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Introduction to d-block elements
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e The three series of the transitio are 3d series from Sc to Zn, 4d series from Y to Cd
and 5dseries from La to Hg.
e The fourth 6dseries begins frmand is incomplete till now.
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THE d- AND f-BLOCK ELEMENTS

e The d-block elements are found in the middle section of s- and p- block elements in the
periodic elements.

e This lead to its name ‘transition’ due to its position between s- and p- block elements.

Electronic Configurations of the d-Block Elements &
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e The electronic conflguratl ock elements is(n-1) d*°ns’2, They have two
incomplete outershells.

e Where (n—1) =Innerd avmg electrons from 1-10.
e ns=Outermost orblta ave one or two

e (n-1)d°ns? repres e electronic configurations of Zn, Cd and Hg.

e They exhlbltWIency that differ by units of one.
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Element Symbol  Electronic Configuration

Scandium Se 15 25% 2p* 357 3p° 3d' 45°

Titanium Ti 157 2% 2p* 357 3p* 3d° 45

Vanadium ~ V 152252 2p* 362 3p° 3P 48

Chromium Cr 157 257 2p* 357 3p° 3dP 48!

Manganese Mn 1s* 25% 2p* 357 3p* 34" 4s°

Iron Fe 157 267 2p° 387 3p° 3P 4 Q
Cobalt Co 1s* 257 2p% 357 3p" 3d" d5°

Nickel Ni 157 257 2p° 357 3p° 3P 457 Q
Copper Cu 1s* 25% 2p* 35 3p" 34" 45 ®
Zing Zn 157 25° 2" 357 3p° 3" 45°

Physical Properties

an exception.

e The transition metals are hard and tou@ve low volatility butZn, Cd and Hg are

e

1) d along with the ns metallic

N

e They have high me%oilingpoints due to the greaterquantity of electrons from (n-
ns

4

=]

M.p./10°K——s
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Atomic number ——»
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Fig. The trends in melting point of d-block elements.
e Metals possessing high boiling point are noble in their

e The metals belonging to second and third series have greater e
than the elements belonging to first series.

alpies ofatomisation

SMH

AHYRS mol” —

v
Fig. Enthalpies of atomisation :K
Metallic characteristics: b
e All transition metals exhibit me\% aracter.
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Fig. Metal is used at the tip of the plug that is inserted into the socket
e They are hard and tough.

. the property of malleability, ductility a onorousity.
o

Fig. Aluminium is beaten into thin sheets to make aluminium foil used to pack food
(Malleability)

Fig. bells in temples are made of mm%when struck against hard surface produces sound

(Sonorousity)

Fig. Metals are dram wires (Ductility)

e They form alloys by combining with some other metals.

e They are found to exist in face- centered cubic (fcc) structure, hexagonal close-packed
(hcp) structure and body-centered cubic (bcc) structure.

e The transition elements exhibit covalent as well as metallic bonding within the atoms.

Atomic radii
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e The atomic radii of the elements of 3d-series decreases as the atomic number increases.

e The atomic radii increase from 3d to 4d, the atomic radii of the 4d and 5d transition series
are very close due to lanthanoid contraction. For example, Zirconium and Hafnium.

e This decrease in the metallic radius due to increase in the atomi€ mass leads to an
increase in the density of elements. Consequently the densityincredses from titanium to

copper. Q
Increasing Electronegativity S !

®
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Decreasing Ent vi hybridisation of cation

which results in high ionization energy.

Decreasing Enthalpy of hybridisation of cation
£1mg1sﬂahmmm Hus e

lonisation Enthalpies

e Transition elements have small

ity than the s-block elements due to their ionization
d P block elements.

e They exhibit less electro pe
potentials lying betwe

e They form covalent co ds.

e The d-block elemer@ibit an increase in the ionization potentials from left to right due
of the new electrons added into the (n-1) d subshell.

to the screening
e The first trar%l ies exhibit an increase in the second ionisation energies with the

increase in ato umber due to stable electronic configuration.
e lonization energy decreases down the group.

e |onization energy increases across the period.
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Increases across the period
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Oxidation States

presenting the number of electrons
ompound is called oxidation state.

e The number allotted to an element in a comp
lost or gained by an atom of the element of

ig [Ar] 3d'° 4s, It attains noble gas

equired to lose one more electron is very less
*ion. Therefore copper exhibits +1 and +2

e common.

For example, the electron configuration of ¢
configuration by losing one electron. The e
and hence copper loses 2 electrons and form

oxidation state. But +2 oxidation states @

It forms compounds like CuCl, and alsgawith oxygen like CuO. In both the cases the oxidation
state of Cu is +2.

e Transition elements exhibit vai‘lcu‘nidation states due to the minor energy difference
U

between ns and (n -1) d orbi

e Along with ns electrons, ( electrons takes part in bonding. But due to the availability
of few electrons for b ndium does not show variable oxidation states.

e Due to presence of m@lectrons, zinc has less orbital available for bonding and hence

does not exhibit varyi ation state.
e Among d-block e nts the elements belonging to 8th group exhibit maximum oxidation
state.

e Among the elements of 3d —series Manganese belonging to 7th group exhibits maximum
oxidation state.

e Among the elements of 4d-Series Ruthenium belonging to 8th group exhibits maximum
oxidation state.

o Among the elements of 5d-Series Osmium belonging to 8th group exhibits maximum
oxidation state.

e The oxidation number of a free element is always 0.
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e Oxidation number of (group 1) elements like Li, Na, K, Rb, Cs is +1.
e Oxidation number of (group Il) elements like Be, Mg, Ca, Sr, Ba is +2.
e Oxidation number of oxygen is -2.

e For example, oxidation state of Phosphorous in the compound H an be calculated by
the following method:

Oxidation state of H = +1 Q
Oxidation state of O =-2
Oxidation state of O3 = 3(-2) [Since it has 3 atoms of oxygen.D

Overall oxidation state of the compound = -2 e

Let P represent the oxidation state of Phosphorou

Therefore,

HPO3* = +1+P+3(-2) = -2

e P=+3 N
Standard hydrogen electrode %

e The electrode is connected to a stanrogen electrode (SHE) to constitute a cell

e |t consists of a platinum electrodew with a layer of platinum black.

