UNIT 8

THE d- AND - BLOCK ELEMENTS' |

1. Introduction

d-block elements are present from fourth period onwards. There are mainly three
series of the transition metals — 3d series (Sc to Zn), 4d series (Y to Cd) and 5d series
(La to Hg, omitting Ce to Lu).

d-block elements are known as transition elements because their position in the
periodic table is between the s-block and p-block elements. Electronic configuration of
the d-block elements is (n — 1)d"'’ns° 2 but Cu*, Zn, Cd, Hg etc. [(n — 1)d"" are d-block
elements, but not transition metals because these have completely filled d-orbitals.

Transition Metals of d-block Elements
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group group group group group group group group group group
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2. General Properties of the Transition Elements

(i) Atomic and Ionic Radii

In transition metals, left to right net nuclear charge increases due to poor
shielding effect. Due to this, the atomic and ionic radii for transition elements for a
given series show a decreasing trend for first five elements and then becomes almost

constant for next five elements of the series.
(ii) Enthalpies of Atomisation

Transition elements exhibit higher enthalpies of atomization because of large
number of unpaired electrons in their atoms. They have stronger interatomic interaction
and hence, stronger bond.

(iii) Ionisation Enthalpies

* Inaseries from left to right, ionization enthalpy increases due to increase in

nuclear charge.
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* The irregular trend in the first ionization enthalpy of the 3d metals, though
of little chemical significance, can be accounted for by considering that the removal of
one electron alters the relative energies of 4s and 3d orbitals.

(iv) Oxidation States

* Transition metals shows variable oxidation state due to two incomplete

outermost shells. Only stable oxidation states of the first row transition metals are
Sc(+ 3), Ti(+ 4), V(+5), Cr(+ 3, + 6), Mn(+ 2, + 7), Fe(+ 2, + 3), Co(+ 2, +

3), Ni(+ 2), Cu)+ 2), Zn(+ 2)

* The transition elements in their lower oxidation states (+ 2 and + 3) usually
forms ionic compounds. In higher oxidation state compounds are normally covalent.

*  Only Os and Ru show + 8 oxidation states in their compounds.

* Niand Fe in Ni(CO), and Fe(CO), show zero oxidation state.

(v) Trends in the Standard Electrode Potentials

e Transformation of the solid metal atoms to M?" ions in solution and their
standard electrode potentials.

» If sum of the first and second ionization enthalpies is greater than hydration

enthalpy standard potential (E° 2+ ) will be positive and reactivity will be lower and

2+
M M
vice-versa.

(vi)Trends in Stability of Higher Oxidation States

The higher oxidation numbers are achieved in TiX,, VF, and CrF. The + 7 state
for Mn is not represented in simple halides but MnO,F is known and beyond Mn no
metal has a trihalide except FeX, and CoF, and increasing order of oxidizing power in
the series VO," < Cr,0.>” < MnO*.

(vii) Magnetic Properties

*  When a magnetic field is applied to substances, mainly two types of

magnetic behavior are observed : diamagnetism and paramagnetism. Paramagnetism

due to presence of unpaired electrons, each such electron having a magnetic moment
associated with its spin angular momentum.

*  The magnetic moment is determined by the number of unpaired electrons.

Magnetic moment = /5 (PI + 2)

where, n = number of unpaired electrons.

If all electrons are paired, substance will be diamagnetic and magnetic
moment will be zero.

(viii) Formation of Coloured Ions
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»  The d-orbitals are non-degenerated in presence of ligands. When an electron
from a lower energy d-orbital is excited to a higher energy d-orbital, the energy of
required wavelength is absorbed and rest light is transmitted out. Therefore, the colour
observed corresponds to the complementary colour of the light absorbed.

* InV,0,, Visin+ 5 oxidation state. It is coloured due to defects in crystal

lattice.
(ix) Formation of Complex Compounds

*  Transition metals have small size high nuclear charge which facilitates the
acceptance of lone pair of electron from ligands.

» They have vacant d-orbitals of appropriate energy in order to accommodate
the lone pair of electrons.

(x) Catalytic Properties

» Transition metals have two outermost shells incomplete and ability to adopt
multiple oxidation states and to form complexes, therefore used as a catalyst.

