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Concept QuickStart – Some Important Compounds of Transition 
Elements 

 

Unit: Unit 4: The d- and f- Block Elements  

Subject: For CBSE Class 12 Chemistry 

While transition elements like iron, copper, and gold are fascinating in their pure metallic 
forms—having built the foundations of human civilization—their true chemical "power" is 
revealed in the unique compounds they form. Specifically, their oxides and oxoanions, such 
as potassium dichromate and potassium permanganate, serve as the workhorses of the 
chemical world. For a student aiming for success in the CBSE boards, understanding these 
compounds is a strategic necessity. They are not just formulas to be memorized; they 
represent the peak of transition metal reactivity. Their ability to act as potent oxidizing agents 
makes them indispensable in industrial synthesis and laboratory analysis, where they drive 
reactions that would otherwise be impossible. 

1.1 What Are These Compounds? 

Imagine you have a set of building blocks that can change their "grip" and size depending on 
who they are interacting with. In chemistry, transition metal compounds behave exactly like 
that. They are not limited to one mode; they can shift their electron count to form various 
stable structures, often resulting in the vibrant oranges and deep purples that define a 
chemistry lab. At the particle level, these compounds form because the d-orbitals of the 
metal protrude to the periphery of the atom, allowing them to be heavily influenced by 
surrounding atoms and to share electrons in multiple ways. 

Transition metal compounds are chemical substances where a d-block metal utilizes its 
partially filled d-orbitals to bond with other elements, typically exhibiting a variety of 
oxidation states and characteristic colors. 

It is a common mistake to assume that all transition metal compounds are stable in every 
possible oxidation state. In reality, stability is a delicate balance. For example, you might 
assume Copper(I) would be more stable in water because of its completely filled d10 
configuration. However, the NCERT clarifies that Copper(II) is actually more stable in aqueous 
solution. This is because the hydration enthalpy (the energy released when the ion interacts 
with water) for Cu2+ is much more negative than for Cu+, which more than compensates for 
the energy required to remove that second electron. 

1.2 Why They Matter 

These compounds are the "conductors" of chemical reactions. Compounds of Chromium (Cr) 
and Manganese (Mn) are legendary oxidizing agents. In the laboratory, their ability to gain 
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electrons allows chemists to transform organic molecules with surgical precision. 
Industrially, this oxidizing power is used to manufacture essential chemicals, while their role 
as catalysts—speeding up reactions without being consumed—makes them the backbone of 
modern chemical synthesis. 

1.3 Why This Concept Exists 

The study of these compounds exists to solve the problem of "chemical stubbornness." Many 
elements are difficult to react with or transform. Transition metal compounds provide a 
bridge, using their variable oxidation states to move electrons around. For instance, in the 
manufacturing of acids or the processing of nuclear energy (where inner transition/f-block 
elements like Uranium and Thorium are utilized), these compounds provide the necessary 
reactivity that simpler s-block or p-block elements cannot offer. Understanding why these 
compounds are so versatile helps us visualize the actual mechanics of their electron-shifting 
abilities. 

1.4 Analogies and Mental Image 

The Electronic Staircase Think of the oxidation states of Manganese as a staircase spanning 
from +2 to +7. 

• The Steps: Represent the different oxidation states (e.g., Mn2+, Mn4+, Mn7+). 

• The Climber: The metal atom, which moves up the stairs by losing electrons. 

• The Cost: Each step upward requires "Ionization Enthalpy." This is the energy price the 
atom pays to climb higher. 

• The Jump: Once at the top (like Mn7+), the metal is "heavy" with potential energy and 
can jump back down to a lower step with great force—this "jump" is what we call 
oxidizing power. 

The Mental Image Picture a microscopic tetrahedral dance floor. At the center is a 
Manganese ion, bonded to four oxygen atoms. This is the Permanganate ion (MnO4-). The 
particles are not static; they are vibrating with an intense, vivid purple light. This color is a 
direct signal of the chemistry at play: when light hits the ion, electrons transition between d-
orbitals (d-d transitions), absorbing specific frequencies and reflecting the purple we see. 
When this ion reacts, it "grabs" electrons from its surroundings, and the purple color vanishes 
as the metal "steps down" its electronic staircase to a more stable, colorless state. 

This is what these compounds look like in your mind's eye. 

1.5 Everyday Context and Applications 

In the laboratory, you can see this chemistry in action during a titration. When you add a 
purple permanganate solution to a clear acidic solution, the color disappears instantly. This is 
a visible "readout" of the metal ion changing its oxidation state at the molecular level. 
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In the world of technology, transition and inner transition metals are the keys to the future. 
While elements like Titanium are used in industrial alloys, f-block (inner transition) elements 
such as Thorium (Th), Protactinium (Pa), and Uranium (U) serve as essential sources of 
nuclear energy. 

