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1.4.6: The Uniqueness Principle

The bonding characteristics of the elements do not vary gradually down the groups in the main group of the periodic table. Instead,
there are significant discontinuities on moving between the first and second row elements and the second row elements and the rest
of the periodic table. These differences are outlined below and depicted schematically in Figure 1.4.6.1
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Figure 1.4.6.1. Factors that contribute to major differences in the chemical properties between the elements of the first two rows
and between the row 2 elements and those in the rest of the periodic table. The image is adapted from
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry_-
_The_Central_Science_(Brown_et_al.)/02._Atoms%2C_Molecules%2C_and_Ions/2.5%3A_The_Periodic_Table. Otherwise this
work by Stephen Contakes is licensed under a Creative Commons Attribution 4.0 International License.

The first row elements have a unique chemistry because their valence shell is only a 1s orbital.

In the case of He the 1s orbital is full, compact, and of low energy. Consequently He is extremely inert, to the point where no
compounds of He are known.

Hydrogen's 1s orbital is comparatively higher in energy. As a result H is more reactive. It tends to lose or gain its single electron
but can also contribute to multicenter bonding.

Because of its chemical versatility the location of H in the periodic table is ambiguous. Even though its electronegativity is much
greater than that of lithium, it is usually placed at the head of the alkali metals. This placement is consistent with its possession of a
singe valence electron and the consequent readiness with which it loses an electron, particularly in aqueous media. However,
hydrogen is also just short a single electron and so in other contexts it readily forms hydrides. Thus it might be placed at the head of
the halogens. Although it is rare to place H above the halogens, in some tables H is placed above the table to emphasize this
chemical versatility.

According to the unigueness principle the second row elements are unique in their ability to form
strong multiple bonds and their resistance to serving as high coordination number centers.

There are three reasons why the second row elements differ significantly from their heavier cogeners.

1. Only the second row elements form strong 7r-bonds. As depicted schematically in Figure 1.4.6.1, the second row elements are
able to form strong 7 bonds since the fraction of electron density involved in the m-overlap is significant for the more compact
orbitals and shorter bonds of the row 2 elements. In contrast, for row 3 and heavier elements, relatively little of the large and
diffuse orbitals contributes to the overlap that stabilizes the 7-bond. In consequence, w-bonds involving these elements are very
weak and such bonds are relatively rare. This is because it is almost always more favorable for such elements to form multiple
single bonds or engage in cluster bonding.

The tendency of Row 2 nonmetals to form strong 7 bonds in cases where their heavier cogeners form extended structures is
apparent from the common allotropes formed by the p-block nonmetals. As shown in Figure 1.4.6.2 Row 3+ elements have a
greater tendency to form extended structures held together by single bonds than their Row 2 counterparts.
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Figure 1.4.6.2. Characteristics of the common allotropes of selected p block elements. This work by Stephen Contakes is licensed
under a Creative Commons Attribution 4.0 International License.

As shown in Figure 1.4.6.3 the Row 2 element carbon forms sheetlike structures involving multiple bonding (graphite, fullerenes,
nanotubes) as well as 3D networks held together by single bonds (the diamond structure), while its heavier cogeners Si and Ge only
form 3D networks. Similarly, nitrogen and oxygen form diatomic gases held together by multiple bonds, while their heavier
cogeners form clusters (P), layers (As, Sb), or chains (S, Se, Te) held together by single covalent bonds.
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Figure 1.4.6.3. While row 2 elements like C, N, and O form structures held together by multiple bonds, their heavier cogeners form

singly bonded clusters, rings, chains, sheets, and networks. This work by Stephen Contakes is licensed under a Creative Commons

Attribution 4.0 International License.
2. The valence shell of the second row elements lacks low-lying nd orbitals. As a result, only the 2s and 2p type orbitals of
second row elements significantly contribute to the bonding in their compounds. In contrast, the main group elements of row 3 and
higher possess low lying unoccupied nd orbitals, which enable them to act as a 7 acid towards a ligand atom by forming d, — p,
and d, —d, overlaps.

3. As depicted in Figure 1.4.6.1, when second row elements serve as a central atom, they do not readily exhibit coordination
numbers higher than four. In contrast, the larger size of row 3 and heavier elements reduces the steric strain associated with the
addition of multiple ligands about an element center. This makes it easier for these elements to form trigonal bipyramidal,
octahedral, and other high coordination number structures.
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