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Concept QuickStart – Isomerism in Coordination Compounds 

 

Unit 5: Coordination Compounds  

Subject: For CBSE Class 12 Chemistry 

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

SECTION 1: UNDERSTANDING THE CONCEPT 

Think of Isomerism not as a dry definition to memorize, but as a strategic "structural puzzle." 
In coordination chemistry, having the right chemical "ingredients" (atoms) is only half the 
story; their "seating arrangement" around the metal changes everything from the compound’s 
vibrant color to its medicinal effectiveness. It is the study of how one molecular formula can 
mask multiple distinct chemical personalities simply by shifting its 3D geometry. 

1.1 What Is Isomerism? (Core Idea and Anchor Definition) 

Imagine a room where the furniture—four red chairs and two blue chairs—is fixed in number. 
By placing the blue chairs side-by-side or at opposite ends, the room’s entire function and 
"feel" change. The inventory is identical, yet the two resulting arrangements create two 
fundamentally different realities. 

At the particle level, coordination compounds often occupy a specific octahedral 
arrangement. Picture a central metal ion with six distinct "slots" pointing toward the corners 
of an octahedron. Shifting ligands between these six spots creates new identities. Even if the 
total count of ligands is identical, moving a ligand from a position "next to" another to one 
"opposite" it creates a brand new compound with unique stability and reactivity. 

Anchor Definition: Isomers in coordination compounds are complexes with the same 
molecular formula but different spatial or structural arrangements of ligands, resulting 
in different physical and chemical properties. 

Misunderstanding Trigger: Students often assume the order of ligands written in a formula 
(e.g., [CoCl₂(NH₃)₄]⁺) dictates the 3D shape. Correction: The formula is merely a list of 
ingredients. The actual geometry depends on where those ligands sit in 3D space; the 
formula alone cannot tell you if a molecule is a cis or trans isomer. 

1.2 Why Isomerism Matters 

Isomerism is a high-yield topic for the CBSE board because it explains the "why" behind 
observable chemistry—specifically how geometry affects light absorption (color) and 
biological fit. Mastering this is essential for predicting the number of possible compounds for 
a given formula, a frequent requirement in 3–5 mark examination questions. 

1.3 Why This Concept Exists 
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This concept exists because 19th-century chemists like Alfred Werner were baffled by 
identical formulas producing different colors (such as red vs. green). This forced the discovery 
of 3D geometry; if the atoms were the same, the only difference had to be their seating 
arrangement. Today, this theory is critical in pharmaceuticals, where a drug’s efficacy often 
hinges on its specific "shape" fitting a biological "lock." 

1.4 Analogies and Mental Image 

The Greeting Circle Analogy: Imagine six people in a circle. If two people in red shirts stand 
side-by-side (at a 90° angle), they are in a "cis" arrangement. If they move to stand directly 
across the circle (at a 180° angle), they are "trans." The group inventory is the same, but their 
interaction changes based on this distance. 

The LEGO Block Model: Think of a central LEGO base with six attachment points. You have 4 
white blocks and 2 yellow blocks. You can snap the yellow blocks into adjacent slots or 
opposite slots. Each final build is a different structure, even though you used the exact same 
blocks from the box. 

• Central Figure = Metal Ion 

• Neighbors/Opposites = Cis/Trans Isomers 

• Block Inventory = Molecular Formula 

Picture this: You are in a lab looking at two test tubes. One is a cool blue-green and the other 
is a warm purple-red. As you "zoom in" to the molecular level, you see the central Cobalt ion. 
In the blue-green tube, the "green chloride" ligands are at opposite poles of the octahedron. In 
the purple-red tube, those same chlorides are tucked into corners right next to each other, 
surrounded by "blue ammonia" molecules and a "red bromide" locking into a neighboring 
vertex. This is what isomerism looks like in your mind's eye. 

1.5 Everyday Context and Applications 

• Observable Phenomenon: In experiments with [Co(NH₃)₄Cl₂]⁺, we see two distinct 
colors. While conceptual models often use Red vs. Green to show the dramatic 
difference, note for exam purposes that NCERT Table 5.1 identifies these specific 
isomers as Green and Violet. 

• Technology Application: "Cisplatin" vs. "Transplatin" is a matter of life and death. In 
the cis arrangement, the leaving groups are adjacent, allowing the molecule to form 
"cross-links" with DNA to cure cancer. The trans arrangement cannot form these 
specific links and is toxic. 