1
H (ag) + & — EHztgm

Hlyg;?gm 298K
Platinum wire Temperature
Q’ HERH
PlaﬁnuN— ST

Dilute H,80, el

e The electrode is immersed in an acidicsolution and the pure hydrogen gas is bubbled
through it.

e Theconcentration of the reduced form and the oxidized form of hydrogen issustained at
unity with following conditions:

e Pressure of hydrogen gas =1 bar
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e Concentration of hydrogen ion in the solution = 1 molar

Ecell = Ecathode — Eanode

Ecell = Ecathode — 0= Ecathode
e The measured Emf of the cell:
Pt| Ha (1 bar)| H* (1M) || Cu?* (1IM)| Cuis 0.34 V.

The positive value of the standard electrode potential sighe easy reduction of

Cu®*ions than H* ions. C ]

e The measured Emf of the cell

Pt| H2 (1 bar)| H* (IM) || Zn?®* (1M)]| Zn is -0.76 V. *

The negative value of the standard electrod ential'signifies that the hydrogen ions

oxidizes the zinc (or it can be said that zinc ca e Wydrogen ions).

e An electrode with standard electrode p greater than zero is stable in its
reduced form compared tohydrogen g&

e Whereas an electrode with negatinard electrode potential is less stable in its
reduced form compared to hydro S.

e This decreases the standard ele
power ofthe specific electrode

electrodeto the right of the % :
Magnetic Properties

Substances, depending on their@ r in an external magnetic field, are classified into 2

otential which in turn decreases the oxidizing
left and increases the reducing power of the

types:

Paramagnetic ﬁ
e They are weakly d on application of magnetic field due to presence of one or

more unpaired eléctrions that gets attracted by the magnetic field.

e Applicati agnetic field magnetizes the paramagnetic substances in the same
direction b e, their magnetism in the absence of magnetic field.

e 0 Cu®*, Fe * are some examples of such substances.
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Fig. A trickle of liquid oxygen is deflected by a magnetic field, illustrating its paramagnetism.
Diamagnetic
e They are weakly repelled by a magnetic field due ne absence of unpaired electrons.
e They are weakly magnetized on application of tic field in opposite direction.

e Pairing of electrons cancels out their magnretic ents and they lose their magnetic

character.
rr%mples of such substances.

e For example, H,0, NaCl and CeHs are

In 3d series the orbital angular momentum of the electrons of the elements is less due to which
they exhibit less contribution.
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|Diamagnetic material

B<H

The magnetic moment for these elements is calcul

K =V(n(n+2))

Where n = number of unpaired electrons Q

1 = magnetic moment in units of Bohr Magné& .

PROBLEM: Calculate the 'spin only' ma%%nent of M2+(aq) ion (Z = 27).

using the spin only formula

SOLUTION: Z =27 = [Ar] 3d” 4s?

M?2* = [Ar] 3d’ &
3d7= (M4t cv

This means that it has 3 unpai trons.
n=3

= Jn(n+2)=u @

= J3(3+2)\g/
¢ {0 S

=4 BM

Formation of Coloured lons

e An electron from a lower energy d orbital is excited to a higherenergy d orbital, the energy
of excitation corresponds to the frequencyof light absorbed.
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e This frequency generally lies in the visible

e The colour of the transition metal ions is due to the presence of unpaired or incomplete d-

orbitals.

e The absorption of visible light and hence coloured nature of the sitfon metal cations is
due to the promotion of one or more unpaired d-electron froma.lo to a higher level
within the same d-subshell. This promotion requires small amount 6f'energy available in the
visible light.

e Sc*, Ti*, Cu* and Zn?* have either entirely empty or entirely filled 3d-orbital, i.e. they do not
have any unpaired d-electron, and hence appear colourle

vy ¥

[Cr(H20)613* [ Cu(NH3)4(H20)2 )* §12*  [Cr(NH3)s )3+

(

[Cr{OH)s 13 20)512* [ Cu(H20)s )2

colourless
ad’ ¥ colourless
3d' 2 purple
ad' * blue
3d° N w green
a4’ e violet
34" ™ violet
34* Mn™ violet
3d4* 5 blue
d* Mn™ pink
ad” Fe™ yellow
3d® Fe™ grecn
a5’ Co™Co™ bluepink
ad” it green
ad" Cu™ blue

ad" Zn™ colourless
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Formation of Complex Compounds

The cations of transition metals have great tendency to form complexes with several
molecules or ions called ligands.

The bonds involved in the formation of complexes are coordinat d
are called coordinate complexes.

The structure of these complex ions is linear, square, planar, dral, octahedral
depending upon nature of hybridization of metal ions.

nce the complexes

The weak ligand like CO, NO forms complexes only when transition metals are in zero due to
the availability of vacant orbitals in the donor atom of the i;ﬂd in addition to lone pair.

@
The highly electronegative and basic ligand like F-, CI- can form complexes with transition
metals even though there are in high oxidation stat o the presence of small, highly
charged or neutral ligands with lone pair of elect t ean form strong sigma bond by

donating a lone pair of electrons.

In a transition series the stability of complexes incréases with the rise in atomic number.

The transition metal atom reveals mu|tiplwlon state; the higher valent ion forms more

stable complexes. %

A few examples are: [Fe (CN)6]>~

_ N .
i
C

oo Y

—

T QO
c
i m

| =
D
(@)
=
o))
c=y +
?5

Octahedral Geometry

[Cu(NH3)4]?*
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2 S
OH, et

H, N u“"""llerH3 &
O
Square Planar < )
[PtCl4]- ¢
el ik
F Pt F :\
_ Square Planar C§

F

Formation of Interstitial Compo @

Transition elements in,co tion with small atoms like H, B, C, N etc. leads to the
formation of interstitial nds that are non-stoichiometric in composition.

E.g.: TiH13, VHoss @

The interstitial so formed are chemically inert having higher melting points as
compared to pur als. These componds are hard and tough and keeps metallic
conductivity. K

YYYYY

O

— Metal atom

— Interstitial Impurity

O
000

Interstitial alloy
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Alloy Formation

Non-stoichiometric Compound &

Alloys are homogeneous mixtures of more than one metal that can displace another metal
from the crystal lattice due to their comparable sizes. This leads to the formation of alloys.

The alloys so formed are hard with high melting points. For exam chr®mium, vanadium,
tungsten, manganese, molybdenum are the ferrous alloys.

Some other examples are brass (alloy of copper + zinc), stainl@ , bronze (alloy of

copper + tin), etc.
Al;

Hinges made of bronze Medal made S

The compounds in which the therelis.ho conformity in chemical composition with the ideal

chemical formula are called ichiometric compounds.
These compounds are formeg to variable valency in transition metals and also due to
the defects arising in O @

The compounds form ith O, S, Se, Te, Fe, Zn etc. are the examples of such compounds.

