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Concept QuickStart - General Properties of the Transition
Elements (d-Block)

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

Subject: For CBSE Class 12 Chemistry

SECTION 1: UNDERSTANDING THE CONCEPT

The d-block elements occupy a strategic middle ground in the periodic table, acting as a
functional "bridge" between the highly electropositive s-block metals and the more varied p-
block elements. This transitionary position is not merely geographical; it defines their
chemical essence. Historically, their name "transition metals" was derived from this "bridge"
status, as their properties represent a shift between the reactive s-block and the p-block. In
these elements, electrons are added to the penultimate (inner) d-orbitals rather than the
outermost shell, creating unique chemical behaviors—such as variable oxidation states and
catalytic powers—that distinguish them from the main-group elements.

1.1 What Is the d-Block? (Core Idea and Anchor Definition)

o Zero-Level Explanation: At the simplest level, the d-block is the large middle section
of the periodic table. Imagine a multi-story building where we usually fill the outer
rooms first; in the d-block, we are instead filling "inner suites" (the penultimate d-
orbitals) that were left empty while the outer s-rooms were occupied.

o Particle-Level Process: As we move across a period, electrons enter the (n-1)d
subshell. Because these d-orbitals protrude toward the periphery of the atom more
than the s and p orbitals, they are highly sensitive to their surroundings. This exposure
allows d-electrons to interact heavily with neighboring atoms or molecules, which is
why these elements exhibit such complex magnetic and electronic properties.

¢ Anchor Definition: Transition metals are defined as metals which have incomplete
d subshell either in their neutral atom or in their common ions.

e Misconception Correction: Many students assume every elementin the d-block is a
"transition metal." However, Group 12 elements (Zinc, Cadmium, and Mercury) are not
technically transition metals because they have completely filled d™° configurations in
both their ground state and their common ions.

1.2 Why This Topic Matters

o Scientific Significance: Transition metals are the workhorses of human civilization.
Metals like Iron, Copper, Silver, and Gold have built our history, while elements like
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Titanium and Platinum drive modern industry. Biologically, transition metals are
central players in life-sustaining molecules like hemoglobin.

o Exam Focus: For the Board exams, examiners prioritize the "why" behind trends—
specifically electronic configurations, the stability of half-filled/full d-orbitals, and the
reasoning behind electrode potential values.

1.3 Why This Concept Exists (The Problem-Solver)

o Theoretical Necessity: Without understanding d-orbital filling, we cannot explain why
certain metals are magnetic, why their solutions are beautifully colored, or why
Manganese can have oxidation states from +2 to +7 while Calcium is restricted to +2.

o Real-World Utility: These properties allow for the creation of high-tensile alloys,
industrial catalysts that speed up chemical production, and the use of noble metals
that resist corrosion.

1.4 Analogies and Mental Image

o The Primary Analogy: Think of the d-block as the "Adjustable Multi-Tool" of the
periodic table. While s-block elements are like a hammer (simple and reactive) and p-
block elements are like a dedicated screwdriver set, the d-block elements can change
their "bits" (oxidation states) to fit the specific chemical "screw" they are working on.

e Concept Mapping:
o The Multi-Tool handle represents the stable s-shell.
o The interchangeable bits represent the variable electrons in the (n-1)d orbitals.

o The exposed gears represent the protruding d-orbitals interacting with
surrounding ligands.

e Mental Imagery: Picture a row of metallic spheres. Within each sphere, imagine a
vibrant, pulsing cloud of electrons in the d-orbitals. These clouds aren't tucked away;
they reach toward the surface, making the atoms "sticky" and reactive. Visualize the
colors—purple Ti**, blue Cu**, or pink Mn**—shifting as the electron clouds move and
absorb light.

e Closing Statement: This is what the d-block looks like in your mind's eye.
1.5 Everyday Context and Applications

e« Laboratory Observation: When Copper sulfate is dissolved in water, the solution
turns a brilliant blue. This happens because the d-orbitals in the Cu®* ion are partially
filled (d°), allowing electrons to absorb visible light as they jump between energy
levels.
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e Technological Integration: The high melting points of transition metals, like Tungsten
in filaments, are due to strong metallic bonding. This bonding is strongest at the
middle of the series (d°) because that is where the number of unpaired electrons
available for interatomic interaction is maximized.

o The "Counterintuitive" Layer: You might think that adding more electrons always
makes an atom larger. However, atomic radii in a d-series actually decrease as you
move to the right because the inner d-electrons shield the nucleus poorly, allowing the
nuclear "pull" to shrink the atom. It is crucial to note, however, that the variation within
a series is quite small compared to other blocks.

Through this conceptual lens, we can now examine the specific technical data and rules
provided by the NCERT framework.