» Transition metals also provide larger surface area for the reactant to be
adsorbed.

(xi)Formation of Interstitial Compounds

* Small size of non-metals (H, C, N) fit into the voids of crystalline solid of
transition metals and form interstitial compounds.

»  The principal physical and chemical characteristics of these compounds are
as follows :

(1) They have high melting points, higher than those of pure metals.
(i1) They are very hard, some borides approach diamond in hardness.
(ii1) They retain metallic conductivity.
(iv) They are chemically inert.

(xii) Alloy Formation

Alloy is the homogeneous mixture of two or more metals. Transition metals have
approximate same size therefore, in molten form they can fit to each other crystalline
structure and form homogeneous mixture and form the alloy.

E.g., Brass (copper-zinc) and bronze (copper-tin) etc.
3. Some Important Compounds of Transition Elements
Potassium Dichromate (K,Cr,0,)
(i) Ore

Ferrochrome or chromate (FeO.Cr,0,) or (FeCr,0,)
(ii) Preparation
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4Fe0.Cr,0, + 8Na CO, + 70, — 8Na,CrO, + 2Fe,0, + 8CO,
(yellow)

2Na,CrO, + 2H" — Na,Cr,0, + 2Na" + H,O
(orange)
Na Cr,0, + 2KCl — K Cr,0, + 2NaCl
Sodium dichromate is more soluble than potassium dichromate.

* Chromates and dichromates are interconvertible in aqueous solution
depending upon pH of the solutions.

0 2— 2—
¢}
| Ow9 pm_ O /
Cr O——Cr” 12¢° YXCr—O
o/ o/ \o o/ 163 N0
chromate ion sp* dichromate ion sp’

(iii) Properties
Sodium and potassium dichromates are strong oxidizing agents, thus, acidified
K.Cr,0, will oxidise iodides to iodine, sulphides to sulphur, tin (II) to tin (IV) and iron
(IT) salts to iron (III).

Cr,0* + 14H" + 6" — 2Cr’* + 7TH,0 + 31,
Cr, 0 +3H,S+8H"— 2Cr’* + 3S + 7TH,0
Cr,0.* + 14H" + 3Sn** — 3Sn*" + 2Cr’* + 7TH,0
(iv) Uses
(a) K,Cr, 0O, is used as oxidizing agent in volumetric analysis.

(b) It is used in mordant dyes, leather industry, photography (for hardening of
film).

(c) Itis used in chromyl chloride test.

(d) Itis used in cleaning glassware.
Potassium Permanganate (KMnO,)
(i) Ore

Pyrolusite (MnO,)
(ii) Preparation

2MnO, + 4KOH + O, — 2K, MnO, + 2H,0

(green)
3MnO,* + 4H" — 2MnO,” + MnO, + 2H,0

(iii) Commercial preparation
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Fused with KOH oxidised 2-
Mn02 with air or KNO3 4 Mno4

Manganate ion

Mno42— Electrolytic oxidation N Mno4—

(alkaline medium) )
Permanganate ion

(purple)
(iv) Properties

KMnO, acts as strong oxidizing agent.
(a) In presence of dilute H,SO,, KMnO, is reduced to manganous salt.
MnO,” + 8H" + 5¢ — Mn*" + 4H,0

Acidic KMnO, solution oxidizes oxalates to CO,, iron (II) and iron (III), nitrites
to nitrates and iodides to iodine. The half reactions of reductants are

C,0,”—CO,+2e
Fe* > Fe'' + e
NO,” > NO,™ + 2¢”
2> 1, + 2e

To acidify KMnO,, only H,SO, is used and not HCI or HNO, because HCI

reacts with KMnO, and produce CI, while HNO,, itself acts as oxidizing agent.
(b) In alkaline medium, KMnO, is reduced to insoluble MnO,,.
MnO,” + 3e” + 2H,0 — MnO, + 40H"

Alkaline or neutral KMnO, solution oxidizes I" to 10,7, S,0,* to SO,*,
Mn** to MnO, etc.

(v) Uses
(a) In laboratory preparation of CL,.
(b) KMnO, is used as an oxidizing agent, disinfectant.
(c) In making Baeyer’s reagent.
4. The Inner Transition Elements (f-Block)

The f~block consists of the two series, lanthanoids and actinoids. Lanthanoids are
known as rare earth metals and actinoids are known as radioactive elements (Th to Lr).

