How Periodicity Controls Chemical Behaviour

From Valence Rules to Heavy Element Quirks: Decoding the Patterns of the Periodic Table
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The Master Code: Valence Shell Configuration A

All chemical and physical properties are a direct manifestation of an element's outermost Topix]
electrons. Elements sharing a group exhibit similar behaviour due to identical valence
distributions.

Group 17: Halogens

Group 1: Alkali Metals

ns™1 ns*2 np”bS
Highly reactive. Easily loses its single Highly reactive. One electron short of a
outermost electron to form M*+ cations. noble gas; readily accepts 1 electron to

;-
Na: [Ne] 3s”1 — Na’+ + eA- form X*- anions.
F + e — FA-

Focus Area: Valence & Oxidation States
Valence equals outer electrons (or 8 minus that number). Oxidation state depends on electronegativity.

In OF_2, Fluorine is more electronegative (-1), so Oxygen is +2. In Na_20, Oxygen is more
electronegative, so it is -2 while Sodium is +1.



The Rule-Breakers: Second Period Anomalies A

TopAll

The first element of Groups 1, 2, and 13-17 (Li to F) distinctly refuses to follow standard
chemical trends.

1 Anomalous Behaviours: Lithium forms highly covalent compounds. Boron restricts its covalency to 4.
Carbon and Nitrogen readily form pmt—pm multiple bonds.

Feature 2nd Period Elements (Li to F) 3rd Period & Beyond
Atomic Size Exceptionally small Normal trend progression
Charge/Radius Ratio Very high (strong polarizing power) Lower, typical

Only 2s, 2p (Max covalency = 4, e.q., 3s, 3p, 3d (Expands octet, e.q.,

Available Orbitals BF_47-) AlF_6"3-)

Multiple Bonding Strong pni—pm bonds (C=C, N=N) Poor pri—pmt overlap
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Bridging the Gap: Diagonal Relationships A
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Because of their anomalous properties, first-member elements often share more chemical
similarities with the second element of the next adjacent group than with their own group members.

Group 1 Group 2 Group 13 Group 14

14 Be B C
Na ‘Mg Al Si

Why does this happen?

Moving across a period, size decreases. Moving down a group, size increases. Moving diagonally

cancels these opposing effects out, resulting in nearly identical polarizing power and charge-
to-size ratios.



Heavy Element Quirks: Shielding Effects A

TopAll
At the bottom of the periodic table, the introduction of d and f orbitals creates unique chemical

phenomena due to their remarkably poor shielding of nuclear charge.

The Inert Pair Effect Lanthanoid Contraction

In heavier p-block elements (like Tl, Pb, Bi), Progressive filling of 4f orbitals across the
the outer ns”*2 electrons become tightly Lanthanoid series provides exceptionally
bound to the nucleus and refuse to poor shielding. Increasing nuclear charge
participate in bonding. pulls the entire electron cloud inward.
Result on Oxidation States: Result on Atomic Radius:

The lower oxidation state becomes far A steady, unexpected decrease in radii.
more stable than the higher one (e.g., Pb Consequently, 5d transition metals are
prefers +2 over +4). almost identical in size to 4d metals (e.g.,

Zr = Hf).



Synthesis: The Predictive Map A
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The periodic table is not a random cluster of entities. By understanding the interplay of valence
electrons, atomic size, and orbital shielding, chemical behaviour becomes entirely predictable.

Valence

2 - Extreme Size
Configurations

creates Anomalies
(2nd Period &
Diagonal
"‘*-\_\ Relationships)

Poor Shielding
creates Distortions
(Inert Pair &
Lanthanoid
Contraction)

~

- y
KEY TAKEAWAY

Periodicity is the direct consequence of electronic configuration. While valence electrons establish the primary rules
for chemical reactivity, the physical realities of the atom—namely its extreme size at the top and the poor shielding

efficiency at the bottom—generate the distinct, predictable exceptions that complete the chemical landscape.
\. y

(Croup Trends &
Oxidation States)
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