


The Transitional Elements-(d-Block)

• A typical transition element shall have an incompletely
filled d-sublevel either in its elemental form or in any of
its chemically significant oxidation states.

• d - block general electronic configuration is  (n –1) d1–10 ns1–2.

There are four series in the d block:

1st 3d series Sc21 - Zn30 9 + 1 = 10  

2nd 4d series Y39 - Cd48 9 + 1 = 10  

3rd 5d series La57, Hf72 - Hg80            9 + 1 = 10  

4th 6d series Ac89, Unq104- Uub112      9 + 1 = 10

Properties of d-block elements

• The transition elements exhibit typical characteristic
properties. This is due to their small atomic sizes, large
nuclear charges and the presence of unpaired d - electrons

• The metals of 4d & 5 d transition series have greater
enthalpy of atomization than corresponding element
of first series. More frequent metals – metals bonding in
their compounds.

• Enthalpy of atomization: V > Ti > Ni > Co > Fe> Cr >
Cu > Sc > Mn > Zn

Atomic radii

• Atomic radii of these elements first decrease and then
increases, with the increase in atomic number.

• Due to lanthanoid contraction, atomic radii increase down
the group but radii of third series are virtually the same
as those of the corresponding members of second series.

Ionisation enthalpy

• Ionisation energy increases with increase in nuclear
charge along each series. The first ionisation enthalpies
of Zn, Cd, Hg are very high because of fully filled
configurations.

• Ionization enthalpy of 5d – series are much higher than
3d & 4d – compounds. Weak shielding of nucleus by 4f
electrons in 5d series by which greater effective nuclear
charge act on valence electron.

Oxidation State

• T.E metal has different O.S., this is due to the participation
of inner (n – 1) d-electrons in addition to outer ns-electrons
because, the energies of the ns and (n – 1) d-sub-shells are
nearly same.

• The compound in +2 and +3 oxidation state are mostly
ionic in d-block elements.

Electrode Potenial

• Mn+3 and Co+3  are strong oxidising agents due to high
S.R.P of M+3/M+2 values.

• Due to its low hydration enthalpy Cu has positive E0

value.

• Ni2+ has exceptional E° value. High negative enthalpy of
hydration.

• All the elements of 3d – series are good reducing agent
except copper. All elements of 3d – series has negative
E°(M2+/M) but copper has high positive electrode
potential.

Magnetic properties

No. of unpaired electrons is calculated by:

• Magnetic moment : ( )n n 2 BMµ = +

n = number of unpaired electrons.

• Only complex is coloured due to d-d transition and also
paramagnetic in nature if unpaired electron is present.

• Only complex is colourless due to the absence of d-d
transition and diamagnetic in nature if unpaired electron
is absent, .
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Colours of Transition Metal Ions

• The colour of the transition metal ion depends on the
number of electrons undergoing the d-d transition and the
energy difference between these d-orbitals

• Cu+ , Ag+ , Au+ are colourless. There are no vacant d –
orbital for promotion of electrons from excited state to
ground state.

Catalytic properties of transition metals

• Transition  metals  and  their  compounds  act  as good
catalysts. This is due to the presence of free valencies and
also variable oxidation states.

Formation of interstitial compound

• Transition metals also have a tendency to form interstitial
compounds with H, C, B, or N-atoms.

Some important d-block metal compounds

Potassium dichromate (K
2
Cr

2
O

7
) :

Preparation

4 Fe Cr2 O4 + 8Na2 CO3 + 7O2 → 8 Na2 Cr O4 +  2Fe2O3 + 8CO2

Na2 CrO4 + H2SO4 → Na2Cr2O7 + Na2 SO4 + H2O

Na2Cr2O7 + 2KCl → K2Cr2O7 + 2NaCl
Properties

• In Cr2O7
2–, two CrO3 units are bonded to sp3 hybrid

oxygen atom.
• Cr atom is surrounded by four oxygen atoms tetrahedrally.
• K2Cr2O7 can be used as a primary standard. Due to

absence of hygroscopic.

Potassium dichromate are orange crystals and are
moderately soluble in cold water but readily soluble in
hot water.

• Cr(VI) in the form of dichromate in acidic medium is a
strong oxidising agent where MoO3 and WO3 are not. In
d-block elements higher oxidation states are favoured by
heavier members.

Chemical properties

• On  heating  K2Cr2O7 with  alkalies,  it  is  converted  to
chromate, i.e., the colour changes from orange to yellow.
On acidifying, Cr2O4

2-yellow colour again changes to
orange.
K2Cr2O7 + 2KOH → 2K2CrO4 + H2O
Orange Yellow
2CrO4 + 2H+ → Cr2O7

2– + H2O
Yellow Orange

Chromyl chloride test: A metal chloride on heating with
solid K2Cr2O7  and conc.H2SO4 gives  red vapours of
chromyl chloride (Cr O2Cl2).

K2Cr2O7 + 4KCl + 6H2SO4 → 2CrO2Cl2 + 6KHSO4 + 
3H2O(red vapours)

• Dichromate ions forms deep blue colour with H2O2. Due
to the formation of peroxo compound [CrO5] soluble in
ether.

Potassium Parmanganate (KMnO
4
)

Preparation:

  2 MnO2+ 4KOH + O2 → 2K2MnO4 + 2H2O

Disproportionation :

  3MnO4
2  – + 4H+ → 2MnO4

–  + MnO2 + 2H2O

K2MnO4 can be converted to KMnO4 by

Electrochemical Oxidation :

at anode : MnO4
2  – → MnO4

–  + e–

Green    purple

  at cathode : 2H+ + e– → H2

Properties

Potassium permanganate is sparingly soluble in water 
and dark purple (almost black) crystals.

• The manganate and permanganate ions are tetrahedral;
the green manganate is paramagnetic with one unpaired
electron but the permanganate is diamagnetic.

• The n-bonding takes place by overlap of p orbitals of
oxygen with d orbitals of manganese.

• Volumetric analysis of Potassium parmanganate :
Involve KMnO4 carried out only in presence of dil. H2SO4
but not in the presence of HCl or HNO3 because HCl is
oxidised to Cl2 and HNO3 is itself a strong oxidising agent
and partly oxidises the reducing agent.

The Inner Transition Elements (f-Block)

f - block : It is also called inner - transition elements

• General electronic configuration: (n – 2) f1–14 , (n – 1)
d0–10,  ns2

• They have 2 series.
 4f – elements = lanthanoids, 5f =  actinoids. 

Lanthoids
General electronic configuration of Lanthanides
4 f1-14 5 d0–1 6s2

Atomic Size

• The radii of members of 5d-series are similar to those
of corresponding members of 4d-series due to lanthanoid
contraction. eg: Zr and Hf have almost same radii and
due to same radii they have similar physical and chemical
properties.  That’s why they are also known as chemical
twins of the periodic table.
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• There is fairly regular decrease in the sizes with increasing
atomic number.

Ionisation energy

• Lanthanides  have  fairly  low  Ionisation  energies.
• The IE1 & IE2 values are quite comparable to those of

alkaline earth metals particularly calcium. (IE1 600 kJ/
mole, IE2 1200 kJ/mole).

• La, Gd, Lu have low IE3 values due to empty, half filled
and completely filled f orbitals respectively

Magnetic behaviour

• Lanthanide ions (M3+) generally show paramagnetism
due to the unpaired electrons in f-orbitals.

Color

• The colour is attributed to f-f transitions since they have
partly filled f-orbitals. (Absorption bands are narrow
probably because of the excitation within f-level)

Oxidation State

• The common oxidation state exhibited by Lanthanides
is + 3. +3 oxidation state in Lanthanum, Gadolinium
and Lutetium are especially stable because +3 ions of
these elements have an empty (f0), a halffilled [f7] and
completely filled (f14)] configurations.

• The formation of Ce(IV) is favoured by noble gas
configuration

• Ce(IV) is a good analytical reagent. The reaction rate is
very slow.

• La(OH)3 is most basic while Lu(OH)3 is least basic. As
the size of lanthanoids decreases covalent character of
hydroxide increase & basic character decreases.

Actniods

• General  outer  electronic  configuration  is  5f1–14 6d0–1 7s2

• Ionic Sizes: The general trend in lanthanoids is observable
in the actinoids as well. There is a gradual decrease in the
size of atoms or M3+ ions across the series.This may be
referred to as the actinoids contraction (like lanthanoids
contraction). The contraction is, however, greater from
elements to  element  in  this  series  resulting  from  poor
shielding by 5f electrons.

Oxidation States

• Actinoids exhibit a larger number of oxidation state
because of the comparable energies of 5f,6d and 7s
energy levels.

• The actinoids show in general +3 oxidation state. The
elements, in the first half of the series frequently exhibit
higher  oxidation  states.

Comparison Between Lanthanoids and actinoids

Lathanoids Actinoids

• Lanthanum - 57 though a d -  block element is also included
in the lanthanoid series because it closely resembles
lanthanoides

• Actinoid series also includes Actinium 89.

• Due to poor shielding of one 4f-electrons by another they
shows lanthanoid contraction

• Due to poor shielding effect of the 5f-electrons, they show
actinoid contraction.

• Trivalent lanthanoide ions (La3+) are coloured both in solid
and in aqueous solutions.

• Actinoids are generally radioactive and shows in general
+3 oxidation state.