Lanthanoids

General characteristics
*  General configuration [Xe] 4/, 5d™!, 65

* Atomic and ionic size from left to right, decreases due to increase in nuclear
charge. This is known as lanthanoid contraction.

» Al the lanthanoids are silvery white soft metals and tarnish rapidly in air.
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e Many trivalent lanthanoid ions are coloured both in the solid state and in
aqueous solutions. Neither La*" nor Lu** ion shows any colour but the rest do so.

*  The lanthanoid ions other than the /° type (La*" and Ce*") and the /™ type (Yb**
and Lu*") are all paramagnetic. The paramagnetism arises to maximum in neodymium.

* Oxidation states — Ce*; (Some elements) is favoured by its noble gas
configuration, but it is a strong oxidant reverting to the common + 3 state. The E°

value

for Ce*"/Ce** is + 1.74 V, the reaction rate is very slow and hence, Ce(IV) is a good
analytical reagent. Pr, Nd, Tb and Dy also exhibit + 4 state but only in oxides. Eu*" is
formed by losing the two s-electrons and its /' configuration accounts for the formation
of this ion. However, Eu2+ is a strong reducing agent changing to the common + 3 state.
Similarly, Yb*" which has f/* configuration is a reductant, Tb** has half-filled f-orbitals
and is an oxidant.

* Lanthanoid are very reactive metals like alkaline earth metals.

Lanthanide metal— +C
(M) —>MC,

+
—M(OH),+H,

e Misch metals, contain lanthanoids about 90-95% (Ce 40-5%, Lanthanum and
neodymium 44%) iron 4.5%, calcium, carbon and silicon about 10.5% are used in
cigarette and gas lighters, toys, tank and tracer bullets.

Actinoids
*  Genral configuration [Rn] 5/'4, 6d4°2, 7s°.

* Actinoids exhibit a range of oxidation states due to comparable energies of 5f,
6d and 7s orbitals. The genral oxidation state of actinoids is + 3.

»  All the actinoids are strong reducing agents and very reactive.

* Actinoids also react with oxygen, halogen, hydrogen and sulphur, etc. like
lanthanoids.

* Actinoids are radioactive in nature and therefore, it is difficult to study their
chemical nature.

VERY SHORT ANSWER TYPE QUESTIONS (1 Mark)
Q. 1. Explain CuSO_5H,O is blue while CuSO, is colourless ?

Ans. Because water molecules act as ligands and results in crystal field splitting of
d-orbitals of Cu?®* ion.

Q.2. Which element among 3d series exhibit highest oxidation state ?
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Mn

In 3d series (Sc to Zn), the enthalpy of atomization of Zn is low. Why ?
Due to absence of unpaired electrons.

Which element among 3d series exhibit only one oxidation state ?

Sc

Why is the 3rd ionization energy of Mn (Z = 25) is unexpectedly high ?
Due to half-filled electronic configuration.

Define alloy.

Alloys are homogeneous solid solutions of two or more metals.

Transition metals show zero oxidation state with ligands like CO. Explain.
Co form synergic bonding with metal ion.

Why can’t HCI acid be used to acidify KMnO, solution ?

Because KMnO, oxidize HCl into CL,.

Name one ore of Mn and Cr.

Mn : MnO,

Cr: FeCr,0O,

. Why Mn** compounds are more stable than Fe** compounds towards

oxidation to their + 3 state ?
Mn*? has half-filled electronic configuration.
Why do transition metal (elements) show variable oxidation states ?

Due to presence of vacant d-orbitals.

. Write any uses of pyrophoric alloy.

Making bullets, shells and ligher flints.

. Which is more basic — La(OH), or Lu(OH), ? Why ?

La(OH),, due to lanthanide contraction, lower size, more covalent character,
least basic.

. Find out number of Cr — O — Cr bond/bonds in Cr2072‘ ion.

1

. What is effect of increasing pH on K,Cr,O, solution ?

It changes into K, CrO, solution/orange colour change into yellow colour.

. Why is Ce*" in aqueous solution a good oxidizing agent ?
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Because Ce*" is most stable in Ce* state in aqueous solution.

