds that can

re act with PCl5 to give POCl3 is O , CO , SO , H O2 2 2 2 , 

H SO , P O2 4 4 10. (2011)

72. The to tal num ber of diprotic ac ids among the fol low ing is

H PO3 4 H SO2 4 H PO3 3

H CO2 3 H S O2 2 7 H BO3 3

H PO3 2 H CrO2 4 H SO2 3        (2010)

Subjective Questions

73. Draw the structure of P4O10. (2005)

74. Arrange the following oxides in the increasing order of
Bronsted basicity.

Cl2O7, BaO, SO3, CO2, B2O3 (2004)

75. Iden tify the com pounds A, B, C, D

Na CO2 3

SO Na CO2 3
¾® ¾¾®2 A B ¾¾¾¾® ¾®

D

Elemental S I
C D

2

 and give oxidation state of sulphur in each compounds.
(2003, 4M)

76. Write the bal anced equa tions for the re ac tions of the
fol low ing com pounds with wa ter:
  (i) Al C4 3  (ii) CaNCN  (iii) BF3 (iv) NCl3  (v) XeF4 (2002, 5M)
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77. Give rea son(s), why el e men tal ni tro gen ex ists as a di atomic
mo lec u le whereas el e men tal phos pho rus is a tetra atomic
mol e cule? (2000, 2M)

78. The Haber’s pro cess can be rep re sented by the fol low ing
scheme.

Iden tify A, B, C, D and E . (1999, 5M)

79 (a) In the fol low ing equa tion
      A B C D+ + ¾® +2 2H O2

(A B C= HNO , = H SO , = NH OH)2 2 3 2 . 

Identify D. Draw the structures of A, B, C and D.

(b) In the contact process for industrial manufacture of
sulphuric acid, some amount of sulphuric acid is used as a
starting material. Explain briefly. What is the catalyst used
in the oxidation of SO2? (1999, 10M)

80. Com plete and bal ance the fol low ing chem i cal equa tions.

 (i) P O + PCl4 10 5 ¾®

(ii) SnCl + C H Cl + Na4 2 5 ¾® (1998, 1 2 2M ´ = M)

81. (a) Thionyl chloride can be synthesised by chlorinating SO2

using PCl5. Thionyl chloride is used to prepare
anhydrous ferric chloride starting from its hexahydrated
salt. Alternatively, the anhydrous ferric chloride can also 
be prepared from its hexahydrated salt by treating with
2,2-dimethoxypropane. Discuss all this using balanced
chemical equations.

(b) Reaction of phosphoric acid with Ca3(PO4)2 yields a
fertiliser “triple superphosphate” represent the same
through balanced chemical equation. (1998, 5M)

82. A sol u ble com pound of a poi son ous el e ment M, when
heated with Zn / H SO ,2 4  gives a colour less and ex tremely
poi son ous gas eous com pound N, which on pass ing through 
a heated tube gives a sil very mir ror of el e ment M. Iden tify
M and N. (1997, 2M)

83. Write bal anced equa tions for the fol low ing.

(i) Phosphorus is treated with concentrated nitric acid.

(ii) Oxidation of hydrogen peroxide with potassium
permanganate in acidic medium.

(iii) Manufacture of phosphoric acid from phosphorus.

(iv) Reaction of aluminium with aqueous sodium hydroxide.
(1997, 1 4 4M ´ = M)

84. Draw the struc ture of P O4 10 and iden tify the num ber of

sin gle and dou ble P O¾  bonds. (1996, 3M)

85. Ac count for the fol low ing. Write the an swers in four or five
sen tences only.

(i) The experimentally determined N F¾  bond lengths in NF3

is greater than the sum of the single bond covalent radii of N 
and F.

(ii) Mg N3 2 when reacted with water gives of NH3 but HCl is
not obtained from MgCl2 on reaction with water at room
temperature.

(iii) (SiH ) N3 3  is  a weaker base than (CH ) N3 3 .
(1995, 2M  3 = 6M´ )

86. Com plete and bal ance the fol low ing re ac tions. (1994, 1M)

   Ca (PO ) F + H SO + H O5 4 3 2 4 2
Heat¾¾®           

 K K+ 5CaSO 2H O +4 2×

87. In the fol low ing re ac tion, iden tify the com pounds A and B

     PCl + SO5 2 ¾® +A B (1994, 1M)

88. Com plete and bal ance the fol low ing re ac tion.
Red phos pho rus is re acted with io dine in the pres ence of
water.

P + I + H O +2 2 ¾®K K (1992, 1M)

89. Give reasons in two or three sentences only.Sulphur dioxide
is a more powerful reducing agent in the alkaline medium
than in acidic medium. (1992, 2M)

90. Draw the two res o nance struc tures of ozone which sat isfy
the oc tet rule. (1991, 1M)

91. Give rea sons in one or two sen tences. 

Ammonium chloride is acidic in liquid ammonia solvent.
(1991, 1M)

92. Write the bal anced chem i cal  equa tions for the fol low ing.

(i) Sodium nitrite is produced by absorbing the oxides of
nitrogen in aqueous solution of washing soda.

(ii) Nitrogen is obtained in the reaction of aqueous ammonia
with potassium permanganate.

(iii) Elemental phosphorus reacts with concentrated HNO3 to
give phosphoric acid.

(iv) Sulphur is precipitated in the reaction of hydrogen
sulphide with sodium bisulphite solution.

(v) Carbon dioxide is passed through a suspension of
limestone in water. (1991, 1 5 5´ = M)

93. Write the bal anced chem i cal equa tion for the fol low ing
re ac tions.

(i) Aqueous solution of sodium nitrate is heated with zinc
dust and caustic soda solution.

(ii) Sodium iodate is added to a solution of sodium bisulphite
(1990, 2M)

94. Write the two res o nance struc tures of N O2  that sat isfy the

oc tet rule. (1990, 2M)
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H O2

A

CaO

CaCO3

CO2

NaHCO3
NaCl

.NH H O3 2

B

+ D

C +  H O2

NH  + H O + E3 2

+



95. Draw bal anced equa tions for

(i) the preparation of phosphine from CaO and white
phosphorus. 

(ii) the preparation of ammonium sulphate from gypsum,
ammonia and carbon dioxide. (1990, 2M)

96. Ex plain the fol low ing (1989, 2M)

(i) H PO3 3 is a dibasic acid.

(ii) Phosphine has lower boiling point than ammonia.

97. Write the balanced chemical equations for the following.
(i) Hypophosphorous acid is heated.

(ii) Sodium chlorate reacts with sulphur dioxide in dilute
sulphuric acid medium.

98. Arrange the following as indicated. CO , O , SiO , SO2 2 5 2 3N

in the order of increasing acidic character.

99. Give balanced equations for the following.

(i) Phosphorus reacts with nitric acid to give equimolar ratio 
of nitric oxide and nitrogen dioxide.

(ii) Carbon dioxide is passed through a concentrated aqueous
solution of sodium chloride saturated with ammonia.

(1988, 3M)

100. Give rea son for “valency of oxygen is generally two, whereas
sulphur shows valency of two, four and six.” (1988, 1M)

101. Ex plain the fol low ing in one or two sen tences.

(i) Magnesium oxide is used for the lining of steel making
furnace.

(ii) The mixture of hydrazine and hydrogen peroxide with a
copper (II) catalyst is used as a rocket fuel.

(iii) Orthophosphorous acid is not tribasic acid.

(iv) The molecule of magnesium chloride is linear, whereas
that of stannous chloride is angular. (1987, 4M)

102. Write bal anced equa tions for the fol low ing. (1987, 2M)

(i) Phosphorus is reacted with boiling aqueous solution of
sodium hydroxide in an inert atmosphere.

(ii) Dilute nitric acid is slowly reacted with metallic tin.

103. Com plete and bal ance the fol low ing re ac tions.

(i) S + OH S + S O– 2–
2 3

2–¾®  + ......

(ii) ClO + I + H SO Cl + HSO3
– –

2 4
–

4
–¾®  + ...... + ......

(1986, 2M)

104. Write down the bal anced equa tion for the re ac tions when

(i) calcium phosphate is heated with a mixture of sand and
carbon.

(ii) ammonium sulphate is heated with a mixture of nitric
oxide and nitrogen dioxide. (1985, 2M)

105. Draw the res o nance struc tures of ni trous ox ide.(1985, 90, 2M)

106. Show with bal anced chem i cal re ac tion what hap pens when
fol low ing are mixed?

Aqueous solution of ferric sulphate and potassium iodide.
(1984, 1M)

107. Write the matched set (of three) for each en try in Col umn A

A B C

Asbestos Paramagnetic Air pollutant 

Lithium metal Silicates of Ca and Mg Electron donor

Nitric oxide Reducing agent

(1984, 2M)

108. Com plete and bal ance the fol low ing re ac tions.

  (i)   HNO + HCl NO + Cl3 2¾®

 (ii)   Ce +S O SO + Ce3+
2 8

2–
4
2– 4+¾®

(iii) Cl + OH Cl + ClO2
– – –¾® (1983, 3M)

109. Ex plain, “orthophosphoric acid, H PO3 4 is tribasic but

phos pho rous acid, H PO3 3 is dibasic”. (1982, 1M)

110. Give struc tural for mula for the fol low ing.

(i) Phosphorous acid, H PO3 3

(ii) Pyrophosphoric acid, H P O4 2 7 (1981, 2M)

111. Sulphur melts to a clear mobile liquid at 119°C, but on
further heating above 160° C, it becomes viscous, explain.

(1981, 1M)

112. Ex plain the fol low ing in not more than two sen tences .

 (i) Conc. HNO3 turns yellow in sunlight.