• The compounds of lanthanoids are less basic. • Actinoids  compounds are radio active in nature.
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Characteristics of d-block Elements 
[NCERT Pg 210-224]

1. The correct configuration for d-block is:
a. (n–1)d1–9 ns1 b. (n–1)d1–10 ns1–2

c. (n–1)d1–5 d. (n–1) d1–10 ns2

2. Which one of the following transition metals ions is
colourless in aqueous solution?
a. Ti4+ b. V4+

c. Mn2+ d. Fe3+

3. Which one of the following is a d-block element?
a. Gd b. Zn
c. Es d. Cs

4. Which of the following has maximum unpaired
d-electrons?
a. Zn2+ b. Fe2+

c. Ni2+ d. Cu+

5. The spin only magnetic moment of Fe3+ ion (in BM) is
approximately:
a. 4 b. 7
c. 5 d. 6

6. The highest oxidation state exhibited by transition
metals is:
a. +7 b. +8
c. +6 d. +5

7. The magnetic moment µ, of transition metals is related
to the number of unpaired electron, n as:
a. µ = n (n + 2) b. µ = n2(n + 2)

c. n
n 2

µ =
+

d. ( )n n 2µ = +

8. Transition metal show paramagnetic behaviour. This is
because of their:
a. High lattice energy
b. Variable oxidation state
c. Characteristic configuration
d. Unpaired electrons

9. Stainless steel contains:
a. Fe + Cr + Cu b. Fe + C +  Ni
c. Fe + Cr + Ni d. Fe + Ni + Cu

10. Which of the following pairs of ions have the same
electronic configuration?
a. Cu2+ , Cr2+ b. Fe3+ , Mn2+

c. Co3+ , Ni3+ d. Sc3+ , Cr3+

11. The magnetic moment of a divalent ion in aqueous
solution with atomic number 25 is:
a. 5.9 BM b. 2.9 BM
c. 6.9 BM d. 9.9 BM

12. The correct order of number of unpaired electron is:
a. Cu2+ > Ni2+ > Cr3+ > Fe3+

b. Ni2+ > Cu2+ > Fe3+ > Cr3+

c. Fe3+ > Cr3+ > Ni2+ > Cu2+

d. Cr3+ > Fe3+ > Ni2+ > Cu2+

13. In which one of the following pairs metals have same
number of unpaired electrons?
a. Cr, Cu b. Mn, Zn
c. Sc, Zn d. Sc, Cu

14. The variable oxidation state are exhibited by the elements
of 3d-series because:
a. They contain unpaired electrons in 3d
b. 4s-electrons are readily involved in bonding
c. Energy difference between 3d and 4s orbitals is small
d. 3d- electrons only are involved in bonding

15. Only one oxidation state is possible with:
a. Cu b. Zn
c. Fe d. Mn

16. The oxidation state of +1 is possible with:
a. Cu and Cr b. Cu and Zn
c. Cr and Zn d. Mn and Zn

17. In which one of the following, the first is more stable
than the second?
a. Ti3+, Ti4+ b. Mn3+, Mn2+

c. Na, Na+ d. Fe3+, Fe2+

18. The magnetic moment of Ni2+ ion (atomic number of
Ni = 28) in BM unit is:
a. 1.73 b. 4.81
c. 5.96 d. 2.84

19. Which of the following transition metal is not coloured?
a. Cu+ b. V3+

c. Co2+ d. Ni2+

20. The ion of least magnetic moment among the following
is:
a. Ti3+ b. Ni2+

c. Co2+ d. Mn3+

21.  Which of the following pairs of elements cannot form an
alloy?
a. Zn , Cu b. Fe, Hg
c. Fe, C d. Hg,Na

Self Assessment Questions



Objective NCERT Gear UP Chemistry182 |

22. Essential component of amalgam is:
a. Fe b. Pb
c. Hg d. Cr

23. Which of the following pairs magnetic moment is same?
a. MnCl2 , CuSO4 b. CuCl2 , TiCl3
c. TiO2 , CuSO4 d. TiCl3 , NiCl2

24. The stability of ferric ion is due to:
a. Half-filled f-orbitals
b. Half-filled d-orbitals
c. Completely filled f-orbitals
d. Completely filled d-orbitals

25. Which of the following compounds is not coloured?
a. Na2[CuCl4] b. Na2[CdCl4]
c. K4[Fe (CN)6] d. K3[Fe (CN)6]

26. Electronic configuration of a transition element X in +3
oxidation state is [Ar] 3d5.  What is its atomic number?
a. 25 b. 26
c. 27 d. 24

27. Which of the following is not an amphoteric ion?
a. Al3+ b. Cr3+

c. Fe3+ d. Zn2+

28. Which of the following d-block elements have same
configuration of (n-1) d subshell?
a. Cu , Zn b. Cr, Cu
c. Cr, Zn d. Co, Ni

29. The correct order of decreasing second ionization
enthalpy of Ti (22), V(23), Cr(24), and Mn (25) is:
a. Ti > V > Cr > Mn
b. Cr > Mn > V > Ti
c. V > Mn > Cr > Ti
d. Mn > Cr > Ti > V

30. The maximum number of unpaired electrons are present
in:
a. Fe b. Fe2+

c. Fe4+ d. Fe3+

31. Among the following the most stable ion is:
a. Fe2+ b. Sc4+

c. Mn3+ d. Mn2+

32. Which one of the following compounds is expected to
be coloured?
a. TiCl3 b. Cu2Cl2
c. ZnSO4 d. ScCl3

33. In the reaction, Cu → Cu+ + e– , the electron is lost from
the subshell:
a. 3d b. 4s
c. 3p d. Either 3d or 4s

34. The ion, Cu+ is isoelectronic with:
a. Cu2+ b. Mn2+

c. Zn2+ d. Sc3+

35. Which one of the following species will impart colour in
its aqueous solution:
a. Cr3+ b. Cu+ c. Zn2+ d. Ti4+

36. For which one of the following pairs, both exhibit same
highest oxidation state?
a. Ti, Ni b. Ti, Cu
c. Cr, Cu d. Sc, Zn

37.  Which one of the following ions is coloured in its
aqueous solution?
a. V3+ b. Zn2+ c. Cu+ d. Ti4+

38.  Which one of the following has the highest number of
unpaired electrons?
a. Co2+ b. Ni2+ c. Fe2+ d. Mn2+

39. Which one of the following configurations represents
the ion which would be colourless?
a. 3d4, 4s0 b. 3d3, 4s0

c. 3d5, 4s0 d. 3d10, 4s0

40. The elements of 3d-series will give coloured compounds
of its ions containing:
a. Vacant 3d-orbitals
b. Unpaired electrons in 3d
c. Unpaired electrons in 4s
d. Both (a) and (b)

41. In which one of the following pairs of ions, both are
colorless?
a. Sc3+, Ti3+ b. Cu+, Fe2+

c. Ti4+, Cu+ d. V3+, Zn2+

42. Among the following, the lightest transition element is:
a. Fe b. Os c. Sc d. Co

43. The d-block elements include:
a. Metals and non-metals
b. Only non-metals
c. Only metals
d. Metals, non-metals metalloids

44. In the long form of the periodic table, the columns or
groups to which the elements of d-block belong are:
a. 1 to 10 b. 3 to 12
c. 2 to 11 d. 6 to 15

45. The elements of transition series are those which have:
a. Incomplete outermost shell
b. Completely filled outermost shells
c. Incomplete inner orbitals
d. None of these

46. The actual configuration of Cr is:
a. [Ar] 3d5 4s1 b. [Ar] 3d4 4s2

c. [Kr] 3d5 4s1 d. [Kr] 3d4 4s2

47. Transition metal with low oxidation number will act as
a. A base
b. An acid
c. An oxidising agent
d. None of these
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48. Which of the following pair will have effective magnetic
moment equal?
a. Cr+3 and Mn+2 b. Cr+2 and Fe+2

c. V+2 and Sc+3 d. Ti+2 and V+2

49. Mn2+ can be converted into Mn7+ by reacting with
a. SO2 b. Cl2
c. PbO2 d. SnCl2

50. Which transition metal reduces steam to evolve
hydrogen?
a. Mg b. Fe
c. Sc d. Pt

51. Out of all the known elements, the percentage of
transitional elements is approximately
a. 30% b. 50%
c. 60% d. 75%

52. The number of d-electrons in Fe2+ (at no. of Fe = 26) is
not equal to that of the
a. p – electrons in Ne (at. no. = 10)
b. s – electrons in Mg (at. no. = 12)
c. d – electrons in Fe
d. p – electrons in Cl– (at. no. of Cl = 17)

53. Which of the following weighs less when weighed in
magnetic field?
a. VCl3 b. ScCl3
c. TiCl3 d. FeCl3

54. The atomic number of vanadium (V), chromium (Cr),
manganese (Mn) and iron (Fe) are respectively
23, 24, 25 and 26 which one of these may be expected to
have the highest second ionization enthalpy
a. V b. Cr
c. Mn d. Fe

55. The correct order of magnetic moments (spin only values
in B.M.) among is
a. [Fe(CN)6]

4– > [MnCl4]
2– > [CoCl4]

2–

b. [MnCl4]
2– > [Fe(CN)6]

4– > [CoCl4]
2–

c. [MnCl4]
2– > [CoCl4]

2– > [Fe(CN)6]
4–

d. [Fe(CN)6]
4– > [CoCl4]

2– > [MnCl4]
2–

56. What is the magnetic moment of [FeF6]
3–

a. 5.92 b. 5.49
c. 2.32 d. 4

57. Percentage of silver in German silver is
a. 0% b. 1%
c. 5% d. None of these

58. Which of the following has diamagnetic character?
a. [NiCl4]

2– b. [CoF6]
3–

c. [Fe(H2O6)]
2+ d. [Ni(CN)4]

2–

59. German silver is an alloy of
a. Copper, zinc and nickel
b. Copper and silver
c. Copper, zinc and tin
d. Copper, zinc and silver

60. Which metal is used to make alloy steel for armour
plates, safes and helmets?
a. Al b. Mn b. Cr d. Pb

61. Solder is an alloy of
a. 70% lead, 30% tin
b. 30% lead, 70% tin
c. 80% lead, 20% tin
d. 90% Cu, 10% tin

Compounds of Transitional Elements 
[NCERT Pg 224-227]

62. Which of the following reactions is not correct?
a. MnO4

– + 8H+ + 5Fe2+ → 5 Fe3+ + Mn2+ + 4H2O
b. 2MnO2 + 4KOH + O2 → 4KMnO4 + 2H2O
c. 2Na2CrO4 + 2H+ → Na2Cr2O4 + 2Na+ + H2O
d. K2Cr2O7 + 7H2SO4 + 6KI → 4K2SO4 + Cr2(SO4)3 +

3I2 + 7H2O
63. The basic character of the transition metal monoxides

follows the order:
a. VO > CrO > FeO
b. CrO > VO > FeO > TiO
c. TiO > FeO > VO > CrO
d. TiO > VO > CrO > FeO

64. One mole of acidified K2Cr2O7 on reaction with excess
KI will liberate ........Mole (s) of I2:
a. 6 b. 3 c. 7 d. 2

65. KMnO4 acts as an oxidising agent in acidic medium. The
number of moles of KMnO4 that will be needed to react
with one mole of sulphide ions in acidic solution is:
a. 2/5 b. 3/5 c. 4/5 d. 1/5

66. The oxidation state of chromium is + 6 in:
a. Potassium chromate
b. Potassium dichromate
c. Both (a) & (b)
d. None of these

67. The oxidation state of Mn in potassium manganate is:
a. +7 b. +6
c. +4 d. +5

68. Acidified K2Cr2O7 solution turns green when Na2SO3 is
added to it. This is due to the formation of:
a. CrSO4 b. Cr2 (SO4)3
c. CrO4

2- d. Cr(SO3)3

69. Identify the correct structure of dichromate ion:

a.  b. 

