UNIT 4: THE d- AND f- BLOCK ELEMENTS

4.3.11 Formation
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What is a
Complex
Compound?

Transition metal ions bind to
a specific number of anions
or neutral molecules, creating
Intricate, stable species.

These complexes exhibit
entirely new, characteristic
properties distinct from
their constituent ions.
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The Transition Metal Advantage o¥

Why do d-block elements form large numbers of complex compounds? Ko

Comparatively Smaller Size High lonic Charge Available d-Orbitals

NN

t Empty (n-1)d, ns, and np

orbitals docking bays

Transition metal ions have smaller The high positive oxidation states Empty (n-1)d, ns, and np orbitals
atomic/ionic radii, creating a high exert a strong electrostatic pull on provide the physical docking bays
charge density that attracts the lone pairs of surrounding for coordinate covalent bond

electron-rich ligands. molecules. formation.




The Donor-Acceptor Mechanism A

Ligands

Act as Lewis Bases
(Electron Donors).
Provide lone pairs of electrons.

Central Metal lon

Acts as a Lewis Acid o
(Electron Acceptor).
Utilizes its empty d-orbitals.

Coordinate Covalent Bond

Both electrons in the bond are
supplied by the ligand.
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Parsing the Blueprint: The Coordination Sphere

Coordination Sphere ! Coordination Number (CN)
Non-ionizable entity; remains ©

Intact in aqueous solutions.

Central Metal lon o> [ Cu ( NH3 ) Z_ ] 804
A A

L

Ligands Counter lon / lonization Sphere
: Q lonizes freely in water to maintain
Neutral ammonia molecules.

electrical neutrality.

Number of coordinate bonds formed.
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Benchmark Examples

Characteristic complex species frequently tested from the source material.

-

[FE(CN)6]3‘

Hexacyanoferrate(III).
Features a +3 Iron center.

N

[Cu(NH3) ]2+

Tetraamminecopper(II). A deep blue
complex utilizing neutral ammonia
ligands.

L
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[FE(CN)6]4_

Hexacyanoferrate(II).
Features a +2 Iron center.

[PtC14]2‘

Tetrachloridoplatinate(II). A
classic square planar complex.




From Formula to Architecture L
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The spatial arrangement of ligands around the central metal ion defines the complex’s
geometry, driven by the Coordination Number (CN) and orbital hybridization.

Coordination : ;

109.5°

CN=4 Tetrahedral [ Nl , |2 ]
CN=4 Square Planar [ LP2Cl, 1% ]
CN=6 Octahedral [ [Fe(CN)6]3"]




Observable Evidence: Coloured lons A
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Complexation profoundly alters physical properties. In aqueous solutions, water

molecules act as ligands, resulting in distinct colors due to d-d electron transitions.

[V4+] - Blue @@ [Mn2*] ' = Pink [Fe3*] - Yellow [Cu2*] = Blue[




Real-World Applications & Catalysis A
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Industrial Catalysis Biological Systems Analytical Chemistry
The ability to adopt multiple Essential to life processes. Used extensively in
oxidation states and form qualitative analysis and
intermediate complexes Examples: Hemoglobin metal extraction.
makes transition metals ([Fe complex]),
exceptional catalysts. i | . Example: [Ag/Au]
Chlorophyll (Mg complex]), processing.
Example: (Iron in Haber’s Vitamin B12 ([Co complex]).

Process.



High-Yield Exam Focus

Examiners frequently test the reactivity difference between the @ |

Coordination Sphere (inside brackets) and the lonization Sphere
(outside brackets). Only ions outside the brackets will yield positive tests
in aqueous solutions.

Yields a positive test for (i)l
(precipitates with BaCl,).

[Co(NH,)<C1]S0, + H,0

Does NOT vyield a positive test for
e_’ (no precipitate with AgNO,

because the chloride is trapped

inside the coordination sphere).




Quick Revision: Complex Compounds L
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Why? Who?

Central Metal (Acceptor)
+ Ligands (Donors).

Small Size, High Charge,
Empty d-orbitals.

Complex
Compounds

Where? I I How?
Coordinate Covalent

FME e ] :
Bonds (lone pair
Coordination Sphere. donation).




What TopAll Pro Does Differently

You've Learned
the Theory.
Now Let s TestIt.
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