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Concept QuickStart - Some Applications of d- and f- Block
Elements

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

Subject: For CBSE Class 12 Chemistry

SECTION 1: UNDERSTANDING THE CONCEPT

The transition (d-block) and inner transition (f-block) elements are the structural and
energetic architects of human civilization. From the dawn of history, the discovery of copper
and iron transitioned humanity from stone tools to advanced machinery and infrastructure.
Today, this importance continues into the atomic age, where f-block elements like Uranium
(U) and Thorium (Th) serve as the backbone of modern nuclear energy. These elements are
not merely entries on a chart; they are the functional core of every technological leap from the
Bronze Age to the aerospace era.

1.1 What Is the Application of d- and f- Block Elements? (Core Idea and Anchor
Definition)

At the simplest level, transition metals are the "workhorse" elements of the periodic table.
Unlike the soft, highly reactive s-block metals (like Sodium) or the non-metals of the p-block
(like Oxygen), d-block elements provide the hardness, high melting points, and conductivity
required for heavy industry and electronics.

At the particle level, the unique behavior of these atoms stems from the physical orientation
of their d-orbitals. These orbitals "protrude" to the periphery of the atom more than s orp
orbitals. Because they stick out into the surrounding environment, they are highly sensitive to
nearby atoms and molecules. This allows them to easily bond with ligands or act as
"platforms" for chemical reactions, which is why they are such exceptional catalysts.

Transition metals are defined as metals having an incomplete d-subshell in their neutral
atom or common ions.

The Group 12 Clarification: Acommon trap in the CBSE curriculum involves Zinc (Zn),
Cadmium (Cd), and Mercury (Hg). Per the strict IUPAC definition, these are not transition
metals because they possess a full d'° configuration in both their ground state and their
common ions. However, they are studied alongside transition metals as "end members" of
the d-series to help us understand the complete trend of the block.

1.2 Why This Topic Matters
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Transition elements are essential for the survival of both industry and biological life. Without
Iron (Fe), the hemoglobin in our blood could not transport oxygen; without catalysts like
Platinum (Pt) or Palladium (Pd), industrial production of fertilizers and fuels would grind to a
halt.

For your CBSE exams, this unit is a strategic goldmine. The Board focuses heavily on "why"
the rules change here—specifically looking at electronic configuration exceptions in
Chromium (Cr) and Copper (Cu) and the unparalleled variety of oxidation states seenin
elements like Manganese (Mn). Mastering these "exceptions" is the key to a top-tier score.

1.3 Why This Concept Exists

The "Transition" block exists to bridge the chemical gap between the highly electropositive,
reactive s-block metals and the less metallic/non-metallic p-block. They represent a gradual
"transition" of properties across the periodic table.

Real-World Problem Solvers:

e Aerospace Engineering: Titanium (Ti) solves the need for materials with high tensile
strength but low density, allowing for lighter, faster aircraft.

o Industrial Catalysis: Iron (Fe) is the primary engine of the Haber process, converting
atmospheric nitrogen into essential fertilizers.

e Nuclear Energy: Actinoids like Uranium (U) provide high-density power by utilizing the
immense energy stored within their heavy nuclei.

1.4 Analogies and Mental Image

Think of transition metals as a multipurpose toolset. While an s-block elementis like a
simple hammer, a transition metal s like a professional Swiss Army knife. It can change its
"attachment" (oxidation state) depending on the specific chemical job it needs to perform.

o Tool Variety = Multiple Oxidation States (e.g., Manganese can act as +2, +3, +4, +6, or
+7).

e Interchangeable Parts = Ability to form complex compounds with various ligands.
e High-Speed Transfer = Exceptional thermal and electrical conductivity.

o Visual Status = Bright colors that signal exactly which chemical "tool" is currently in
use.

Picture This... Imagine a shelf of vibrant liquids: deep purple (MnO,"), pale pink (Mn**), and
sky blue (Cu®*). Inside these solutions, electrons are "jJumping" between partially filled d-
orbitals. As they absorb specific wavelengths of light to make these jumps, they leave behind
the brilliant colors we see. This is what the applications of d-block elements look like in your
mind's eye.
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1.5 Everyday Context and Applications

You withess d-block chemistry when you see the reddish-brown rust on a gate or the deep
green of an emerald. Rust is simply Iron changing its oxidation state in response to oxygen,
while the colors in gemstones are caused by tiny amounts of transition metalions embedded
in the crystal.

