Chapter 20       Transition Metals and Coordination Chemistry                 1

Transition elements occupy the central part of periodic table, between group 2A and 3A. The transition metals also are called d-block elements,because in these elements the d subshells are being filled.

In this chapter we will consider chemistry of first row of transition metals (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn).

Electron Configuration:

The 3d orbitals begin to fill after 4s orbital is complete, in some cases like Cr and Cu observed configuration is different from what we expect:

Cr: Expected: 4s2, 3d4   Observed: 4s1, 3d5
Cu: Expected: 4s2, 3d9  Observed: 4s1, 3d10
Electron configuration depends on both orbital energies and electron-electron repulsions.In the case of Cr, 3d and 4s subshells have similar energies, when I electron shifts to 3d, electron-electron repulsion decreases, A similar shift of one electron from 4s to 3d in Cu gives a completely filled 3d subshell and a half filled 4s.
Atomic Radius and Ionization Energy:

From the left to right atomic radius decreases, toward the end of row the radii increase again. Ionization energy increases gradually from left to right.

Oxidation States of Transition metals:

Transition metals exhibita variety of oxidation stats, for example Cr has three oxidation numbers, 2, 3 and 6.

Coordination Number:

The number of ligands that surround a central metal ion in a complex is called coordination number. The substance [Co(NH3)5Cl]Cl2 is a coordination compound, in this compound coordination number is 6, Cl2 is called counter ion and Co in central metal ion.

Bonding in Complexes:

1. Valence Bond Theory

2. The Crystal Field Theory

1. Valence Bond Theory:

A coordination compound is a compound in which a central metal ion is attached to a group by coordinate covalent bond.
Coordinate covalent bond , is a covalent bond which two electrons come from one atom.

Ligand is a electron donor or lewis base, metal ion is electron acceptor or lewis acid. A ligand is a neutral atom or an ion, having a lone pair to make a bond with metal ion, H2O, NH3, Cl-, CN- could be a ligand.

A ligand that makes one bond to a metal ion is called unidentate ligand. Some ligands have more than one atom with lone pair, they form more than one bond to a metal ion. A ligand that makes two bonds with metal ion is called bidentate ligand.

Based on VSEPR theory we can predict geometry of a complex:

	Coordination number
	Hybrid orbitals
	Geometry
	Example

	2
	sp
	linear
	[Ag(NH3)2]+

	4
	sp3
	Tetrahedral
	[CoCl4]2-

	4
	dsp2
	Square planar
	[Ni(CN)4]2-

	6
	d2sp3 or sp3d2
	Octahedral
	[Cr(H2O)6]3+

	
	
	
	     or   [Co(H2O)6]2+


2. Crystal Field Theory:

Based on this theory the bonding is ionic. Metal ion is a center of positive charge and ligands are particles with negative charge. Metal and ligands are attracted by electrostatic charges.

This model focuses on the energy of d orbitals. Using this theory we can explain magnetic properties and color of complexes.
According to this theory, in the absence of ligand the 5 d orbitals have same energy, when the metal ion is surrounded by an octahedral field of ligands, the d orbitals split to two different levels , d electrons occupy lower energy orbitals. The difference between two levels is called  ΔE. If ΔE is small (weak ligands) electrons will occupy all five orbitals before pairing occurs. If ΔE is large (strong ligands) electrons will be paired before they fill higher level.

[image: image1.png]E—»

Isolsted stom or lon

Octahecal
erystal
ekt





[image: image2.png]E—>

[

Isolsted tom or lon

by e d
b2 a2
422 d

7 Tetrahesral
crystal
ekt





Electrons in lower level can absorb certain wavelengths of light in visible area to transfer to higher level. The color of substance is the color of wavelengths that remain.

Complementary color wheel : Using complementary wheel we can determine the observed color of a substance from the color of the light absorbed. For example if a complex absorbs only 720 nm wavelength it has a green color, because 720 is red and the opposite of red is green.
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Low Spin complexes:

Complex with minimum number of unpaired electrons (large ΔE-strong ligands)
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High Spin Complexes:

Complexes with maximum number of unpaired electrons (small ΔE-weak field –weak ligands)




Diamagnetic: When all electrons are paired

Paramagnetic: When there are unpaired electrons in complex.

Spectrochemical series: ligands are arranged in order of decreasing ΔE:

CN‑> NO2-> NH3 > H2O > OH- > F- >Cl- > Br- > I-
Rules for naming coordination compounds:

1. The name of cation comes first, the name of anion comes last.
2. The name of ligands come before the metal ion.

3. If the ligand is anion (Cl-, Br-, I-, F-, OH-) an “O” is added to the root name : chloro, bromo, iodo, fluoro, hydroxo. H​2O is called aqua, NH​3 is called ammine
4. When more than one type ligand is present, they are named alphabetically.

5. We use mono, di, tri,tetra, penta, hexa to indicate the number of ligands.

6. The oxidation state of metal ion is designated by a roman numeral in parentheses.

7. If the complex ion has a negative charge we add “ate” at the end of the name of metal. (ferrate for iron)

Example: Na4[Co(CN)6]             sodiumhexacyanocobaltate(11)

[Co(NH3)6]Cl2                   hexaamminecobalt(11)chloride

Isomerism:

1. Structural Isomers: Isomers that have different connections among their constituent atoms are called constitutional isomers:

a. Linkage Isomers: Some of ligands can bond to a metal ion through either of two different donor atoms. For example (SCN-) ion can connect to the metal ion through S or N, this ligand gives linkage isomers.

b. Coordination Isomers: They are differ in anion that is bonded to the metal ion. For example two following complexes are coordination isomers:

[Co(NH3)5Br]SO4   and [Co(NH3)5SO4]Br

2. Stereoisomerism:

Stereoisomers have same bonds but different arrangement of the atoms in space, cis and trans isomers are geometrical isomers, for example compound Pt(NH3)2Cl2 which has a square planar structure has cis and trans isomers
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