FeO - Fe:%
n0O : Zn%

Preparation of K,Cr,05

Potassium dichromate, (K2Cr.0y) is an orange-ish inorganic chemical reagent. In different
laboratory or industry it is basically used as an oxidizing agent usually for alcohols.

It can be prepared through the following process:
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e At first the fusion of chromite ore FeCr,04 with sodium or potassium carbonate in the
presence of access of air.

4FeCr;04 + 8Na2CO3 + 702 --> 8NazCrO4 + 2Fe0s3 + 8CO»

e Solution of sodium chromate is first filtered and then acidified wi solition of sulfuric acid
which results in an orange sodium dichromate solution Na,Cr.022H,0%¢an be crystallized.

2Na2CrO4 + 2H" --> Na»Cr207 + 2Na* + H,0 Q
e Sodium dichromate is more soluble than potassium dichro therefore it is fused with
KCl that leads to the formation of orange crystals of potas‘ium ,ichromate.

Na,Cr,07 + 2KCl --> K>Cr,07 + 2NacCl

o
e At pH equal to 4 the dichromates and chromates exists ih equilibrium and can be inter
convertible. 2

2Cr04 % + 2H*" --> Cr,07* + H,0

Cr207 2 + 20H- > 2Cr04> + H,0 Q
e The yellow colour of chromate changes toeran loured dichromate in the presence of

acidic medium whereas the dichromate chan nto chromate in the presence of basic
medium. %

2Cr04% + 2H* --> 2HCrO4 (Hydrogen c e)
)

2HCrO* --> Cr,0s* + H,0 Dichroma ge
e The chromate ion is tetrahedral an ichromate ion consists of two tetrahedral sharing
2

at one corner, with Cr-O-Cr bond a 6 degree.

Properties of Potassium dichr

Oxidizing properties

Potassium dichromate is a p@xidizing-agent in an acidic medium.
Cr07 % + 14H* + 6 electron @3 +7H,0

3 +77H,0 + 31,

It oxidizes iodides to iodi
Cr,07 % + 14H* + 61 -->

ric salts.

Cr,07 % + 14H* + 6 Fe2+ --> 2Cr 3*+ 7H,0 + 6Fe?*

It oxidizes ferrous salt

It oxidizes stannous salts to stannic salts.
Cr,072% + 14H* + 3Sn 2* --> 2Cr 3* + 7H,0 + 3Sn %
It oxidizes H2S to sulphur.

Cr,07% + 8H' + 3H,S --> 2Cr 3* + 7H,0 + 3S

Action of heat
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Application of heat leads to the decomposition of Potassium dichromate leading to the formation
of potassium chromate, chromic oxide and oxygen.

4K,Cr207 -Heat-> 4K,CrO4 + 2Cr0Os + 302

Preparation of Pottassium Permanganate (KMnQ,)

Pottassium Permanganate (KMnQa) is a dark purple solid consisting o ns: a potassium ion
(K*) and a permanganate ion (MnO™%). It is a strong oxidizing agent afithalso possess medication
properties due to which it is extensively used to clean wounds and % atitis.

e Fusion of powdered Pyrolusite ore (MnO;) with an alkali eeta’hydroxide like KOH in the
presence of air or an oxidizing agent like KNO3s leads to the ation of dark
green potassium Manganate (K2MnOs) which disprop@rtionate either in a neutral or acidic
medium and results in the formation of potassium nganate.

2 MnO; + 4 KOH + O3 --> 2K;MnO4 + 2H,0
3 MnO4* + 4H* --> 2Mn0O4 + MnO; + 2H,0

e Potassium permanganate is commercially pr@)y an alkaline oxidative fusion of
Pyrolusite ore (MnO:) and again by the elm' oxidation of manganate (4) ion.

2 MnO; + 4KOH + Oz --> 2K2MnO4 + 2H20
MnO4* + (electrolytic oxidation) -->piMn

Introduction to f-Block Elements

e These elements are also calle r transition elements because the last electron
enters (n-2) f-orbital, i.e. in% e penultimate energy level and forms a transition
series.

e The general electronic co tion of these elements can be given as

Hence, they have %mplete shells, viz. (n-2), (n-1) and nth.
Classification of f-blo@ments

o Lanthanoidw

= Theyare d Lanthanoids because they come immediately after Lanthanum.
= They are also called 4f-block elements or first inner transition series elements or
lanthanides or lanthanons.

v" Actinoids:

= They are called Actinoids because they come immediately after Actinium.
= They are also called 5f-block elements or second inner transition series elements
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oractinides or actinons.

Though Lanthanum is a d-block
element, it is included in the lanthanoid Like Lanthanum, Actinium is also
series because it closely resembles included in the actinoid series.
lanthanoids.

T . Chemistry of actinoids ‘s mor:
Study of lanthanoids is comparatively complicated because they siiow 2 wide
easier because they show only one range of oxidation states and most of

stable oxidation state. e e e

The Lanthanoids: ~

S

< Electronic Configuration: “
Name of the E.C. outside [Xe]
element Symbol | Atomic nic Oxidation | core
(Ln) No. (2) uration state Ln2+ Ln3+
Ln4+
Lanthanum La 57 e] 5d1 6s2 +3 5d1 40
Cerium Ce “{Xe] 4f2 5d0 6s2 +3, +4 42 411 410
Praseodymium | Pr 59 [Xe] 413 5d0 6s2 +3,+4 43 4f2 41
Neodymium Nd [Xe] 4f4 5d0 6s2 +2,+3,+4 | 4f4 4f3 42
Promethium Pm 61 [Xe] 4f5 5d0 6s2 +3 4f5 44
Samarium Sm [Xe] 4f6 5d0 6s2 +2, +3 4f6 4f5
Europium 3 [Xe] 4f7 5d0 6s2 +2,+3 4Af7 416
Gadolinium G 64 [Xe] 4f7 5d1 6s2 +3 4f7 5d1 417
Terbium 65 [Xe] 49 5d0 6s2 +3, +4 ff? 4G
[Xe] 4f10 5d1 4f10 479
% 6s2 AR PP
Molilion 67 [Xe] éf; 21 5d1 +3 4f11 4f10
—— ” - [Xe] ‘;fs122 5d1 2 4f12 411
Thulium Tm 69 Gl 27 aa IS A2
Ytterbium Yb 70 oy ‘g;; - a4y |44 e
Lutetium Lu 71 [Xe] ;f:; 5d1 s 4f135d1 414
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« Oxidation states:

Lanthanoids have the common electronic configuration of 6s2 and electrons
occupying 4f levelvariably. The electronic configuration of all the tripositive ions are
of the form 4fn (n = 1 -14) with increasing atomic number.

