CBSE CLASS XII Chemistry
Transition Metals Including Lanthanides
	One mark questions with answers

	Q1. How many unpaired electrons are present in Fe26? What is its magnetic moment? 

	Ans1. Electronic configuration of Fe26 = |Ar| 3d64s2
Thus there are 4 unpaired electrons.
Its magnetic moment is = n(n + 2) = 4(6) = 24 B.M = 4.89 B.M. 

	Q2. What is the value of a Bohr magneton? 

	Ans2. 1 B.M = eh/(4mc) where e = charge on an electron.
h = planck's constant.
 = 22/7, m = mass of the electron.
c = velocity of light. 

	Q3. Which are the most common oxidation states of iron? Which is stabler? Why? 

	Ans3. +2, +3.
Fe+++ is stabler, because Fe++ is easily oxidised. 

	Q4. What is the change in colour when Fe++(+2) is changed to Fe+++? What is the change in number of unpaired electrons? 

	Ans4. Fe++ is green in colour and number of unpaired electrons in  Fe++ is four.
Fe+++ is light yellow in colour and there are five unpaired electrons in it. 

	Q5. What is the number of unpaired electrons in Cu+ and Cu++? What is their colour? 

	Ans5. Cu+ = _ _ _ _ 3d104s0. No unpaired electrons.
Cu++ = _ _ _ _ 3d94s0. There is one unpaired electron.
Cu+ is colourless, while Cu++ is blue in colour. 

	Q6. Why Cu+ is diamagnetic and Cu++ is paramagnetic? 

	Ans6. Since there are no unpaired electrons in Cu+. Therefore its magnetic moment is zero. But in Cu++ there is one unpaired electron hence, it is paramagnetic due to its magnetic moment which is 1.73 B.M. 

	Q7. Out of the following which is more paramagnetic and why? Fe++ or Mn++. 

	Ans7. Fe++ = _ _ _ _ 3d6 number of unpaired electrons = 4
Mn++ = _ _ _ _ 3d5 number of unpaired electrons = 5
Hence, magnetic moment of Mn++  is higher than Fe++ this is why Mn++ is more paramagnetic than Fe++. 

	Q8. What is the oxidation state. of Mn in MnO4-, MnO2, MnO4=, MnCl2. 

	Ans8. MnO4-, X - 8 = -1, X = 7,
MnO2, X - 4 = 0, X = 4,
MnO4=, X - 8 = -2, X = 6,
MnCl2, X - 2 = 0, X = 2. 

	Q9. When acidified dichromate is changed to chromium sulphate by Sn++. What is the change in colour of chromium and change in its oxidation state? 

	Ans9. Cr2O7 = Changes to Cr+++.
and Sn++ changes to Sn++++.
Oxidation number of Cr2O7= 2x - 14 = -2, x = 6.
Oxidation number of Cr in Cr2 in Cr2(SO4)3 is +3. 

	

	Two mark questions with answers

	Q1. Why transition element form complexes? Give one example. 

	Ans1. Transition elements or d block elements form complexes as they have
(i) Small size (Atomic|Ionic).
(ii) High nuclear charge.
(iii) Presence of valence vacant d orbitals.
Hence these accommodate lone pairs of electrons from ligands, (electron pair donors) and form complexes.
Example : |CO(NH3)6|Cl3
Hexammine cobalt (iv) Chloride. 

	Q2. Why d-block elements or their compounds are good catalytic agents? 

	Ans2. Since a good catalyst must provide a large surface to adsorb or to form activated complex with reactants. d-block elements or their compounds have this unique property and are thus good catalytic agents. 

	Q3. Why |Ti(H2O)6|+++ is purple in colour? Explain it. 

	Ans3. When white light falls on |Ti(H2O)6|+++ due to d-d transition, a part of incident light pertaining to yellow coloured wave length is absorbed. In transmitted light red and blue coloured wave lengths dominate. Hence, it is purple in colour.