(ii) Bleaching powder loses its bleaching properties when it
is kept in an open bottle for a long time. (1980, 2M)

Topic 2 Elements and Compounds of Group 17 and 18
Objective Questions I (Only one correct option)

1. The noble gas that does not occur in the atmosphere is
(2019 Main, 10 April II)

(a) Ra (b) Kr

(c) He (d) Ne

2. Chlorine on reaction with hot and concentrated sodium
hydroxide gives (2019 Main, 12 Jan II)

(a) Cl- and ClO- (b) Cl- and ClO3
-

(c) ClO3
- and ClO2

- (d) Cl- and ClO2
-

3. Iodine reacts with concentrated HNO3  to yield Y  along with

other products. The oxidation state of iodine in Y , is 
(2019 Main, 12 Jan I)

(a) 1 (b) 3

(c) 7 (d) 5

4. Among the following reactions of hydrogen with halogens,
the one that requires  a catalyst is (2019 Main, 10 Jan II)

(a) H  + Cl  2HCl2 2 ¾® (b) H  + I  2HI2 2 ¾®

(c) H  + F  2HF2 2 ¾® (d) H  + Br  2HBr2 2 ¾®
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5. The type of hybridisation and number of lone pair(s) of
electrons of Xe in XeOF4, respectively, are

(2019 Main, 10 Jan I)

(a) sp d3 2 and 1 (b) sp d3  and 2

(c) sp d3  and 1 (d) sp d3 2 and 2

6. Which of the following reactions is an example of a redox
reaction? (2017 Main)

(a) XeF   O F   XeF   O4 2 2 6 2+ ¾® +

(b) XeF   PF   [XeF] PF2 5
+

6+ ¾® -

(c) XeF   H O  XeOF   2HF6 2 4+ ¾® +

(d) XeF   2H O  XeO F   4HF6 2 2 2+ ¾® +

7. The products obtained when chlorine gas reacts with cold and 
dilute aqueous NaOH are (2017 Main)

(a) ClO- and ClO3
- (b) ClO2

- and ClO3
-

(c) Cl- and ClO- (d) Cl- and ClO2
-

8. Which among the following is the most reactive?
(2015 Main)

(a) Cl2 (b) Br2 (c) I2 (d) ICl

9. Which one has highest boiling point? (2015 Main)

(a) He (b) Ne (c) Kr (d) Xe

10. Under ambient conditions, the total number of gases released
as products in the final step of the reaction scheme shown
below is (2014 Adv.)

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

11. Among the fol low ing oxoacids, the cor rect de creas ing or der
of acidic strength is (2014 Main)

(a) HOCl > HClO  > HClO  > HClO2 3 4

(b) HClO  > HOCl > HClO  > HClO4 2 3

(c) HClO  > HClO  > HClO  > HOCl4 3 2

(d) HClO  > HClO  > HClO  > HOCl2 4 3

12. The shape of XeO F2 2 mol e cule is (2012)

(a) trigonal bipyramidal (b) square planar

(c) tetrahedral (d) see-saw

13. Aque ous so lu tion of Na S O2 2 3 on re ac tion with Cl2 gives

(2008, 3M)

(a) Na S O2 4 6 (b) NaHSO4

(c) NaCl (d) NaOH

14. When I-  is oxi dised by KMnO4 in al ka line me dium, I-

con verts into (2004, 1M)

(a) IO3
- (b) I2

(c) IO4
- (d) IO-

15. The set with cor rect or der of acidic strength is (2001, 1M)

(a) HClO < HClO < HClO < HClO2 3 4

(b) HClO < HClO < HClO < HClO4 3 2

(c) HClO < HClO < HClO < HClO4 3 2

(d) HClO < HClO < HClO < HClO4 2 3

16. Which one of the fol low ing spe cies is not a pseudo halide?
(1997, 1M)

(a) CNO– (b) RCOO- (c) OCN- (d) NNN-

17. The fol low ing ac ids have been ar ranged in the or der of
de creas ing acidic strength. Iden tify the cor rect or der.

 ClOH (I), BrOH (II), IOH (III) (1996, 1M)

(a) I > II > III (b) II > I > III

(c) III > II > I (d) I > III > II

18. KF com bines with HF to form KHF2. The com pound
con tains the spe cies (1996, 1M)

(a) K , F and H+ +- (b) K , F and HF+ –

(c) K [HF ]2
–+ and  (d) [KHF] and F+ –

19. Bro mine can be lib er ated from po tas sium bro mide so lu tion 
by the ac tion of (1987, 1M)

(a) iodine solution (b) chlorine water

(c) sodium chloride (d) potassium iodide

20. Chlo rine acts as a bleach ing agent only in the pres ence of
(1983, 1M)

(a) dry air (b) moisture

(c) sunlight    (d) pure oxygen

21. HBr and HI re duce sulphuric acid, HCl can re duce KMnO4

and HF can re duce (1981, 1M)

(a) H SO2 4 (b) KMnO4

(c) K Cr O2 72 (d)  None of these 

Objective Questions II
(One or more than one correct option)

22. The correct statement(s) about the oxoacids, HClO4 and
HClO, is (are) (2017 Adv.)

(a) The central atom in both HClO4 and HClO is sp3-hybridised

(b) HClO4 is formed in the reaction between Cl2 and H O2

(c) The conjugate base of HClO4 is weaker base than H O2

(d) HClO4 is more acidic than HClO because of the resonance

stabilisation of its anion

23. The colour of the X 2 molecules of group 17 elements

changes gradually from yellow to violet down the group.
This is due to (2017 Adv.)

(a) decrease in p s* *-  gap down the group

(b) decrease in ionisation energy down the group

(c) the physical state of X 2 at room temperature changes from

gas to solid down the group

(d) decreases in HOMO-LUMO gap down the group

24. The compound(s) with two lone pairs of electrons on the
central atom is (are) (2016 Adv.)

(a) BrF5 (b) ClF3

(c) XeF4 (d) SF4

XeF6

Complete
hydrolysis

P + Other product
–HO /H O2

Q

Slow disproportionation
–in HO /H O2

Products



25. The correct statement(s) regarding,

(i) HClO, (ii) HClO ,2  (iii) HClO3 and (iv) HClO4 is (are)

(a) the number of C   Ol ==  bonds in (ii) and (iii) together is two

(b) the number of lone pair of electrons on Cl in (ii) and (iii)

together is three 

(c) the hybridisation of Cl in (iv) is sp3

(d) amongst (i) to (iv), the strongest acid is (i)

Passage Based Questions

Passage 1

The reactions of Cl2 gas with cold-dilute and hot-concentrated
NaOH in water give sodium salts of two (different) oxoacids 
of chlorine, P and Q, respectively. The Cl2 gas reacts with 
SO2 gas in the presence of charcoal, to give a product R. R
reacts with white phosphorus to give a compound S. On
hydrolysis, S gives an oxoacid of phosphorus T. (2013 Adv.)

26. P and Q re spec tively, are the so dium salts of
(a) hypochlorous and chloric acids

(b) hypochlorous and chlorous acids

(c) chloric and perchloric acids

(d) chloric and hypochlorous acids

27. R, S and T, re spec tively, are
(a) SO Cl , PCl2 2 5 and H PO3 4 (b) SO Cl , PCl2 2 3 and H PO3 3

(c) SOCl , PCl2 3 and H PO3 2 (d) SOCl , PCl2 5 and H PO3 4

Passage 2

Bleaching powder and bleach solution are produced on a
large scale and used in several household products. The
effectiveness of bleach solution is often measured by
iodometry. (2012)

28. 25 mL of house hold bleach so lu tion was mixed with 30 mL
of 0.50 M KI and 10 mL of 4 N ace tic acid. In the ti tra tion of
the lib er ated io dine, 48 mL of 0.25 N Na S O2 2 3 was used to
reach the end point. The molarity of the house hold bleach
so lu tion is
(a) 0.48 M (b) 0.96 M

(c) 0.24 M (d) 0.024 M

29. Bleach ing pow der con tains a salt of an oxoacid as one of its
com po nents. The an hy dride of that oxoacid is
(a) Cl O2 (b) Cl O72 (c) ClO2 (d) Cl O2 6

Passage 3

The noble gases have closed-shell electronic configuration
and are monoatomic gases under normal conditions. The
low boiling points of the lighter noble gases are due to weak
dispersion forces between the atoms and the absence of
other interatomic interactions.