. Why do Zr and Hf exhibit similar properties ?

Due to lanthanide contraction.

. What is lanthanoid contraction ?

The regular slow decrease in the atomic or ionic radii of lanthanoids with
increasing atomic number.

. Why is Cu (Z =29) considered a transition metal ?

Due to its partially filled d-orbital in Cu** state.

. Arrange the given in increasing order of acidic character :

CrO,, Cro, Cr,0,.
CrO < (Cr,0, < CrO,
Why KMnO, or MnO," ion is coloured ?

Due to charge transfer complex formation.

SHORT ANSWER-I TYPE QUESTIONS (2 Marks)

Q. 1.

Chromium is typical hard metal while mercury is a liquid. Explain why ?

Cr has five unpaired d-electrons. Hence metallic bonds are strong. In Hg, there
is absence of unpaired electrons and size is larger.

Why KMnO, is used in cleaning surgical instruments in hospitals ?
This is because KMnO, has a germicidal action.

Most of the transition metals do not displace hydrogen from dilute acids,
why ?

Due to their —ve reduction potential.
Explain why Cu™ is not stable in aqueous solution ?

Due to less —ve A, H? of Cu'/it cannot compensate 2nd ionization potential of
Cu.

Why is the highest oxidation state of a metal exhibited in its oxide or
fluoride only ?

Oxygen and fluoride have small size and high electronegativity. They can
oxidise the metal.

Write electronic configuration of Cu*? and Co*.
Cu™ = [Ar] 3d°4s°
Co" = [Ar] 3d"

Balance the following equations :
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(@ MnO, +Fe*+H —
(b) Cr,0 +Sn*+H'—
(@) MnO, +Fe* + H" — Mn" + Fe"’
(b) Cr,0*+Sn*+H"— Cr”+ Sn™

Briefly explain why electronic configuration of lanthanoids are not known
with certainty ?

4f75d subshells are very close in energy. +ve electrons can jump from 4f'to 5d
or vice-versa.

Why Zn, Cd, Hg are soft and have low melting point ?

Due to weak interatomic attraction/absence of unpaired electrons.

. What is the effect of pH on the solution of K,Cr,O, solution ?

K.,Cr,0, solution changes into K Cr,0 /yellow colour changes into orange
colour.

Which of the following is/are transition element and why ?
Zn, Cd, Ag, Fe, Ni
Fe, Ni, Ag

. What are interstitial compounds ? Give example.

When small atoms like C, H, B and N occupy interstitial site in their lattice.
Example, TiC, Fe H,

. Why are Zn, Cd, Hg volatile metals ? Explain.

Due to weak interatomic attraction/low boiling point.

. Why is first ionization energy of 5d elements higher than those of 34 and 4d

elements ?

. Explain ‘Misch metal’ and write its use.

It is an alloy of 95% lanthanoid and 5% iron and traces of S, C, Ca and Al. Used
in lighter flint, bullet tips etc.

. The following two reactions of HNO, with Zn are given :

(@) Zn +conc. HNO, — Zn(NO,), + X + H,O
(b) Zn +dil. HNO, — Zn(NO,), + Y + H,O

Identify X and Y.
X=NO,
Y=NO

. Complete the equations :
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(a) KMnO, —

(b) 3K,MnQ, —nandue

for long time
acidic medium

Ans. (a) 2KMnO,— K MnO,+MnO, + O,
(b) 3K MnO, — MnO,” +MnO, + 2H,0
Q. 18. Out of Fe and Cu, which one would exhibit higher melting point ?
Ans. Fe, due to large number of unpaired d-electrons/more interatomic attraction.

Q. 19. Sc, the first member of first transition series does not exhibit variable
oxidation state. Why ?

Ans. Due to noble gas electronic configuration in + 3 oxidation state no other
oxidation state is stable.

SHORT ANSWER-II TYPE QUESTIONS (3 Marks)
Q.1. (a) Deduce the number of 34 electrons in the following ions :
Cu*, Sc¢*

(b) Why do transition metals form alloy ?

(¢) Why Zn*? salts are white ?
Ans. (a) Cu"™:9 electrons

Sc*™: 0 electron

(b) Transition metals have similar atomic radii.