c.    d.
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70. Potassium permanganate acts as an oxidant in neutral,
alkaline as well as acidic media. The final products
obtained from it in the three conditions are, respectively
a. MnO2, MnO2, Mn2+

b. MnO4
2–, Mn3+, Mn2+

c. MnO2, MnO4
2–

d. MnO, MnO4, Mn2+

71. When calomel reacts with NH4 OH, we get
a. HgNH2Cl b. NH2 – Hg – Hg – Cl
c. Hg2O d. HgO

72. AgCl dissolves in a solution of NH3 but not in water
because
a. NH3 is a better solvent than H2O
b. Ag+ forms a complex ion with NH3
c. NH3 is a stronger base than H2O
d. The dipole moment of water is higher than NH3

73. A white powder soluble in NH4OH but insoluble in water
is
a. BaSO4 b. CuSO4
c. PbSO4 d. AgCl

74. Correct formula of calomel is
a. Hg2Cl2 b. HgCl2
c. HgCl2,H2O d. HgSO4

75. One of the important use of ferrous sulphate is in the
a. Manufacture of blue black ink
b. Manufacture of chalks
c. Preparation of hydrogen sulphide
d. Preparation of anhydrous ferric chloride

76. Copper sulphate is not used
a. In electrotyping
b. In dyeing and calicoprinting
c. In detecting water
d. As fertilizer

77. Metal oxides which decomposes on heating is
a. ZnO b. Al2O3
c. HgO d. Na2O

78. In which of the following ionic radii of chromium would
be smallest
a. K2CrO4 b. CrO2
b. CrCl3 d. CrF2

79. The compound of copper which turns green on keeping
in air is
a. Copper sulphate b. Copper nitrate
c. Cupric chloride d. Cuprous chloride

80. Cu2Cl2 with HCl in presence of oxidising agents gives
a. CuCl2 b. H2CuCl2
c. Hydrogen gas d. Chlorine gas

81. Which is mild oxidising agent?
a. Ag2O b. KMnO4
c. K2Cr2O7 d. Cl2

82. KMnO4 in basic medium is reduced to
a. K2MnO4 b. MnO2
c. Mn(OH)2 d. Mn2+

83. Amalgams are
a. Highly coloured alloys
b. Always solid
c. Alloys which contain mercury as one of the contents
d. Alloys which have great resistance to abrasion

84. Which of the following statement is not true?
a. Colourless compounds of transition elements are

paramagnetic.
b. Coloured compounds of transition elements are

paramagnetic.
c. Colourless compounds of transition elements are

diamagnetic.
d. Transition elements form the complex compounds.

85. Aqueous solution of ferric chloride is
a. Acidic b. Basic
c. Neutral d. Amphoteric

86. A group of acidic oxide is
a. CrO3, Mn2O7 b. ZnO, Al2O3
c. CaO, ZnO d. Na2O, Al2O3

87. Hybridization of [Ni(CO)4] is
a. sp3 b. d2sp3

c. sp3 d d. sp2

88. How H2S is liberated in laboratory?
a. FeSO4 + H2SO4
b. FeS + dil H2SO4
c. FeS + conc. H2SO4
d. Elementary + elementary S

89. Guignet’s green is known as
a. Cr2O3. 2H2O b. Cus
c. Fe2S3 d. FeS

90. Pure conc. HNO3 makes iron passive as the surface is
covered with protective layer of
a. Fe2O3 b. FeO
c. Fe3O4 d. Fe(NO3)3

91. Railway wagon axles are made by heating rods of iron
embedded in charcoal powder. The process is known as
a. Case hardening b. Sheradizing
c. Annealing d. Tempering

92. The action of steam on heated iron is represented as
a. 3Fe + 4H2O → Fe3O4 + 4H2
b. 2Fe + 3H2O → Fe2O3 + 3H2
c. Fe + H2O → FeO + H2
d. 2Fe + H2O + O2 → Fe2O3 + H2

93. The chemical processes in the production of steel from
haematite ore involve
a. Reduction
b. Oxidation
c. Reduction followed by oxidation
d. Oxidation followed by reduction
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94. An extremely hot copper wire reacts with steam to give
a. CuO b. Cu2O c. Cu2O2 d. CuO2

95. Zinc when reacted with excess of NaOH gives
a. Zinc hydroxide
b. Zinc oxide
c. Di sodium zincate
d. Sodium zincate

96. Pair of metals which dissolves in NaOH solution
a. Al, Cu b. Zn, Hg
c. Zn, Cu d. Zn, Al

97. Reaction of zinc with cold and very dilute nitric acid
yields
a. Zn(NO3)2 + N2O
b. Zn(NO3) + NO
c. Zn(NO3)2 + NH4NO3
d. Zn(NO3) + NO2

Lanthanoids and Actinoids 
[NCERT Pg 227-233]

98. The pair that is referred as ‘chemical twins’ is:
a. Ac, Cf b. Hf, Ta
c. Tc, Re d. La,Ac

99. The common oxidation state shown by lanthanides in
their compounds is:
a. +1 b. +3
c. +5 d. +16

 100. Zr and Hf have almost equal atomic and ionic radii 
because of:
a. Diagonal relationship
b. Lanthanoid Contraction
c. Actinoid contraction
d. Belong to the same group

 101. The correct configuration of f-block elements is:
a. (n–2) f1–14 (n–1) d0–10 ns2

b. (n–1) f1–14 (n–1) d0–10 ns2

c. (n–3) f1–14 (n–2) d0–10 (n–1) s2

d. (n–2) f0–1 (n–1) d0–10 ns2

 102. In lanthanoids the last electron enters (n-2)f subshell 
where n is equal to:
a. 4 b. 5 c. 6 d. 7

 103. The number of unpaired electrons present, as per 
accepted electronic configuration in Yb (70) is / are:
a. 0 b. 1 c. 2 d. 7

 104. The total number of unpaired electrons, present in an 
atom of Gd (64), are:
a. 7 b. 8 c. 1 d. 10

 105. Gd (64) gives an oxidation state of only +3 because:
a. It contains 3 unpaired electrons
b. In +3 oxidation state it has unstable configuration
c. In +3 oxidation state it has stable configuration
d. There are 3 electrons present in 4f in +3 oxidation

state

 106. Across the lanthanide series, the basicity of the 
lanthanoide hydroxides:
a. Increases
b. Decreases
c. First increases and then decreases
d. First decreases and then increases

 107. Which is the non-lanthanide element?
a. La b. Lu
c. Pr d. Pm

 108. The 4f-electrons do not affect the properties of 
lanthanoids because they: 
a. Are inactive in nature
b. Are all paired
c. lie well in the interior of the atom
d. lie well in the interior of the atom and hence not

exposed of surroundings

 109. The incorrect statement among the following is:
a. d-block elements show irregular and erratic chemical

properties
b. La and Cu have partially filled d-orbitals and no other

partially filled orbitals
c. The chemistry of various lanthanoids is very similar
d. 4f and 5f orbitals are equally shielded

 110. The atomic number of 4f-series range from:
a. 57 to 71 b. 58 to 71
c. 58 to 72 d. 57 to 72

 111. The f-block elements are characterized by:
a. Filled of 4f-subshell
b. Filling of (n-2) f-subshell
c. Vacant (n-2) f-orbitals
d. Both (b) and (c)

 112. Which of the following ion is paramagnetic?
a. La3+ (Z = 57) b. Lu3+ (Z = 71)
c. Yb2+ (Z = 70) d. Sm3+ (Z = 62)

 113. What is the total number of inner transition elements in 
the periodic table?
a. 10 b. 14
c. 30 d. 28
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1. Which one of the following reactions is incorrect?
a. FeCr2O4 + Na2CO3 + O2 → Na2CrO4 + Fe2O3 + CO2

b. Na2Cr2O7 + KCl → K2Cr2O7 + NaCl
c. K2Cr2O7 + NaCl + H2SO4 → KHSO4 + NaHSO4 +

CrO3 + H2O
d. None of these

2. Maximum oxidation state is shown by:
a. Os b. Mn
c. Cr d. Co

3. E° values for the couples Cr3+/Cr2+ & Mn3+/Mn2+ are 

–0.41 & + 1.51 V respectively. Considering these values
select the correct option:
a. Cr2+ acts as a reducing agent and Mn3+ acts as an

oxidising agent in their aqueous solutions
b. Cr2+ (aq) is more stable than Cr3+

(aq)

c. Mn3+
(aq) is more stable than Mn2+

(aq)

d. None of these

4. A compound of iron exists in a dimeric form in the
vapour state. It is hygroscopic in nature and dissolves in
water giving brown acidic solution. The compound is:
a. Fe3O4 b. FeSO4

c. FeCl3 d. FeCl2

5. The yellow colored solution of Na2CrO4 changes to
orange, red on passing CO2 gas due to the formation of:
a. CrO5 b. CrO3

c. Na2Cr2O7 d. Na3CrO8

6. Select the correct statement:
a. CrO5 is stable in pyridine because it forms an adduct
b. KMnO4 on being treated with concentration H2SO4

gives Mn2O7

c. Rinmann’s green is CoZnO2

d. All are correct

7. In the dichromate dianion:
a. 4 Cr-O bonds are equivalent
b. 6 Cr-O bonds are equivalent
c. All Cr-O bonds are equivalent
d. All Cr-O bonds are Non-equivalent

8. Reaction of KMnO4 in neutral or faintly alkaline solution
is given by the equation:
a. MnO4

– + 3e– + 2H2O → MnO2 + 4OH−

b. MnO4
– + 8H+ + 5e– → Mn2+ + 4H2O

c. MnO4
– + e– → MnO4

2–

d. 2MnO4
– + 2OH−  → 2MnO4

2– + 1/2O2 + H2O
9. The stability of a particular oxidation state of a metal in

aqueous solutions is determined by:
a. Enthalpy of sublimation
b. Ionisation enthalpy
c. Enthalpy of hydration
d. All of these

10. Which of the following factor may be regarded as the
main cause of Lanthanide contraction?
a. Poor shielding of one of the 4f-electrons by another

in the sub-shell
b. Effective shielding of one of the 4f-electrons by

another in the sub-shell
c. Greater shielding of 5d electron by 4f electrons
d. None of these

11. Pyrolusite is MnO2 used to prepare KMnO4. Steps are,
I 2 II

2 4 4MnO MnO MnO− −→ → .
Steps I and II are respectively :
a. Fuse with KOH / air and electrolytic oxidation.
b. Fuse with KOH / KNO3 and electrolytic oxidation.
c. Both (a) and (b).
d. Dissolve in H2O and oxidation.