The direct reaction of xenon with fluorine leads to a series of 
compounds with oxidation numbers + 2, + 4 and + 6. XeF4

reacts violently with water to give XeO3. The compounds of
xenon exhibit rich stereochemistry and their geometries can
be deduced considering the total number of electron pairs in
the valence shell. (2007, 3  4M = 12M´ )

30. Ar gon is used in arc weld ing be cause of its
(a) low reactivity with metal 

(b) ability to lower the melting point of metal

(c) flammability 

(d) high calorific value

31. The struc ture of XeO3 is

(a) linear (b) planar

(c) pyramidal (d) T-shaped

32. XeF4 and XeF6 are ex pected to be

(a) oxidising (b) reducing

(c) unreactive (d) strongly basic

Match the Columns

33. All the com pounds listed in Col umn I re act with wa ter.
Match the re sult of the re spec tive re ac tions with the
ap pro pri ate op tions listed in Col umn II. (2010)

Col umn I Col umn II

A. (CH ) SiCl3 2 2 p. Hydrogen halide formation

B. XeF4 q. Redox reaction

C. Cl2 r. Reacts with glass

D. VCl5 s. Polymerisation

t. O2 formation

Fill in the Blanks

34. The increase in solubility of iodine in aqueous solution of KI 
is due to the formation of ….. (1982, 94, 1M)

True/False

35. HBr is a stron ger acid than HI be cause of hy dro gen
bond ing. (1993, 1M)

Integer Answer Type Questions

36. Re ac tion of Br2 with Na CO2 3 in aque ous so lu tion gives

so dium bro mide and so dium bromate with evo lu tion of CO2

gas. The num ber of so dium bro mide mol e cules in volved in
the bal anced chem i cal equa tion is (2011)

Subjective Questions

37. Write the balanced equation for the reaction of the following 
compound with water.

XeF4 (2002, 5M)

38. Draw mo lec u lar struc tures of XeF2 , XeF4 and XeO F2 2,

indicating the lo ca tions of lone pair(s) of elec trons. 
(2000, 3M)

39. Give an ex am ple of ox i da tion of one ha lide by an other
halo gen. Ex plain the fea si bil ity of the re ac tion. (2000, 2M)

40. Work out the fol low ing us ing chem i cal equa tions

“Chlorination of calcium hydroxide produces bleaching
powder.” (1998, 2M)
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41. Com plete the fol low ing chem i cal equa tions:
 (i)  KI + Cl2 ¾®   (ii)  KClO + I3 2 ¾®    (1996, 2M)

42. Give rea sons in two or three sen tences only for

(i) Bond dissociation energy of F2 is less than that of Cl2.

(ii) Sulphur dioxide is a more powerful reducing agent in the
alkaline medium than in acidic medium. (1992, 2M)

43. Write the balanced chemical equation for the following:
Sodium bromate reacts with fluorine in the presence of alkali.

44. Ar range the fol low ing as in di cated. HOCl, HOClO ,2  

HOClO ,3  HOClO in increasing order of thermal stability
(1988, 2M)

45. Give bal anced equa tion for the fol low ing:
 Iodate ion reacts with bisulphite ion to liberate iodine. (1988, 3M)

46. Men tion the prod ucts formed in the fol low ing

“Chlorine gas is bubbled through a solution of ferrous
bromide.” (1986, 2M)

47. Complete and balance the following reaction:
ClO I H SO Cl HSO ...... ......3

– –
2 4

–
4
–+ + ¾® + + + (1986, 2M)

48. Ar range the fol low ing in the or der of

 (i) increasing bond strength HCl, HBr, HF, HI

(ii) increasing oxidation number of iodine
              I , HI, HIO , ICl2 4 (1986, 2M)

49. Give rea son in one or two sen tences.
Flu o rine can not be pre pared from flu o rides by chem i cal
re duc tion method. (1985, 1M)

50. Complete and balance the following reaction.
Cl OH Cl ClO2

– – –+ ¾® + (1983, 3M)

51. Explain the following in not more than two sentences.

Bleaching powder loses its bleaching properties when it is
kept in an open bottle for a long time. (1980, 2M)

52. Give reasons for the following in one or two sentences.

(i) Hydrogen bromide cannot be prepared by the action of
conc. sulphuric acid on sodium bromide.

(ii) When a blue litmus paper is dipped into a solution of
hypochlorous acid, it first turns red and then later gets
decolourised. (1979, 2M)

53. Write the balanced equations involved in the preparation of

(i) bleaching powder from slaked lime (1979, 10M)

(ii) nitric oxide from nitric acid

(iii) chlorine from sodium chloride

(iv) anhydrous aluminium chloride from alumina

Answers
Topic 1

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

5. (d) 6. (a) 7. (a) 8. (d)

9. (b) 10. (d) 11. (d) 12. (a)

13. (a) 14. (b) 15. (c) 16. (c)

17. (b) 18. (d) 19. (b) 20. (d)

21. (c) 22. (b) 23.  (b) 24. (c)

25. (b) 26. (a) 27. (c) 28. (d)

29. (c) 30. (a) 31. (a) 32. (c)

33. (c) 34. (b) 35. (d) 36. (b)

37. (a) 38. (d) 39. (b) 40. (c)

41. (d) 42. (a) 43. (b,c) 44. (a,b,c)

45. (b, d) 46. (a, c, d) 47. (a, b, c) 48. (c)

49. (a, c, d) 50. (a, d) 51. (6) 52. (a)

53. (a) 54. (a) 55. (b) 56. (a)

57. (b) 58. (c) 59.  (c) 60. (b)

61. (d) 62. NO2 63. Four 64. Two

65. white 66. T 67. T  68. F

69. T 70. (8) 71. 4 72. 6

Topic 2

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

5. (a) 6. (a) 7. (c) 8. (d)

9. (d) 10. (c) 11. (c) 12. (a)

13. (a) 14. (a) 15. (a) 16. (b)

17. (a) 18. (c) 19. (b) 20. (b)

21. (d) 22. (a, c, d) 23. (b, c) 24. (b, c)

25. (b, c) 26. (a) 27. (a) 28. (c)

29. (a) 30. (a) 31. (c) 32. (a)

33. A ® p, s B ® p, q, r, t C ® p, q, t D ® p

34. KI3 35. F 36. 5
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Topic 1 Elements and Compounds of 
        Group 15 and 16

1. The correct statement is that (SiH ) N3 3  is planar and less basic

than (CH ) N3 3 . The compounds trimethylamine (CH ) N3 3  and
trisilylamine (SiH ) N3 3  have similar formulae, but have totally
different structures. In trimethylamine the arrangement of
electrons is as follows :

In trisilylamine, three sp2 orbitals are used for 

s -bonding, giving a plane triangular structure.

2. In C60 (Buckminster fullerene) twenty hexagons and twelve

pentagons are present which are interlocked resulting a shape
of soccer ball. Every ring in this structure is aromatic.

Phosphorus has large atomic size and less electronegativity, so
it forms single bond instead of pp-pp multiple bond. So, it
consists of discrete tetrahedral P4 molecule as shown below :

\ Number of trigons (triangles) = 4

3.  S S¾  bond is not present in H S O2 2 7 (pyrosulphuric acid or 

oleum).

While the other given oxoacids of sulphur, i.e.

H S O2 2 3 (thiosulphuric acid), H S O2 2 4 (hyposulphurous or
dithionous acid) and H S O2 4 6 (tetrathionic acid) contains S¾S
bonds.

4. The correct increasing order of oxidation state of nitrogen for
nitrogen oxides is

N O< NO < N O NO
+2 +3

2

+ +

<
1

3

4

22

l Oxidation state of N in N O2  is

2 2 0( )x - =

 x = + = +
2

2
1

l Oxidation state of N in NO is

x - =2 0

      x = +2
l Oxidation state of N in N O2 3 is

2 3 2 0x + - =( )

       x = =
6

2
3

l Oxidation state of N in NO2 is 

x + - =2 2 0( )

      x - =4 0

              x = +4

5. Let us con sider the struc ture of the phos pho rus oxy acids,

6. As given, the first elec tron gain enthalpy of ox y gen can be shown
as,

   O( )+ Og e g- -¾® ( ),  De Hg 1 141= -  kJ/mol

H S O2 2 4 Þ S——S
O

O

OH

HO

HO—S—S—S—S—OH

O O

O O

H S O2 4 6 Þ

P
H OH

H
H PO3 2

Hypophosphorus
acid

(P ¾ H bonds=2)

P
HO H

OH
H PO3 3

Orthophosphorus
acid

(P ¾ H bond=1)

P
H O

HO
H P O4 2 5

Pyrophosphorus
acid

(P ¾ H bonds=2)

P

OH
H

P
O

OH
H P O4 2 6

Hypophousphoric
acid

(P ¾ H bond=0)

P

OH
OH

HO—S—OH

O

S

H S O2 2 3 Þ

P

P

P P

HO—S—O—S—OH

O O

O O

H S O2 2 7 Þ

N
CH3H3C

CH3

N(CH )3

molecule
3

N

H3Si

SiH3

SiH3

N(SiH )3

molecule
3

1s 2s 2p

Three unpaired electrons
form bonds with CH  groups3
tetrahedral arrangements of

three bond pairs and one lone pair

Electronic structure of
nitrogen atom 
(ground state)

Hints & Solutions
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The expression of second electron gain enthalpy of oxygen will be,

O ( )+ O- - -¾®g e g2 ( ),    De Hg 2 = + ve

De Hg 2  of oxygen is positive, i.e. endothermic, because a strong
electrostatic repulsion will be observed between highy negative O-

and the incoming electron ( )e- . A very high amount of energy will

be consumed (endothermic) by the system to overcome the
electrostatic repulsion.