The "Why" behind this color is vital: because of unpaired electrons, these metals undergo d-
d transitions. They absorb certain frequencies of visible light to move electrons between d-
orbitals, and our eyes perceive the complementary color that is reflected back. While we
often think of metals as just silver or grey, the d-block is the reason our inorganic world is so
colorful. In the f-block, the unique properties of Actinoids allow us to harness nuclear power,
providing a scale of energy that s and p block elements simply cannot match.

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT)

The following data points represent the formal academic baseline required for scoringin
CBSE examinations. Precise adherence to these definitions and trends is mandatory for a
100/100 performance.

2.1 NCERT Key Statements

« General Electronic Configuration: Represented as (n-1)d"'~'° ns'. A critical
exception is Palladium (Pd), which is 4d"® 5s°.

e The Transition Criteria: Scandium (Sc, Z=21) is a transition element because it has an
incomplete d-orbital (3d"). Zinc (Zn, Z=30) is not, as it has a full 3d'° configuration in
both ground and ionic states.

« Melting Point Peak: Melting points generally peak at the d° configuration (Cr, Mo, W)
because the high number of unpaired electrons facilitates strong interatomic metallic
bonding.

e The Manganese Anomaly: Manganese (Mn) and Technetium (Tc) show unexpectedly
low melting points for their position. This is because their stable d° configuration is so
symmetric that the electrons are less "available" for delocalization, leading to weaker
metallic bonding.

o Enthalpy of Atomization: Higher numbers of unpaired electrons result in stronger
interatomic interactions and higher enthalpies of atomization.

e Lanthanoid Contraction: The steady decrease in atomic and ionic radii along the 4f
series. This is caused by the poor shielding of the nucleus by 4f electrons, which
allows the increasing nuclear charge to pull the electron cloud inward.

2.2 NCERT Examples and Distinctions
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Critical NCERT Case Studies:

o Copper's Electrode Potential: Copper is the only metalin the 3d series with a positive
E°value (+0.34V). It cannot liberate Hydrogen from acids because its high enthalpy of
atomization and high ionization energy are not compensated for by its hydration
enthalpy.

e Manganese's Versatility: Manganese exhibits the highest variety of oxidation states
(+2 to +7) because it has the maximum number of electrons available for sharing in its
3d and 4s orbitals.

Essential Distinctions:

1. Configuration Stability: Half-filled (d°) and completely filled (d'°) subshells provide
extra stability due to symmetry and exchange energy.

2. Shielding Order: s>p >d >f. The very poor shielding of f-orbitals is the direct cause of
the Lanthanoid contraction.

3. Oxidation Step Size: In transition metals, oxidation states usually differ by one (e.g.,
Fe®* and Fe®**). In non-transition metals, they usually differ by two (e.g., Sn** and Sn**).

SECTION 3: CLARITY AND MEMORY

The tools below are curated to prevent common exam errors and ensure that the complex
trends of the d- and f-blocks remain accessible under exam pressure.

3.1 Key Clarity Lines

e lonization Sequence: In the d-block, the ns electrons are always lost before the (n-
1)d electrons during the formation of cations.

« Magnetic Moment Formula: Use the "spin-only" formula: p =vn(n + 2), where 'n'is
the number of unpaired electrons. The unit is Bohr Magneton (BM).

e The Stability Logic (Reducing vs. Oxidizing):

o Cr’*is Reducing: It wants to lose an electron to reach the stable d®
configuration (which provides a stable half-filled t,g level).

o Mn®!is Oxidizing: It wants to gain an electron to reach the highly stable, half-
filled d° configuration.

« Aqueous Stability: Cu®* (aq) is more stable than Cu* (aq) because the hydration
enthalpy of Cu®* is much more negative, which more than compensates for the energy
required for the second ionization.
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« Color Check: lons with d° (like Sc**) or d'° (like Zn**) configurations are always
colorless because d-d electron transitions are impossible without available space or
electrons to jump.

3.2 How to Remember This Topic

Mnemonic for the 3d Transition Series (Sc to Zn): "Science Teacher Vinita Croaks
Manganese Ferro Cobalt Nice Cupper Zinc."”

The Cr/Cu Configuration Legend: "Chromium and Copper: The Half and Full-filled Legends."
(Always remember: Cr = 3d° 4s” and Cu = 3d"® 4s”. Do not confuse this with Gold/Au, which is
in the 5d series).

Physical Gesture for Lanthanoid Contraction: Perform a "squeezing" motion with your
hands. Visualize the atom’s size being "squeezed" smaller by the powerful nucleus, even as
its atomic number (weight) increases.

The "Green Grass" Association: To remember the color of Ferrous ions (Fe*), think of
"Green Grass." If you misidentify it as yellow (which is Fe*), you lose the "bloom" of your
marks!
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