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(iii) Vanadate, V 03

Oxidation state of V is + 5. 

Q 8.7: 

What is lanthanoid contraction? What are the consequences of lanthanoid contraction? 

Ans: 

On moving along the lanthanoid series, the atomic number gradually increases by one. With the increase 

in atomic number, the number of protons and electrons present in the atom also increases by one. The 

effective nuclear charge increases as electrons are being added to the same shell. Owing to the proton 

addition being pronounced more above the interelectronic repulsions resulting from electron addition, 

nuclear attraction increase happens. Also, with the increase in the atomic number, the number of 

electrons in the 4f orbital also increases. The 4f electrons have poor shielding effect. Therefore, the 

effective nuclear charge experienced by the outer electrons increases. Consequently, the attraction of the 

nucleus for the outermost electrons increases. This results in a steady decrease in the size of 

lanthanoids with an increase in the atomic number. This is termed as lanthanoid contraction. 

Consequences of lanthanoid contraction 

(i} It is due to lanthanide contraction that there is variation in the basic strength of lanthanide hydroxides. 

(Basic strength decreases from La(OH}3 to Lu(OH}3.} 

(ii) There is a similarity in the properties of second and third transition series.

(iii) Separation of lanthanoids is possible due to lanthanide contraction

Q 8.8: 

What are the characteristics of the transition elements and why are they called transition elements? 

Which of the d-block elements may not be regarded as the transition elements? 

Ans: 

Transition elements are those elements in which the atoms or ions (in stable oxidation state) contain 

partially filled d-orbital. These elements are found in the d-block and show a transition of properties 

between s-block and p-block. Hence, these are called transition elements. 

Elements such as Cd, Hg and Zn cannot be called as transition elements because they have completely 

filled d-sub shell. 

Question 8. 9: 

In what way is the electronic configuration of the transition elements different from that of the non 

transition elements? 

Ans : 

Transition metals have a partially filled d-orbital. Hence, the electronic configuration of transition 

elements is (n - 1 )d1 -1 0 ns0-2.

The non-transition elements either do not have a d-orbital or have a fully filled d-orbital. 

Therefore, the electronic configuration of non-transition elements is ns 1-2 or ns2 np 1-6.

Q 8.10: 

What are the different oxidation states exhibited by the lanthanoids? 

Ans : 

In the case of lanthanoids , +3 oxidation state is most common. 

That is, Ln(III} compounds are predominant. 

However, +2 and +4 oxidation states can also be found in the solution or in solid compounds. 

Q 8.11: 



(i) Transition metals and many of their compounds show paramagnetic behavior.

(ii) The enthalpies of atomisation of the transition metals are high.

(iii) The transition metals generally form coloured compounds.

(iv) Transition metals and their many compounds act as good catalyst.

Ans: 

(i) The catalytic activity of the transition elements can be explained by two basic facts.

(a) Transition metals provide a suitable surface for the reactions to occur.

(b) Owing to their ability to show variable oxidation states and form complexes, transition metals form

unstable intermediate compounds. Thus, they provide a new path with lower activation energy, Ea, for the

reaction.

(ii) Most of the complexes of transition metals are coloured. This is because of the absorption of

radiation from visible light region to promote an electron from one of the d-orbitals to another. In the

presence of ligands, the d-orbitals split up into two sets of orbitals having different energies. Therefore,

the transition of electrons can take place from one set to another. The energy required for these

transitions is quite small and falls in the visible region of radiation. The ions of transition metals absorb

the radiation of a particular wavelength and the rest is reflected, imparting colour to the solution.

(iii) Transition elements have high effective nuclear charge and a large number of valence electrons.

Therefore, they form very strong metallic bonds. As a result, the enthalpy of atomization of transition

metals is high.

(iv) Transition metals show paramagnetic behaviour. Paramagnetism arises due to the presence of

unpaired electrons with each electron having a magnetic moment associated with its spin angular

momentum and orbital angular momentum. However, in the first transition series, the orbital angular

momentum is quenched. Therefore, the resulting paramagnetism is only because of the unpaired

electron.

Q 8.12: 

What are interstitial compounds? Why are such compounds well known for transition metals? 

Ans: 

Transition metals are large in size and they also contain lots of interstitial sites. 