7. The struc ture of H PO3 2 (hypophosphorous) acid is

Due to the presence of two P H¾   bonds, H PO3 2 acts a strong
reducing agent. e.g.

4Ag NO H PO H O
+1

3 2

+1

2+ + ¾®3 2  4 43 3Ag H PO HNO
0

4

+5

¯ + +

8. The ther mal de com po si tion of given com pounds is shown be low

   (NH ) Cr O N  + 4H O + Cr O4 2 2 7 2 2 2 3¾®
 

D

NH NO N  + 2H O4 2 2 2¾®
D

  (NH ) SO 2NH  +H SO4 2 4 3 2 4¾®
D

   Ba(N ) Ba + 3N3 2 2¾®

Thus, only (NH ) SO4 2 4 does not gives N2 on heating (It give NH3).
While rest of the given compounds gives N2 on their thermal
decomposition.

9. H P O H P O H P O H P O3

5

4 4 2

4

6 3

3

3 3

1

2

+ + + +

> > >

10.

11. Orthophosphorous acid, H PO3 3 : HO P
 

H

O

OH¾
½

½½
¾

H PO3 3 =
x

x3 3 2 0+ + - =( )   or  x = + 3

Pyrophosphorous acid, H P O4 2 5  :

HO P
 

H

O

O P
 

H

O

OH¾
½

½½
¾ ¾

½

½½
¾

H P O   4  2   5 (  2)  04 52

x

x= + + - =

4 2 10 0  x    + - = ,  x = + 3

12. PLAN This problem is based on chemical properties of
phosphorus.

White phosphorus on reaction with thionyl chloride (SOCl )2

produces phosphorus trichloride.

P 8SOCl 4PCl 4SO4 2 3 2( ) ( ) ( ) ( )s l l g+ ¾® +  +  2S Cl2 2( )g

But if amount of thionyl chloride (SOCl )2  is in excess then it
produces phosphorus pentachloride.

  P  + 10SOCl 4PCl  + 10SO4 2 5 2( )l ¾®

13. NO is para mag netic in gas eous state be cause in gas eous state,
it has one un paired elec tron.

Total number of electrons present = +7 8 = 15 e-

Hence, there must be the presence of unpaired electron in
gaseous state while in liquid state, it dimerises due to
unpaired electron.

14. NO2 is a brown col oured gas and im parts this col our to

con cen trated HNO3 during long stand ing.

    4 2 2 33 2 2 2HNO H O NO O¾® + +

15. (a) ONCl  8  7  17  32= + + = -e

ONO   8  7  8  1  24- -= + + + = e  (correct)

        

Central O-atom  is sp2-hybridised with 1 lone pair, so

bent shape (correct).

(c) In solid state, ozone is violet-black. Ozone does not
exist in solid state, thus incorrect.

(d) O3 has no unpaired electrons, so diamagnetic (correct).

Hence, (c) is the correct.

16. The re ac tion of white phos pho rus with aque ous al kali is

P  + 3NaOH + 3H O  4 2 ¾® PH  + NaH PO3 2 2

In the above reaction, phosphorus is simultaneously

oxidised [P (0)    NaH P O ]4 2

+1

2¾®  as well as reduced 

[P (0)    P H ]4

3

3¾®
-

. Therefore, this is an example of

disproportionation reaction. Oxidation number of
phosphorus in PH3 is - 3 and in NaH PO2 2 is + 1. However, 
+ 1 oxidation number is not given in any option, one might
think that NaH PO2 2 has gone to further decomposition on
heating.

2NaH PO     Na H P O  + PH2 2 2

+5

4 3¾®
D

17. Let ox i da tion number of N be x.

In HNO3, + + + - =1 3 2 0x ( )   Þ    x = + 5

In NO, x - =2 0 Þ x = + 2

In N2, x = 0

In NH Cl4 , x + - =4 1 0  Þ  x = - 3

18. Ba(N ) Ba( ) + 3N ( )3 2 2
Heat¾ ®¾¾ s g  

Azide salt of barium can be obtained in purest form as well as
the decomposition product contain solid Ba as by product

O

O O
(b)

N 2sp

+

Species Hybridisation

OO

2sp

2sp

sp

O

N

O
–
O

N

OO

OO N

–

HO

O

P
H

H



alongwith gaseous nitrogen, hence no additional step of
separation is required.

Other reactions are

           NH NO N O + 2H O4 3
Heat

2 2¾¾®

  2NH 3CuO 3Cu + 3H O + N3
Heat

2 2+ ¾¾®

   (NH ) Cr O Cr O 4H O + N4 2 2 7
Heat

2 3 2 2¾¾® +

19. In limited supply of oxygen, phosphorus is oxidised to its lower
oxide P O4 6 while excess of oxygen gives P O4 10. A mixture of O2

and N2 is used for controlled oxidation of phosphorus into P O4 6.

20. In P4, all phosphorus are sp3-hybridised and has 75%

p-character.

21. In KMnO4, Mn is already in its highest oxidation state (+7),
cannot be oxidised by any oxidising agent.

22. PbO + HNO Pb(NO ) + H O + O2 3 3 2 2 2¾®

23. Equimolar amounts of NO and NO2 at –30°C gives N O ( )2 3 l

which is a blue liquid.

  NO( ) + NO ( ) N O ( )2 2 3

( lue

g g l¾¾®
- °30 C

B )

24. Black phosphorus is thermodynamically most stable allotrope
of phosphorus. 

It is due to three dimensional, network structure of polymeric
black phosphorus.

25. H S O2 2 8 is a peroxy acid, has—O—O—linkage

HO— S

O

O

O—O— S

O

O

OH
½½

½½

½½

½½
— —

   Peroxodisulphuric acid

26. H PO3 3 is a dibasic, reducing acid. H PO3 4 is tribasic,

non-reducing acid.

H— P—

OH

O

OH

ibasic, reducing

½

½½

D

  HO— P—

OH

O

OH

ribasic, non -reducing

½

½½

T

27. Polyphosphates are used as water softening agents because they
form soluble complexes with cationic species of hard water.

Na [Na (PO ) ]+ CaSO Na [(Ca (PO ) ]2 4 3 6 4 2 2 3 6

oluble compl

¾®
S ex

 + Na SO2 4

28. The structure of S O3 9 is

It has no S—S linkage.

29. CaO, a basic oxide, is most suitable for drying of basic ammonia.

30. H O2 , due to its ability to form intermolecular H-bonds.

31. Corresponding acids are HClO4, H SO2 3 and H PO3 4. Hence, the 

order of acidic strength is

Cl O > SO > P O2 7 2 4 10

32. The structure of cyclic metaphosphate is

There is three P—O—P bonds.

33. Ca P 6H O 3Ca(OH) 2PH3 2 2 2 3+ ¾® +

34. Na SO + S Na S O2 3 2 2 3
OH

¾¾®
-

D

35. S O2 7
2- has no S—S linkage. 

- -

½½

½½

½½

½½
O— S

O

O

O— S

O

O

O— —  

All others have atleast one S—S linkage.

36. Amongst XH3 where ‘X ’ is group-15 elements, basic strength

decreases from top to bottom. Hence, NH3 is strongest base.

37. The electron withdrawing inductive effect of halogen decreases
electron density on nitrogen, lowers basic strength. Since,
fluorine is most electronegative, NF3 is least basic.

38. NO ( )2 g  is deep brown coloured.

39. In N O2 5, there are s (sigma) covalent bonds, p (pi) bonds and

coordinate covalent bonds as

40. SO2 cannot be collected over water because it reacts with water

forming H SO2 3.

SO + H O H SO2 2 2 3¾®

41. Quicklime (CaO) is used for drying NH3 gas because both are

basic, do not react. On the other hand, H SO2 4 and P O2 5 are
acidic, reacts with ammonia forming salts. CaCl2 forms
complex with ammonia.
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42. NO is lighter than O2.

D O2  is commonly known as heavy water.