12. A salt (X) is heated in a dry test tube. Reddish brown
fumes (Y) are evolved which turn potassium dichromate
paper green and starch iodide paper blue (Y) is found to
be paramagnetic. Then :
a. X may be Mg(NO3)2

b. Y turns red litmus blue
c. Both (a) and (b)
b. X may be ZnBr2

13. Which of the following metals react with chlorine to
form their respective chlorides?
a. Cu b. Ag
c. Au d. All

Rank Boosters
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14. Lanthanoid contraction occurs because
a. The 4f electrons, which are gradually added, create a

strong shielding effect
b. The 4f orbitals are greater in size than the 3d and 3f

orbitals
c. The 5f orbitals strongly penetrate into the 4f orbitals
d. The poor shielding effect of 4f electrons is coupled

with increased attraction between the nucleus and the
added electrons.

15. The electronic configuration of cerium is
a. [Xe]4 f05d16s2        b. [Xe]4 f15d16s2

c. [Xe]4 f25d06s2        d. Both (b) and (c)

16. The element with the electronic configuration
[Xe]4f145d16s2 is a
a. Representative element
b. Transition element
c. Actinide element
d. Lanthanide element

17. Which oxide of Mn is acidic in nature?
a. MnO b. Mn2O7

c. Mn2O3 d. MnO2

18. pH=X2– 2–
2 7 4pH=Y

Cr O CrO



The value of Y and X respectively are
a. 3, 8 d. 8, 4
c. 8, 10 d. 10, 2

19. Which of the following ion is not dimagnetic?
a. La3+ (Z = 57) b. Lu3+ (Z = 71)
c. Yb2+ (Z = 70) d. Sm3+ (Z = 62)

20. During estimation of oxalic acid with KMnO4, the self
indicator is
a. KMnO4 b. H2C2O4

c. K2SO4 d. MnSO4

21. Which of the following is not the configuration of
lanthanoid?
a. [Xe]4 f10.6s2 b. [Xe]4 f15d1.6s2

c. [Xe]4 f145d106s1     d. [Xe]4 f15d16s2

22. The Lanthanoids contraction is responsible for the fact
that
a. Zr and Y have about the same radius
b. Zr and Nb have similar oxidation state
c. Zr and Hf have about the same radius
d. Zr and Zn have the same oxidation state

23. Which of the following is the strongest base?
a. Sc(OH)3 b. La(OH)3

c. Lu(OH)3 d. Yb(OH)3

24. Which of the following set of elements does not   belongs
to transitional elements?
a. Fe, Co, Ni b. Cu, Ag, Au
c. Ti, Zr, Hf d. Ga, In, Tl

25. Which of the following oxides of chromium is
amphoteric in nature?
a. CrO b. Cr2O3

c. CrO3 d. CrO5

26. Which of the following is the stable electron
configuration of Fe+3 ion?
a. 3d64s0 b. 3d5 4s0

c. 3d6 4s2 d. 3d4 4s2

27. The inner transition elements are the elements in which
the added electrons go to
a. (n-1)d-orbitals
b. (n-2)f-orbitals
c. (n-1) d-orbitals and (n-1) f-orbitals
d. (n-1)d-orbitals and ns orbitals

28. The ground state electronic configuration of chromium
is against
a. Hund’s rule b. Pauli’s principle
c. Auf-bau principle  d. Boyle principle

29. What factor make the separation of Lanthanides a
formidable task
a. Similarity in ionic size
b. Constant charge of +3
c. Small charge radius ratio
d. All of these

30. Lanthanides are characterized by the filling of the
a. Penultimate 4f energy level
b. Antipenultimate 4f energy level
c. Penultimate 5f energy level
d. Antipenultimate 5f energy level

31. Which of the following is not an amphoteric oxide?
a. HgO b. PbO2 c. ZnO d. SnO2

32. Transition metal present in the alloy Gun metal is
a. Ni b. Zn c. Sn d. Cu

33. The following is not a typical transition element
a. Cu b. Ag c. Au d. Hg

34. Which of the following is not an element of first
transition series?
a. Fe b. Co c. Ni d. Ag

35. When KMnO4 reacts with acidified FeSO4

a. Only FeSO4 is oxidised
b. Only KMnO4 is oxidised
c. FeSO4 is oxidized and KMnO4 is reduced
d. KMnO4 and FeSO4 oxidised
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36. The group numbers of transition elements
a. 1 to 10   b. 1 to 9 c. 3 to 11    d. 3 to 12

37. General electron configuration of d-block elements is
a. ns2np6nd1–10 b. (n–1)d1–10 ns0–2 np0–6

c. (n–1)d1–10 ns1–2 d. nd1–9ns0–2

38. Which of the following is an alloy of a metal and a non-
metal?
a. Bronze b. Electron
c. Nichrome d. Steel

39. In which of the following elements, the configuration is
against Aufbau rule ?
a. Ni, Pd, Pt b. Sc, Ti, Zr
c. Pd, Pt, Cu d. Fe, Cr, Mn

40. An element M has the electron configuration [Ar]3d54s2.
Which one of its oxide is unlikely to exist
a. MO2 b. M2O3 c. MO4 d. M2O7

41. Which of the following element exhibits maximum
oxidation state
a. Mn b. Co c. Fe d. Zn

42. The following belongs to d-block but it is not a
transition element
a. Mn b. Fe c. Zn d. Cr

43. Cuprous ion is colourless while cupric ion is coloured
because,
a. Cuprous ion has completed d-orbitals while Cupric

ion has an  incomplete d-orbitals
b. Cuprous ion has exactly half-filled ‘d’ orbitals
c. Cupric ion has completely filled ‘d’ orbitals, while

Cuprous ion has incompletely filled ‘d’ orbitals
d. Cupric ion has half - filled d-orbitals

44. Which of the following elements form interstitial
compounds?
a. Alkali metals b. Transition metals
c. Halogens d. Noble gases

45. When KMnO4  acts as oxidising agent in acidic medium,
the oxidation number of Mn decreases by
a. 1 b. 2 c. 3 d. 5

46. Chromyl chloride when dissolves in NaOH solution
gives yellow solution.  The yellow solution contains
a. Cr2O7

2  –   b. CrO4
2  – c. CrO5 d. Cr2O3

47. Which of the following is a constituent of lithophone
a. ZnSO4   b. ZnS c. ZnCl2 d. ZnO

48. An inorganic compound ‘y’ on heating gives a green
coloration & evolves O2 gas. Then, y is-
a. (NH4)2Cr2O7 b. K2Cr2O7

c. CrO2Cl2 d. Both (a) & (c)

49. Select the correct statement(s).
a. Cerium (Z = 58) forms a tetra positive ion in aq.

solution.
b. Lanthanum, Gadolinium & Lutetium are stable in + 3

oxidation states.
c. La(OH)3 is more basic then Lu(OH)3.
d. All are correct.

50. Which of the following arrangements does not represent
the correct order of the property stated against it?
a. V2+ < Cr2+ < Mn2+ < Fe2+ ; Paramagnetic behaviour
b. Ni2+ < Co2+ < Fe2+ < Mn2+ ; ionic size
c. Co3+ < Fe3+ < Cr3+ < Sc3+, stability in aq. solution.
d. Sc < Ti < Cr < Mn ; number of oxidation states.

51. Acidified potassium dichromate is treated with hydrogen
sulphide. In the reaction, the oxidation number of chromium
a. Increases from + 3 to + 6
b. Decreases from +6 to +3
c. Remains unchanged
d. Decreases from +6 to +2

52. Which of the following statements is correct about
equivalent weight of KMnO4
a. It is one third of its molecular weight in alkaline

medium
b. It is one fifth of its molecular weight in alkaline

medium
c. It is equal to its molecular weight in acidic medium
d. It is one third of its molecular weight in acidic medium
d. Reactive towards air in sunlight

 53. heat
2 2 7 2 4 24K Cr O 4K CrO 3O X→ + + . In the above

reaction X is
a. CrO3 b. Cr2O7 c. Cr2O3 d. CrO5

54. Which of the following is wrongly matched
a. German silver Cu + Zn + Ni
b. Alnico Fe + Al + Ni + CO
c. Monel metal Cu + Zn + Sn
d. Duralumin Al + Cu + Mg + Mn

55. Arrange Ce+3, La+3, Pm+3 and Yb+3 in increasing order of
their ionic radii
a. Yb+3 < Pm+3 < Ce+3 < La+3

b. Ce+3 < Yb+3 < Pm+3 < La+3

c. Yb+3 < Pm+3 < La+3 < Ce+3

d. Pm+3 < La+3 < Ce+3 < Yb+3

56. On adding excess of NH3 solution to CuSO4 solution, the
dark blue colour is due to
a. [Cu(NH3)4]

2+ b. [Cu(NH3)2]
2+

c. [Cu(NH3)]
+ d. None of the above

57. The colour of K2Cr2O7 changes from red orange to lemon
yellow on treatment with aqueous KOH because of
a. The reduction of CrVI to CrIII

b. The formation of chromium hydroxide
c. The conversion of dichromate to chromate
d. The oxidation of potassium hydroxide to potassium

peroxide
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58. Match the items under List 1 with the compounds/elements
from the List 2. Select the correct answer from the sets
(a), (b), (c) and (d).

List 1 List 2

(i) Explosive (A) NaN3

(ii) Artificial gem (B) Fe3O4

(iii) Self reduction (C) Sn

(iv) Magnetic material (D) Al2O3

(E) Pb(N3)2

(F) Fe2O3

(G) Cu

(H) SiC

a. (i) A, (ii) D, (iii) G, (iv) B
b. (i) A, (ii) D, (iii) G, (iv) F
c. (i) E, (ii) D, (iii) G, (iv) B
d. (i) E, (ii) D, (iii) G, (iv) F

59. Which of the following statement(s) is (are) correct with
reference to the ferrous and ferric ions
a. Fe3+ gives brown colour with potassium ferricyanide
b. Fe2+ gives blue precipitate with potassium ferricyanide
c. Fe3+ gives red colour with potassium thiocyanate
d. Fe2+ gives brown colour with ammonium thiocyanate

60. A metal when left exposed to the atmosphere for some
time becomes coated with green basic carbonate. The
metal in question is
a. Copper b. Nickel
c. Silver d. Zinc

Statement Based Questions

Directions: These questions consist of two statements each, 
printed as Statement-I and Statement-II. While answering 
these questions, you are required to choose any one of the 
following four responses.

a. Statement-I and Statement-II both are correct
b. Statement-I and Statement-II both are incorrect
c. Statement-I is correct and Statement-II is incorrect
d. Statement-I is incorrect but Statement-II is correct

61. Statement-I: [Ti(H2 O)6]
3+ is a coloured ion.

Statement-II: Ti shows +2, +3, +4 oxidation states due
to 4s2 and 3d2 electrons.