	Q4. Balance the equation by Ion-electron method when acidified Cr2O7= oxidises Sn++ to Sn++++. What is change in colour and change in oxidation number of Cr? 

	Ans4. Cr2O7= + 14H+ + 6e 2Cr+++ + 7H2O
Sn++  Sn++++ + 2e] x 3
Cr2O7= + 14H+ + 3Sn++ 2Cr+++ + 7H2O + 3Sn++++
Change in colour of Cr2O7= to Cr+++ is orange to yellow
Change in oxidation number of Cr is (+6) to +3. 

	Q5. What is the reaction when acidified KMnO4 oxidises FeSO4 to Fe2(SO4)3? 

	Ans5. [2KMnO4 + 3H2SO4  K2SO4 + 2MnSO4 + 3H2O + 5O
2FeSO4 + O + H2SO4  Fe2(SO4)3 + H2O] x 5
2KMnO4 + 10FeSO4 + 8H2SO4  K2SO4 + 2MnSO4 + 5Fe2(SO4)3 + 8H2O.
Change in oxidation state of Mn (+7) to (+2).
Change in colour, pink to colourless. 

	Q6. Balance the equation by ion-electron method in acidic medium.
MnO4- + C2O4= + H+  Mn++ + CO2 + H2O. 

	Ans6. [5e + MnO4- + 8H+  Mn++ + 4H2O] x 2
C2O4= 2CO2 + 2e] x 5
16H+ + 2MnO4- + 5C2O4=  2Mn++ + 8H2O + 10CO2
MnO4- is Oxidant
C2O4= is reductant. 

	

	Three mark questions with answers

	Q1. Give comparison between lanthanides and actinides. 

	Ans1. 
Lanthanides 

Actinides 

1. These show lanthanide contraction. 
1. These show actinide contraction. 
2. These are separated by ion-exchange behaviour. 
2. These also show ion exchange behaviour. 
3. Most of lanthanides are colourless. 
3. Most of the ions of actinides are coloured. 
4. These have lesser tendency to form complexes. 
4. These have greater tendency to form complexes. 
5. Their magnetic behaviour can be easily explained. 
5. Their magnetic behaviour can not be easily explained. 
6. These are referred as rare earth. 
6. Elements beyond 92U are referred as transuranic elements. 
7. These show mostly +3 oxidation state. 
7. These show even higher oxidation state +3 to +7. 


	Q2. Give the preparation of sulphides which can be prepared directly by treating element with sulphur and heating them or by passing H2S gas. What is the colour of these compounds? 

	Ans2. Fe + S [image: image1.png]


FeS
Cu + S [image: image2.png]


  CuS
2Ag + S [image: image3.png]


Ag2S,
CuCl2 + H2S [image: image4.png]OH™.



CuS + 2HCl
CuSO4 + H2S [image: image5.png]OH™.



CuS + H2SO4
The sulphides of transition elements are generally black for example, NiS, CoS, FeS, CuS are black, CdS is yellow, MnS is light pink and ZnS is grayish white. 

	Q3. Why d-block elements show variable oxidation states? Give examples taking the case of 3d series -elements. 

	Ans3. Most of the transition elements show variable oxidation states because of incomplete d-sub shell. The variable oxidation states of d-block elements are due to the participation of ns and (n - 1)d electrons in bond formation for example oxidation state can be explained as
(i) Sc21 shows +2 and +3 due to 4s2 and 3d1 electrons.
(ii) Ti22 shows +2, +3 and +4 due to 4s2 and 3d2 electrons.
(iii) V23 shows +2, +3, +4, +5 due to 4s2 and 3d3 electrons
(iv) Cr24 shows +1, +2, +3, +4, +5, +6 due to 4s1 and 3d5 electrons.
(v) Mn25 shows +2, to +7 due to 4s2 and 3d5 electrons.
Fe26 show oxidation state +2 and +3 (stable), +4 and +5 unstable.
Co27 shows +2 oxidation state.
Ni28 shows +2 oxidation state.
Cu29 shows +1 and +2 oxidation state.
Zn30 shows +2 oxidation state only. 