N2 is lighter than O2, effuse at faster rate under identical 
experimental conditions. NH3 liquefies at very low temperature.
Therefore, liquid NH3 is used as a refrigerant.

43. Among the given com pounds, those which gen er ate N2  on ther mal

de com po si tion be low 300°C are am mo nium dichromate i.e., 
(NH Cr O4 2 7)2  and bar ium azide or nitride i.e., Ba(N )3 2 . Re ac tions

of their ther mal de com po si tion are given below

(i) (NH ) Cr O4 2 2 7
Below 300 C

¾¾¾¾®
°

D
   N    Cr O   4H O2 2 3 2­ + +

  It is an exothemic reaction with 

DH = - ±429.1 kcal/ mol.3

(ii) Ba(N ) Ba  3N  3 2 2
Around 160  and above

   ¾¾¾¾¾¾¾¾® +
°

D
­

Ammonium nitrate (NH NO )4 3  on heating below 300°C gives 

N O2  as

NH NO N O  2H O4 3 2 2
below 300 C

¾¾¾¾® +
°

D

  However, on rapid heating or explosion

  (i.e. above 300°C) it gives off nitrogen as

2NH NO4 3

Rapid heating

or explosion
¾ ®¾ ¾ ¾ ¾¾   2N   O   4H O2 2 2+ +

Magnesium nitride (Mg N )3 2  does not decompose at lower

temperatures being comparatively more stable. Its thermal
decomposition requires a minimum temperature of 700°C and
proceeds as

Mg N 3Mg  N  3 2
700 1500 C

2
- °¾ ®¾ ¾¾ + ­

44. State ment wise ex pla na tion is 

(i) Statement (a) Bi O2 5 is a metallic oxide while N O2 5 is a

non-metallic oxide.

Metallic oxides being ionic are basic in nature while non
metallic oxides being covalent are acidic in nature. This
confirms more basic nature of Bi O2 5 in comparison to N O2 5.
Hence, this is a correct statement.

(ii) Statement (b) The electronegativity difference between N(3) and 
F(4) is less as compared to the electronegativity difference
between Bi (1.7) and F(4). More electronegativity difference
leads to ionic compounds. Thus, NF3 must be more covalent in
nature as compared to BiF3. Hence, this statement is also correct.

(iii) Statement (c) In NH3 intermolecular  hydrogen bonding is

present, which is altogether absent in PH3. Thus, PH3 boils at
lower temperature than NH3.

Hence, this is also a correct statement.

(iv) Statement (d) Due to smaller size of N the lone pair-lone pair
repulsion is more in N—N single bond as compared to O—P
single bond. This results to weaker N—N single bond as
compared to P—P single bond. Hence, this statement is incorrect.

45. P O4 10 is a dehydrating agent and converts HNO3 into N O2 5

      2HNO N O + H O3 2 5 2¾®

  P O + 6H O 4H PO4 10 2 3 4¾®

(a) P + 20HNO 4H PO + 20NO + 4H O4 3 3 4 2 2¾®

Thus, (a) is incorrect.

(b) N O2 5 has no unpaired electron and is thus, diamagnetic 
thus, (b) is correct.

(c)

There is no N—N bond, thus, (c) is incorrect.

(d) N O + Na NaNO + NO2 5 3 2¾®
N O2 5 vapours are of brownish colour. Thus, (d) is
correct.

46. Plan Due to res o nance, bond lengths be tween two at oms are
equal. Spe cies is said to be dia mag netic if all elec trons are
paired.

Process is endothermic if it takes place with absorption of
heat.

 

bent molecule all electrons paired thus, diamagnetic

2 33 2O O¾®   DH ° = - -142 1

Exothermic

kJ mol

Thus, (b) is incorrect. (a, c, d) are correct.

47. The structures of these oxides are

(a), (b), (c) have N—N bonds.

48. 2NH + OCl H N—NH + H O + Cl3 2 2 2
- -¾®

49. The structure of P4 is

It has six P—P single bonds.

There are four lone pairs on four phosphorus. P—P—P
bond angles are of 60°.

50. NH NO N O + 2H O4 3 2 2
Heat

¾¾®

NH OH HCl + NaNO NaCl + 2H O + N O2 2 2 2× ¾®

However, NH NO4 2 on heating gives N2.

O

OO

116.80°

218 pm
O
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O O

O
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OO
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s
®®
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O

O N
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N N
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O
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¾
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51. The structures of various molecules given in problem are
discussed below—

1. N O2 3 It is the tautomeric mixture of following two
structures—

Conclusion 1 bridging oxo group is present in the compound. 

2. N O2 5 It has following structure. 

Conclusion 1 bridging oxo group is present in the compound.

3. P O4 6 

Conclusion 6 bridging oxo groups are present in the
compound.

4. P O4 7  

Conclusion 6 bridging oxo groups are present in the
compound.

5. H P O4 2 5 

Conclusion 1 bridging oxo group is present in the compound. 

6. H P O5 3 10

Conclusion 2 bridging oxo groups are present in the
compound.

7. H S O2 2 3

Conclusion This compound does not contain any bridging
oxo group. 

8. H S O2 2 5

Conclusion This compound also does not contain any
bridging oxo group. 

52. Both Statement I and Statement II are true and Statement II is
correct explanation of Statement I.

53. Both Statement I and Statement II are true and Statement II is
correct explanation of Statement I.

54. Both Statement I and Statement II are true and Statement II
explains the Statement I appropriately. Nitrate ion (NO )3

-  is

more stable than nitrite ion :

-

-

½½
® ¬¾® ==

½
®O—N

O

O O N

O

O    (Resonance structure)

-

· · · ·

-

¬®

O O O O

N N  (Resonance structure)

55. Both Statement I and Statement II are independently correct
but reason is not the correct explanation of Statement I.
Nitrogen does not has any vacant d-orbitals, it cannot expand
its valence shell beyond eight electrons, i.e. it cannot violate
octet. Therefore, nitrogen forms only trihalides
(NX 3 with eight electrons in valence shell of N). 

Phosphorus has vacant 3d-orbitals, it can expand its valence
shell beyond eight electrons, its both trihalides and
pentahalides exist.

Passage

   KClO KCl+ O3

MnO

2

2

¾¾®
D W

   O + P P O N O + HPO2 4 4 10

HNO

2 5 3

3

¾® ¾¾®
D

X Y Z

56. (a)

57. (b)

Passage 

58. Due to greater solubility in water and prone to microbial
attack, nitrates are less abundant in earth’s crust.

59. NH3 is stronger Lewis base than PH3. In a group of hydrides,

basic strength decreases down the group.

60. White phosphorus undergo disproportionation in alkaline
medium.

      P + NaOH PH + NaH PO4 3 2 2¾®

61. (P) 2PbO H SO PbSO O H O
Warm (3)

2 2 4 4 2 22 2 2+ ¾¾¾® + +

(Q) Na S O H O NaHSO HCl
Cl

2 2 3 2
2

4

4
+ ¾¾® +

( )

(R) N H N Hl
I

2 4
2

2

2
¾¾® +

( )
    

S

S

HO
O

OH

S

O

HO
O

S

O

OH

P
O

P

O
P

O

P

O

O

O
O

P

O

OH
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H
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(S) XeF Xe NOF
NO

2

1
¾¾® +

( )

Thus, P—(3), Q—(4), R—(2), S—(1)

62. NO2 : 2SO ( ) + O ( ) 2SO ( )2 2 3
(NO

Oxides of N

2

2g g g¾¾¾¾®
)

63.

    

Here four oxygen atoms are bonded to each phosphorus
atom.

64. H PO [O == PH(OH) ]3 3 2  is a dibasic acid.

65. White phosphorus has highly strained, tetrahedral
structure, therefore highly reactive.

66. In liquid state, nitric oxide (NO) dimerises into (NO)2

and odd electrons disappear giving diamagnetic property.

2NO O == N—N== ( )
Paramagnetic Diamagnetic

¾® O l

67. Both ‘N’ and ‘As’ in corresponding hydrides are

sp3-hybridised. If central atoms are from same group,

bond angle decreases from top to bottom if all other
things are similar. Hence, H—N—H bond angle in NH3

is greater than H—As—H bond angle in AsH3.

68. Halogens are all good oxidising agent and their oxidising 
power decreases from top to bottom (F2 to I2) in group.
Any halogen above in group oxidises halides down in
group from their aqueous solution. Hence, Cl2 can
oxidise Br- to Br2, I

- to I2  but cannot oxidise F- to F2

rather F2 can oxidise Cl- to Cl2.

69. Fe is more electropositive than hydrogen, displaces H+

ions from acid solution as :

Fe + 2HCl FeCl + H2 2¾® ­

70. N O2 3 has two pro posed struc tures.

 O N O N O
· ·

· · · ·

· ·

· · · ·

· ·

· ·

== ¾ ¾ ==  and    
O

N N

O

O
· ·

· ·

·· · ·

· ·

·
·

· ·

· ·

¾

In both cases, num ber of lone pair of elec trons are eight.