62. Statement-I: Most of the trivalent lanthanide ions are
coloured both in the solid state and in aqueous solution.

Statement-II: The elements with xf electrons have a
similar colour to those of (14-x)f electrons.

63. Statement-I: KMnO4 is purple in colour due to charge
transfer.

Statement-II: There is no electron present in d-orbitals
of manganese in MnO–

4             .

64. Statement-I: K2Cr2O7 is used as primary standard in
volumetric analysis.

Statement-II:  It has a good solubility in water.

65. Statement-I: Cu+ is less stable than Cu2+ & Fe3+ is more
stable than Fe2+.

Statement-II: Half filled and completely filled subshells
are more stable.
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1. Which of the following characteristic property of
KMnO4 is/are correct?
a. KMnO4 forms dark purple crystals
b. SO2 is oxidised to SO4

2  – with KMnO4 in acidic medium
c. Purple colour of  ion is due to charge transfer
d. All of these

2. The electronic configuration of Cu(II) is 3d9 where as
that of Cu(I) is 3d10. Which of the following is correct?
a. Cu(II) is more stable
b. Cu(II) is less stable
c. Cu(I) and Cu(II) are equally stable
d. Stability of Cu(I) and Cu(II) depends on nature of

copper salts

3. Metallic radii of some transition elements are given
below. Which of these elements will have highest
density:
Element Fe Co Ni Cu

Metal l ic 
radii/pm

126 125 125 128

a. Fe b. Ni
c. Co d. Cu

4. Generally, transition elements form coloured salts due
to the presence of unpaired electrons. Which of the
following compounds will be coloured in solid state?
a. Ag2SO4 b. CuF2

c. ZnF2 d. Cu2Cl2

5. On addition of small amount of KMnO4 to concentrated
H2SO4, a green oily compound is obtained which is
highly explosive in nature. Identify the compound from
the following:
a. Mn2O7 b. MnO2

c. MnSO4 d. Mn2O3

6. The magnetic nature of elements depends on the
presence of unpaired electrons. Identify the configuration of
transition element, which shows highest magnetic moment:
a. 3d7 b. 3d5

c. 3d8 d. 3d2

7. Which of the following oxidation state is common for all
lanthanoids?
a. + 2 b. + 3
c. + 4 d. + 5

8. Which of the following reactions are disproportionation
reactions?
(i) Cu+ → Cu2+ + Cu
(ii) 3MnO4

–  → 2MnO4
–  + MnO2 + 2H2O

(iii) 2KMnO4 → K2MnO4 + MnO2 + O2

(iv) 2MnO4
–  + 3Mn2+ + 2H2O → 5MnO2 + 4H+

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

9. When KMnO4 solution is added to oxalic acid solution,
the decolourisation is slow in the beginning but becomes
instantaneous after some time because:
a. CO2 is formed as the product
b. Reaction is exothermic
c. MnO4

–  catalyses the reaction
d. Mn2+ acts as autocatalyst

10. There are 14 elements in actinoid series. Which of the
following elements does not belong to this series?
a. U b. Np
c. Tm d. Fm

11. KMnO4 acts as an oxidising agent in acidic medium. The
number of moles of KMnO4 that will be needed to react
with one mole of sulphide ions in acidic solution is:

a. 2
5

b. 3
5

d. 4
5

d. 1
5

12. Which of the following is amphoteric oxide?
Mn2O7, CrO3, Cr2O3, CrO, V2O5, V2O4

a. V2O5, Cr2O3 b. Mn2O7, CrO3 
c. CrO, V2O5 d. V2O5, V2O4 

13. Gadolinium belongs to 4f series. Its atomic number
is 64. Which of the following is the correct electronic
configuration of gadolinium?
a. [Xe]4f75d16s2 b. [Xe]4f6 5d2 6s2

c. [Xe]4f8 6d2 d. [Xe]4f9 5s1

14. Interstitial compounds are formed when small atoms are
trapped inside the crystal lattice of metals. Which of the
following is not the characteristic property of interstitial
compounds?
a. They have high melting points in comparison to pure

metals
b. They are very hard
c. They retain metallic conductivity
d. The are chemically very reactive

NCERT Exemplar Problems
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15. The magnetic moment is associated with its spin angular
momentum and orbital angular momentum. Spin only
magnetic moment value of Cr3+ ion is:
a. 2.87 BM b. 3.87 BM
c. 3.47 BM d. 3.57 BM

16. KMnO4 acts as an oxidising agent in alkaline medium.

 When alkaline KMnO4 is treated with KI, iodide ion is
oxidised to:
a. I2 b. IO– c. IO3

– d. IO4
–

17. Which of the following statements is not correct?
a. Copper liberates hydrogen from acids
b. In its higher oxidation states, manganese forms stable

compounds with oxygen and fluorine
c. Mn3+ and Co3+ are oxidising agents in aqueous solution

are reducing agents in aqueous solution
d. Ti2+ and Cr2+ are reducing agents in aqueous solution

18. When acidified K2Cr2O7 solution is added to Sn2+ salt
then Sn2+ changes to:
a. Sn b. Sn3+ c. Sn4+ d. Sn+

19. Highest oxidation state of manganese in fluoride is
+4 (MnF4) but highest oxidation state in oxides is
+7(Mn2O7) because:
a. Fluorine is more electronegative than oxygen
b. Fluorine does not possess d orbitals
c. Fluorine stabilises lower oxidation state
d. In covalent compounds, fluorine can form single bond

only while oxygen forms double bond

20. Although Zirconium belongs to 4d transition series and
Hafniun to 5d transition series even then they show
similar physical and chemical properties because:
a. Both belong to d-block
b. Both have same number of electrons
c. Both have similar atomic radius
d. Both belong to the same group of the Periodic Table

21. Why is HCl not used to make the medium acidic in
oxidation reactions of KMnO4 in acidic medium?
a. Both HCl and KMnO4 act as oxidising agents
b. KMnO4 oxidises HCl into Cl2 which is also an

oxidising agent
c. KMnO4 is a weaker oxidising agent than HCl
d. KMnO4 acts as a reducing agent in the presence of HCl

22. Generally transition elements and their salts are coloured
due to the presence of unpaired electrons in metal ions.
Which of the following compounds are coloured?
a. KMnO4    b. Ce(SO4)2 c. TiCl4      d. Cu2Cl2

23. Transition elements show magnetic moment due to spin
and orbital motion of electrons. Which of the following
metallic ions have almost same spin only magnetic
moment?
a. Co2+ b. Cr2+       c. Mn2+ d. Cr3+

24. In the form of dichromate, Cr(VI) is a strong oxidising
agent in acidic medium but Mo(VI) in MoO3 and W(VI)
in WO3 are not because:
a. Cr (VI) is more stable than Mo(VI) and W(VI)
b. Mo (VI) and W (VI) are more stable than Cr(VI)
c. Higher oxidation states of heavier members of group

6 of transition series are more stable
d. Lower oxidation states of heavier members of group-6

of transition series are more stable

25. Which of the following actinoids show oxidation states
upto +7?
a. Am b. Pu c. U d. Np

26. General electronic configuration of actinoids is (n – 2) f1–14

(n – 1) d0–2 ns2. Which of the following actinoids have one
electron in 6d orbital?
a. U (Atomic numbr. 92)
b. Np (Atomic number. 93)
c. Pu (Atomic number. 94)
d. Am (Atomic number. 95)

27. Which of the following lanthanoids show +2 oxidation
state besides the characteristic oxidation state + 3 of
lanthanoids?
a. Ce b. Eu c. Yb d. Ho

28. Which of the following ions show higher spin only
magnetic moment value?
a. Ti3+ b. Mn2+ c. Fe2+ d. Co3+

29. Transition elements form binary compounds with
halogens. Which of the following elements will form
MF3 type compounds?
a. Cr b. Co c. Cu d. Ni

30. Which of the following will not act as oxidising agents?
a. CrO3 b. MoO3        c. WO3 d. CrO4

2  –

31. Although +3 is the characteristic oxidation state for
lanthanoids but cerium also shows +4 oxidation state
because:
a. It has variable ionisation enthalpy
b. It has a tendency to attain noble gas configuration
c. It has a tendency to attain f 0 configuration
d. It resembles Pb4+
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Self Assessment Questions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
b a b b d b d d c b a c d c b a d
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
d a a b c b b b b c a b d d a b c
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
a a a d d d c c c b c a c b c b c

52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
d b b c a d d a b b b d b a c b b
69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
a a a b d a a d c a d a a b c a a

86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102
a a b a c a a d b d d c c b b a c

103 104 105 106 107 108 109 110 111 112 113
a b c b a d d b d d d

Rank Boosters

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
c a a c c d b a d a c c d d b d b

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
a d a c c b d b b b c d b a d d d

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
c d c d c c a c a b d b b b d a b

52 53 54 55 56 57 58 59 60 61 62 63 64 65
a c c a a c c b,c a b a a c a

NCERT Exemplar Problems

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
d a d b a b b a d c a a a d b c a
18 19 20 21 22 23 24 25 26 27 28 29 30 31
c d c b a,b a,d b,c b,d a,b b,c b,c a,b b,c b,c

Self Assessment Questions

1. (b) The general electronic configuration of d-block
elements is (n–1)d1–10  ns1–2

2. (a)  Ti4+ = (22 – 4 = 18) = [Ar] 3d0

V4+ = (23 – 4 = 19) = [ Ar ] 3d1

Mn2+ = (35 – 2 = 23) = [Ar] 3d5

Fe3+ = (26 – 3 = 23) = [Ar] 3d5

⸫ it is colourless in nature so ⸪ Ti is not having any 
unpaired electron. 

3. (b) Zn (30) : [Ar] 4s23d10

4. (b) Zn2+ = 3d10 = no unpaired electron
Ni2+ = 3d8 = 2 unpaired electrons

Answer Key

Explanations and NCERT References
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Fe2+ = 3d6 = 4 unpaired electrons 
Cu+ = 3d10 = no unpaired electron

5. (d) Fe =   26 = [Ar] 3d6 4s2

Fe3+ = [Ar] 3d5

∴ n =5
n(n 2) 5(5 2) 5(7) 35µ = + = + = =

   35 5.91 6 BM= = ≈

6. (b) +8 is the highest oxidation state exhibit by transition
metal.

7. (d) ( )n n 2 BMµ = +

8. (d) Paramagnetic behaviour of transition metals is due to
presence of unpaired electrons.

