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Periodic Trends and Effective Nuclear Charge

= Imagine four atoms/ions:
= One has a nucleus with charge +1 and a single electron
= One has a nucleus with charge +1 and two electrons
= One has a nucleus with charge +2 and a single electron
= One has a nucleus with charge +2 and two electrons.

Which is biggest? Which could lose an electron most easily?
Which would acquire an extra electron most easily?



Periodic Trends and Effective Nuclear Charge

Most electrons do not ‘feel” the full positive charge of the
nucleus. Other electrons in the atom (particularly those in
lower energy orbitals) ‘shield’ some of this charge. The amount
of positive charge ‘felt’ by an electron in a given orbital is called
the effective nuclear charge (Z_5).

The following table lists the atomic number (2) and effective

nuclear charges (Z,z) for electrons in the 2s and 2p orbitals of
neutral atoms of the elements in the second period:

Element VA Z 5 (25) Z 5+ (2p)
Li 3 1.28
B 5 2.58 2.42
C 6 3.22 3.14
N 7 3.85 3.83
Q) 8 4.49 4.45
F 9 5.13 5.10




Periodic Trends and Effective Nuclear Charge

= Note that the effective nuclear charge on an s orbital is slightly
higher than on a p orbital in the same shell. Why?

= Also, note that Z_,does not increase by 1 when Zincreases by 1.
Why not?

= Effective nuclear charge explains several of the periodic trends
(atomic properties that can be predicted using the periodic table)
including atomic size, ionization energy and electron affinity.



Atomic Size

= There are different ways of estimating the size of an atom:

The covalent radius is half the distance between the nuclei of
two identical atoms joined by a single covalent bond. It is typically
used when discussing molecules (like chlorine gas) or network

solids (like diamond): | ﬂ | n
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The metallic radius is half the distance between the nuclei of two

adjacent atoms in the crystalline solid metal: m
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The van der Waals radius is half the distance between the nuclei
of two adjacent atoms in a solid sample of noble gas. These radii
are difficult to measure and noble gases are typically left out of
discussions of atomic radius.



Atomic Size
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Ionization Energy

= An element’s first ionization energy (E) is the energy that

must be absorbed in order to remove a valence electron from a
neutral atom in the gas phase:

= As a general rule, first ionization energy

from left to right across a period. As the
effective nuclear charge on the valence electrons increases, they
are attracted more strongly to the nucleus.

from top to bottom down a group as more

shells of electrons are added, and the valence electrons are farther
from the nucleus.

An element’s second ionization energy (£,,) is the energy to
that must be absorbed to remove a valence electron from a
cation (with charge of +1) in the gas phase:



Ionization Energy
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=« There is a slight decrease from group 2 to group 13 because the
average distance from the nucleus to a p electron is slightly larger
than the average distance to an s electron in the same shell.

= There is a slight decrease from group 15 to group 16 due to
electron-electron repulsion of electrons in the same orbital.



Electron Affinity

= An element’s electron affinity (E_,) is the energy released when
a neutral atom in the gas phase acquires an extra electron in the
lowest energy orbital available:

The energy change for this reaction is negative (energy is
released), but the electron affinity is positive (energy is released).

= As a general rule, electron affinity

1 from left to right across a period. As the
effective nuclear charge on the new valence electron increases, it is
attracted more strongly to the nucleus.

: from top to bottom down a group as more
shells of electrons are added, and the new valence electron is farther
from the nucleus.

= Elements whose valence electrons are all in filled subshells do not

have a measurable electron affinity and are omitted from most data
tables:

9



Electron Affinity
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= As you can see, exceptions to the trend are common!

= For example, the electron affinity for an element in group 15 is
slightly less negative than that for the element to its left.

This is due to increased electron-electron repulsion when adding
electrons into a half-full orbital.

Image from http://commons.wikimedia.org/wiki/File:Electron affinities of the elements.png



http://commons.wikimedia.org/wiki/File:Electron_affinities_of_the_elements.png

Electronegativity

= Electronegativity () is a term that is often used to describe the
overall ability of an element to both hold onto its own electrons
and attract electrons from other elements. Conceptually, it is
therefore a combination of ionization energy and electron

affinity.
= Given this definition,

= Which element(s) should have the highest electronegativity?

= Which element(s) should have the lowest electronegativity?
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Summary of Periodic Trends

= All of the periodic trends can be accounted for by considering
electron configuration and effective nuclear charge. They can

be predicted from the periodic table:
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On tests, “element A is to the right of element B” will NOT be accepted as an explanation of why element A

has a higher ionization energy than element B. That's a predictive tool (aka ‘memory trick’).

An explanation relies upon fundamental properties of the two elements — numbers of protons and electrons,

effective nuclear charge, distance from nucleus to electron(s), etc.
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