The electronic configuration of Europium (Z = 63) is 4f7 6s2 at of Gadolinium
(Z = 64) is 4f7 5d1 6s2. This can be explained on the bas tra stability of the
half-filled orbitals in theircores.

The electronic configuration of Ytterbium (Z = 70) is A@ and that of Lutetium

(2 = 71) is4f14 5d1 6s2. This is also explained on t of extra stability of the
filled orbitals in theircores.

< Atomic and ionic radii of Lan

The common oxidation state of the lantha
The +2 and +4 oxidation states are very le mon. These are exhibited by those
elementswhich attain a stable electronic cofifiguration of f0, f7 or f14 by losing 2 or
4 electrons.

Here, each element tries to attainnthe“Stable oxidation state by losing or gaining
electrons, i.e. %

+3. Hence, Sm2+, Eu2+ and Y

aqueoussolutions of Ce4+ an

in solutions are good reducing agents and
re good oxidising agents.

In lanthanoids, if thec number increases, atomic and ionic radii decrease
from La3+ toLu3+.

3
Ny



THE d- AND f-BLOCK ELEMENTS

Variation of ionic radii @t lanthanoids

e Causes of lanthanoid contraction

1. When we move from lef; ight along the lanthanoid series, the nuclear
charge increasesby one @n each neighbouring element. The new electron
is added to the same Il. So, the attractive force between the electron
and nucleus increas ence,the size decreases.

2. When a new elec dded to the f-subshell, the shielding effect of one

electron by anot
shielding can
contraction 0O

e (Consequences o anoid contraction:

(a) Diffil& paration of lanthanoids:

1. Because of the slight difference in ionic radii of lanthanoids, their chemical
propertiesare similar. This makes separation of lanthanoids more difficult.

2. Also, due to the difference in the size of lanthanoids, properties such as
solubility,complex ion formation and hydration show differences. This helps
separate the individual lanthanoids by the ion exchange method.

(b) Similarity in the size of elements belonging to the same group of the second
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and thirdtransition series:

1. The size of elements belonging to the second transition series is always
greater than that of the elements belonging to the same group of the first
transition series. Also, thesize of the atom of the thir
after lanthanum, is nearly the same as that of ,;the
belonging to the same group of the second transition'séries.

2. Similarity in size of the atoms of the eIementsging to the same group
of the 2" and 3™ transition series is due to the effect of lanthanoid
contraction.

sition series, i.e.

m of the element

(c) Effect on the basic strength of hydroxides:

Because the size of lanthanoid ions 6
characterof the hydroxides increases, % 2nce, the basic strength decreases.
e Bu(OH)3 is weakly basic.

Therefore, La(OH)3 is more basic, whil

om La3+ to Lu3+, the covalent

o,
0.0

Characteristics of Lanthanoids: N

(a) Silvery appearance and softnes :

All lanthanoids are silvery whi metals and tarnish easily in air. As the atomic
numberincreases, their har [so increases.

d

(b) Melting point:

ng point in the range 1000-1200 K except samarium,
which has ahigh melting point of about 1623 K.

N

O

(c) Electrical and t 2
They have met@aracteristics, and hence, they are good conductors of heat

and elec%
(d) Density:N

They have high densities in the range of 6.77-9.74 gcm™. Density and other
properties differsmoothly with increasing atomic number except in Eu and Yb.

nductivity:

(e) Colour:

They are silvery white. Most of the trivalent ions are coloured in solid and in
aqueous solution.This is due to f—f transition.

(f) Magnetic behaviour:
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All the lanthanoids except La%* and Lu®* show paramagnetism. This property is due
to thepresence of unpaired electrons in the incomplete 4f subshell.

(9) lonisation enthalpies:

The first ionisation enthalpies of lanthanoids are about 60 1 and the second
is about 1200 kJ mol™. The third ionisation enthalpy is it leads to a stable
electronic configuration, Q

i.e. empty, half-filled or completely filled.

(nh) Electropositive character:

They are highly electropositive because they po$sess low ionisation enthalpy.

The value of their standard electrode pot @ . Eo for half-reaction, M** (aq) + 3¢’

— M(s), lies in the range -2.2 to -2.4 opium is an exception because its Eo
value is -2.0 V.

() Reducing agents: N
They easily lose electrons; he?: %e good reducing agents.

(i) Standard electrode potential:

o

(k) Complex formation:

Because of their large size a%v charge density, they do not have much tendency
to formcomplexes. This of complex formation increases with increasing
atomic number.

() Chemical behaviour:

The first few e@f the series are more reactive like calcium. As the atomic
numberincreas h ehaviour becomes similar to that of aluminium. They show

the followingprogerties:

m Iqﬁ‘ce with hydrogen on heating.

‘[ They form carbides when heated with carbon.

- _—

% They form halides when burnt with halogens. |[

They react with dilute acids to liberate
hydrogen gas.

r{ They form oxides and hydroxides. }
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< Uses of lanthanoids:

1.

2.

3.
4.

Actinoids

It is mainly used in the production of alloy steels to improve|th ength of steel. A
well-knownalloy is mischmetal which has the following camp on:

C N
Y N,
’ %
| Q |

v" Lanthanoid metal =95%

(about 50% Ce, 40% La and the rest oti;er
lanthanoids) 6 :
v lron =5% b

v S, C, Ca and Al = traces

~. e -

%g a magnesium-based alloy. It is pyrophoric

and lighter flints.
Their oxides are used in th industry—for polishing glass and to make optical

The mischmetal is mostly usedhi
alloy, i.e.an alloy which emits s

glass.
Mixed oxides of Ianthano@used as catalysts in petroleum cracking.
Ceric sulphateis a weI@n oxidising agent used in volumetric analysis.