	Q4. How will you find equivalent wt. of
(i) KMnO4 in alkaline medium?
(ii) In acidic medium
(iii) In basic medium? 

	Ans4. (i) Alkaline medium
2KMnO4 + 2KOH  2K2MnO4 + H2O + O
MnO4- + e  MnO42-
evidently equivalent wt. of KMnO4 in alkaline
medium is = [Mol. wt.] = 158
(ii) Acidic medium
2KMnO4 + 3H2SO4  K2SO4 + 2MnSO4 + 3H2O + 5O
or MnO4- + 8H+ + 5e  Mn++ + 4H2O
Hence equivalent wt. = [Mol. wt.]/5 = 158/5 = 31.6
(iii) Equivalent weight of KMnO4 in neutral or weakly acidic medium.
MnO4- + 4H+ + 3e  MnO2 + 2H2O
equivalent wt. = [Mol. wt.]/3 = 158/3 = 52.66. 

	Q5. (a) What are the uses of KMnO4?
(b) Balance the following equation by ion-electron method and find equivalent wt. of MnO4-
MnO4- + C2O4= + H+  Mn++ + CO2 + H2O 

	Ans5. (a) (i) It is used as oxidising agent in lab.
(ii) It is used in volumetric analysis for the estimation of Fe++, I- etc.
(iii) It is used as germicide.
(iv) It is used in dry cells.
(v) In qualitative analysis for the detection of Cl-, Br- oxalates and tartarate ion 
(b) 
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equivalent wt. of MnO4 = [Ionic wt.]/5 = 119/5 = 23.8 

	Q6. What is the method of preparation of potassium dichromate from chromite ore? 

	Ans6. Method of preparation of K2Cr2O7
(step I) The powdered chromite ore |FeCr2O4| is heated with molten alkaline Na2CO3 and a little lime (in keeping the mass porous) on the hearth of a reverberatory furnace in free supply of air to produce roasted mass containing sodiumchromate and Fe2O3.
4FeCr2O4 + 8Na2CO3 + 7O2  8Na2CrO4 + 2Fe2O3 + 8CO2​
The roasted mass is extracted with H2O, when Na2CrO4 passes in sodium leaving Fe2O3 as insoluble residue.
(step II) The extracted yellow solution of Na2CrO4 is treated with conc. H2SO4 to get sodiumdichromate along with Na2SO4
2Na2CrO4 + H2SO4  Na2Cr2O7 + Na2SO4 + H2O
(step III) Now aq. solution of Na2Cr2O7 is treated with KCl to get K2Cr2O7
Na2Cr2O7 + 2KCl  K2Cr2O7 + 2NaCl 

	

	Five mark questions with answers

	Q1. (a) What are transition elements? Give atomic number of elements of, second and third transition series.
(b) Why transition elements exhibit (i) variable oxidation states (ii) form complexes (iii) form coloured compounds (iv) and show catalytic properties. 

