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Concept QuickStart - Werner's Theory of Coordination
Compounds

Unit: Unit 5: Coordination Compounds

Subject: For CBSE Class 12 Chemistry

SECTION 1: UNDERSTANDING THE CONCEPT

Werner’s Theory serves as the strategic foundation for all coordination chemistry, moving the
field from a limited 2D understanding of simple ionic formulas to a sophisticated 3D
structural perspective. Before Alfred Werner’s breakthrough in the 1890s, chemists struggled
to explain how stable compounds could form beyond the rules of simple valence. By
distinguishing between two types of chemical linkages, Werner provided the framework
necessary to predict the fixed compositions, stable architectures, and distinct properties of
complex metal-ligand structures. This theory explains why these compounds are not just
random mixtures of ions, but ordered entities with precise spatial geometries.

1.1 What Is Werner’s Theory? (Core Idea and Anchor Definition)

At its most fundamental level, Werner’s Theory describes a coordination compound as a
stable "planetary system." In this model, the central metalion acts like a sun, with ligand
molecules orions acting as planets that occupy specific, fixed orbital positions governed by
strict geometric rules.

On a particle level, ligands approach a central metal atom and donate their electron-pair
"gifts" into the metal's empty "hands" (empty orbitals). This donation continues until the
metal reaches a fixed coordination number, resulting in a stable, complete complex where
the ligands are locked in 3D space.

Coordination compounds are compounds formed when ligands donate electron pairs to
form coordinate covalent bonds with a central metal atom, resulting in a complex ion or
molecule with a specific geometry and fixed composition.

Warning: Common Trap Oxidation state (Primary Valence) measures electron loss and
charge. Coordination number (Secondary Valence) counts donor atoms and builds the 3D
shape. These properties are independent; one does not dictate the other.

1.2 Why Werner’s Theory Matters

This theory is vital for both biological life and industrial chemistry because it explains why
complexes form with fixed formulas and predictable properties. In biological systems, it
explains how molecules like hemoglobin and Vitamin B,, function. For the CBSE board exam,
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mastering this concept is essential for predicting 3D geometry and correctly distinguishing
coordination complexes from simple double salts—a frequent source of high-mark
questions.

1.3 Why This Concept Exists (The Problem it Solves)

In the 19th century, chemists faced a significant historical gap: they could observe metal-
ammonia compounds but could not explain why they formed specific ratios (like 1:6) that
defied simple ionic logic. They also could not account for why compounds with the same
atoms often displayed different colors or chemical behaviors. Werner solved this by
introducing the concept of fixed 3D structures. Today, this framework is used in several
critical real-world applications:

e Medicine: Designing anticancer drugs like Cisplatin.
o Industrial Catalysts: Developing Ziegler-Natta catalysts for polymer production.
o Toxicology: Creating chelating agents to treat heavy metal poisoning.
1.4 Analogies and Mental Image
To visualize Werner's Theory, use the Planetary System analogy:
e Sun: The central metal atom/ion.
e Planets: The surrounding ligands.
e Orbits: Specific 3D Geometries (such as Octahedral or Tetrahedral).

As a secondary model, use the Parking Lot analogy. A metal has a maximum "parking
capacity" (coordination number). Once all 6 spaces are filled with ligands, the lot is saturated,
and no more ligands can park there, ensuring the complex remains stable.

Picture this: A glowing central metalion sits with "open hands" (empty orbitals) reaching
outward. Nearby ligand molecules approach and place their electron-pair "gifts" into those
hands. Once the hands are full, the ligands are locked in place by coordinate bonds, no
longer moving randomly but forming a rigid 3D "cage."

This is what Werner's Theory looks like in your mind's eye.
1.5 Everyday Context and Applications

In the laboratory, you see this theory in the Copper(ll) sulfate phenomenon. A light blue
solution (where copper is bound to water) turns deep blue upon adding ammonia. This color
shift occurs because ammonia ligands form stronger coordinate bonds and displace the
water molecules, changing the complex's electronic state.

This logic is also life-saving in Cyanide poisoning treatment. Cyanide bonds to ironin the
body, but doctors provide a form of Vitamin B,, (hydroxocobalamin) as a "better" ligand. The
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iron prefers the more stable coordinate bond with the Vitamin B,,, releasing the toxic cyanide
for excretion.

You might think... but actually... You might think that because Cobalt(lll) has a +3 charge, it
should only bond to 3 negative chlorides to form CoCl,. But actually, Cobalt(lll) insists on its
secondary valence and will bond to 6 total ligands (such as 5 ammines and 1 chloride) to
satisfy its fixed coordination number of 6.