(c) Absence of unpaired electron.
Q.2. Complete and balance the following equations :

(@ MnO>+H —

(b) KMnQ, __ heat

(c) MnO +FeCO,__® .
Ans. (a) 3MnO,* +4H"— 2MnO, + MnO, +2H,0

(b) 2KMnO, __ ket K MnO, + MnO, + O,

(c) MnO, +FeCO, +H"— Mn* + Fe* + CO,

Q. 3. Describe the oxidizing action of K,Cr,O, with the following. Write ionic
equations for its reaction (acidic medium) with :

(a I (b) TIron(I) () HS
Ans. (a) Itliberates I, form I".
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(b)

(b)

Cr,0.> + 14H" + 61" — 2Cr” + 7H,0 + 31,

It oxidizes Fe*? to Fe™.

Cr,0.> + 6Fe"” + 14H" — 2Cr" + 7TH,0O + 6Fe"
It oxidizes H_S to sulphur.

Cr,0> +3H,S+8H"— 2Cr” + 7H,0 + 38

Write any four differences between lanthanoids and actinoids.

(a)

(b)
(©

(d)
(@)
(b)

©
(a)
(b)

(©)
(@)

(b)
(a)

(b)

Lanthanoids Actinoids
They are generally They are radioactive.

non-radioactive.
Most of their ions are colourless. Coloured ions.

Show + 3, + 4 and + 2 oxidation state. Beside + 3, show higher
oxidation state.

Less tendency of complex formation. Higher tendency.
Why is separation of lanthanoid elements difficult ?

Transition metal exhibit higher enthalpies of atomization. Explain
why ?
Why have the transition metal high enthalpy of hydration ?

Due to lanthanide contraction, the size of these elements is nearly same.

Transition metal contain large number of unpaired electrons, and they
have strong interatomic attractions.

Due to their small size and large nuclear charge.

Use Hund’s rule to derive the electronic configuration of Ce* ions and
calculate its magnitude moment.

Is lanthanum a f-block element ?
Ce = [Xe] 4f' 5d' 65°
Ce™ = 4f' one unpaired electron

p=yln(n+2)=173 BH

No, it is a d-block element.

Account for the following :

()
(b)
(©)
(a)

Silver chloride dissolves in excess of NH,.
Cuprous chloride is diamagnetic while cupric chlorideis paramagnetic.

In CrO” ion, all the Cr — O bond length are equal.
AgCl forms a soluble complex with NH..
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AgCl+2NH, — [Ag(NH,),]C]
(b) Cu': 3d" 4s°— All electrons are paired.
Cu™ : 3d® — Here, one unpaired electron is present.
(¢) Due to resonance.
The E° values in respect of electrodes of Cr, Mn and iron are :
Cr3/Cr?=-04V
Mn*?/Mn?=+15V
Fe"?/Fe?=+0.8V
Compare the feasibilities of further oxidation of these ions.
Cr" is more stable than Cr*".
Mn*? is more stable than Mn*.
Fe** is more stable than Fe?*.
Order of feasibility of + 2 oxidation state is :
Mn** > Fe™ > Cr*?
Write any three properties of interstitial compounds.
(a) They are chemically inert.
(b) They retain metallic conductivity.
(c¢) They have high melting point than their pure metals.

(d) These are harder and more corrosion resistant.

. Account for the following :

(a) All Scandium salts are white.

(b) The Ist ionization energy of the 5d series are higher than 3d and 44

transition elements in respective groups.

(¢) Ce™ can be easily oxidized to Ce*™.

(a) Schas only + 3 oxidation state, there is no unpaired electron.
(b) Due to lanthanide contraction, effective nuclear charge increase.
(c) Due to gain noble gas electron configuration.

A green chromium compound (A) on fusion with alkali gives a yellow
compound (B) which on acidification gives a orange coloured compound
(O). Identify A, B, C. Write equations for reactions.

A FeCr,0O, B : Na,CrO, C.Na,Cr,0,
4FeCr,O, + 8Na, CO, + 70, — 8Na,CrO, + 2Fe O, + 8CO,



150 | Chemistry-XII

(A) (B)
Na,CrO, + H,SO, — Na,Cr,0, + Na,SO, + H,0
©

Q. 12. When an oxide of Mn (A) is fused with KOH in the presence of an oxidizing

Ans.

agent and dissolved in water, it gives a dark solution of compound (B).
Compound (B) disproportionate in neutral or acidic solution to give purple
compound (C). Identify A, B, C.

