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Chapter 4.5

The Lanthanoids

Inner Transition Metals, 4f Series, and the Lanthanoid Contraction.



The Inner Transition Metals

.

N

TopAII

56 57
Ba | La
Barium Lanthanum
[Xe] 652

[Xe] 4f' 5d' 6s2

\#/

Cerium

1\

[Xe] 5d' 652

.

(Pnsitinn: Period 6, Group 3)

Consists of 14 elements following
Lanthanum (Ce 58 to Lu 71).

Defined by the progressive filling of
the 4f orbitals.

General chemical symbol used in
reactions: Ln.

Lanthanum (La) is heavily studied
alongside them due to extreme
chemical resemblance, despite being
a d-block element.



The Electronic Blueprint Po©

TopAll
The General Rule The Exceptions
The Extra Stability Drive
{ N
1-14 0-1 2 fﬁ;"t” La [Xe] 5d* 6s2 Ce [Xe] 4f! 5dt 6s?
[Xe] 448 Y 5d°R 65
\ 4 Half-filled Eu [Xe] 4f7 6s? Gd [Xe] 4f7 5d! 6s2
(f7):
(5d" prevents disrupting stable 4f7)
Why 5d sometimes? There is very little
? energy difference between 4f and 5d Fully-filled | vo 1xe] 414 o2
orbitals. (£14):
(5d" prevents disrupting stable 4f'4)

b J




The Lanthanoid Contraction A

[ The steady, progressive decrease in atomic and ionic radii from Lanthanum to Lutetium.

lonic radii (pm)

110 1

o
-
|

w
-
I

80

La3* (106 pm) Electrons enter inner 4f orbitals.

_'.v:

i 4f electrons have highly diffused
shapes - Imperfect Shielding

V/

"""'*--...___ Lu3* (86 pm) Nuclear charge (Z) increases, but
O ol shielding does not compensate.

L'a Cle F; Nld P;h S;‘n Elu Gld le II:; HID Elr T;"n Ylb Llu Effective nuclear charge (ZEff) pulls
r the valence shell inward.

Atomic number (from La to Lu)



Consequences in the Periodic Table

Impact: The radii of the 3rd transition series (5d) are unexpectedly similar to the corresponding
members of the 2nd series (4d).

4 Z N\ a4 f B
Zirconium (4d series) ~ Hafnium (5d series)

160 pm 159 pm
\ / \ J
Y 4

\

Result: Due to virtually identical sizes and properties, they occur together in nature and are
exceptionally difficult to separate.
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The Dominance of the +3 State A

TopAll

Ln3* is the most stable and predominant oxidation state across the

entire lanthanoid series.
4§ [ —F— 1

— )
Ce Pr  Nd Pm Sm Eu Gd Tb Dy Ho B Th B Yb Lu

Thermodynamic Driver: lonisation enthalpies.

Step 1: Abnormally low values for the 3rd ionisation enthalpy (IE;) in La, Gd,
and Lu provide an extra energy drive.

Step 2: Why? Because losing 3 electrons in these elements perfectly results

in highly stable f°, f1°, f7, and f'4 configurations.




Oxidation Anomalies & Redox Behavior

Deviations (+2 and +4) only occur to achieve f9, f7, or f1#. They act as
oxidants/reductants to revert back to the stable +3 state.

Strong Oxidants Strong Reductants

Gain e  to reach +3 Lose e"to reach +3

. Ce** (fY) > Reverts to Ce?*. 1. Eu?* (f7) > Reverts to Eu3*.
° = +1.74V. Excellent

analytical reagent (reaction
is slow). 2. Yb?* (f14) > Reverts to

Yb3*.

2. Tb% (f7) > Reverts to Tb3*.

L
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Bulk Properties of Ln3* lons A

TopAll
&
&

OX

Colour Magnetism
Trivalent ions are often coloured In All lanthanoid ions are paramagnetic
solid state and aqueous solutions. (due to unpaired f-electrons).
Cause: f-f transitions (excitation of Exceptions (Diamagnetic):
electrons within the f-level). Elerrents With m and i3

configurations.

Exceptions (Colourless):

[N oS E e )Rl R T Tus YD)




General Chemical Reactivity A

Early members react vigorously like Calcium; later members behave more like Aluminium.

[ tn0; ]

I
[ H, gas liberated ] — + 0, (burns)

o) — QT

AR VIFKI)— [ LnC,, Ln,C;, Ln,C ]

I

[ Ln(OH), + H, ]

Basic hydroxides



INndustrial & Commercial Uses A

):IAL!

Mischmetall Catalysts Phosphors
* Alloy composition: ~95% Mixed lanthanoid oxides Individual Ln oxides emit
Lanthanoid metal + ~5% are essential in specific light spectra. Used
Iron + traces of S, C, Ca, petroleum cracking.
and Al. In television screens and
» Application: Used in fluorescing surfaces.

Mg-based alloys to
produce bullets, shells,
and lighter flints.




High-Yield Exam Summary

Top 3 Exam Traps

The Zr/Hf Trap: Zirconium (160pm) and
Hafnium (159pm) have identical radii due
to the Lanthanoid Contraction.

The Redox Trap: Ce?* is a strong
Oxidant. Eu?* and Yb?2* are strong
Reductants. All revert to +3.

The Colour/Magnetism Trap: Look for the
configuration. If it is exactly fO or f14, it is
instantly colourless and diamagnetic.

.2 Core Rules to Memorize

v The Formula:

[ Xel Af'Ared? " Bbss

v The Anchor: +3 is the universal stable
state for the entire series.

TopAll
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