71. PCl5 pro duces POCl3 with the fol low ing re agents

  PCl + SO POCl + SOCl5 2 3 2¾®       

 PCl + H O POCl + 2HCl5 2 3¾®         

     2PCl + H SO SO Cl + 2POCl + 2HCl5 2 4 2 2 3¾®

     6PCl + P O 10POCl5 4 10 3¾®  

72. Diprotic ac ids = 6

Oth ers are 

73.   

74. Cl O < SO < CO < B O < BaO2 7 3 2 2 3

75. A = NaH SO
+4

3 ; B = Na SO2 3

+4
; C = Na S O2 2 3

+2
; D = Na S O2 4

+2.5

6

76. (i)  Al C + H O 4Al(OH) + 3CH4 3 2 3 412 ¾®

(ii) CaNCN + 5H O CaCO + 2NH OH2 3 4¾®

(iii)   4BF + 3H O H BO + 3HBF3 2 3 3 4¾®

(iv)   NCl + 3H O NH + 3HOCl3 2 3¾®

(v)   2XeF + 3H O Xe + XeO + F + 6HF4 2 3 2¾®

77. Nitrogen in N2 are bonded by one sigma and two pi bonds. Phosphorus

and other elements of this period, due to larger size, are very less likely
to form pi bonds, hence P4 is formed in which there is no pi bonds.

78. In given scheme : A = Ca OH( )2

B = NH HCO4 3, C = Na CO2 3

D = NH Cl4  and E CaCl= 2

79. (a) HNO + 2H SO + H O NH OH2 2 3 2 2
A B C

¾®  + 2H SO2 4

D

(b) In SO + H O H SO3 2 2 4¾® , sulphuric acid is obtained in misty
form and the reaction is explosive. By adding H SO2 4, above
reaction is prevented :

H SO + SO H S O2 4 3 2 2 7¾®  (oleum)

H S O + H O 2H SO2 2 7 2 2 4¾®     

In the contact process, V O2 5 is used as catalyst.

80. (i)                  P O + 6PCl 10 POCl4 10 5 3¾®

(ii) SnCl + 2C H Cl + 2Na Na SnCl + C4 2 5 2 4 4 10¾® H

O P

O O

O
O

O
P

O
O

O
P

P

O

(P O )4 10

O P

O O

O

O
O

P

O
O

O
P

P

O

HO—S—OH

O

O

——
—— P——OH

O——

H OH

HO—C—OH

O——

HO—S—O—S—OH

O

O

——
—— HO—Cr—OH

O——O

O

——
——

O

—— HO—S—OH

O——

P

O——

HO OHOH

HO—B—OH

OH
Monobasic
Lewis acid

Triprotic

P

O——

H OHH
Monoprotic



81. (a)                 PCl + SO POCl + SOCl5 2 3 2¾®

(b) Ca (PO ) + 4H PO 3Ca(H PO )3 4 2 3 4 2 4 2

triple superphosphate

¾®

82. The poisonous element M may be As. On the basis of given
information

AsCl + 6H AsH + 3HCl3 3
Zn /HCl
¾¾®

N

  2AsH 2As + 3H3 2¾®
D

M

83. (i) P + 20HNO 4H PO + 20NO + 4H O4 3 3 4 2 2¾®

(ii) 3KMnO + 5H O + 3H SO K SO4 2 2 2 4 2 4¾®

+ 2MnSO + 5O + 8H O4 2 2

(iii) P + 20HNO 4H PO + 20NO + 4H O4 3 3 4 2 2¾®

(iv) 2Al + 2NaOH + 2H O 2NaAlO + 3H2 2 2¾®

84.

    

85. (i) The size of both nitrogen and fluorine are very small as well
as they have very high electron density. Thus in NF3, N and
F repel each other stretching the N—F bond. Hence, in NF3,
N—F bond lengths are greater than the sum of their single
bond covalent radii.

(ii) Mg N + 6H O 3Mg(OH) + 2NH3 2 2 2 3¾®

MgCl2 is a salt of strong acid HCl and strong base Mg(OH)2

and therefore, not hydrolysed in aqueous solution.

(iii) In (SiH ) N3 3 , the lone pair of nitrogen is involved in p dp p-
bonding, less available on nitrogen for donation to a Lewis
acid, a weaker Lewis base

Carbon does not have any vacant d-orbitals, no such p dp p-
bonding occur in trimethyl amine, lone pair of nitrogen is
available for donation to Lewis acid, hence a stronger Lewis
base.

86. Ca (PO ) F + 5H SO + 10H O 3H PO5 4 3 2 4 2 3 4
Heat
¾®

+ 5CaSO 2H O + HF4 2×

87. PCl + SO POCl + SOCl5 2 3 2¾®
A B

88. Red phosphorus reacts with iodine in the presence of water to
form H PO3 3 and HI as–

2P + 3I + 6H O 2H PO + 6HI2 2 3 3 ¾®

89. SO2 acts as reducing agent on account of following reaction :

SO + 2OH SO + 2H + 22 4
2 +- - -¾® e

Hence, the above reaction proceeds in forward direction on

increasing concentration of HO- ion. H+  is on product side, 

adding H+  retards the reaction by sending it in backward
direction.

90.

91. Ammonia, in liquid state undergo self-ionisation as :

2NH NH + NH3 4
+

2q -

Thus, addition of NH Cl4  to liquid ammonia increases
concentration of NH4

+  in solution and NH Cl4  act as acid.

92. (i) Na CO + NO + NO 2NaNO + CO2 3 2 2 2¾®

(ii) 2KMnO + 2NH 2MnO + 2KOH4 3 2¾®  + 2H O + N2 2

(iii) P + 20HNO 4H PO + 20NO + 4H O4 3 3 4 2 2¾®

(iv) 2H S + NaHSO H 3S + 3H O + Na2 3
+

2
++ ¾®

(v) CaCO + CO + H O Ca(HCO )3 2 2 3 2¾®

93. (i) NaNO + Zn + NaOH Na ZnO2 2 2¾® 3  + NH + H O3 2

(ii) 2NaIO + 5NaHSO 3NaHSO + 2Na SO3 3 4 2 4¾®

+ I + H O2 2

94. N N—O N == N == Oºº ¬¾®
+ - - +

95. (i)   15CaO + 4P 5Ca P + 3P O4 3 2 2 5¾® ­
D

[Ca P + 6H O 3Ca(OH) + 2PH ] 53 2 2 2 3¾® ­ ´

 15CaO + 4P + 30H O 15Ca(OH)4 2 2¾®

+ 3P O + 10PH2 5 3­ ­

(ii) 2NH + CO + H O (NH ) CO3 2 2 4 2 3¾®

  CaSO + (NH ) CO CaCO + (NH ) SO4 4 2 3 3 4 2 4
gypsum

¾® ¯  

CaSO + 2NH + CO + H O CaCO (NH ) SO4 3 2 2 3 4 2 4¾® ¯ +

96. (i) In H PO3 3, there is only two replaceable H, hence dibasic

H—

O

P —

OH

OH
½½

½
 H—of OH are acidic, dibasic.

(ii) NH3 molecules are associated by intermolecular
H—bonds.

97. (i) 2H PO PH + H PO3 2 3 3 4

hypophosphorus
acid

¾®
D  (Disproportionation)

(ii) NaClO SO NaCl S 5H O3 2
10H

2+ ¾ ®¾¾ + +
+

98. SiO < CO < N O < SO2 2 2 5 3

99. (i) 4P + 10HNO + H O 5NO + 5NO + 4H PO3 2 2 3 4¾®

(ii) NaCl + NH OH + CO NH Cl + NaHCO4 2 4 3¾®
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100. Oxygen lacks empty d-orbitals in its valence shell, cannot
violate octet rule, hence in most of its compound it show only
divalency. On the other hand, sulphur has vacant 3d-orbitals in
its valence shell, can violate octet rule, show di, tetra and hexa
valency.

101. (i) MgO is used for the lining of steel making furnace because
it forms slag with impurities, and thus helps in removing
them from iron.

(ii) The mixture of N H2 4 and H O2 2 (in presence of Cu(II)
catalyst) is used as a rocket propellant because the reaction
is highly exothermic and large volumes of gases is evolved.

  N H ( ) + 2H O ( ) N ( ) + 4H O( )2 4 2 2 2 2l l g g¾®

(iii) In orthophosphorus acid (H PO )3 3  only two of the three H
are replaceable as

H—

O

P —

OH

OH
½½

½

(Only H of —OH are acidic)

(iv) In MgCl2, Mg is sp-hybridised while in SnCl2, Sn is

sp2-hybridised with a lone pair at Sn. Hence, MgCl2 is

linear while SnCl2 is angular.

102. (i) P + 3NaOH + 3H O 3NaH PO + PH4 2 2 2 3
Inert atm.

