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Concept QuickStart – Bonding in Coordination Compounds 

 

Unit 5: Coordination Compounds  

Subject: For CBSE Class 12 Chemistry 

--------------------------------------------------------------------------------  

SECTION 1: UNDERSTANDING THE CONCEPT 

Understanding bonding in coordination chemistry is the strategic "master key" for any Class 
12 student aiming to decode the behavior of transition metals. This concept provides the 
theoretical framework explaining how positive metal ions can form stable, geometrically 
precise structures with neutral molecules like water or ammonia—a phenomenon that simple 
ionic models fail to explain. In the landscape of your board exams, this is a high-yield topic; it 
transforms transition metal chemistry from a series of memorized colors and formulas into a 
predictable study of molecular architecture. By mastering this, you aren't just learning a unit; 
you are gaining the ability to predict how complex ions function as vital components in 
biological systems, industrial catalysts, and medical treatments like cisplatin. 

1.1 What Is Bonding in Coordination Compounds? (Core Idea and Anchor Definition) 

At a "zero-level" of understanding, imagine a central metal ion as having "empty hands" 
(empty orbitals) that are reaching out, ready to receive "gifts" (lone pairs of electrons) from 
surrounding molecules or ions. 

At the particle level, this process occurs when a ligand—an ion or molecule with at least one 
lone pair—approaches the central metal. The ligand donates its lone pair into the empty d, s, 
or p orbitals of the metal. This interaction creates a stable, directional link that locks the 
entire structure into a fixed geometry. 

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. 

Pitfall Alert (MCQ Trap): Students often confuse coordinate bonds with ionic bonds because 
a metal cation is involved. The 1st Law of Coordination: While the initial attraction may be 
electrostatic, the resulting bond is coordinate covalent. Electrons are shared between the 
donor and acceptor, not permanently transferred. 

Pitfall Alert (Common Board Confusion): Always distinguish between Coordination 
Number and Oxidation State. The Coordination Number is the count of donor atoms bonded 
(secondary valence), while the Oxidation State refers to the charge the metal would carry if all 
ligands were removed (primary valence). They are independent properties! 
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1.2 Why Bonding Matters 

Bonding is why coordination compounds exist as distinct, stable entities with fixed formulas. 
Unlike a "double salt" (like Mohr’s salt) which breaks into simple ions in water, a coordination 
complex "locks" its ligands in place. This results in properties—such as distinct colors, 
magnetism, and specific reactivities—that differ entirely from the starting materials. In your 
board exams, focus on this: the coordinate bond is why [Co(NH₃)₆]Cl₃ behaves as a single 
complex entity in solution rather than a random jumble of cobalt and ammonia. 

1.3 Why This Concept Exists 

This concept exists to solve a fundamental puzzle: How can neutral molecules, which have 
no net charge, bond so strongly to positive metal ions? Traditional ionic bonding rules cannot 
explain why [Ni(NH₃)₆]²⁺ is stable. 

G.N. Lewis solved this by introducing the "coordinate covalent bond," where one atom 
provides both electrons for the shared pair. This historical insight allows us to understand 
real-world consequences, such as how the drug cisplatin binds to DNA to stop cancer 
growth, or how industrial catalysts like the Ziegler-Natta catalyst facilitate the production of 
plastics. 

1.4 Analogies and Mental Image 

The Primary Analogy: The Handshake Imagine a coordinate bond as a handshake where one 
person (the ligand) is the only one extending their hand (the lone pair), and the other person 
(the metal) provides the empty space (the orbital) to receive it. 

• Left Hand (The Donor): The Ligand, extending the "gift" of an electron pair. 

• Right Hand (The Acceptor): The Metal, providing the "empty hand" or orbital slot. 

• The Clasp (The Coordinate Bond): This represents the shared electron pair. Notice 
that although the ligand initiated the reach, once the hands are joined, the bond is 
mutual and shared. This is why we call it a coordinate covalent bond. 

The Alternative Analogy: Electrical Plug and Socket Think of the ligand as an electrical plug 
(the two prongs are the lone pair) and the metal as the wall socket (the empty slots). The 
connection only works if the "plug" fits the "socket"; once docked, they form a single, 
functional circuit. 

Picture this: Visualize a glowing central metal ion at the heart of a 3D grid. It has specific 
"slots" (orbitals) glowing with an expectant, empty energy. Approaching this center are several 
ligands, each carrying a pair of bright blue dots (lone pairs). As they get close, the blue dots 
slide into the metal's empty slots. The moment they "dock," a line of light—the coordinate 
bond—flashes into existence, locking the ligand into a precise position. As this docking 
completes, the entire complex shifts color—perhaps from a pale watery blue to an intense, 
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glowing violet—signaling that the electronic structure has been transformed. This is what 
bonding looks like in your mind's eye. 

1.5 Everyday Context and Applications 

Observable Phenomenon: The Copper-Ammonia Shift You can see coordinate bonding in 
action in any lab. Add ammonia to a light blue solution of Copper(II) sulfate. The color 
dramatically shifts to a deep, royal blue. Why? Because the coordinate bonds between 
copper and water are being replaced by stronger coordinate bonds with ammonia, creating 
the [Cu(NH₃)₄]²⁺ complex. 

