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Definition of d-block elements

» d-block elements:
The elements of periodic table belonging
to group 3 to 12 are known as d-Block
elements. because in these elements last
electron enters in d sub shell or d orbital .

» The d -block elements lies in between s- and
p-block elements in the long form of
periodic table




Sc Ti v Cr Mn Fe Co Ni Cu Zn
Z 21 22 23 24 25 26 27 28 29 30
4s 2 2 2 1 2 2 2 2 1 2
3d 1 2 3 5 5 6 7 8 10 10
= = =
Y Zr Nb Mo Te Ru Rh Pd Ag Cd
zZ 39 40 41 42 43 44 45 46 47 48
bs 2 2 1 1 1 1 1 0 1 2
4d 1 2 4 5 6 7 8 10 10 10
T T G seres |
La Ht Ta W Re Os Ir Pt Au Hg
Z 57 72 73 74 75 76 77 78 79 80
6s 2 2 2 2 2 2 2 1 1 2
5d 1 2 3 4 5 6 7 9 10 10
4th Series
Ac Rf Db Sg Bh Hs Mt Ds Rg Uub
Z 89 104 105 106 107 108 109 110 111 112
7s 2 2 2 2 2 2 2 2 1 2
6d 1 2 3 4 5 6 7 8 10 10




Transition Elements

A transition element is defined as the
one which has incompletely filled d
orbitals in its ground state or in any
one of its oxidation states. i.e.

A transition element should have
partially filled (n-1) d orbital.



Electronic Configuration

Electronic Arrangement

Element Z 3d
Sc 21
Ti 22
Vv 23

Cr 24
Mn 25

Fe 26
Co 27
Ni 28
Cu 29
n 30




Table 9.1 Outer electron configurations of the transition elements (ground state)

1% Series
S Ti Y Cr [n Fe Ca i Cu in
Z 21 22 23 24 25 26 27 28 20 a0
s 2 2 2 ] 2 2 2 2 ] 2
ad ] 2 3 h b i 7 8 10 10
20 Serjes
Y Zr [k Mo Te Eu Eh Pd Ag Cd
Z 34 40 4] 42 43 44 45 46 47 48
hs 2 2 | ] ] | | (] ] 2
4d ] 2 4 h b 7 8 10 10 10
9 Serjes
La Hf Ta W Re (s Ir Pt Au Hg
Z BT 72 13 74 75 76 11 18 fi all
bs 2 2 2 2 2 2 2 | ] 2
5d ] 2 3 4 b i 7 0 10 10




How are d - Block Elements &
Transition elements different?

All d block elements are not transition
elements but all transition elements are d-
block elements

All d block elements are not transition
elements because d block elements like
Zinc have full d'° configuration in their
ground state as well as in their common
oxidation state.which is not according to
definition of transition elements.



GENERAL & PHYSICAL PROPERTIES OF D-BLOCK ELEMENTS

» PHYSICAL PROPERTIES

» ATOMIC & IONIC SIZE

> |ONIZATION ENTHALPY

» OXIDATION STATES OF D-BLOCK ELEMENTS
» COLOURED IONS

» CATALYTIC PROPERTIES

» MAGNETIC PROPERTIES

> FORMATION OF COMPLEX COMPOUNDS

> FORMATION OF INTERSTITIAL COMPOUNDS



ATOMIC & IONIC SIZE

Atomic Radii of 4th Period Transition
Elements
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» Along the rows nuclear charge increases but
the penultimate d-sub shell has poor shielding
effect so atomic and ionic size remain almost
same .

» The radii of the third (5d) series are

virtually the same as those of the
corresponding members of the second
series.



oThis phenomenon is associated with the
intervention of the 4f orbital, the filling of
4f before 5d orbital results in a regular
decrease in atomic radii called Lanthanoid
contraction which essentially compensates
for the expected increase in atomic size with
increasing atomic number.

o The net resultof the lanthanoid contraction is
that the second and the third d series exhibit
similar radii (e.g., Zr 160 pm, Hf 159 pm)



IONIZATION ENTHALPIES

First lonization Energies of 4th Period
Transition Elements
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oDue to an increase in nuclear charge which
accompanies the filling of the inner d-
orbitals , There is an increase in ionization
enthalpy along each series of the transition
elements from left to right.

o However, many small variations occur.



oxidation states

* Transition elements have variable oxidation
states ,due to very small energy difference
between (n-1)d & ns sub-shell electrons from
both the sub-shell take part in bonding

Table 8.3: Oxidation States of the first row Transition Metals
(the most common ones are in bold types)

Sc Ti v Cr Mn Fe Co Ni Cu Zn

+2 +2 +2 +2 4+2 +2 +2 =1 +2
+3 +3 +3 +3 +3 +3 +3 +3 +2
+4 +4 - +4 - +4 +4
+b +5 +5
+6 +6 +6
+7




« The elements which give the greatest number of
oxidation states occur in or near the middle of the
series. Manganese, for example, exhibits all the
oxidation states from +2 to +7.