¾¾¾®

(phosphine)  

(ii) 4Sn + 10HNO 4Sn(NO )3 3 2
dil

¾® + NH NO + 3H O4 3 2

103. (i) 4S + 6OH 2S + S O + 3H O2
2 3

2
2

- - -¾®

(ii) ClO + 6I 6H SO Cl 6HSO–
3

–
2 4

– –
4+ ¾® +  + +3I 3H O2 2

104. (i) 2Ca (PO ) + 6SiO + 10C 6CaSiO3 4 2 2 3¾®
D

           + 10CO + P4
(white)

(ii) (NH ) SO + NO + NO 2N4 2 4 2 2¾®  + 3H O + H SO2 2 4

105. N N—O N== N ==Oºº ¬¾®
+ - - +

106. Fe (SO ) + 2KI 2FeSO + K SO + I2 4 3 4 2 4 2¾®

In the above reaction, strong reducing agent, iodide, reducing
ferric salt into ferrous salt.

107. A  B   C        

Asbestos Silicates of Ca and Mg Donar

Lithium metal Reducing agent Electron donor

Nitric oxide Paramagnetic Air pollutant

108.   (i)  2HNO + 6HCl 2NO + 3Cl + 4H O3 2 2¾®

 (ii)  2Ce + S O 2SO + 2Ce3+
2 8

2
4
2 4+- -¾®

(iii)       Cl + 2OH Cl + ClO + H O2 2
- - -¾®

109. Orthophosphoric acid (H PO )3 4  has three replaceable (acidic)

hydrogen while orthophosphorus acid (H PO )3 3  has only two
replaceable hydrogen.

HO—

O

P —

OH

OH

orthophosphoric acid
(it has three aci

½½

½

dic H)

  O—

O

P —

OH

OH

       orthophosphorus acid
(only two a

½½

½

cidic H, H directly
    bonded to P is not acidic)

110.

   

111. Rhombic sulphur has a eight membered puckered ring structure.

On heating ring tends to break and linear chain sulphur is
formed. When sulphur melts, the S8 rings slip and roll over 
one another very easily. It gives rise to a clear mobile liquid.

When liquid sulphur is further heated to higher temperature,
rings are broken giving long chain sulphur molecules. This
long chain molecules of sulphur gets entangled into one
another increasing viscosity of melt.

112. (i) In the presence of sunlight, concentrated nitric acid
decomposes partially as

Conc. HNO NO + H + O3 2
+

2¾®
hn

It is the NO2 which impart yellow colouration to nitric acid.

(ii) The bleaching action of bleaching powder is due to
presence of available chlorine, but in contact of moisture,
it releases chlorine decreasing the amount of available
chlorine. Hence, bleaching property decreases gradually as
bleaching powder is kept in open container for long time.

Topic 2 Element and Compound of
      Group 17 and 18

1. Ra dium (Ra) is a ra dio ac tive el e ment. Ra be longs to group 2
(al ka line earth met als), it is not a no ble gas.
Note In question noble gas which does not exist in the

atmosphere is asked and answer is Ra. But Ra (radium) is an

alkaline earth metal and not noble gas. It can be Rn (radon) and

is misprint in JEE Main Paper.

2. Halogens form halates and halides with hot and concentrated
solution of NaOH as :
 3 6 52X X X+ ¾® +NaOH Na Na O3 + 3 2H O

So, Cl2 will also give Cl- (as NaCl) and ClO3
-  

(as NaClO )3  in the above reaction.

Thus, option (b) is correct.
Note When halogens react with cold and dilute solution of

NaOH, hypohalites and halides are produced as:

  X X X2 2  2NaOH  Na Na O  H O+ ¾® + +  

3. Io dine re acts with con cen trated HNO3to yield HIO3 along

with NO2 and H O2 . The re ac tion in volved in as fol lows :

I  + 10HNO   2HIO  + 10NO  + 4H O2 3 3 2 2¾®

The oxidation state of ‘I’ in HIO3 is + 5 as calculated below :

1 3 2 0+ + - =x ( )

              x - =5 0, x = + 5 
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(i)
O

P

OH
H OH

phosphorus acid
3(P is sp -hybridised)

(ii)
O

P

HO
O

(pyrosphosphoric acid)

P

O

OH
OHHO



4. Chem i cal re ac tiv ity of halo gens de creases down the group.

The chemical reactivity follows the order.

\ F > Cl > Br > I2 2 2 2.

The highest reactivity of fluorine is attributed to two factors:

(i) The low dissociation energy of F F¾  bond (which results in 
low attraction energy for the reaction).

(ii) Very strong bonds which are formed. Both properties arise
from, small size of fluorine. I2 is being the least reactive
halogen, it requires a catalyst for the reaction.

H + I 2HI2 2 ¾®

5. In XeOF4 , Xe is sp d3 2-hybridised. Geometry of the molecule is

octahedral, but shape of the molecule is square pyramidal. 

According to VSEPR, theory it has one p bond. Remaining six
electron pairs form an octahedron with one position occupied by a 
lone pair.

Here, Xe contains one lone pair of electrons. 

6. The reaction in which oxidation and reduction occur
simultaneously are termed as redox reaction.

XeF   O  (  F )  X  eF   O  
+ 4

4

 1

2 2

 6

6

0

2+ ¾® +
+ +

Since, Xe  undergoes oxidation while O undergoes reduction.
So, it is an example of redox reaction.

7. Cl2, Br2 and I2 form a mix ture of ha lide and hypohalites when
re act with cold di lute al ka lies while a mix ture of halides and
haloate when re act with con cen trated cold al ka lies.

Cl   2NaOH  NaCl  NaClO  H O2 2+ ¾® + +
         Cold and dilute

\ Cl- and ClO- are obtained as products when chlorine gas
reacts with cold and dilute aqueous NaOH.

8. Interhalogen compounds are generally more reactive than
halogens (except fluorine).

9. Xe has highest boiling point.

10. PLAN This problem can be solved by using concept involved in
chemical properties of xenon oxide and xenon fluoride.

XeF6 on complete hydrolysis produces XeO3.

XeO3 on reaction with OH- produces HXeO4
- which on further

treatment with OH- undergo slow disproportionation reaction
and produces XeO6

4- along with Xe( )g , H O2 ( )l  and O2( )g  as a

by-product.

Oxidation half-cell in basic aqueous solution

          HXeO   5OH   XeO   3H O  24 6
4

2
- + - ¾® + +- e–

Reduction half-cell in basic aqueous solution

 HXeO   3H O  6   Xe  7OH4 2
- + + ¾® +- -e

Balanced overall disproportionation reaction is

        4HXeO   8OH 3XeO   Xe + 6H4 6
4

2 products

- - -+ ¾® +
1 244 344 2O

Complete sequence of reaction can be shown as

Thus, (c) is the correct answer.

11. De creas ing or der of strength of oxoacids

  HClO  > HClO  > HClO  > HOCl4 3 2

Reason Consider the structures of conjugate bases of each
oxyacids of chlorine.

Negative charge is more delocalised on ClO4
- due to

resonance, hence, ClO4
- is more stable (and less basic).

Hence, we can say as the number of oxygen atom(s) around
Cl-atom increases as oxidation number of Cl-atom increases and 
thus, the ability of loose the H+  increases.

12. In XeO F2 2, the bond ing ar range ment around the cen tral atom Xe is

4s bonds + 1.0 l p = 5

Hybridisation of Xe = sp d3

sp d3 -hybridisation corresponds to trigonal bipyramidal geometry. 

Also, in trigonal bipyramidal geometry, lone pairs remain
present on equatorial positions in order to give less electronic
repulsion.

NOTE According to Bent’s rule, the more electronegative atoms must
be present on axial position. Hence, F are kept on axial
positions.

13. Sodium thiosulphate, Na S O2 2 3 gets oxidised by chlorine water

as Na S O 4Cl 5H O 2NaHSO 8HCl2 2 3 2 2 4+ + ¾® +

FeCl3 oxidises Na S O2 2 3 to Na S O2 4 6.

14. I– is oxidised by MnO4
– in alkaline medium to form IO3

– 

2KMnO KI H O 2KOH 2MnO KIO4 2 2 3+ + ¾® + +

15. Amongst oxyacids of a given halogen, higher the oxidation
number of halogen, stronger the acid. Hence,

    HOCl  <  HClO   <  HClO   <  HClO2 3 4.

16. Pseudo halides must contain atleast one nitrogen atom.
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XeF +3H O        XeO + 3H F6 2 3 2 2

–
OH

HXeO4

–OH /H O (disproportionation)2

–

) XeO (s) + Xe(g) + H O(l + O (g)6  2 2
4-

O

Cl
O

O

Cl
O

O
O

O

–
–

Cl
O

O –
Cl—O –

Xe OO

F F

Xe

O

O

F

F

Remove

lone-pair
Xe

O

O

F

F
See-saw shape

Xe

O
F F

F F

Number of bp = 5

Number of lp = 1
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17. Among oxyacids of halogens, if there are same number of
oxygens bonded to central atom, higher the electronegativity of
halogen, stronger the acid. Hence,

IOH  <  BrOH  <  ClOH

18. All others has at least one S-S linkage.

KF + HF    K  + HF+
2¾® -

19. Among halogens, oxidising power decreases from top to bottom.
Hence, the upper halogen oxidises lower halides from aqueous
solution. Chlorine will oxidise bromide into bromine.