\Q

% Electronic Com‘%@
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Name of the | Symbol | Atomic Electronic Oxidation state E.C. outside
element (M) No. (2) configuration [Rn] core
M3+
M4+
Actinium Ac 89 [Rn] 6d1 7s2 5f0
Thorium Th 90 [Rn] 6d2 7s2 +8, 51 5f0
Protactinium Pa 91 [Rn] 5f2 6d1 7s2 4+ 5f2 5f1
Uranium U 92 [Rn] 5f3 6d1 7s2 +8,, +4,45,+6 5f3 5f2
Neptunium Np 93 [Rn] 5f4 6d1 7s2 #8, +4,+5,+6,+7 5f4 5f3
Plutonium Pu 94 [Rn] 5f6 6d0 7s2 y,+5,+6,+7 5f5 5f4
Americium Am 95 [Rn] 57 6d0 7s2 +3, +4,+5,+6 5f6 5f5
Curium Cm 96 [Rn] 57 6d1 7s2 ‘\ T3, +4 5f7 5f6
Berkelium Bk 97 [Rn] 5f9 6d0 7s +3, +4 57 5f7
Californium Cf 98 [Rn] 5f10 6 +3 5f9 5f8
Einsteinium Es 99 [Rn] 5f11 6d0,7s2 +3 5f10 5f9
Fermium Fm 100 [Rn] 5f12 +3 5f11 5f10
Mendelevium Md 101 [Rn] 5f1 % +3 5f12 5f11
Nobelium No 102 [Rn] &2 +3 5f13 5f12
Lawrencium Lr 103 [Rn] 5f 7s2 +3 5f14 5f13

5

<

All the actinoids have comm %onfiguration, and filling of the 5f and 6d
subshells isvariable.

The 14 electrons are bein%ed to 5f, except in thorium (Z = 90), but this
filling of the 5fsubshell cofti

atZ=103.

Irregularities in the e % ic configurations of actinoids are concerned with the
stabilities of f0,f7 and.f]
Although the 4

4f. Hence, 5fe|e®s

further after thorium till 5f orbitals are complete

onfigurations.
prbitals have similar shapes, 5f is less deeply buried than
an participate in bonding.

Oxidation state:

The co n oxidation state of all actinoids is +3.
Actinoi:&possess the oxidation state of +4. Some of them show higher

oxidation state. The oxidation state gradually increases from the extreme left to the
middle of the series and then decreases.
The compounds of actinoids with +3 and +4 oxidation states undergo hydrolysis.

lonic radii and actinoid contraction:

Like lanthanoids, actinoids also show contraction due to the poor shielding
effect of the 5f-electrons.
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e So, the radii of the atoms or ions of actinoids decrease gradually along the series.
e This contraction is greater from element to element in a series because 5f orbitals
extend in thespace beyond 6s and 6p orbitals.

% Characteristics of Actinoids: &

(a) Silvery appearance:
Actinoids are metals with silvery appearance.

(b) Structural variability:
They have much more regularities in theirAmetdllic radii; hence, they show
great structuralvariability.

(c) Colour:
They are silvery white metals. Their %are generally coloured. The colour of
these cationsdepends on the number, ectrons.
The cations containing zero 5f elec or seven 5f electrons are colourless.
The cationscontaining 2-6 5f glec re coloured.
This colour mainly arises becau transition.

(d) Melting and boiling points:
Actinoids have high melii boiling points. They do not show any gradual

change even withincreasing

(e) Density: Q
With the excep@rium and americium, all actinoids have high densities.

(f) lonisation enth
They have low isation enthalpies than lanthanoids. This is because 5f is less

penetrat@and hence is more effective in shielding from nuclear charge.
(9) EIectropm

haracter:
They are highly electropositive.

(h) Magnetic behaviour:
They are strongly paramagnetic. The change in magnetic susceptibility of actinoids
with increasing number of unpaired electrons is the same as lanthanoids, but the
values are higher for actinoids.
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(i) Reducing agents:
All the actinoids are strong reducing agents.

() Radioactivity:
All the actinoids are radioactive. The first few members of ies have long half-

lives. The remaining have half lives ranging from very fe o few minutes.

(k) Chemical behaviour:
They are highly reactive in the crushed form. They show the following properties:

They react with boiling water to give a mixture of ocxide and hydride.

P\
They combine with most of the non-metals i1t mo«:rate temperature.

They react readily with HCI but the rea. “~n wnn HNO3 is less effe
forms a protective oxide layer on the “urfac..

Alkalies have no action on tht —.

< Uses of actinoids:

Uses of plutonium

Uses of thorium

«It is used as a fuel for

«It is used in atomic ‘ -It is used as nuclear

reactors and in fuel. atomic reactors.
treatment of Canc@ +Its salts are used in «It is also used for
«Its salts are used i glass, textile, ceramic making bombs.
making incand industries and in

gas mantles. medicines.

Comparison of Lanthanoids and Actinoids

> Similarities:
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*  Actinoids show
Both show Both are ~ Both exhibit
common electropositive magnetic and
oxidation state and very spectral
of +3. reactive. ~ properties. ;
> Differences: A e
LANTHANOIDS ACTINOIDS

They also show +2 and +4 oxidation states in few
cases.

They

S higher oxidation states such as +4,

Most of their ions are colourless.

They have Ilow tendency towards complex
formation.

*5; :
Their ions‘are coloured.
hey ve high tendency towards complex

on.

Their compounds are weakly basic.
They do not form oxocations.

ir compounds are strongly basic.

Théy form oxocations UOZ*, PuO?* and UO.

They are non-radioactive (except Promethium)
Their magnetic properties can be explained

hey are radioactive.

Their magnetic properties cannot be explained

easily.

S
)
N
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THE d- AND f-BLOCK ELEMENTS

Important Questions

Multiple Choice questions-

Question 1. Which transition metal can show highest oxidation statd?
(a) Sc

(b) Ti Q
(c) Os Q

o
(d) In
Question 2. Which of the following is not an actinoi

(a) Thorium

(b) Californium 0
(c) Uranium %N
(d) Terbium

Question 3. Which of the following w% diamagnetic?

(a) Cu®* (’O;
(b) Ni?* Q

(c) Cd**

(d) Ti* Q
Question 4. Misch met @noy of

(a) La

(b) Th N

(c) Ac

(d) none of these

Question 5. Maximum magnetic moment is shown by

(a) 3d®
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(b) 3d’

(c) 3d°

(a) KzMnO4

(b) MnO2

(c) KMnOa4 °
(d) Mn204 o %

(d) 3d°
Question 6. Maximum oxidation number of manganese is in

Question 7. Electronic configuration of Fez+ion is

(a) [Ar] 4s23d* 0
(b) [Ar] 4513 N

(c) [Ar] 3d° %
(d) [Ar] 3d® b
Question 8. Electronic configuration &= 24) is
(a) 3d* 4s? cv

(b) 3d° 4s° Q

(c) 3d® 4s? Q

(d) none of these @

Question 9. Increaging(o f paramagnetism is
(a) Cu?* co?, an&

(b) CO?%*, Cu*, Mn%", Ni2*

(c) Cu?*, Ni?*, CO?**, Mn?*

(d) Mn?*, CO?*, Ni%*, Cu®*

Question 10. Copper sulphate dissolves in excess of KCN to give:

(a) [CU(CN)aJ*
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(b) [CU(CN)4]*

(c) CuCN

(d) [Cu(CN2].
Very Short Questions-

1. Zinc, cadmium and mercury are not considered as transitials. Why?
2. Write the general configuration of d- block elements.