A MnO2 B: KzMnO A C : KMnO A

LONG ANSWER TYPE QUESTIONS (5 Marks)

Q. 1.

Q. 2.

A violet compound of manganes (A) decomposes on heating to liberate
oxygen and compounds (B) and (C) of manganese are formed. Compound
(O) reacts with KOH in the presence of KNO, to give compound (B). On
heating compound (C) with conc. H,SO, and NaCl, Cl, gas is liberated
and compound (D) of manganese is formed. Identify A, B, C, D alongwith
reactions involved.

A KMnO, B : K,MnO, C:MnO, D : MnCl],
KMnO, —*— K,MnO, + MnO, + O,
(A) (B)
MnO, + KOH + KNO, — K,MnO,
© (B)
MnO, + NaCl + conc. H,SO, — MnCl,
© (D)
(a) What is meant by disproportionation of an oxidation state ? Give one
example.
(b) Draw the structures of Cr,0.*, CrO,”? MnO,".
(c) What is the effect of lanthoids contraction beyond lanthanoid ?

(a) When any atom or ion undergo oxidation and reduction simultaneously it
is called disproportionation.

2Cu" — Cu*?+ Cu

ol I I
(0)
(b) Cr” o Cr Cr~ — Mn~_ _
O
7N o 75 4 \\o 0

(c) Size of respective 4d and 5d series elements becomes comparable from
fourth group onwards (e.g., Zr and HY).
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VALUE BASED QUESTIONS (4 Marks)

Q. 1.

A group of students was smoking cigarettes in college premises. A social activist
noticed and advised them not to smoke.

(a) By forbidding them not to smoke, which value of social activity wants to
be inculcated among the youth ?

(b) As achemistry student, write the name of ‘alloy’ used in lighter’s flint.
(c) Mention diseases caused by smoking.
(d) Name the chemical present in the smoke which is habit forming.

It is a general myth that we should not come out of the house to see solar eclipse
because it can have evil impact on life but nowadays educated people allow their
children to see solar eclipse, treating them as a natural science phenomenon, but
children are advised to see them by uv protected sun glasses (crooke’s lenses) to
avoid harmful impact of uv light on eyes.

(a) Write the name of d-block metal oxide used in making uv protected lens.

(b) By allowing the children to see solar eclipse using uv protected lens,
which value the educated people are trying to inculcate in the children ?

(c) Which rays are present in the light which can damage the eye while
viewing solar eclipse with naked eye ?

(d) Name the oxide of a lanthanoid also present in uv protected lenses.

In Chemistry lab, Lalit used Na,Cr,O, for the estimation of Fe*" and I" in redox
reactions while Sahil uses K Cr,O, for the same estimation of ions.

(a) Out of these two, who is performing correct estimation of ions ?
(b) Draw the structure of Cr,0,* ion.

(c) Explain why CrO,* and Cr,0_* are interconvertible by the change in pH
of the medium.

(d) Name the value learnt by the use of K,Cr,O, in the estimation of ions.

For automotive catalytic converters, transition metals like Pt, Pd, Rd, Fe, Cr etc.
used in industry are expensive while ceramic cores are inexpensive.

(a) Which property of transition metal makes them useful as catalyst ?
(b) What is the function of catalytic convertor ?

(¢) As astudent of chemistry, would you suggest the use of explosive metals
like Pt, Pd and Rh ? Give reasons.

(d) Which value is promoted through the use of catalytic convertors in
industry ?
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Q. 5.

Due to scarcity to water, the resident of a colony decided to refuse their well
which was not used for the past six months. The secretary of RWA decided to
clean the well by adding small amount of potassium permanganate in the well
and then loaded the well water with alum crystals.

(a) Why did the secretary of RWA add potassium permanganate in well ?
(b) Draw the structure of permanganate ion, MnO,".
(c) Why did secretary of RWA add alum to the well ?

(d) What values are associated with the use of KMnO, and alum ?



