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Concept QuickStart – Stability of Coordination Compounds 

 

Unit: Unit 5: Coordination Compounds  

Subject: For CBSE Class 12 Chemistry 

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

SECTION 1: UNDERSTANDING THE CONCEPT 

In coordination chemistry, assembling a complex is only the beginning. While we focus on 
how ligands attach to a metal center, the strategic importance of stability lies in determining 
whether that complex will remain intact under chemical stress. Knowing "if" a complex will 
stay together in solution is just as important as knowing "how" it forms, as this persistence 
dictates the success of everything from industrial catalysis to life-saving medical treatments. 

1.1 What Is Stability of Coordination Compounds? (Core Idea and Anchor Definition) 

At the simplest level, the stability of a coordination compound is the "grip strength" of a metal 
ion. Imagine a central metal ion acting like a magnet; its stability is simply how tightly it holds 
onto the ligands in its immediate environment. 

On a particle level, ligands approach a metal ion and donate their lone electron pairs into 
empty metal orbitals to form coordinate covalent bonds. The strength of this electronic 
interaction—how effectively the metal accepts and the ligand donates—determines the 
complex's resistance to falling apart or being substituted by other molecules. 

The stability of a coordination compound is its resistance to dissociation or ligand 
substitution, quantified by the stability constant (K_f). 

Students often confuse the "formation" of a complex with its "stability." 

1. Do not confuse formation with stability. 

2. Formation is the "handshake"—the initial act of coming together. 

3. Stability is the "unbreakable grip"—the persistence of that bond over time. 

1.2 Why Stability Matters 

Stability is the primary factor determining chemical persistence in solution. We care about it 
because a complex must often survive in environments where competing ligands are present. 
In the context of your CBSE Board examinations, mastering this concept is vital for predicting 
if a reaction will reach completion; a complex with a high stability constant (K_f) will 
effectively pull a reaction toward the products, ensuring the coordination entity remains the 
dominant species. 
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1.3 Why This Concept Exists 

This concept solves the fundamental problem of predictability. Before the emergence of 
modern theories, chemists struggled to understand why certain metal-ligand pairs were "hit 
or miss"—some held together with incredible strength, while others fell apart instantly. 

The historical development of the stability constant (K_f) and the Hard-Soft Acid-Base 
(HSAB) principle provided the first predictive frameworks. Alongside Alfred Werner’s 
foundational work, these tools allowed chemists to calculate which ligands would stay 
attached. Today, predicting stability is non-negotiable in: 

1. Medicine: Ensuring anticancer drugs like cisplatin remain intact until they reach target 
cells. 

2. Industrial Catalysis: Designing complexes that survive high temperatures without 
decomposing. 

3. Environmental Science: Creating chelating agents that selectively lock away toxic 
heavy metals. 

1.4 Analogies and Mental Image 

To visualize this, consider the Magnet and Metal Pieces analogy: 

• The Magnet: Represents the Central Metal Ion. 

• The Metal Pieces: Represent the Ligands. 

• Magnetic Strength: Represents the Coordinate Bond Strength. 

• Shaking the Container: Represents Environmental stress or competing molecules. 

Quick-Comparison: A stable complex is held together by Molecular Superglue, whereas an 
unstable one is merely held by Weak Sticky Tape that easily peels away. 

Picture this: Imagine a central metal ion as a glowing anchor. Some ligands are attached by 
thick, shimmering, golden "ropes" (representing strong ligands like Cyanide), making the 
complex virtually unbreakable. Other ligands are held only by thin, delicate, and fraying 
"threads" (representing weaker ligands like Water). If a new ligand enters the solution, it can 
easily snap the thin threads to take a spot, but it cannot hope to break the shimmering ropes. 

This is what stability looks like in your mind's eye. 

1.5 Everyday Context and Applications 

In the laboratory, you can observe this through the behavior of [Fe(CN)6] 4- (stable/yellow) vs. 
[Fe(H2O)6] 3+ (less stable/pale purple). The yellow cyanide complex is so robust that its color 
remains unchanged even if new ligands are added; the cyanide "ropes" refuse to let go. 
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Conversely, the water ligands in the purple complex are easily replaced, causing rapid color 
shifts. 

In technology, this is applied in Chelation Therapy. To treat lead poisoning, doctors use 
EDTA, a ligand that "steals" lead from body tissues. It works because the EDTA-lead complex 
is far more stable than the complexes lead forms with human proteins, effectively locking the 
toxin in a molecular cage for safe excretion. 