3. What are the factors that decide the ionization potentia

4. What are interstitial compounds. Give two examples

5. What is the ore of X:¢7:0-a7d KMnO, o ¢
6. What is the effect of adding a base to potassiu C te?
7. Draw the structure of chromate and dichromat 2

8. Draw the structure of manganate and perman ions?

9. Complete and balance: -

1 5Fe™ + MnO, + 8H™ >

o SNO; + 2MnO; +6H" - b

3 2MnO, +H,O +I" >

4 SMnO; +35,07" +H,0 > Q
5 CnO-*+ 14H™ + 6Fe™ —)@3

6. CnO-"+ Sn*" + @

10. Name the two series of f-block.

11. The chemistry of actinoids is more complicated than lanthanoids. Why?
12.What is the general valance configuration of f-block elements?

13. What is the most common oxidation state of lanthanoids and actinoids?
14. Actinoid contraction is more than lanthanoid contraction. Give reason.
15. What is the composition of mischmetal? Give its one use.

16. Actinoids show larger number of oxidation states than lanthanoids. Why?

Short Questions-
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1. Give an explanation for the catalytic properties shown by transition metals.
2. Write some characteristics of interstitial@ompounds.

3. Describe the steps of pregaration of ?

4. Give some of the uses of ?
5. What happens when
(a) A lanthanoid reacts with dill- acid

(b) A lanthanoid reacts with water. Q
6. Transitiop-metatsigeneralty fekm coloured ions. Why? Whic following will be
coloured?

7. Explain the steps of preparation of potassium dichromate?
8. What is the lanthanoid contraction? What are its causés,and€onsequences?

Long Questions-
1.Give reasons- b
(i) Transition metals have high melting @
(ii) Second and third transition series ravessimilar radii.

(iii) Second ionization is difficult fro d Cr whereas it is easy for Zn.
(iv) Most of the transition elements ramagnetic.

(v) Transition elements form a
2. Silver atom has completely filled d (4d%) in its ground state. How can you say

that it is a transition element?
3.In the series Sc (Z=21) to Zn ( 0),the enthalpy of atomization of zinc is the lowest,

e, 126KImd™ yypyo
4. Which of the 3d series of thition metals exhibits the largest number of oxidation

states and why?

5.The bl value'fo % 1 is positive (+0.34V). What is possibly the reason for

this? (Hint: consider its @3 “and low A-’~-‘CH-)

6. How would you accou the irregular variation of ionization enthalpies (first and
second) in the fir the transition elements?
7. Why is the highest tion state of a metal exhibited in its oxide or fluoride only?

8. Which is a strongéfwéducing agent €~ or & and why?

Assertion and Reason Questions-

1. In these questions, a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.
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b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

c) Assertion is correct statement but reason is wrong statement.
d) Assertion is wrong statement but reason is correct statement.

Assertion: Co (1V) is known but Ni (V) is not.

Reason: Ni (1V) has d® electronic configuration. Q

2. In these questions, a statement of assertion followed by a@nent of reason is given. Choose
the correct answer out of the following choices.

o
a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.
b) Assertion and reason both are correct statem t réason is not correct explanation for

assertion.

c) Assertion is correct statement but reason@g statement.
d) Assertion is wrong statement but reas% ct statement.

Assertion: Transition metals form substituti%lloys.

Reason: Alloys are made to develop so@l properties which are absent in the constituent

elements. :
Case Study Questions-

1. Read the passage given belov@nswer the following questions:

The f-block elements aretho which the differentiating electron enters the (n -2)f orbital.
There are two series of F-b ments corresponding to filling of 4f and 5f-orbitals. The

series of 4f-orbitals is call@t anides. Lanthanides show different oxidation states
depending upon stabilit %f” and F!* configurations, though the most conunon oxidation
states is +3. There e decrease in size oflanthanides ions with increase in atomic
number which is know anthanide contraction.

The following questions are multiple choice questions. Choose the most appropriate answer:

(i) The atomic numbers of three lanthanide elements X, Y and Z are 65, 68 and 70
respectively, their Ln®" electronic configuration is:

a) 4f8, 4f1, 4f13
b) 4f'L, 4f%, 4%
c) 4f°, 42, 4f1
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d) 4f3, 4f7, 4f°

(ii) Lanthanide contraction is observed in:

a) Gd
b) At
c) Xe
d) Te Q

(iii) Which of the following is not the configuration of Ian@d?

a) [Xe]4f%6s? °
b) [Xe]4f'5d'6s?
c) [Xe]4d*5d%%6s2
d) [Xe]4f’5d'6s?
(iv) Name a member of the lanthanoid series is well known to exhibit +4 oxidation
state.

¢) Lanthanum (Z =57)

d) Gadolinium (Z=64
(v) Identify the incorrect statem m’ng the following.

a) Lanthanoid contractje waccumulation of successive shrinkages.

b) The different radii o % d Hf due to consequence of the lanthanoid contraction.
c) Shielding power ectrons is quite weak.

d) There is a decre he radii of the atoms or ions as one proceeds from La to Lu.

a) Cerium (Z =58) N
b) Europium (Z=63) ?

2. Read the passage givenybe and answer the following questions:

The transition elew incompletely filled d-subshells in their ground state or in any of
their oxidation staw transition elements occupy position in betweens- and p-blocks in
groups 3-12 of the Periodic table. Starting from fourth period, transition elements consists of
four complete series : Sc to Zn, Y to Cd and La, Hf to Hg and Ac, Rf to Cn. In general, the
electronic configuration of outer orbitals of these elements is (n - 1)d*1° n*2. The electronic
configurations of outer orbitals of Zn, Cd, Hg and Cn are represented by the general formula (n -
1)d*°ns?. All the transition elements have typical metallic properties such as high tensile
strength, ductility, malleability. Except mercury, which is liquid at room temperature, other
transition elements have typical metallic structures. The transition metals and their compounds
also exhibit catalytic property and paramagnetic behaviour. Transition metal also forms alloys.
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An alloy is a blend of metals prepared by mixing the components. Alloys may be homogeneous
solid solutions in which the atoms of one metal are distributed randomly among the atoms
of the other.

