Transition metals




Introduction

» It is defined as the elements which have partially filled d- sub shell or f sub-shell
in a metallic state and having at least one stable oxidation state.

» They are called transition as they lie between S and P block elements.
» These elements are sub divided into two types:

1.The main transition element : it include d- block elements having partially filled
d-subshell.

Q) Zn, Cd and Hg are called Non-typical(pseudo transition) transition
elements.Why?

» These element do not contain the partially filled d-subshell and they do not
exhibit the typical properties of transition elements like

» Zn exhibit only one oxidation state

» Zn compound are color less.
» Zn do not show catalytic activity.

2.Inner transition elements : f-block elements which include that have partially filled d-
sub shell in metallic or at least one stable oxidation state. They are subdivided into two

type
> Lanthanides or rare earths

> Actinides




D-block elements

*Lanthanide series

"eactinide series




Characteristics of transition metals

Metallic property: All transition elements are metals.They are melleable
ductile and hard due to strong metallic bond.

High Melting and Boiling Points: Transition metals typically have high
melting and boiling points due to the strong metallic bonding involving
delocalized d-electrons.

Incompletely Filled d-Orbitals: Transition metals have incompletely filled d-
orbitals, which contribute to their ability to form various types of bonds and
complex structures.

Formation of Colored Compounds: Many transition metals form colored
compounds. This is due to the d-d electron transitions and the interaction of
these electrons with ligands.



Catalytic Properties: Many transition metals and their compounds act as
catalysts in chemical reactions. This is often due to their ability to change
oxidation states and form complexes with reactants, facilitating the
reaction process.

Formation of Complexes: Transition metals have a strong tendency to
form coordination complexes with various ligands, which can significantly
alter their chemical behavior and reactivity.

Hardness and Strength: They tend to be very hard and strong, which
makes them useful in construction and manufacturing industries.

Incompletely Filled d-Orbitals: Transition metals have incompletely
filled d-orbitals, which contribute to their ability to form various types of
bonds and complex structures.



Variable Oxidation States: Transition metals often exhibit
multiple oxidation states, meaning they can lose different
numbers of electrons, leading to compounds with various
colors and properties.

Catalytic Properties Many transition metals and their
compounds act as catalysts in chemical reactions. This is often
due to their ability to change oxidation states and form
complexes with reactants, facilitating the reaction process.

Formation of Complexes: Transition metals have a strong
tendency to form coordination complexes with various ligands,
which can significantly alter their chemical behavior and
reactivity.
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Complex ions Ligands

» lonic species or neutral molecules that

> An electrically charged ions which gets directly attached to the central

consist of central metal atom or ion metal atom to form complex compound
surrounded by a group of ions or ' o )
neutral molecules is called complex » In [Fe(CN)]# ion,CN-is ligand.

ion. For example [Ni(NH5).]*2 is a . ]
complex ions ﬁ*\ whic Nf)f’S] » Different types of ligands:

surrounded by 6 NH3 molecules. 1, Mo.noc{cenltate ligand: sharles onlyl one
» Coordination compound generally pair of electron to central metal atom.
contains one or more complex ions Eg;F- Brcl CN-H,0 NH; CO etc.

i 2. Bidendate ligand: Shares two pairs of
I[r&u[(CI\Llllgllj)ljf%%gr?{b[C:Q fglgs electron to M-atom.Eg;H,;N-CH,-CH,-

. NH,(ethylene diamine),CO;2-
L%I[Tf&(ew_li%ks].a contains [Ag(NFs )z | 3. Polydentate ligand: shares many

electron pairs to M-atom. Eg:
EDTA(Ethylenediammine tetraacetate)
acts as hexadentate ligand.




Shapes of complex compound:

>

1. Linear :linear complex is forms when the ligands and the metals forms the
straight line.eg; structure of CO,

2. Square Planner: the square planar shape isn't very common. The square

planar shape forms when the ligands around a metal are all on the same plane; in
other words, it's completely flat. This occurs when there are four ligands attached
to a transition metal with a d® electron configuration. When there are four bonds
this means that there are four other unpaired electron pairs. There are two
ligands pointing up and two ligands pointing down.

Tetrahedral:Tetrahedral complexes have four coordindate bonds. The four ligands
are arranged around the central metal ion at the corners of a tetrahedron.The
bond angles between the ligands are approximately 109.5 degrees. The metal ion
in a tetrahedral complex has a coordination number of 4.

Ligands can be either anions (e.g., Cl-, Br7) or neutral molecules (e.g., NHs
H2 0).

Examples:
ZnCl4ZnCl42": A tetrahedral complex of zinc with chloride ligands.

CoCl4CoCl42-: A tetrahedral complex of cobalt with chloride ligands, often blue in
color.



» The metal ion in an octahedral complex has a coordination number of 6.

Octahedral: Octahedral complexes are a type of coordination compound where a
central metal ion is surrounded by six ligands positioned at the corners of an
octahedron.

Ligands can be either anions (e.g., Cl-, NOs ) or neutral molecules (e.g., H> O,
NHs ).

Examples:
Fe(CN),Fe(CN),3~: An octahedral complex of iron with cyanide ligands.

Co(NH;)¢Co(NH;),3*: An octahedral complex of cobalt with ammonia ligands.
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Crystal field theory

>
>
>

This theory was proposed by Hans Brethe and Ven Vleck.
This theory was originally applied mainly to ionic crystals.

Therefore it is known as Crystal field Theory.

Some postulates of CFT:

According to crystal field theory the bonding between central metal atom and ligands is
ionic bond.

The d-orbitals of metal ions are degenerate(having same energy) in absence of
ligands.In presence of ligands,interaction between central metal atom and ligands tak
place.the intereaction will be repulsive one so the repulsion causes the splitting of
degenerate d-orbitals of metal.

In octahedral complexes,d-orbitals splits into two sets;
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Color of transition metal compounds:[d-d transition]

Transition metals are usually colored because absorbtion of radiation from visible
region of light to promote an electron from lower energy d-orbital to a higher energy
d-orbital.which is called d-d transition.

The energy of excitation corresponds to the frequency of light absorbed.so,most of the
compounds of transition metals are colored due to d-d transition.

Eg: Splitting of d-orbitals in [Fe(H,0),]%* is given as,
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