°Low oxidation states are found when a complex
compound has ligands capable of m-acceptor character
in addition to the o-bonding.

“For example, in Ni(CO)4 and Fe(CO)5, the oxidation
state of nickel and iron is zero.



COLOURED IONS

Most of the transition metal compounds (ionic
as well as covalent) are coloured both in solid
state & in aqueous state.

Generally the elements/ions having unpaired
electrons produce coloured compound.



Titanium
oxide

Scandium
oxide

Vanadyl
Sulphate
dihydrate

sodium
chromate Potassium
ferricyanide

Mangnaese(ll)
chloride
tetrahydrate

Nickel(ll)
nitrate
hexa-
hydrate

Cobalt(Il)
chloride

Zinc
sulfate
Hepta-
hydrate

Copper(ll)
sulfate
penta-
hydrate




Martin S. Silberberg, Chemistry: The Molecular Nature of Matter and Change, 274 Edition. Capyright & The McGraw-Hill Companiee. Inc. All rights reserved.

d Orbitals in an
9ctahedral Field of Ligands




Splitting of d-orbital energies by an octahedral field of ligands

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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An artist’s wheel
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CATALYTIC PROPERTIES

v'Vanadium(V) oxide,V,0; (in Contact Process)
v'Finely divided iron (in Haber’s Process)
v'Nickel (in Catalytic Hydrogenation)

v'Cobalt (Synthesis of gasoline)

> This property is due to-

> Presence of unpaired electrons in their
incomplete d orbitals.

> Variable oxidation state of transition metals.

> In most cases , provide large surface area with
free valencies.



For example

iron(lll) catalyses the reaction between iodide
and per sulphate ions

2T + 8,02 = 1, + 2 SO

Explanation

2 Fe™ +21 = 2 Fe™ + 1,
2 Fe® + S,0.7 — 2 Fe? + 250,”



MAGNETIC PROPERTIES

o When a magnetic field is applied to substances,
mainly two types of magnetic behaviour are
observed: diamagnetism and paramagnetism.

o Diamagnetic substances are repelled by the applied
field while the paramagnetic substances are
attracted.

o Substances which are attracted very strongly are said
to be ferromagnetic.

oln fact, ferromagnetism is an extreme form of
paramagnetism.



o Most of the transition elements and their compounds
show paramagnetism.

o Paramagnetism arises from the presence of unpaired
electrons, each such electron have a magnetic
moment.

o The magnetic moment of any transition element or its
compound/ion is given by (assuming no contribution
from the orbital magnetic moment).

o H, =/n(n+2) BM

o Here n is the number of unpaired electrons



Magnetic field absent In presence of magnetic field

Paramagnetism

Ferromagnetism



electron(s) Calculated

Sc* 3d° 0 0 0

i\ ad' 1 1.753 1.75
T 3 . 2.84 2.76
v 3d® 3 3.87 3.86
cr* 3d' 4 4.90 4.80
Mn* 3 5 5.92 5.96
Fe™ 34 4 4.90 53 - 55
Co™ ad’ 3 2.87 44 - 52
Ni% 3d® 2 2.84 2.9 -3 4
Ca™ ad 1 173 1.8 - 229

o The paramagnetism first increases in any transition
element series, and then decreases. The maximum
paramagnetism is seen around the middle of the series.



QUESTIONS-

o Q. 1: Which ion has maximum magnetic moment

(@) V3+ (b) Mn3+
(c) Fe3+ (d) Cu?*
o Ans: ¢

o Q.2. What is the magnetic moment of Mn?* ion (Z=
25) in aqueous solution ?

o Ans.- With atomic number 25, the divalent Mn2* ion in
aqueous solution will have d° configuration (five

unpaired electrons).Hence, The magnetic moment, u
is

o u=J5(5+2)=5.92BM



FORMATION OF COMPLEX COMPOUNDS

o Complex compounds are those in which the metal
ions bind a nhumber of anions or neutral molecules
giving complex species with characteristic
properties.

o The transition metals form a large number of
complex compounds.

o A few examples are: [Fe(CN)é6]*, [Fe(CN)6]+,
[Cu(NH3)4]%* and [PtCl4]%.



This property is due to the-
> comparatively smaller sizes of the metal ions
> their high ionic charges and the

> availability of d orbitals for bond formation.



Questionnaire:

1. What are D-Block elements?

2.Differentiate between D-Block elements and Transition
elements?

3.Explain Electronic configuration of D-block elements?

4 . How are the oxidation states of these elements given and what
are they?

5.What are complex compounds? How are they formed in
transition elements? Explain with examples?

6.What are complex compounds? Explain how transition
elements can form complex compounds?

7. How can we get magnetic momentum of D-Block elements?
Explain?



Assignment:

1.Differentiate between D-Block elements and Transition
elements?

2.Explain Electronic configuration of D-block elements?

3.How are the oxidation states of these elements given and what
are they?

4.Explain the splitting of d-orbital energies by an octahedral
field of ligands?

5.Explain the catalytic properties of D-block elements?

6.What are complex compounds? How are they formed in
transition elements? Explain with examples?
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