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The Transition Metals
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Oxidation States of the 1st Row Transition Metals
(most stable oxidation numbers are shown in red)
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Ionization Energies for the 1st Row Transition Metals
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Scandium Titanium Vanadium

Chromium Manganese Iron

Cobalt Nickel Copper
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Coordination Compounds

A coordination compoundcoordination compoundcoordination compoundcoordination compound typically consists of a complex ion 
and a counter ion.

A complex ioncomplex ioncomplex ioncomplex ion contains a central metal cation bonded to one 
or more molecules or ions.

The molecules or ions that surround the 
metal in a complex ion are called ligandsligandsligandsligands.

A ligand has at least oneat least oneat least oneat least one unshared pair 
of valence electrons
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Coordination Compounds

The atom in a ligand that is bound directly to the metal atom is 
the donor atomdonor atomdonor atomdonor atom.
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The number of donor atoms surrounding the central metal atom 
in a complex ion is the coordination numbercoordination numbercoordination numbercoordination number.

Ligands with:
one donor atom monodentate
two donor atoms bidentate
three or more donor atoms polydentate

H2O, NH3, Cl-

ethylenediamine
EDTA
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Coordination Compounds

H2N     CH2     CH2      NH2
• • • •

bidentate ligand polydentate ligand
(EDTA)

Bidentate and polydentate ligands are called chelating agentschelating agentschelating agentschelating agents
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What are the oxidation numbers of the metals in 
K[Au(OH)4]  and [Cr(NH3)6](NO3)3 ?

OH- has charge of -1

K+ has charge of +1

? Au + 1 + 4x(-1) = 0

Au = +3
NO3

- has charge of -1

NH3
 has no charge

? Cr + 6x(0) + 3x(-1) = 0

Cr = +3
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  Typical Coordination Numbers for Some 
Common Metal Ions
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  The Ligand 
Arrangements for 

Coordination 
Numbers 2, 4, and 6
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a-b  Bidentate 
and 

Monodentate 
Ligand
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 The Coordination 
of EDTA with a 2+ 

Metal Ion
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Some Common Ligans
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Naming Coordination Compounds
• The cation is named before the anion.

• Within a complex ion, the ligands are named first in in in in 
alphabetical orderalphabetical orderalphabetical orderalphabetical order and the metal atom is named last.

• The names of anionic ligands end with the letter o.  Neutral 
ligands are usually called by the name of the molecule.  The 
exceptions are H2O (aquo), CO (carbonyl), and NH3 
(ammine).

• When several ligands of a particular kind are present, the 
Greek prefixes di-, tri-, tetra-, penta-, and hexa- are used to 
indicate the number.  If the ligand contains a Greek prefix, 
use the prefixes bis, tris, and tetrakis to indicate the number.

• The oxidation number of the metal is written in Roman 
numerals following the name of the metal.

• If the complex is an anion, its name ends in –ate.
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Pentaamminechlorocobalt(III) chloride

Potassium hexacyanoferrate(III)

CationCationCationCation AnionAnionAnionAnion

CationCationCationCation AnionAnionAnionAnion

What is the systematic name of 
[Co(NH3)5Cl]Cl2 ?

What is the systematic name of 
[K3Fe(CN)6 ?
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Bis(ethylenediamine)dinitroiron(III) Sulfate

CationCationCationCation AnionAnionAnionAnion

What is the systematic name of 
[Fe(en)2(NO2)2]2SO4 ?
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tetraaquodichlorochromium(III) chloride

[Co(en)3]SO4

What is the systematic name of 
[Cr(H2O)4Cl2]Cl ?

Write the formula of 
tris(ethylenediamine)cobalt(II) sulfate