The following questions are multiple choice questions. Choose the t appropriate answer:

(i) Which of the following characteristics of transition metals is ated with higher
catalytic activity? 6

a) High enthalpy of atomisation.

b) Variable oxidation states.

¢) Paramagnetic behaviour. ®
d) Colour of hydrated ions.

(ii) Transition elements form alloys easily becaus ave.

a) Same atomic number.
b) Same electronic configuration.
c) Nearly same atomic size. N

d) Same oxidation states.

(iii) The electronic configuration of (Ta) is:

a) [Xe]4f95d'6s?
b) [Xe]4f*5d%6s’
c) [Xe]afl*sd36s?

d) [Xe]4f'*5d%6s? Q:

(iv) Which one of the foll outer orbital configurations may exhibit the largest number
of oxidation states:

a) 3d°4s! @
b) 3d°4s?

c) 3d2452Q
d) 3d3452N

(v) The correct statement(s) among the following is/ are:

I. Alldand f-block elements are metals.
II.  Alldand f-block elements form coloured ions.
lll.  Alld and f-block elements are paramagnetic.

a) () only
b) (1) and (ll) only
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c) (1) and (II1) only
d) (1), (11) and (1)

MCQ Answers-
1. Answer: (c) Os &
2. Answer: (d) Terbium Q

3. Answer: (c) Cd*

4. Answer: (a) La
L
5. Answer: (d) 3d® %
6. Answer: (c) KMnOa b
7. Answer: (c) [Ar] 3d® 0
8. Answer: (c) 3d° 4s?! N
9. Answer: (c) Cu?, Ni%*, CO*", Mn* %
10.Answer: (a) [CU(CN)4]* b
Very Short Answers- &

Ans 1. Zinc, cadmium and mercury ﬁ e fully filled @ & configuration. Therefore, they are

not considered as transition n@
(n-1) dnst?

Ans 2. General electronie.c ration of d- block elements is'

Ans 3. The ionization p tial'values are governed by various ionization enthalpy
values, bond enthalpy v nd hydration enthalpy values.

Ans 4. Compound@ by trapping small atoms like H, C, or N inside the crystal

lattices of metals eg. TiC, MnN et

Ans 5. Potassium dichromate = chromite ore (Fali0y) Potassium Permanganate

Mn0; byrolusite.

Ans 6. When a base is added to orange coloured potassium dichromate its colour
changes to yellow due to formation of potassium chromate.
Cr0-*+20H™ - 20r0.” + H,0
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Ans 7.

R

Chromate lon Dichromate fon

Cr i c:ﬂ,(f)\ o

S E- - |

2 TN 9 2@
o & » g

Ans 8. °

o o

I [

M 1

Ofir\O' Off) I \0’

W] O
Tetrahedral Tetrahedral

mEnEanae permanganate
[green) fon purple] lom

Ans 9 i ) %
1_SFe“ +MnO,” +8H™ = Mn~ +4H.,0 +5Fp§
5 SNO, + 2MnO; +6H" - 2Mn* + 5.\'03%

3 2Mn0, +H,0 + I" > 2Mn0, +20H" &

4, 8MnO; +35,0.7 + H,0 - 8MnO, + m— OH"

5 CnO. + 14H ™+ 6Fe™ 520" + 6£&'\gTH,0

2- 2 1427+ 4+
6,CnO-"+ Sn* +14H™ - Sn +2 0

Ans 10. The two series &
i) 4f series or Lanthanoi@

ii) 5f series or actinoids!

Ans 11. The complications in the actinoid series is due to
i) Existence of a wide range of oxidation states.

ii) Their radioactivity.

1-14 o-1_.2
Ans 12. The general electronic configuration of f-block elements is (n=2)/"(n-1) d"ns

Ans 13. The common oxidation states of
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(1) 4f series is +3

(2) 5fseries is +3, +4, +5, +6 & +7

Ans 14. The actinoid contraction is more than Lanthanoid contrac the shielding
Power of 5f orbitals is poorer than 4f orbitals.

Ans 15. Mischmetal is an alloy of a Lanthanoid metal and iron andjtraces of S, C, Ca & Al
It is used in Magnesium based alloy to produce bullets, she ghter Flint.

Ans 16. Actinoids can show many oxidation states as in actinoids 5f orbitals are filled
which are not as buried as Lanthanoids and can also pa ici}gite in bonding to a greater

extent besides 6d and 7s electrons.

Short Answers- b

Ans 1. Catalytic properties shown by transition m an be explained due to
(i) Presence of variable valency and ability of el o form complexes.

(i) Surface of metals where the reaction can

(i) They have high melting points.

(ii) They are very hard.
(iii) They retain metallic lustre. &

(iv) They are chemically inert.
Ans 3. Potassium Permanganate red in two steps:
Step 1: Fusion of M0, \yith kKO xidizing agent to give dark green K,MnO,

Ans 2. Some characteristics of interstit?co%nds are

2MnO, +4KOH +0, = 2K, bl .0
Step 2: Disproportionation o anate ions to give permanganate ions.
3MnO.” +4H+ = 2Mn0O,” {MhOy+2H,0

Ans 4. Uses of po wmanganate =
(a) As an oxidizin&
(b) For bleaching of wool, cotton & silk.
(c) For decolourisation of oils.

Ans 5. (i) When a Lanthanoid reacts with dilute- acid, it liberates hydrogen gas.
Ln + dil HCl-> Ln CI, + H,

(ii) When a Lanthanoid reacts with water, it forms hydroxide.
Ln + HO> Ln (OH),+H,
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Ans 6. Transition metals form coloured ions due to d-d transition. Coloured ions will be
those which have unpaired electrons.

Sc** 3d° Colourless

2o 3d° Coloured

MiT" 3d” Coloured

Cu” 3d" Colourless

Ni* 3d* Coloured. Q

Ans 7. Preparation of potassium dichromate takes place in th@eps.

Step 1: Fusion of chromite ore with sodium or potassium arbogate in free excess of air.
4FeCr0, +8Na,CO, +70, = 8Na,CrO, + 2Fe,0, +8CO,
Step 2: Conversion of Sodium Chromate to Sodiu
2Na,CrO, +2H™ - Na,Cr,0- +H,0+2Na ~

Step 3: Conversion of sodium dichromate to pota
Na,Cr0- + KCl = K,Cr0- + NaCl

by acidifying it.

hromate by reaching it with KCI.