These interstitial sites can be used to trap atoms of other elements (that have small atomic size), such as 

H, C, N. The compounds resulting are called interstitial compounds. 

Q 8.13: 

How is the variability in oxidation states of transition metals different from that of the non transition 

metals? Illustrate with examples. 

Ans: 

In the case of transition elements, the oxidation state can vary from+ 1 to the highest oxidation state by 

removing all its valence electrons. Also, in transition elements, the oxidation states differ by 1 (Fe2+ and 

Fe3+; cu+ and Cu2+). In non-transition elements, the oxidation states differ by 2, for example, +2 and +4 or 

+3 and +5, etc.

Q 8.14: 

Describe the preparation of potassium dichromate from iron chromite ore. What is the effect of 

increasing pH on a solution of potassium dichromate? 

Ans: 

From iron chromite ore, Potassium dichromate is prepared as in the following steps. 

Step (1 ): Preparation of sodium chromate 



Step (2): Conversion of sodium chromate into sodium dichromate 

Step (3): Conversion of sodium dichromate to potassium dichromate 

Potassium chloride being less soluble than sodium chloride is obtained in the form of orange coloured 
crystals and can be removed by filtration. 

The dichromate ion ( Cr20�-) exists in equilibrium with chromate ( C ROl-) ion at pH 4. 

However, by changing the pH, they can be inter converted. 

Q 8.15: 
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Describe the oxidising action of potassium dichromate and write the ionic equations for its reaction 

with: 

(i) iodide (ii) iron(II) solution and (iii) H2S

Ans : 

k2Cr207 acts as a very strong oxidising agent in the acidic medium. 

electrons to get reduced and acts as an oxidizing agent. The reaction of k2Cr207 with H2S, iron (11) 

solution and other iodide are given below. 

(i) k2Cr201 oxidizes iodide to iodine.

Cr,O; +1411 +6e --+2Cr'" +711,0 

21 --+ � +2e !xJ 

Cr,O; +61 + 1411' --+2Cr'· +31,+ 711,0 

(ii) k2Cr207 oxidizes iron (11) solution to iron (111) solution i.e., ferrous ions to ferricions.

Cr,O; +1411'+6c --+2Cr''+7ll,O 

Fe'• --+Fe' + e Jx6 

Cr,O: +1411' +61·c'' --+2Cr'' +6fe' + 711,0 



Q 8.16: 

Describe the preparation of potassium permanganate. How does the acidified permanganate 

solution react with 

(i) iron(II) ions (ii) SO2 and (iii) oxalic acid?

Write the ionic equations for the reactions. 

Ans : 

Potassium permanganate can be prepared from pyrolusite (MnO2). The ore is fused with KOH in the 

presence of either atmospheric oxygen or an oxidising agent, such as KNO3 or KCIO4, to give K2MnO4. 

The green mass can be extracted with water and then oxidized either electrolytically or by passing 

chlorine/ozone into the solution. Electrolytic oxidation 

At anode, manganate ions are oxidized to permanganate ions. 

Oxidation by chlorine 

Oxidation by ozone 

(i) Acidified KMnO4 solution oxidizes Fe (11) ions to Fe (111) ions i.e., ferrous ions to ferric ions.

MnO, +811' +5c --+Mn'' +411,0 

Fe1· ---+Fei.+ e·JxS 

MnO, +5Fc1' +811'----+Mn'· +Sl·c" +411,0 

(ii). Acidified potassium permanganate oxidizes SO2 to sulphuric acid. 

MnO, +611 + 5c -+Mn'·+ 311,O )x2 
211,O+2SO,+O, -+411'+2SO; +2c Jx5 

n1nO,+I0SO
_:__

+SO
__,_

+411_:_O-+2Mn' +10SO; � 

(iii) Acidified potassium permanganate oxidizes oxalic acid to carbon dioxide

MnO, +811 + 5c -+Mn'· +411,OJx2 
c,o; -+2CO, + 2e Jx5 

2MnO,+5C,O; +1611 -+2Mn'' +I0CO,+811,O 

Q 8.17: 

For M2+/M and M3+/M2+ systems the EV values for some metals are as follows: 

Cr2+/Cr -0. 9V Cr3/Cr2+ -0.4 V 

Mn2+/Mn -1.2V Mn3+/Mn2+ +1.5 V 

Fe2+/Fe -0.4V Fe3+/Fe2+ +0.8 V 









accept electrons and behave as an acid. 