Counterintuitive Fact: You might assume all complexes have similar stability, but stability 
constants (K_f) vary from 10^3 to 10^42. Because K_f is an equilibrium constant, a higher 
value means that at equilibrium, the proportion of the stable complex is astronomically 
higher than the free ions. 

While these analogies help visualize the "grip" of a metal, the NCERT textbook provides the 
formal, standardized definitions used for Board assessments. 

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

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT) 

The NCERT curriculum provides the standardized definitions and specific "rules of thumb" 
required for Board examinations. Mastery of these rules—especially the chelate effect—is 
crucial for 3-mark questions. 

2.1 NCERT Key Statements 

According to the standardized NCERT framework, several key points define the stability of 
these entities: 

• The Coordination Entity: This is the central metal ion bonded to a fixed number of 
ligands, enclosed in square brackets. It behaves as a single, stable unit in solution. 

• Coordination Polyhedron: The spatial arrangement of the ligands defines a fixed 
geometric shape (octahedral, tetrahedral, etc.). This polyhedron provides the 
geometric stability required for the complex’s chemical identity. 

• Secondary Valence: Werner’s theory states that stability is a direct result of satisfying 
a metal's secondary valence (coordination number). This valence is non-ionisable and 
directional. 

• Chelate Ligands and Effect: A Board-favourite concept! When a di- or polydentate 
ligand uses two or more donor atoms simultaneously to bind to one metal, it forms a 
"ring" structure. These chelate complexes are significantly more stable than those 
containing only unidentate ligands. 

• Counter Ions: These are the ionisable groups outside the brackets (e.g., Cl- in 
[Co(NH3)6]Cl3). They dissociate in water, unlike the stable coordination entity. 
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2.2 NCERT Examples and Distinctions 

A primary NCERT example is the EDTA 4- ion. As a hexadentate ligand, it binds through six 
donor atoms (two nitrogen and four oxygen atoms). This "six-pronged" grip makes the 
resulting complexes uniquely stable. 

The textbook also distinguishes between: 

• Homoleptic Complexes: Metal bound to one kind of donor group, such as [Co(NH3)6] 
3+. 

• Heteroleptic Complexes: Metal bound to more than one kind of donor group, such as 
[Co(NH3)4Cl2] +. 

These formal definitions are the basis for the shortcuts and memory aids used to master this 
topic for exams. 

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

SECTION 3: CLARITY AND MEMORY 

Theory is the skeleton, but memory aids are the muscle you need for the exam. This section 
provides the tools to avoid common errors under pressure. 

3.1 Key Clarity Lines 

Use these active commands to ensure accuracy during problem-solving: 

1. Check for Chelation: Always identify if the ligand is polydentate; "rings" almost 
always mean higher stability. 

2. Verify the Valence: Remember that the Coordination Number (secondary valence) is 
independent of the oxidation state (primary valence). 

3. Audit the Ligand: Look past the molecule count; count the specific atoms providing 
lone pairs to avoid "Denticity traps" in coordination number calculations. 

4. Balance the Equilibrium: View "Stability" as the equilibrium position—higher K_f 
means the complex wins over free ions. 

5. Look for the Match: Check if the metal and ligand are a "Hard-Hard" or "Soft-Soft" pair 
to predict stability. 

3.2 How to Remember Stability 

The HSAB Mnemonic Remember "Like Attracts Like" for stability: 

• Hard Acid + Hard Base = High Stability. (Example: small, highly charged Fe 3+ and F-). 

• Soft Acid + Soft Base = High Stability. (Example: larger Ag + and I-). 



 

© ScoreLab by Profsam.com   
Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in 
Physics, Chemistry, and Mathematics. 

Profsam.com 

The Memorable Phrase "Strong match = stable complex." If the "hardness" or "softness" of 
the metal matches the ligand, the grip is unbreakable. 

The "Grip Strength" Physical Gesture Teacher’s Tip: Actually perform this motion during 
your revision or when visualizing a substitution problem in the exam—it triggers kinesthetic 
memory. 

• Tight Fist: Represents a stable complex with a "strong grip." The ligands are locked and 
won't leave. 

• Open Hand: Represents an unstable complex with a "weak grip." Ligands can be 
swapped easily. 

The Extreme Association "Get this wrong and you'll treat lead poisoning with the wrong 
chemical; remember this and you understand why EDTA is a life-saver." 

Stability is the "heartbeat" of a coordination compound’s identity; it defines whether the 
compound exists as a unique entity or dissolves into a jumble of constituent parts. 

 


