Chapter 7 Periodic Properties of the Elements

7.1 Development of the Periodic Table

The periodic table is the most significant tool that chemists use for organizing
and recalling chemical facts.
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The periodic table arises from the periodic patterns in the electronic
configurations of the elements

Mendeleev published the first
modern PT in 1869



7.2 Effective Nuclear Charge

Effective nuclear charge (Zeﬁ) is the charge experienced by an electron on a
many-electron atom.

The electron is attracted to the nucleus, but repelled by electrons that shield or
screen it from the full nuclear charge.

S is called the screening constant.

Core electrons are effective at screening the outer electrons from the full charge
of the nucleus.

Q. If core electrons were perfect at
screening valence electrons from the
nuclear charge and valence electrons
useless, what would S and Z 4 be for
a 3p electron in a sulfur atom? S is
actually 10.52; explain the
discrepancy.




7.3 Sizes of atoms and ions

We can define atomic size in several ways,
based on distances between nuclei in
different situations.

Knowing atomic radii allows estimation of
bond lengths in molecules

Atomic size varies consistently through the periodic table

Increase in principal quantum number, n — electrons are more likely to be further
from the nucleus

Increase in Z 4 — valence electrons are drawn closer to the nucleus



lonic size also important in predicting lattice energy and in determining the way in
which ions pack in a solid. Like atomic size, it is also periodic.

All the members of an isoelectronic series have the same number of electrons

Q. Consider S, Cl and K and their most common ions. List (a) the atoms and
(b) the ions in order of increasing size.

7.4 lonization Energy

The ionization energy is the minimum energy required to remove an electron
from the ground state of the isolated gaseous atom or ion.

The larger the ionization energy, the more difficult it is to remove the electron.




lonization energies for an element increase in magnitude as successive
electrons are removed.

lonization energy generally increases across a period.

Two exceptions are removing the first p electron and removing the fourth
p electron

lonization energy decreases down
a group



Electron configurations of ions are derived from the electron configurations of
elements with the required number of electrons added or removed from the most
accessible orbital.

Transition metals tend to lose the valence shell electrons first and then as many
d electrons as are required to reach the desired charge on the ion.

Q. For each of the following pairs, use electron configuration and Z  to help
explain which element has the larger first ionization energy:
(@) Rb, Mo; (b) N, P; (c) Ga, CI; (d) Pb, Rn; (e) Sn, Te.

7.5 Electron Affinities

Electron affinity is the energy change when a gaseous atom gains an electron
to form a gaseous ion.

Electron affinity and ionization energy measure the energy changes of opposite
processes

Electron affinity:
lonization energy:

Energy is usually released when an atom adds an electron. E_, is negative for
stable anions.

Electron affinity becomes more
exothermic as we move left to
right across a row