20. Moist chlorine gives nascent oxygen, act as oxidising agent :

        Cl + H O HCl + HOCl2 2 ¾®   

    HOCl HCl + [O]
 nascent oxygen
(bleaching action)

¾®

21. Fluorine, being the most electronegative, its size is very small.
Therefore, it does not have a tendency to loose electrons. Hence, 
HF does not act as a reducing agent.

22. (a) ClO4
- is more stable than ClO-.

(b) Incorrect : Cl H O HCl HOCl2 + ¾® +2

(c)

(d) HClO4 is stronger acid than H O2 .

23. Colour of halogen arises due to transition from HOMO to LUMO
in the visible region. On moving down a group, the difference in
energy between HOMO and LUMO decreases electronic
transition occur more easily and colour intensity increases.

24.

Compounds Hydridisation Structures 
Lone pair on
central atom

BrF5 sp d3 2 1

ClF3 sp d3 2

XeF4 sp d3 2 2

SF4 sp d3 1

25.

(a) Number of Cl O- ==  bonds in (ii) and
(iii) together is three. Hence, wrong.

(b) Number of Lone Pair on Cl in (ii) and (iii) together is three.
Hence, correct.

(c) In (iv), Cl is sp3-hybridised. Hence, correct.

(d) Amongst (i) to (iv), the strongest acid is (iv). Hence, wrong.

Passage 1 Q. Nos. (26-27)

2NaOH  Cl   NaCl  NaOCl  H O2
C

2
old

+ ¾¾® + +
P

       6NaOH  3Cl   5NaCl  NaClO   3H O2
hot

3 2+ ¾¾® + +
Q

    HOCl   NaOCl
hypochlorous
     acid

NaOH¾¾®
P

                    

      HClO   NaClO3 3

chloric acid

NaOH¾¾®
Q

       

   Cl   SO   SO Cl2 2 2 2+ ¾®
R

   

     10 SO Cl   P   4PCl   10 SO2 2 4 5 2
R S

+ ¾® +    

               PCl   4H O  H PO   5 HCl5 2 3 4+ ¾® +
T

Passage 2 Q.Nos. (28-29)

28. The in volved re dox re ac tions are :

2H  + OCl  + 2I   + - - ¾® Cl  + I  + H O2 2
- …(i)

            I  + 2S O   2 2 3
2- ¾®  2I  + S O4 6

2- - …(ii)

Also the n-factor of S O2 3
2- is one as

 2S O  S O   22 3
2

4 6
2- - -¾® +   e      

[one ‘e’ is produced per unit of S O2 3
2-]

Þ Molarity of Na S O  = 0.25 N  1 = 0.25 M2 2 3 ´

Þ m mol of Na S O2 2 3 used up = ´ =0.25 48 12

Now from stoichiometry of reaction (ii)

12 m mol of S O2 3
2- would have reduced 6 m mol of I2.

From stoichiometry of reaction (i)

m mol of OCl- reduced = m mol in I2 produced = 6

Þ Molarity of household bleach solution = = 
6

25
  0.24 M

Short cut Method
Milliequivalent of Na S O  2 2 3 = milliequivalent of OCl-

             = 0.25  48´   = 12

Also n-factor of OCl   2- =  [Cl     Cl ,+ -¾®  gain of 2e- ]

Þ m mol of OCl- =
12

2
= 6 m mol. Remaining part is solved in

the same manner.

29. Bleach ing pow der is Ca(OCl)Cl. There fore, the oxoacid whose

salt is pres ent in bleach ing pow der is HOCl. An hy dride of HOCl 
is  Cl O2  as

2 HOCl    Cl O + H O2 2¾®

NOTE The oxidation number of element in anhydride and oxoacid
remains the same.

Passage 3 Q.Nos. (30-32)

Br
F

F

F

F
F

Cl

F

F

F

Xe
F

F

F

F

H ¾ O ¾ Cl

(i)

H ¾ O ¾ Cl == O

H ¾ O ¾ Cl == O

(ii)

(iii)

==

O

H ¾ O ¾ Cl == O

(iv)

==

O

O

==

ClHO O

O

O

3sp

ClHO

3sp
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30. Ar, being inert, provide inert atmosphere in arc welding, and
prevent from undesired oxidation.

31. O Xe

O

O==

½½

==
· ·

Xe is sp3-hybridised with one lone pair. Hence, molecule of

XeO3 has pyramidal shape.

32. Both XeF4 and XeF6 are strong oxidising agent.

33. (CH ) SiCl + H O (CH ) Si(OH) + 2HCl3 2 2 2 3 2 2¾®

3XeF + 6H O XeO + 2Xe + 12HF +
3

2
O4 2 3 2¾®

Cl + H O HCl + HOCl HCl +
1

2
O2 2 2¾® ¾®

VCl + H O VOCl + 2HCl5 2 3¾®

34. KI + I KI2 3¾®

35. Among HX, acidic strength increases from HF to HI.

36. Br2 is disproportionated in ba sic me dium as
    3Br  + 3Na CO 5NaBr + NaBrO  + CO2 2 3 3 2¾¾® 3

37. 2XeF + 3H O Xe + XeO + F + 6HF4 2 3 2¾®

38.

    

39. Halogen above in the group oxidises halide below to it from
their aqueous solution, e.g.
   Cl + 2I ( ) 2Cl + I2 2

- -¾®aq

40. Ca(OH) + Cl CaOCl + H O2 2 2 2
40 C

¾¾®
°

41. (i)  2KI + Cl 2KCl + I2 2¾¾®

(ii) 2KClO + I 2KIO + Cl3 2 3 2¾¾®

42. (i) Due to small size and high electron density of fluorine
atom, there exist a significant repulsions between
fluorine atoms in F2, they have greater tendency to get
apart. Hence, bond energy of F2 is less than that of Cl2.
This is against to bond-length bond-energy
relationship,.

(ii) Sulphur dioxide is a more powerful reducing agent in
alkaline medium because nascent hydrogen is produced in 
the presence of moisture 

i.e. SO H O H SO H2 2 2 42 2+ ¾® +

And alkaline solution neutralises the acid i.e. H SO2 4 and
shift the equilibrium in the forward direction producing
more nascent hydrogen. But in acidic medium the
equilibrium will suppressed resulting in a lesser amount
of nascent hydrogen.

43. NaBrO + 3F 3F O + NaBr3 2 2¾®

44. HOCl < HOClO < HOClO < HOClO2 3

45. 2IO + 5HSO I + H O3 3 2 2
- - ¾®  + 3HSO + 2SO4 4

2- -

46. Cl  + FeBr     FeCl  + Br2 2 3 2¾®

47. ClO + 6I + 6H SO   Cl3 2 4
- - -¾®  + 6HSO  + 3I  + 3H O4 2 2

-

48. (i) Bond strength is inversely related to bond length. Hence,
bond energy : HI  <  HBr  <  HCl  <  HF

(ii) HI(– 1)  <  I (0)  <  ICl(+1)  <  HIO  (+7)2 4

49. F2 itself, is the strongest oxidising agent. Therefore, chemical

reagent cannot oxidise fluoride to fluorine.

50. Complete and balance the following reactions

  Cl + 2OH Cl + ClO + H O2 2
- - -¾®

51. The bleaching action of bleaching powder is due to presence of
available chlorine, but in contact of moisture, it releases chlorine
decreasing the amount of available chlorine. Hence, bleaching
property decreases gradually as bleaching powder is kept in open
container for long time.

52. (i) HBr is a stronger reducing agent, reduces cencentrated 

H SO2 4 to SO2. Hence, HBr cannot be prepared by heating 

bromide salts with concentrated H SO2 4.

(ii) Hypochlorous acid is acidic in nature, therefore it turns
blue litmus paper into red. However, HOCl is also an
oxidising acid (bleaching), it bleaches red colour to
finally colourless.

53. (i) Ca(OH)  + Cl     CaOCl  + H O2 2 2 2

40 C
¾®

°

(ii) 3Cu +  8HNO  (dil)    3Cu(NO )3 3 2¾® + 4H O + 2NO2

(iii) 2NaCl + 2H SO  + MnO   2 4 2 ¾® Na SO  + MnSO2 4 4

+ 2H O + Cl2 2

(iv) Al O  + 3C + 3Cl    2AlCl  + 3CO2 3 2 3¾®
D

—Si—O—Si—O—Si—O

CH3

CH3

Polymerisation

CH3

CH3

Cl

CH3
silicone

Xe

F

F
linear

F

F

Xe

F

F

square planar

Xe

F

F
see-saw shaped

O

O
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