9. (c) Stainless steal contains Fe + Cr + Ni
10. (b) Fe = 26 = [Ar] 3d6 4s2

Fe3+ = [Ar] 3d5

Mn = 25 = [Ar] 3d5 4s2

Mn2+ = [Ar] 3d5

11. (a) ( )n n 2µ = +

25 = [Ar] 3d5 =
∴ n = 5

5(5 2) 5(7) 35 5.9BMµ = + = = =

12. (c) Fe+3  = 3d5 = = 5
Cr3+ = 3d3 = = 3
Ni2+ = 3d8 = = 2
Cu2+ = 3d9 = = 1

13. (d) Sc → [Ar] 3d1 4s2 

Cu → [Ar] 3d10 4s1 

14. (c) As energy difference between 3d and 4s is small,
both these electrons are involved in bonding. Hence the
oxidation state exhibited are maximum.

15. (b) Zn has completely filled 3d-subshell hence, its
oxidation state is decided only by 4s electrons, i.e., + 2

16. (a) Outer configurations are : Cr = 3d5 4s1, Cu = 3d10 4s1

17. (d) Ti3+ = 22 = [Ar] 3d1 4s0 Ti4+ = 3d0 4s0

Mn3+ = 25 = [Ar]3d4 4s0 Mn2+ = [Ar] 3d5

Na = 1s2 2s2 2p6 3s1 Na+ = 1s2 2s2 2p6

 Fe3+ = [Ar]3d5 (half filled) Fe2+ = [Ar]3d6

18. (d) Ni28 = [Ar] 3d8 , 4s2

Ni2+ = [Ar] 3d8

∴ n =2
n(n 2) 2(2 2) 2(4) 8 2.84 BMµ = + = + = = =

19. (a) Cu+ = 29 [Ar] 3d10 4s0

∴ Their is no unpaired electron. Hence the transition
metal Cu+ is colourless.

20. (a) Ti3+  = 3d1 = = 1.75 BM.
 Ni2+ = 3d8 = = 2.76 BM.
 Co3+ = 3d7 = = 3.86 BM.

Mn2+ = 3d5 = = 5.96 BM.
21. (b) Homogenous mixture of two or more metals is alloy.

Mercury forms amalgams (alloy) with gold, silver, tin, 
Na. But it does not react with iron and platinum.

22. (c) An alloy of metals and mercury is Amalgam.
∴  Mercury (Hg) is the essential component  of amalgam.

23. (b) a. MnCl2 = Mn2+ = [Ar] 3d5 = = 5
CuSO4 = Cu2+ = [Ar] 3d9 = = 1

b. CuCl2 = Cu2+ [Ar] 3d9  4s0

TiCl3 = Ti3+ = [Ar] 3d1, 4s0 = = 1
∴ CuCl2 and TiCl3 has same number of unpaired 
electrons. 

24. (b) Fe = [Ar] 4s23d6  Fe3+ = (Ar)3d5

Thus; ferric ion is quite stable due to half-filled d-orbitals.
25. (b) Na2 [CuCl] ⇒ Cu = +2 = Cu2+ = 3d9 

 Na2 [CdCl4] ⇒ Cd = + 2 = Cd2+ = 4d10 
 K4 [Fe(CN)6] ⇒ Fe = + 2 = Fe2+ = 3d6 

K3 [ Fe(CN)6] ⇒ Fe = +3 = Fe3+ = 3d5 

26. (b) The electronic configuration of X3+ is [Ar] 3d5

∴ Atomic number of x = 18 + 5 + 3 = 26
27. (c) Refers to NCERT Page No. 212 (Class-XII, Part - 1).
28. (a) Both elements belong to 3d series.

Cu → [Ar] 3d10 4s1

Zn → [Ar] 3d10 4s2

Same configuration of (n –1) d subshell.
29. (b) Cr(24) → [Ar] 3d5 4s1

Cr has higher second ionisation enthalpy as after
removing one electron from Cr, the resulting
configuration, i.e., [Ar] 3d5 becomes more stable.

30. (d) Fe (3d6,4s2), n = 4 ;    Fe2+ (3d6), n = 4
 Fe4+ (3d4), n = 4   ;    Fe3+ (3d5), n = 5

31. (d) Fe2+ → 3d6,  Sc4+ → 3p5, Mn3+ → 3d4

Mn2+ → 3d5 (Exactly half-filled hence stable)
32. (a) No. of unpaired electrons are

Ti3+ = 1 , Cu+ = 0,    Zn2+ = 0,     Sc3+ = 0
33. (b) Configuration of Cu is [Ar] 3d10 4s1. Hence; the

electron lost is from 4s
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34. (c) Isoelectronic species are those which contains same
number of electrons

35. (a) Cr3+ → 3d3, contains three unpaired electrons.
36. (a) Ti (22) and Ni (28) both contains 2 unpaired electrons

in 3d and 2 electrons in 4s.
37. (a) V3+ contains 2 unpaired electrons, but others do not.
38. (d) The number of  unpaired electrons are

Co2+ =  3,  Ni2+ = 2,  Fe2+ = 4,  Mn2+ =  5
39. (d) As they do not contains any unpaired electrons.

Hence; this ion is colourless in nature.
40. (d) The elements of 3d-series will give coloured

compounds, if its ions contain vacant or unpaired
electron in 3d orbitals.

41. (c) Both Ti4+ and Cu+ do not contain any unpaired
electron.

42. (c) Density of transition elements increase along the
period.

43. (c) The d-block elements include only metals.
44. (b) The elements of the d-block belong to 3 to12 columns

of the periodic table.
45. (c) The transition series are those which have incomplete

inner orbital.
46. (a) Cr = 24 = [Ar] 3d5 4s1

47. (c) Transition metal which have low oxidation number
show the oxidising nature because of great tendency 
to lose the electron.

48.  (b) Cr+2 and Fe+2

Cr+2 – 3d4 4 unpaired electrons
Fe+2 – 3d6 4 unpaired electrons

49.  (c) Strong oxidising agents such as PbO2 or sodium
bismulthate (NaBiO3) oxidise Mn2+ to MnO–

4 or Mn7+.
50.  (b) Iron decomposes steam into hydrogen when it is

passed over red hot iron
2Fe + 3H2O → Fe2O3 + 3H2 ↑

51.  (c) Transition element  Inner transition element 100
Total element

+
×

33 28 100 58.09 60%
105
+

× = ≈

52.  (d) p-electrons in Cl– (atomic no. of Cl = 17)
Cl– → 1s2 2s2 2p6 3s2 3p6

Fe2+ → 1s2 2s2 2p2 3s2 3p6 3d6

In Fe+2 total number of de– = 6 which is not equal to 
pe– in Cl– = 12.

53.  (b) ScCl3 → Sc+3 + 3Cl–

352 3p6 3d0 4s0

Sc+3

No unpaired electron so will show diamagnetic 
character and will be repelled, so will weigh less.

54.  (b) V = 1s2 2s2 2p6 3s2 3p6 3d3 4s2

Cr = 1s2 2s2 2p6 3s23 p6 3d5 4s1

Mn = 1s2 2s2 2p6 3s2 3p6 3d6 4s2

Fe = 1s2 2s2 2p6 3s2 3p6 3d6 4s2

In second ionization enthalpy Cr+ has exact half filled 
d-sub shell.

55. (c)

56. (a) Fe3+ ion has [Ar]3d5 configuration hence number of
unpaired electron is 5.

57. (d) German silver is an alloy of copper not silver
containing Cu = 56.0%, Zn = 24.0% and Ni = 20.2%.

58. (d) Ni in presence of CN–

[Ni2+ in presence of CN– = [Ar]

As [Ni(CN)4]
2– has no unpaired electron. It is 

diamagnetic.
59. (a)

20%60% 20%
Cu Zn Ni+ +

60. (b) Mn used to make alloy steel for armour plates, safes
and helmets.

61. (b) Solder – Sn 67% and Pb 33%.
62. (b) 2Mn O2 + 4KOH + O2 → 2K2MnO4 + 2H2O
63. (d) Increase in atomic number will generally decrease

basic character.
64. (b) Cr2O7

–2 + 6I– + 14H+ → 2Cr+3 + 3I2 + 7H2O
65. (a) 2MnO–

4  + 5 S2– + 16H+ → 2Mn2+ + 8H2O + 5S
66. (c) K2CrO4 K2Cr2O7

2(+1) + x + 4(–2) = 0 2(+1) +  2x + 7(–2) = 0
2 + x – 8 = 0 2 + 2x – 14 = 0
x – 6 = 0 2x – 12 = 0
x = + 6 x = +6
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67. (b) K2MnO4

2(+1) + x + 4(–2) = 0
2 + x – 8 = 0
x – 6 = 0 ⇒ x = +6

68. (b) K2Cr2O7 + 3Na2SO3 + 4H2SO4 → 3Na2 SO4 + K2SO4
+ 4H2O + Cr2(SO4)3

69. (a)

70. (a) MnO2, MnO2, Mn2+

In neutral medium : 
2KMnO4 + 3MnSO4 + 2H2O → K2SO4 + 2H2SO4 + 

5MnO2

In alkaline medium :
2KMnO4 + H2O → 2MnO2 + 2KOH + 3 [O]
In acidic medium :

2

4 2 4 2 4 42KMnO 3H SO K SO 2MnSO
+

+ → +  + 5H2O 
+ 5O

71.  (a) 2 2 4 4 2
Calomel

2

Hg Cl 2NH OH NH Cl 2H O

Hg Hg(NH )Cl

+ → + +

+

72.  (b) Ag+ forms a complex ion with NH3
AgCl + 2NH3 → [Ag(NH3)2] Cl

73.  (d) AgCl is a covalent compound hence it is insoluble
in water also it form complex with NH4OH, thus is 
soluble in NH4OH.
AgCl + 2NH4OH → [Ag(NH3)2] Cl + H2O

74.  (a)

75.  (a) Manufacture of blue black ink.
76.  (d) As fertilizer because it is not required by plants.

77.  (c) 22HgO 2Hg O∆→ +

78.  (a) Oxidation number of Cr in options a, b, c and d are +6,
+4, + 3, + 3 respectively.
In given options (a) has high oxidation number 
therefore its radii will be low. Atomic radii decreases 
with increase in oxidation no.

79.  (d) Cuprous chloride slowly oxidises to green basic
cupric chloride.

80.  (a) 2CuCl + 2HCl + [O] → 2 CuCl2 + H2O

81. (a) Ag2O is mild oxidising agent as greater the oxidation
number of metal stronger oxidising agent.

82. (b) KMnO4 is first reduced to manganate and then to
insoluble manganese dioxide. Colour changes first 
from purple to green and finally becomes colourless.