Technology Application: Hemoglobin In your own body, oxygen transport is a coordination 
miracle. Iron(II) at the center of the heme group forms a reversible coordinate bond with an O₂ 
molecule. The oxygen acts as a ligand, donating its electrons to the iron to be carried through 
your bloodstream. 

Counterintuitive Example You might think that neutral molecules shouldn't bond to positive 
ions because there is no charge attraction. But actually, they bond because of the availability 
of lone pairs. Because the metal has empty orbitals, it "wants" those electrons to achieve 
stability, proving that electron-pair donation is a more powerful force in these complexes than 
simple charge-matching. 

While these mental models provide a conceptual foundation, we must now move to the 
specific data and rules established as the ground truth in the NCERT textbook. 

--------------------------------------------------------------------------------  

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT) 

The NCERT curriculum is your "ground truth" for exam terminology. Success in CBSE depends 
on using the precise language used by Alfred Werner and modern IUPAC standards. 

2.1 Werner’s Foundational Postulates 

Alfred Werner, the father of coordination chemistry, proposed these high-yield postulates 
(NCERT p. 119): 

1. Two Types of Valency: Metals in coordination compounds show two types of linkages: 
Primary Valence and Secondary Valence. 

2. Primary Valence: This is ionisable and corresponds to the Oxidation Number. It is 
usually satisfied by negative ions. 

3. Secondary Valence: This is non-ionisable and corresponds to the Coordination 
Number. It is fixed for a metal and is satisfied by neutral molecules or negative ions. 

4. Spatial Arrangement: Secondary valences are directional and point toward fixed 
positions in space, resulting in a definite geometry (the Coordination Polyhedron). 
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2.2 NCERT Key Statements 

• Central Atom/Ion: The atom to which a fixed number of ligands are bound. It acts as a 
Lewis acid by accepting electron pairs. 

• Ligands: These are the molecules or ions that act as Lewis bases. They bond to the 
metal via specific donor atoms by donating electron pairs. 

• Coordination Number: This is defined solely by the number of sigma bonds formed 
between the ligand donor atoms and the central metal. Pi bonds are never counted 
here. 

• Denticity: Ligands are classified by the number of donor atoms they use: unidentate 
(one), didentate (two, e.g., ethane-1,2-diamine), or polydentate (multiple, e.g., 
hexadentate EDTA⁴⁻). 

• Coordination Sphere: The central atom and its attached ligands are enclosed in 
square brackets [ ]. 

2.3 NCERT Examples and Distinctions 

NCERT highlights specific complexes to illustrate these rules: 

• [Co(NH₃)₆]³⁺: An octahedral entity where six ammonia ligands donate to a Cobalt(III) 
center. 

• [Cu(CN)₄]³⁻: A complex where four cyanide ligands bond to a Copper(I) center. 

Key Distinctions for Exams: 

• Coordination Entity vs. Counter Ion: Species inside the square brackets stay 
together in solution; species outside (counter ions) dissociate. 

• Oxidation Number Notation: Always represented by a Roman numeral in 
parentheses after the metal name, e.g., Platinum(IV). 

Moving from textbook definitions to memory mastery is the final step to ensuring peak 
performance under exam pressure. 

--------------------------------------------------------------------------------  

SECTION 3: CLARITY AND MEMORY 

In the high-pressure environment of the Board Exam, "silly mistakes" regarding bond types or 
ligand counts can cost you. Use these "laws" and anchors to maintain precision. 

3.1 The 5 Laws of the Coordinate Bond 

1. Shared, Not Transferred: Coordinate bonds are covalent (sharing electrons), not 
ionic. 
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2. Pairs, Not Charges: Bonding depends on the availability of lone pairs, not the charge 
of the ligand. 

3. Space Required: For a bond to form, the metal cation must have empty orbitals 
(slots) available. 

4. Locked in Place: The bond is directional, meaning it points specifically from the 
donor to the acceptor, creating the complex's shape. 

5. Neutrality is Valid: Never assume a molecule cannot bond just because it is neutral 
(like H₂O or NH₃). If it has a lone pair, it is a valid ligand. 

3.2 How to Remember Bonding 

Mnemonic: "D-D-D" 

• Donor: The ligand provides the electrons. 

• Donation: The movement of the lone pair into the orbital slot. 

• Directional: The bond points specifically from the ligand to the metal. 

Memorable Phrase "Covalent, not ionic—electrons are shared, not transferred." Recite this 
whenever you are asked about the nature of the metal-ligand bond. 

Physical Gesture: The Handshake Step-by-Step Perform this gesture to lock the concept 
into your muscle memory: 

• Step 1: Open your Left hand wide (This is the Ligand extending its lone pair "gift"). 

• Step 2: Open your Right hand wide (This is the Metal presenting its "empty orbital" 
slot). 

• Step 3: The Clasp. Firmly lock your hands together. This represents the stable, shared 
connection that defines coordination chemistry. 

Extreme Association: "No Lone Pair = No Ligand" Visualize this vividly: If you don't see a 
lone pair on a molecule, it is not a ligand—it is just a spectator. Writing a formula where a 
molecule without a lone pair (like CH₄) is inside the bracket is the quickest way to lose full 
marks and write "nonsense chemistry." Every ligand MUST have a "gift" (lone pair) to give. 
No exceptions. 

 