• Counterintuitive Example: You might think [Co(NH₃)₄Cl₂]⁺ is one chemical that simply 
"shifts" its shape, but these are two distinct, stable chemicals. At room temperature, 
they do not spontaneously switch; they are locked in their 3D identities. 
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While these mental models help us "see" the molecules, the NCERT textbook provides the 
strict classifications used in exams. 

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

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT) 

The NCERT classification is the "gold standard" for the CBSE syllabus, providing a systematic 
map to categorize every type of isomer you will encounter. 

2.1 NCERT Key Statements 

• Stereoisomerism vs. Structural Isomerism: Stereoisomers have the same chemical 
formula and bonds but different spatial arrangements; structural isomers possess 
different bonding patterns. 

• Geometrical Isomerism: This occurs in heteroleptic complexes (like [MX₂L₄] or 
[MX₂L₂]) due to different possible "cis" or "trans" arrangements. 

• The [Ma₃b₃] Rule: In octahedral complexes like [Co(NH₃)₃(NO₂)₃], we find Facial (fac) 
isomers (ligands on one "face" of the octahedron) and Meridional (mer) isomers 
(ligands around the "equatorial belt"). 

• Optical Isomers (Enantiomers): These are chiral mirror images that are non-
superimposable. They are designated as dextro (d) or laevo (l). 

• Structural Isomerism Types: These include Linkage (look for the "LINK" in 
ambidentate ligands), Coordination (ligand "COORDination" swaps between metal 
centers), Ionisation, and Solvate. 

2.2 NCERT Examples and Distinctions 

• Visualizing [Ma₃b₃]: In the 'fac' isomer, three identical ligands form a triangle on one 
face of the clock-like octahedron. In the 'mer' isomer, they form a "belt" or meridian 
around the center. 

• Optical Rotation: d forms rotate light to the right; l forms rotate it to the left. A classic 
NCERT example is the chiral complex [Co(en)₃]³⁺. 

• Structural Distinctions: 

o Linkage Isomerism: Occurs with ambidentate ligands like NO₂⁻ (Nitro-N vs. 
Nitrito-O). 

o Coordination Isomerism: Example: [Co(NH₃)₆][Cr(CN)₆] and 
[Cr(NH₃)₆][Co(CN)₆]. 

o Ionisation Isomerism: Example: [Co(NH₃)₅(SO₄)]Br vs. [Co(NH₃)₅Br]SO₄. 
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Architect’s Pro-Tip: When drawing isomers for a 3-mark question, always start by sketching 
the bare octahedral or square planar skeleton. Ensure your "cis" ligands are at 90° and "trans" 
are at 180° before labeling the metal. 

Knowing the textbook definitions is the first step, but remembering them during a high-
pressure exam requires specific memory tools. 

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

SECTION 3: CLARITY AND MEMORY 

Memory is not about rote learning, but about creating "mental hooks" that prevent common 
exam errors. 

3.1 Key Clarity Lines (Correction Lines) 

• Rule: Isomers must have different atoms. Reality: Isomers have the identical atoms, 
just in different spatial seats. 

• Rule: Stereoisomers have different bonds. Reality: Stereoisomers have the same 
bonds but different 3D directions. 

• Rule: Any mirror image is an optical isomer. Reality: Only non-superimposable 
(chiral) mirror images are optical isomers. 

• Rule: All complexes show geometric isomerism. Reality: Tetrahedral complexes do 
not show geometrical isomerism. Because all four positions are equivalent and 
equidistant, moving a ligand is simply rotating the same molecule; it never creates a 
new "neighbor." 

3.2 How to Remember Isomerism 

• Mnemonic: "CIS-TRANS-LINK-COORD" Use this to categorize any question: 

o CIS/TRANS: Check for geometry (90° vs 180°). 

o LINK: Look for ambidentate ligands (NO₂⁻, SCN⁻). 

o COORD: Look for two metals in two sets of square brackets. 

• Memorable Phrase: "Different geometry = different compound, same formula." This 
prevents you from treating isomers as "variations" of the same thing; they are distinct 
chemicals. 

• Physical Gesture (The Angle Check): Hold your two index fingers side-by-side at a 90° 
angle for Cis (neighbors). Now, point them directly away from each other in a 180° 
straight line for Trans (opposites). 
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• Extreme Association: Wrong Isomer = Wrong Drug. Remember Cisplatin: getting 
the structure wrong isn't just a lost mark; it's the difference between a life-saving 
cancer treatment and a toxic failure. Structure is the molecule's biological destiny. 

Mastering Isomerism is simply about seeing the "3D life" of a chemical formula. Once you can 
visualize the ligands shifting between those six octahedral corners, the concept moves from 
your textbook into your intuition. 

 