For example, M nII O is basic and M nr II 07 is acidic. 

(ii) Oxygen and fluorine act as strong oxidising agents because of their high electronegativities and small
sizes. Hence, they bring out the highest oxidation states from the transition metals. In other words, a
transition metal exhibits higher oxidation states in oxides and fluorides.

For example, in OsF6 and V2O5, the oxidation states of Os and V are +6 and +5 respectively. 

(iii) Oxygen is a strong oxidising agent due to its high electronegativity and small size. So, oxo-anions of a
metal have the highest oxidation state. For example, in , the oxidation state of Mn is+ 7.

QS.26: 

Indicate the steps in the preparation of: 

(i) K2Cr207 from chromite ore. (ii) KMn04 from pyrolusite ore.

Ans: 

(i) Potassium dichromate ( K2Cr2O7) is prepared from chromite ore (FeCr2O4) in the following steps.

Step (1 ): Preparation of sodium chromate

Step (2): Conversion of sodium chromate into sodium dichromate 

Step(3): Conversion of sodium dichromate to potassium dichromate 

Potassium chloride being less soluble than sodium chloride is obtained in the form of orange coloured 
crystals and can be removed by filtration. 

The dichromate ion Cr20�- exists in equilibrium with chromate ion CrO�- at pH 4. 

However, by changing the pH, they can be interconverted. 

C 02- Alkali 
2HC 

o- Alkali 
C

. o2-
r 1 � r 1 � 12 1 

.\cul .kid 

(ii) Potassium permanganate ( KMnO4) can be prepared from pyrolusite (MnO2). The ore is fused with
KOH in the presence of either atmospheric oxygen or an oxidising agent, such as KNO3 or KCIO4, to give
K2MnO4.

The green mass can be extracted with water and then oxidized either electrolytically or by passing 
chlorine/ozone into the solution. Electrolytic oxidation 

At anode, manganate ions are oxidized to permanganate ions. 



1V1 nu4 t-t 1v1 nu4 + e

Oxidation by chlorine 

Oxidation by ozone 

Question 8.27: 

What are alloys? Name an important alloy which contains some of the lanthanoid metals. Mention its 

uses. 

Ans: 

An alloy is a solid solution of two or more elements in a metallic matrix. It can be a partial solid solution 
or a complete solid solution. Alloys generally are created as they have varied properties compared to their 
constituent elements. An important alloy of lanthanoids is Mischmetal. It contains lanthanoids (94-95%), 
iron (5%), and traces of Al, Ca, Si, C, S. 

Uses 

(a) It is used in tracer bullets and shells.

(b) Mischmetal is used in cigarettes and gas lighters.

(c) It is used in flame-throwing tanks.

Question 8.28: 

What are inner transition elements? Decide which of the following atomic numbers are the atomic 

numbers of the inner transition elements: 29, 59, 74, 95, 102,104 . 

Ans: 

Inner transition metals : elements in which the last electron enters the f-orbital. 

The elements in which the 4f and the Sf orbitals are progressively filled are called f-block elements. 

From the given atomic numbers, the inner transition elements are the ones with atomic numbers 59, 95, 
and 102. 

Q 8 .29: 

The chemistry of the actinoid elements is not so smooth as that of the lanthanoids. Justify this 

statement by giving some examples from the oxidation state of these elements. 

Ans: 

Lanthanoids project 3 oxidation states (+2, +3, +4). From these, +3 state is the most common. 
Lanthanoids display a limited number of oxidation states because the energy difference between 4f, Sd, 
and 6s orbital's is quite large. While, the energy difference between Sf, 6d, and 7s orbital's is very less. 
Hence, actinoids display a large number of oxidation states. 

For example, neptunium displays +3, +4, +5, and + 7 while uranium and plutonium display +3, +4, +5, and 
+6 oxidation states. The most common oxidation state in case of actinoids is also +3.

QS.30: 

Which is the last element in the series of the actinoids? Write the electronic configuration of this 

element. Comment on the possible oxidation state of this element. 

Ans: 
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