These mental models of bonding and geometry are summarized in specific textbook rules.

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT)

This section provides the formal language and experimental evidence required for written
board exam answers, as presented in the NCERT curriculum.

2.1 NCERT Key Statements

e« Dual Valency: Metals in coordination compounds exhibit two types of linkages
(valences): Primary and Secondary.

e Primary Valence: These are ionizable, correspond to the Oxidation State, and are
satisfied by negative ions.

e Secondary Valence: These are non-ionizable, correspond to the Coordination
Number, and are satisfied by neutral molecules or negative ions.

o Directional Nature: Secondary valences are directional and fixed for a specific metal,
determining the 3D shape.

e Coordination Polyhedra: The spatial arrangement of ligands defines a coordination
polyhedron (e.g., octahedral, tetrahedral, square planar).

e Coordination Sphere: The central atom and attached ligands are enclosed in square
brackets, such as [Co(NH3)6]3+, and do not dissociate in solution.

2.2 NCERT Examples and Distinctions

Werner established his theory using Cobalt(lll) chloride-ammonia complexes. By adding
excess silver nitrate (AgNO,), he measured the moles of Cl™ ions outside the coordination
sphere:

e Yellow [Co(NH,).]CL;: Produced 3 moles of AgCL (3 ionizable CL7).
e Purple [CoCLl(NH,);]ICL,: Produced 2 moles of AgCL (2 ionizable CL7).
e Green [CoCl,(NH,),]JCL: Produced 1 mole of AgCL (1 ionizable CL).

e Violet[CoCL,(NH,),]CLl: Produced 1 mole of AgCL (1 ionizable CL7).
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Note: The Green and Violet forms have the same formula but different properties; these are
called isomers.

Key NCERT Distinctions:

o Double Salts vs. Complexes: Double salts like Carnallite (KCL.MgCL,.6H,0), Mohr’s
salt (FeSO,.(NH,),SO,.6H,0), and Potash alum (KALl(SO,),.12H,0) dissociate
completely into simple ions in water. Complexions like [Fe(CN)6]4' do not dissociate
into Fe** and CN~ ions.

e Homoleptic vs. Heteroleptic: Homoleptic complexes have one type of donor group
(e.g., [Co(NH3)6]3+); heteroleptic complexes have more than one type (e.g.,
[Co(NH,),CL,]").

While these rules are precise, memory tools are needed to keep them organized during
exams.

SECTION 3: CLARITY AND MEMORY

The following tools are designed to prevent mark loss on high-frequency error points, such as
confusing charge with coordination number.

3.1 Key Clarity Lines

o Distinguish between the ionizable primary valence and the non-ionizable secondary
valence.

e Countdonor atoms, not ligand molecules, to determine the coordination number.
e Assume coordinate bonds are directional and lead to specific 3D geometries.

o Treat neutral molecules (like NH; or H,O) as valid electron donors for secondary
valence.

e Enclose the coordination sphere in square brackets to indicate the portion of the
compound that does not dissociate.

3.2 How to Remember Werner’s Theory
The PVC Mnemonic
e P:Primary Valence (Oxidation State, ionizable charge).
e V:Valence (Secondary valence/Coordination Number, dictates 3D Shape).

e C: Coordinate Bonds (Electron pair donation from ligand to metal).
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"Primary pays the bill; secondary builds the house" The primary valence (oxidation state)
determines the overall "bill" or ionic charge of the complex. The secondary valence
(coordination number) "builds" the actual 3D structure or "house" of the molecule.

The "Open Hand" Physical Gesture Hold your hand up with fingers spread to represent the
metal's empty orbitals ("open hands"). Curlyour fingers one by one as you count ligands (1, 2,
3...). When all fingers are curled, the "hands" are full. Perform this gesture when analyzing a
formula to identify the coordination number and remind yourself that the capacity is fixed.

Extreme Association: Full Car Park = Stable Complex Writing a formula like [Co(NH,),,] is
chemically impossible because itignores the fixed coordination number. Just as a car park
with 6 spaces cannot fit 10 cars, a Cobalt(lll) ion with a coordination number of 6 cannot fit
more than 6 donor atoms. Stick to the fixed "parking spaces" to avoid writing non-existent
formulas.

By linking the planetary analogies of Section 1 with the memory anchors of Section 3, you can
ensure you are fully prepared to navigate any coordination chemistry question on your board
exam.
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