83. (c) Amalgams are alloys which contain mercury as one
of the contents.

84. (a)  Colourless compounds are those which have no
unpaired electrons and paramagnetic substance do 
have unpaired electrons. Therefore paramagnetic 
substance possess colour.

85. (a) FeCl3 is a salt of strong acid and weak base. It gives
Fe(OH)3 and HCl on hydrolysis. Fe(OH)3 is a weak 
base and HCl is strong acid.
So the aqueous solution of FeCl3 will be acidic in 
nature

86. (a) CrO3 and Mn2O7 are acidic oxide since they react
with water to form acid.

3 2 2 4
Chromic
acid

CrO H O H CrO+ → ; 2 7 2 4
Permagnic
acid

Mn O H O 2HMnO+ →

87. (a) In the compound [Ni(CO)4]
Oxidation number of Ni = 0
Co-ordination number of Ni = 4
(CO (carbonyl) is a strong ligand so it cause pairing 
of electron)

88. (b) FeS + dil. H2SO4 → FeSO4 + H2S
89. (a) Cr2O3.2H2O is known as cruignet green.
90. (c) The passivity of iron is due to the formation of a thin

insoluble and invisible iron film on surface which 
prevents its further reactions. The film is due to the 
formation of Fe3O4.

91. (a)  Case hardening : The process of hardening the surface
of wrought iron by depositing a surface layer of steel 
on it is called case-hardening it is done by heating 
wrought iron in contact with potassium ferrocyanide.

92. (a) 3Fe + 4H2O → Fe3O4 + 4H2

93. (d) Firstly, carbon which is added along which crushed
haematite ore is oxidised to CO (and CO2) second 
the produced CO acts as chief reducing agent for the 
reduction of haematite to steel.

94. (b) 4 Cu + 2H2O → 2Cu2O + 2H2

95. (d) Zn + 2NaOH → Na2ZnO2 + H2O
96. (d) Zn + 2NaOH → Na2ZnO2 + H2
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2Al + 2NaOH → 2NaAlO2

97. (c) Very dil HNO3: → Ammonium nitrate is formed
4 Zn + 10 HNO3 → 4 Zn(NO3)2 + NH4NO3 + 3H2O

98. (c) Tc & Re belongs to same group. The atomic radius of
elements of second transition series is similar to that 
of third transition elements, due to poor shielding of 
f-orbitals.

99. (b) The common oxidation state of lanthanoids is + 3
 100. (b) The atomic and ionic radii of Zr and Hf are equal in 

size due to lanthanoid contraction.
 101. (a) The general electronic configuration of f-block 

elements is  (n–2)f1–14 (n–1)d0–10 ns2

 102. (c) In lathanoids, electrons enter 4f - subshell
∴ n – 2 = 4     or    n = 6

 103. (a) The accepted electronic configuration of Yb (70) is 
4f14 5d0 6s2 . In 4f, all electrons are paired.

 104. (b) Gd → 4f7 5d1 6s2

Number of unpaired electrons : 7 in 4f and 1 is 5d.
 105. (c) In +3 oxidation state its configuration is 4f7, 5d0,  6s0, 

which is stable as per the rule of extra stability.
 106. (b) Across lanthanoide series, due to lanthanoid 

contraction, size of cation decreases, increase 
covalent character and decrease ionic character. So;  
basicity of hydroxides decreases.

 107. (a) Lanthanum is a d-block element which resembles 
lanthanides.

 108. (d) Refers to NCERT Page No. 227 (Class-XII, Part - 1).
 109. (d) Different amount of shielding is experienced by 4f 

and 5f as they belong to different shell and hence, 4f 
and 5f orbitals are not equally shielded.

 110. (b) The atomic number of 4f-series range in 58 to 71
 111. (d) The f-block elements are characterized by filling 

(n-2) f-subshell
 112. (d) La :– [Xe] 5d16s2, La3+ :– [Xe] 5dº 6sº

Lu:– 4f14 5º 6s2, Lu3+ :– 4f14 5dº 6sº
Yb:– 4f14 5dº 6s2, Yb2+:– 4f14 5dº 6sº
These are diamagnetic, but
Sm:– 4f6 5dº 6s2 ; Sm3+:– 4f5 5dº 6sº (Paramagnetic)

 113. (d) Total number of inner transition elements in periodic 
table is 28, 14 each in lanthanoid and actinoid series.

Rank Boosters

1. (c) In reaction 3, CrO2Cl2 is formed rather than CrO3. It
is chromyl chloride test.

2. (a) Os shows + 8 oxidation state in OsO4.
3. (a) Cr2+ acts as reducing agent because it is itself oxidised

to Cr3+ giving it teg
3 configuration, whereas Mn3+ acts as

oxidising agent giving it 3d5 configuration

4. (c)

5. (c) In acidic medium CrO4
2  – changes to Cr2O7

2  –

6. (d) H2SO4 + KMnO4 → K2SO4 + Mn2O7 + H2O

7. (b)

8. (a) In neutral or faintly alkaline medium, KMnO4 itself
gets changed to MnO2.

9. (d) (Based on Facts)
11. (c) MnO2 Fuse with KOH in presence of air or oxidising

agents like KNO3, KClO3 etc.
fuse

2 2 2 4 22MnO 4KOH O 2K MnO 2H O+ + → +
electrolytic oxidation2

4 4MnO MnO e− − −→ +

12. (c) Y is NO2. Hence (X) may be Mg(NO3)2

13. (d) All given metals react with chlorine and  form their
respective chlorides.

17. (b) Mn2O7 is acidic as it has highest O.S,.
18. (a) The chromate ion (yellow) is the predominant species

in alkaline solutions, dichromate (orange)       predominant
in acidic solutions. When an alkali is added to an orange
red solution of dichromate, an yellow solution is obtained
due to the formation of chromate ions.

19. (d) La3+ - 4f0

Lu3+ - 4f14

Yb2+ - 4f14

Sm3+ contain unpair electrons.
20. (a) KMnO4 itself acts as an indicator during estimation

of oxalic acid with KMnO4.
23. (b) Due to lanthanide contractions as the size lanthanide

ions decreases from La3+ to Lu3+ the covalent character
of the hydroxides increases & hence the basic strength
decreases.
La(OH)3 is most basic.

24. (d) These are p block elements
25. (b) Cr2O3 is amphoteric in nature.

CrO3 is acidic
CrO is basic.

26. (b) Half filled orbital
28. (c) Configuration is supposed to 3d44s2

configuration - 3d5 4s1

31. (a) HgO is in +2 O.S. is weakly amphoteric
32. (d) In Gun metal alloy, transition metal is Cu, tinc and

zinc.
33. (d) Non typical transition elements are Zn, Cd, and Hg.
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35. (c) FeSO4 + 2KMnO4 + 8H2SO4 → 5Fe2(SO4)3 + K2SO4
+ 2 MnSO4 + 8H2O

FeSO4 oxidised to Fe2(SO4)3

KMnO4 is reduced to MnSO4

38. (d) Steel is an alloy which contains iron (a metal) and
carbon (a non metal)

39. (c) Cu - [Ar] 3d104s1

Pd - [Kr] 4d105s0

Pt - [Xe] 4f145d96s1

Because in these elements the electrons are filled in
higher energy level first then in lower energy level.
Aufbau rule of filling sequence
1s > 2s > 2p > 3s > 3p > 4s > 3d > 4p > 5s > 4s

40. (c) In metal carbonyl oxidation state of metal is zero as
carbonyl is neutral ligand.
Mn → Ar3d54s2

MnO4 = +8
Mn cannot show +8 oxidation state.

45. (d) When KMnO4 acts as oxidising agent. O.S. of Mn
decreases from +7 to +2.
Thus decreases by 5
Mn+7 → Mn2+

46. (b) CrO2Cl2 + 4NaOH → Na2CrO4 + 2NaCl
yellow

47. (b) Lithophone is a mixture of BaSO4 + ZnS

48. (b) K2Cr2O7 
D  K2CrO4 + Cr2O3 + O2↑

green
49. (d) Wrt  option (a) Ce4+ has a noble gas configuration.

So, Ce exhibits + 4 oxidation state.
wrt option (c),
As the size of lanthanoid ions deveases from La3+ to La3+, 
the basic strength decreases from La(OH)3 to La(OH)3.

50. (a) wrt option a-

Ions Number of unpaired electrons
1. V2+ 3
2. Cr2+ 4
3. Mn2+ 5
4. Fe2+ 4

So, order of paramagnetic behaviour
Mn2+ > Cr2+ = Fe2+ > V2+

51.  (b) Decreases from + 6 to + 3.
52.  (a) It is one third of its molecular weight in alkaline

medium because it gives 3 nascent oxygen in alkaline 
medium.

3e
4 2 22KMnO H O 2KOH 2MnO 3[O]

−++ → + +

 ∴ Equivalent weight = 
M
3

53. (c) Potassium dichromate, on heating gives oxygen and
chromic oxide (Cr2O3).

54. (c) Monel: Ni + Cu + Fe + Mn
55. (a) Due to Lanthanoid contraction order will be

Yb+3 < Pm3+ < Ce+3 < La3+

56. (a) 22
4 3 3 4 4CuSO 4NH [Cu(NH ) ] SO −++ →

57.  (c) The conversion of dichromate to chromate.

2 2 7 2 4 2
yellow

K Cr O 2KOH 2K CrO H O+ → +


58. (c) List 1 List 2
(i) Explosive Pb(N3)2

(ii) Artificial gem Al2O3

(iii) Self reduction Cu
(iv) Magnetic material Fe3O4

59. (b,c) Ferrous salts react with potassium ferricyanide
to give blue colouration due to the formation of 
Tumbull’s blue in this reaction, first ferrous salt is 
oxidised to ferric salt by the ferricyanide ion which 
itself is reduced to ferrocyanide.

2 3 3 4
6 6

Ferricyanide Ferrocyanide
Fe [Fe(CN) ] Fe [Fe(CN) ]+ − + −+ → +

3 4
6 6Fe [Fe(CN) ] {Fe[Fe(CN) ]}+ − −+ →

3 4
6 6

Pot. ferric ferro cyanide
or Tumbull's blue 

Fe [Fe(CN) ] K K{Fe[Fe(CN) ]}+ − ++ + →

Ferric ions react with potassium thiocyanate to give 
blood red colouration due to the formation of ferric 
thiocyanate

3 3
Ferric thiocyanate

(Blood red)

FeCl 3KCNS Fe(CNS) 3KCl+ → +

60. (a) 2 2 2 3 2
Basic copper carbonate

2Cu CO H O O CuCO .Cu(OH)+ + + →

Statement Based Questions

61. (b) Ti3+ → 3d14s0. The absorption of light of sufficient
energy excites an e– from t2g level to eg. level.

