Unit 4: The d- and f-Block Elements

4.5.1 Electronic
Configurations

of Lanthanoids

Mastering 4f Orbital Filling,
Ln3* Trends, and Key

Exceptions for NEET/JEE.




The Foundation: A
The Xenon Core
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Insight Badge

By locking away 54 electrons in a : i
completely inert configuration, the chemical

complexity is reduced to just the handful of :
valence electrons in the 4f, 5d, and 6s s
outer subshells.




The Blueprint of Lanthanoids A

TopAll
The Inert Core Variable Occupancy
54 electrons securely — 5 Rarely holds more than 1
locked away. electron due to similar
energy levels with 4f.
Formula Chip
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The Inner Transition The Outermost Shell
Orbital ! » Common to all lanthanoids;
Progressively filled with always filled first, always

electrons across the series. lost first.
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The 'Buried' f-Orbitals A
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Increasing Nuclear Charge (Z) 45

(Geometrically

The 6s orbital is | [ initially (fills first). As Z i , .
e 6s orbital is lower in energy initially (fills first). As Z increases Blsieh

the 4f energy drops steeply, becoming the primary destination.

NEET/JEE Tip
Because 4f electrons are added last but are physically buried closer to the nucleus than 5d and 6s,

their poor shielding effect directly causes the Lanthanoid Contraction.



The +3 State: Order Out of Chaos

While neutral lanthanoid atoms have irregular configurations, their tripositive (Ln3*) ions
follow a beautifully smooth, mathematical progression.

Electron Ejection Timeline

Neutral Atom Step 2

[Xe] 4fn 5d9-1 6s2 Lose one 5d (if present) OR
one 4f electron.

\ 2

¥

Step 1:
Q Lose two 6s electrons.

: _ Ln3* lon
A (Warning: First to go!)

[Xe] 4fn

wheren=1to 14
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Exam Spotlight: Configuration Exceptions A
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Nature heavily favors the extreme quantum stability of exactly half-filled (f/) and p
fully-filled (f4) subshells.

The f7 Shift (Half-Filled) The 14 Shift (Fully-Filled)

Element: Gadolinium (Gd, Z=64) Element: Lutetium (Lu, Z=71)

Expected: [Xe] 4f%® 6s? Expected Pattern: [Xe] 4f'3 5d% 652

Actual: A4’ 5dl. 6s? Actual: Xe] 4f'% 5d' 6s?

Reason: An electron shifts to 5d to preserve Reason: Retains the 5d electron to keep the

the extra stability of a half-filled 4f subshell. 4f subshell perfectly full and maximally stable.

Don’t forget Cerium (Ce, Z=58)! Its configuration is uniquely [Xe] 4f' 5d' 6s2.



TopAll

Configuration Trend Patterns
Z | Element Neutral Atom (Ln) Ln3*lon
57 | Lanthanum (La) 652 410 (Empty)
58 | Cerium (Ce) 4f1 652 4f1
63 | Europium (Eu) 4f7 6s2 416
64 | Gadolinium (Gd) 4£7 652 4f7 (Half-filled)
70 | Ytterbium (Yb) 4114 652 4113
71 | Lutetium (Lu) 4114 652 4114 (Fully-filled)




60-Second Quick Revision

7 1. General Blueprint

All chemistry happens outside the
54-electron Xenon core.

[Xe] 4f1-14 5d¢-1 652

‘s 3. Stable States

The +3 oxidation state dominates. Ln3*
configurations form a perfectly smooth
mathematical sequence from 4f' to 44,

L
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A\ 2. The Ejection Rule

ALWAYS remove 6s electrons before 4f
electrons when forming ions!

4. The Big 3 Exceptions

Ce ( ), Gd ( ), Lu ( ).
The 5d orbital borrows an electron to

maximize f-subshell stability (empty,
half, or full).
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