	Ans1. (a) Transition elements : The d-block elements, which lie in between S and P-block are called transition elements. These elements have properties which are transitional between sand P-block elements. All of them are metals.
The general electronic configuration of these elements is (n - 1) d1-10 ns1-2. These are divided into three transition series.
(i) The first transition series : (3d-series), it involves the filling of 3d-orbitals and has 10 elements from scandium (Sc = 21 to Zn = 30)
(ii) The second transition series : (4d-series) y = 39 to cadmium = 48, this series have also 10 elements
(iii) The third transition series : (5d-series) It involves the 5d-orbitals and has 10 elements. The first element of this series (z = 57) is lanthanum. It is followed by 14 elements (lanthanides). The next nine elements are from Hf (z = 72) to Hg = 80.
(b) (i) Variable oxidation state : These elements show variable oxidation states. In lower oxidation states only ns electrons are involved but in higher oxidation states ns + (n - 1)d electrons are involved.
Since the energy difference between the five sets of orbitals is not large, the transition elements exhibit variable oxidation states. The oxidation states exhibited by these elements are governed by many factors such as number of unpaired electrons, (electronic configuration). The type of bonding involved in the stereo chemistry, the lattice energy and the solvent.
(ii) Formation of complexes : By virtue of their small size, high nuclear charge, presence of valence vacant d-orbitals, d-block elements or their ions accommodate lone pairs of electrons from electron pair donor species and thus complexes are formed for example
CuSO4 + 4NH3  |Cu(NH3)4|SO4
Tetrammine copper (II) sulphate here [image: image7.png]


H3 is called ligand, which is electron pair donor.
(iii) Formation of coloured compounds : The Transition metal ions have unpaired d-electrons, which on absorbing visible light can jump from one d-orbital to another i.e., intra d-d transition take place. Thus when light falls upon them certain wavelengths are absorbed. The transmitted (unabsorbed) or reflected light appears coloured and gives the colour to the compound. The ions having no d-d transition are colour less.
(iv) Catalytic properties : Various transition elements are used as catalysts e.g. Fe, MO, Ni, Pt, Pd, V etc.
This is by virtue of the presence of unpaired electrons in d-orbitals. As a result of this some unbalanced forces exist at their surfaces making them act as good catalysts. 

	Q2. (a) Why d-block form alloys?
(b) What are inner transition elements? Give their general characteristics. 

	Ans2. (a) Formation of alloys : As a result of nearly same atomic size these can mutually substitute lattice to form alloys.
(b) Inner transition elements : The elements which in their elemental or ionic form have partly filled f-orbitals are termed as f-block elements. These are also known as inner transition elements.
These are so called because electrons in these elements enter into innerpenultimate shell (n - 2) f-orbitals. There are two series of inner transition elements, each having 14 elements. The elements in which 4f orbitals are filled progressively are called lanthanides. The elements in which 5f orbitals are filled are called actinides.
Some characteristic properties of lanthanides are :
(i) These have high density(6.77 to 9.74 cm-2).
(ii) High melting point.
(iii) Low ionisation energy and highly electro positive character.
(iv) These form coloured ions.
(v) These show paramagnetic character.
(vi) These show steady decrease is size (M+++) with increase in atomic number. This is called lanthanide contraction. 

	Q3. Give preparation properties and uses of potassium dichromate. 

	Ans3. K2Cr2O7 Polatsium dichromate :
Hint : Preparation : It is prepared by heating chromite ore (FeCr2O4) with sodium carbonate. It forms soluble sodium chromate. The soluble sodium chromate (Na2CrO4) on acidification with H2SO4 produces sodium dichromate Na2Cr2O7 which on treatment with KCl gives crystals of K2Cr2O7.
Uses :
(1) As an oxidising agent
(2) In volumetric analysis for the estimation of Fe++/Sn++.
(3) It is used in the preparation of chrome alum.
(4) In photography for hardening of gelatin.
(5) In dyeing for producing Cr(OH)3 as mordant
(6) For making chromic acid mixture (K2Cr2O7 + H2SO4) used for cleansing glass wares in lab. 

	Q4. Give preparation and properties of potassium permanganate. 

	Ans4. Hint : Potassium permanganate :
Preparation : It is prepared by fusing pyrolusite ore (MnO2) with KOH in the presence of Atmos. oxygen or an oxidising agent like KNO3 or KClO3 to get K2MnO4, this K2MnO4 is further oxidised to KMnO4 by Cl2 or O3 or by electrolytically. The purple solution is concentrated by evaporation which on cooling deposits KMnO4.
2MnO2 + 4KOH + O2 [image: image8.png]


2K2MnO4 + 2H2O. 