62. (a) Color of a cation depends on no. of unpaired electrons.
Half filled or fully filled lanthanides are colourless.
(xf) and (14 – x)f will have same no. of unpaired electron
so they will show same colour.

63. (a) This is because of transfer of charges from ligand
O2– to metal centre which in turn emit color. MnO4

– has
+7 O.S so no electron in d orbital.

64. (c) K2Cr2O7 is less soluble in water, it also be found in pure
state and can be accurately weighed, not hygroscopic in
nature so it is used as primary standard solution.

65. (a) Cu+ is less stable than Cu2+ because Cu2+ has high
hydration energy.
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NCERT Exemplar Problems

1. (d) (a) Potassium permanganate (KMnO4) forms dark
purple colored crystals because it absorbs light in the
visible range of the electromagnetic spectrum.
(b) 5SO2 + 2KMnO4 + 2H2O → 2H2SO4 + 2MnSO4 +

K2SO4

(c) As a ligand-to-metal charge transfer takes place 
between the oxygen’s p- orbitals and the empty d-orbitals                  
on the metal. This charge transfer takes place when a 
photon of light is absorbed, which leads to the purple 
color of    the compound/ion

2. (a) Cu(II) is more stable than Cu(I). As it is known that,
Cu(I) has 3d10 stable configuration while Cu(II) has 3d9

configuration. But Cu(II) is more stable due to greater
effective nuclear charge of Cu(II)i.e., it hold 17 electrons
instead of 18 in Cu(I).

3. (d) On moving left to right along period, mass increases
while metallic radius decreases. Decrease in metallic
radius coupled with increase in atomic mass results in
increase in density of metal.
Hence, among the given four choices Cu belongs to
right side of Periodic Table in transition metal, and it has
highest density (89 g/cm3).

4. (b) Transition elements form coloured salt due to the
presence of unpaired electrons. In CuF2, Cu(II) contain
one unpaired electron hence, CuF2 is coloured in solid
state.

5. (a) Green oily compound Mn2O7 is obtained on addition
of KMnO4 to concentrated H2SO4, which is highly
explosive in nature.
2KMnO4 + 2H2SO4 (conc.) → Mn2O7 + 2KHSO4 +H2O

6. (b) Greater the number of unpaired electron, higher
will be its value of magnetic moment. Since, 3d5 has 5
unpaired electrons hence highest magnetic moment.

5(5 2)µ = +

35 5.95BM= =

7. (b) Lanthanoids show common oxidation state of + 3.
Some of which also show + 2 and + 4 stable oxidation
state along with + 3 oxidation state. These are shown by
those elements which by losing 2 or 4 electrons acquire
a stable configuration of f0, f7 or f14. e.g.,
Eu2+ is [Xe]4f7, Yb2+ is [Xe]4f14, Ce4+ is [Xe]4f0 and Tb4f

is [Xe]4f7.
8. (a) Disproportionation reaction is the reaction in which

oxidation as well as reduction, occur upon same atom
simultaneously.

9. (d) When KMnO4 solution is added to oxalic acid
solution, the decolourisation is slow in the beginning but
becomes instantaneous after some time because Mn2+

acts as autocatalyst.

Reduction half
MnO4

– + 8H+ + 5e– → Mn2+ + 4H2O] × 2
Oxidation half
C2O4

2  – → 2CO2 + 2e–]× 2
Overall equation
2MnO4

– + 16H+ + 5C2O4
2  – → 2Mn2+ +10CO2 + 8H2O

End point of this reaction Colourless to light pink
10. (c) Tm (Z = 69) does not belong to actinoid series. The

actinoid series is with atomic numbers 90 to 103. Thulium
(Tm) has atomic number 69 belongs to lanthanoids (4f
series).

11. (a) The reaction of KMnO4 in which it acts as an oxidising
agent in acidic medium is

4 2 4 2 4 2

2 2

4 2 4 2 2 4 4 2

2KMnO 3H SO K SO 3H O 5[O]
H S [O] H O S] 5

2KMnO 3H SO 5H S K SO 2MnSO 8H O 5S

+ → + +
+ → + ×

+ + → + + +

5 moles of S2– ions react with 2 moles of KMnO4. So, 1 

mole of S2– ion will react with 2
5

 moles of KMnO4.

12. (a)V2O5 and Cr2O3 both react with alkalies as well as
acids are amphoteric oxide.

13. (a)  Gadolinium belongs to 4f series and has atomic number
64. The correct electronic configuration of gadolinium is

64Gd = 54[Xe]4f75d16s2

It has extra stability due to half-filled 4f subshell.
14. (d) When small atoms are trapped inside the crystal

lattice of metals interstitial compounds are formed.
Some of their important characteristics are as follows
(i) They are very hard and rigid.
(ii) They have high melting point which are higher than
those of the pure metals.

(iii) They show conductivity like that of the pure metal.

(iv) They acquire chemical inertness.
15. (b) The magnetic moment is associated with its spin

angular momentum and orbitals angular momentum.
Spin only magnetic moment value of Cr3+ ion is 3d3

Hence, magnetic moment ( ) ( )2µ = +n n BM

( )3 3 2 15 3.87 BM= + = =

16. (c) KMnO4 acts as an oxidising agent in alkaline medium.
When alkaline KMnO4 is treated with KI, iodide ion is
oxidised to IO3

–

Reaction

4 2 4 32KMnO H O KI 2MnO 2KOH KIO+ + → + +

3 2or, I 6OH IO 3H O 6e− − − −+ → + +
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17. (a) Copper does not liberate H2 from acids as Copper lies
below hydrogen in the electrochemical series. Therefore,
option (a) is not correct. Other three options (b, c, d) are
correct.

18. (c) When acidified K2Cr2O7 solution is added to Sn2+

salts then Sn2+ changes to Sn4+.
19. (d) Highest oxidation state of manganese in fluoride

is +4(MnF4) but highest oxidation state in oxides
is + 7(Mn2O7). The Statement-II is that in covalent
compounds fluorine can form single bond while oxygen
forms double bond.

20. (c) Due to lanthanoide contraction, Zr and Hf possess
nearly same atomic and ionic radii i.e., Zr = 160 pm and
Hf = 159 pm, Zr4+ = 79 pm and Hf 4+ = 78 pm. Therefore,
these two elements show similar properties (physical
and chemical properties).

21. (b) HCl is not used to make the medium acidic in
oxidation reactions of KMnO4 in acidic medium. The
Statement-II is that if HCl is used, the oxygen produced
from KMnO4 + HCl is partly utilised in oxidising HCl
to Cl, which itself acts as an oxidising agent and partly
oxidises the reducing agent.

22. (a,b) Not because of the presence of unpaired electrons
KMnO4 is coloured due to the charge transfer. Similarly,
oxidation state of Ce in Ce(SO4)2 is + 4 with 4f 0 electronic   
configuration. It is also coloured (yellow) due to charge
transfer and not due to f – f transition.

23. (a,d) Electronic configuration Co2+ = [Ar] 3d7 ; Number
of unpaired electrons = 3
Electronic configuration Cr2+ = [Ar] 3d4 ; Number of
unpaired electrons = 4
Electronic configuration Mn2+ = [Ar] 3d5 ; Number of
unpaired electrons = 5
Electronic configuration Cr3+ = [Ar] 3d3 ; Number of
unpaired electrons = 3
Hence, it is clearly seen that both Co2+ and Cr3+ have
same number of unpaired electrons i.e., 3.

24. (b,c) In d-block elements, for heavier elements. the
higher oxidation states are more stable. Hence, Mo(VI)
and W(VI) are more stable than Cr (VI). That why, Cr
(VI) in the form of dichromate is a stronger oxidising
agent in acidic medium whereas MoO3 and WO3 are not.

25. (b,d) The oxidation states of the following actinoids are
(a) Americium (Z = 95); Electronic configuration = [Rn]
5f7 6d0 7s2

Oxidation states shown by Am = + 3, + 4, + 5, + 6.
(b) Plutonium (Z = 94); Electronic configuration = [Rn]
5f6 6d0 7s2

Oxidation states shown by Pu = + 3, + 4, + 5, + 6. + 7.
(c) Uranium (Z = 92); Electronic configuration = [Rn] 
5f3 6d1 7s2 
Oxidation states shown by U = + 3, + 4, + 5, + 6.
Neptunium (Z = 93): Electronic configuration = [Rn] 5f4 
6d1 7s2 

Oxidation states shown by Np = + 3, + 4, + 5, + 6, + 7.

26. (a,b) General electronic configuration of actinoids is
(n –1) f 1–14 (n –1)d0–2 ns2 . U and Np each have one
electron in 6d orbital. (Also, refer to Q. 25)

27. (b,c) (a) Cerium (Z = 57) ⇒ Electronic configuration =
[Xe]4f 5 5d0 6s2

Oxidation state of Ce = + 3, + 4

(b) Europium (Z = 63) ⇒ Electronic configuration =
[Xe]4f 7 5d0 6s2

Oxidation state of Eu = +2, + 3

(c) Ytterbium (Z = 70) ⇒ Electronic configuration =
[Xe]4f 14 5d0 6s2

(d) Oxidation state of Yb = + 2, + 3

(d) Holmium (Z = 67) ⇒ Electronic configuration =
[Xe]4f 11 5d0 6s2

Oxidation state of Ho = + 3
28. (b,c) [ ]3 1As, Ti Ar 3d+ =

[ ] ( )2 5 3 2
2g gMn Ar 3d , t e+ =

[ ] ( )2 6 4 2
2g 2gFe Ar 3d , t e+ =

[ ] ( )3 6 4 0
2g gCo Ar 3d , t e+ =

Crystal field splitting energy (CFSE) is high in Co3+ thus
electrons pair up in t2g. Hence, only Fe2+ and Mn2+ show
higher spin magnetic moment value.

29. (a,b) Transition elements such as Cr and Co form binary
compounds with halogens, i.e., CrF3 and CoF3 whereas
Cu and Ni do not form CuF3 and NiF3.

30. (b,c) A species can act as oxidising agent only when
metal is present in high oxidation state but lower
oxidation state show stability. As higher oxidations
states of W and Mo are more stable, therefore they will
not act as oxidising agents.

31. (b,c)

Electronic configuration of [ ] 2 0 2
58 54 4 5 6 .=Ce Xe f d s  

Therefore, electronic configuration of [ ]4 0
54 4 .+ =Ce Xe f

Thus, it has a tendency to attain noble gas configuration
and attain f 0 configuration.
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