Ans 8. Lanthanoid contractions — The cumul Nect of the regular decrease in size or radii
of Lanthanoid with increase in atomic b%alled Lanthanoid contraction.

Causes — The shape of f orbitals is diffus have poor shielding effect due to which the

effective nuclear charge increase with i in atomic number. This causes a decrease in
atomic radii &

Consequences — Due to Lanthanoi raction-

1. Radii of the members of the third’ttansition series is similar to those of second transition

series.
2. It becomes difficult to separa hanoids.

Long Answers- Q

Ans.(i) In transition me@sides ns electrons, (n-1)d electrons can also participate in
bonding making stro etallic bonds. This increases their melting points.

(ii) Due to lanth;@action, there is a decrease in size of 5d series. This makes
their sizes same % f elements of 4d series.

(iii) In Cr the electroni€ configuration is 39°4s" and for Cu, it is3@" 45", In these after first

ionization, which removes the electron from 4s, second ionization requires disturbance
in half filled or fully filled configuration which requires high enthalpy whereas the

configuration of Zn is 3d"4s’ Here after second ionization, the configuration of Zn is
completely filled. Therefore, second ionization is easier for Zn but difficult for Cr and Cu.
(iv) Para magnetism in transition elements arises due to presence of one or more
unpaired electrons in atomic orbitals.

(v) Due to similarity in their sizes, transition metals can take each others position in
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their crystal lattice. Therefore they are able to form alloys.

10g.1
Ans. Ag has a completely filled 4d orbital (4d755) in jts ground state. Now, silver displays
two oxidation states (+1 and +2). In the +1-oxidation state, an electron is removed from
the s-orbital. However, in the +2-oxidation state, an electronisr rom the d-

e
. . . (4d°) . o
orbital. Thus, the d-orbital now becomes incomplete /. Hence, it transition

element.
Ans. The extent of metallic bonding an element undergoes d the enthalpy of
atomization. The more extensive the metallic bonding of an t, the more will be its

enthalpy of atomization. In all transition metals (except Z1, elegtronic

configuration: 3d4¢’ ), there are some unpaired electrons t ccount for their stronger
metallic bonding. Due to the absence of these unpaired‘electfons, the inter-atomic
electronic bonding is the weakest in Zn and as a result,ithas the least enthalpy of
atomization.

Ans. Mn (Z = 25) = 3d°4s” Mn has the maximum n @ of unpaired electrons present in
the d-subshell (5 electrons). Hence, Mn exhib gest number of oxidation states,

ranging from +2 to +7.

Ans. The B sakby

following:

1. Sublimation: The energy required %%ing one mole of an atom from the solid

value of a metal depthe energy changes involved in the

state to the gaseous state.
M, > M,, AH(Sublimation energy)

2. lonization: The energy required t out electrons from one mole of atoms in the
gaseous state.

M, _’-\"I:_; o AH(lonization energy

3. Hydration: The energy relea hen one mole of ions are hydrated.

M*, >M" . A, H(HydratigaeeeFe?)
Now, copper has a high'e

(=
th

E*(M*/M i .
e ‘value for@r is positive.
Ans. lonization enthalpi found to increase in the given series due to a continuous
filling of the inne bitals. The irregular variations of ionization enthalpies can be
attributed to the W ility of configurations such as d°.d".d" gince these states are
exceptionally stable, their ionization enthalpies are very high.
In case of first ionization energy, Cr has low ionization energy. This is because after

: : . . . (3d°
losing one electron, it attains the stable configuration & ". On the other hand, Zn has

exceptionally high first ionization energy as an electron has to be removed from stable
(3d°4s?)

atomization and low hydration energy. Hence,

and fully-filled orbitals
Second ionization energies are higher than the first since it becomes difficult to remove
an electron when an electron has already been taken out. Also, elements like Cr and Cu
have exceptionally high second ionization energies as after losing the first electron, they
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have attained the stable configuration (Cr” :3¢° and Cu™:3d"), Hence, taking out one
electron more from this stable configuration will require a lot of energy.

Ans. Both oxide and fluoride ions are highly electronegative and hawe a very small size.
Due to these properties, they are able to oxidize the metal to its@xidation state.
re

Ans. The following reactions are involved when Cr”and Fe™ac cing agents.

Cr™ - Cr'Fe™” > Fe™~
o ° a
The &' ¢+ value is - 0.41 V and e s is +0.77 V. This mea@t Cr™ can be easily

oxidized to Cr”", but F&” does not get oxidized to Fe™ easi1<. :! hjrefore, Cr™ is a better
reducing agent that Fe™ Fe3+.

o
Assertion and Reason Answers-

1. (d) Assertion is wrong statement but reason is cor atement.
Explanation: 6

Both Co and Ni have (IV) oxidation state. Ni%ﬁ 3d°® electronic configuration.

Metals Outer electronic configura Oxi. states
Co 3d’4s? +2, +3, +4
Ni 3d%4s +2,43, +4

2. (b) Assertion and reason both ar‘@ct statements but reason is not correct explanation for

assertion. Q

Explanation: Q

Transition metals form su@ nal alloys since they have nearly the same size, they can substitu
-

one another in the crysta e.

Case Study Ans -

1. Answer :
(i) (a) 4f8, 4f'1, 4f13
Explanation:
Terbium (65), 4f8; Dysprosium (Dy), 4f°; Ytterbium (Yb), 4f*3.

(i) (a) Gd
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(iii) (c) [Xe]4d**5d*06s?

(iv) (a) Cerium (Z =58)

(v) (b) The different radii of Zr and Hf due to consequence of the | id contraction.
Explanation:

The almost identical radii of Zr (160pm) and Hf (159pm), a@:uence of lanthanoid

contraction. C ;

2. Answer :

o
(i) (b) Variable oxidation states. | %

Explanation:

The transition metals and their compound@)wn for their catalytic activity. This
activity is ascribed to their ability to adopt multiple oxidation states to form complexes.

(ii) (c) Nearly same atomic size.

Explanation: b

Because of similar radii and oth&acteristics of transition metals, alloys are readily
formed by these metals.

(iii) (c) [Xe]4f*5d%6s* ch
(iv) (b) 3d°4s?
Explanation: Q

Greater the num ence electrons, more will be the number of oxidation states
exhibited by le t.

(v) (a) (i) only \0

Explanation:

All the d-block elements are metals, they exhibit most properties of metals like lustre,
malleability, ductility, high density, high melting and boiling point, hardness, conduction of
heat and electricity, etc. All the f-block elements are also metals but they are not good
conductors of heat and electricity.