You might think that because Zinc (Zn) is in the d-block, it should share all these colorful, 
variable traits. But actually, Zinc is an "impostor." Because its d-orbitals are completely full 
(d10), it lacks the "room" to perform the electron-shuffling dance. Consequently, Zinc only 
shows the +2 oxidation state and forms colorless compounds. 

While these applications are fascinating, we must now look at the formal "rulebook" provided 
by the NCERT for exam success. 

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT) 

The NCERT provides the definitive criteria for these compounds, focusing on how metals 
reach their highest potential when paired with Oxygen and Fluorine. The textbook prioritizes 
the first-row (3d) transition metals and the specific stability trends of their ions. 

2.1 NCERT Key Statements 

• The highest oxidation states are achieved only in specific halides, such as tetrahalides 
(TiX4), pentahalides (VF5), and hexahalides (CrF6). 

• Fluorine and Oxygen are the only elements capable of stabilizing the highest oxidation 
states due to high lattice energy or high bond enthalpy. 

• Oxidizing power increases in a specific trend: VO2+ < Cr2O72- < MnO4-. 

• Oxygen is superior to fluorine in stabilizing high oxidation states because it can form 
multiple bonds (e.g., the highest Mn fluoride is MnF4, but the highest oxide is Mn2O7). 

• Transition metals frequently form "oxocations" such as TiO2+, VO^2+ (Vanadium IV), 
and VO2+ (Vanadium V). 

• Beyond Manganese (Group 7), there is an abrupt decrease in the stability of higher 
oxidation states. 

2.2 NCERT Examples and Distinctions 

The textbook highlights that fluorine and oxygen are the only "partners" strong enough to pull 
transition metals to their highest oxidation states. Fluorine succeeds because it creates very 
strong bonds or high-energy crystal structures (lattice energy), as seen in CoF3. Oxygen is 
even more effective because of its ability to form double bonds, allowing a single oxygen atom 
to stabilize a higher charge than a single fluorine atom could. 

Key Distinctions for the Exam: 
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• Stability in Water: Cu2+ is more stable than Cu+ in aqueous solution due to its highly 
negative hydration enthalpy. 

• Reducing vs. Oxidizing: Cr2+ is a strong reducing agent (it loses an electron to reach a 
stable d3 configuration), while Mn3+ is a strong oxidizing agent (it gains an electron to 
reach the stable d5 configuration). 

These technical facts are the foundation for the exam, but you need specific mental hooks to 
keep them straight under pressure. 

SECTION 3: CLARITY AND MEMORY 

Inorganic chemistry is not just about memorization; it is about recognizing patterns. By using 
these hooks, you can stop "guessing" and start "seeing" the trends. 

3.1 Key Clarity Lines 

• Always remember that Cr2+ is reducing while Mn3+ is oxidizing, even though both have 
a d4 configuration. 

• Scandium is a transition element because it has an incomplete d-subshell (3d1), but 
Zinc is not because its d-subshell is full (3d10) in its neutral and ionic states. 

• The +2 oxidation state is the most common for the 3d series (except for Scandium). 

• Highest oxidation states (up to +7 for Manganese) are found almost exclusively in 
oxides and fluorides. 

• When d-block elements form ions, the 4s electrons are always lost before the 3d 
electrons. 

3.2 How to Remember These Concepts 

Mnemonic: "Sc-Ti-V-Cr-Mn: The 3d Climb" 

• Scandium (3) 

• Titanium (4) 

• Vanadium (5) 

• Cromium (6) 

• Manganese (7 - The Peak) 

• Deployment: Use this specifically for Groups 3 to 7. During the exam, if you need the 
maximum oxidation state for these five elements, it is simply their Group Number! 

Memorable Phrase: "Chromate is Yellow, Dichromate is Orange; add acid to turn yellow to 
orange." (This helps you distinguish between the CrO42- and Cr2O72- ions instantly). 
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Physical Gesture: The "Five or Fist" Hold up five fingers to represent the stable d5 
configuration (Mn2+). Close your hand into a tight fist to represent the stable, full d10 
configuration (Zn2+). Use this gesture to remember that Mn2+ and Zn2+ have "special" 
stability, leading to irregular trends in their ionization enthalpies. 

Extreme Association (The Warning): "Never treat Zinc like a Transition Metal!" Even though it 
lives in the d-block, it is a "non-transition" impostor because its d-orbitals are always full. If 
you assign Zinc a variable oxidation state or a color in your exam answer, you are falling into 
the most common trap in the Unit! Zinc is always +2 and always colorless. 

 