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT)

Success in CBSE Chemistry requires strict adherence to NCERT terminology and data
accuracy. The relationship between electronic configuration and physical properties is the
heart of this unit; the way d-orbitals are filled directly dictates the strength of metallic
bonding, atomic size, and chemical stability.

2.1 NCERT Key Statements

« General Configuration: The outer electronic configuration is generally (n-1)d"~"° ns'3,

with the critical exception of Palladium (Pd), which is 4d"° 5s°.

« Stability Rules: Half-filled (d°) and completely filled (d'°) sets of orbitals possess extra
stability. This explains the anomalous configurations of Chromium (3d° 4s’) and
Copper (3d'° 4s").

o Enthalpy of Atomisation: These elements exhibit high enthalpies of atomisation due
to strong interatomic interactions. Maxima occur at about the middle of each series
(d°) because the number of unpaired electrons—favorable for strong bonding—is at its
highest.

o Lanthanoid Contraction: The filling of 4f orbitals before 5d results in a regular
decrease in atomic radii. This "Lanthanoid contraction" essentially compensates for
the expected increase in size, making the 4d and 5d series elements (e.g., Zr and Hf)
nearly identical in size.

« Electrode Potential (M**/M?*): The stability of various states is reflected in E° values.
Mn** is a strong oxidising agent because it is eager to reach the stable d® (Mn**)
configuration. Conversely, Ti**, V**, and Cr?* are strong reducing agents; Cr** is
reducing because it transforms from d* to the more stable d® configuration, which
features a half-filled t2g level.
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« 12g Stability: The stability of V** and Cr** is specifically related to the extra stability of
a half-filled t2g level in aqueous solution.

2.2 NCERT Examples and Distinctions

e Scandiumvs. Zinc: Scandium (Z=21) is a transition element because its ground state
has an incompletely filled 3d" orbital. Zinc (Z=30) is not, as it has a full 3d"°
configuration in both its ground state and its Zn** ion.

e The Case of Copper: Copper is the only 3d metal with a positive E° (M**/M) value of
+0.34V. It does not liberate H, from acids because its high enthalpy of atomisation is
not balanced by its hydration enthalpy.

o Structural Classifications: The d-block is divided into four series:
o 3d series: Sc (Z=21) to Zn (Z=30)
o 4d series: Y (Z=39) to Cd (Z=48)
o b5d series: La (Z=57) and Hf (Z=72) to Hg (Z=80)
o 6d series: Ac (Z=89) and Rf (Z=104) to Cn (Z=112)

Mastering these technical details provides the foundation, but retaining them under exam
pressure requires specific memory anchors.

SECTION 3: CLARITY AND MEMORY

In the high-pressure environment of a Board exam, "exam-room readiness" is what separates
a student who knows the material from one who can accurately reproduce it. Silly mistakes
often arise from confusing general trends with specific exceptions. Using structured memory
anchors ensures that these critical marks are never lost.

3.1 Key Clarity Lines

e The Rule of First Loss: When transition metals form ions, ns electrons are always
lost BEFORE (n-1)d electrons.

e The d’/d"° Check: For any question regarding the stability of Mn** or Zn**, immediately
identify them as stable d°® and d'° configurations, respectively.

e Copper Exception: Copper does not react with dilute non-oxidising acids; its positive
electrode potential makes it too "noble" to displace Hydrogen.

o Oxidation Increment: Unlike p-block elements (which vary by 2), transition metal
oxidation states usually differ by 1 (e.g., V**, V**, V**, V%),
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« Colorless lons: If an ion has d° (like Sc**) or d'° (like Zn**), it will be colorless because
no d-d transition is possible.

3.2 How to Remember This Topic

¢ Mnemonic Mastery: To remember the 3d series: "Science Ti(v)es Cruel Man, Fee Co
Ni Cu Zn" (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn). Use this at the start of any d-block
question to map out atomic numbers and electronic configurations.

o The Memorable Phrase: "Poor Shielding, Tight Squeezing." This explains why the
atoms don't get larger as atomic number increases. The d-electrons shield the nucleus
poorly, so the increasing nuclear charge "squeezes" the shells tighter.

e Physical/Kinesthetic Anchor: When calculating the "spin-only" magnetic moment (p
=[n(n+2)]), use your hand. Each extended finger represents one unpaired electron
(n). If you have 3 unpaired electrons, hold up 3 fingers. This prevents you from
accidentally using the total number of d-electrons in the formula.

o The "Extreme Association": Imagine Manganese (Mn) as a "Seven-Headed Hydra." It
is the unique member of the 3d series that can reach the +7 oxidation state (in MnO,").
If you forget which element has the maximum variety of oxidation states, remember
the Seven-Headed Hydra of Manganese.

With these frameworks and memory anchors in place, you can approach any question on the
d-block with the precision and confidence of a chemistry expert.
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