Answer on Question #54620 — Chemistry — Inorganic Chemistry

Task: What is meant by effective nuclear charge? What are the factors that determine the
effective nuclear charge? How is it calculated?
Answer:

The effective nuclear charge (often symbolized as Zetf or Z*) is the net positive charge experienced
by an electron in a multi-electron atom. The term "effective" is used because the shielding effect
of negatively charged electrons prevents higher orbital electrons from experiencing the full
nuclear charge by the repelling effect of inner-layer electrons. The effective nuclear charge
experienced by the outer shell electron is also called the core charge. It is possible to determine
the strength of the nuclear charge by the oxidation number of the atom.

In an atom with one electron, that electron experiences the full charge of the positive nucleus. In
this case, the effective nuclear charge can be calculated from Coulomb's law.

However, in an atom with many electrons the outer electrons are simultaneously attracted to the
positive nucleus and repelled by the negatively charged electrons. The effective nuclear charge on
such an electron is given by the following equation:
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where

Zis the number of protons in the nucleus (atomic number), and

Sis the average number of electrons between the nucleus and the electron in question
(the number of nonvalence electrons).

S can be found by the systematic application of various rule sets, the simplest of which
is known as "Slater's rules" (named after John C. Slater). Douglas Hartree defined the
effective Z of a Hartree—Fock orbital to be:

_(Mm
=)

where

{T}H is the mean radius of the orbital for hydrogen, and
{T}E is the mean radius of the orbital for an electron configuration with nuclear charge Z.

Consider a sodium cation, a fluorine anion, and a neutral neon atom. Each has 10 electrons, and
the number of nonvalence electrons is 2 (10 total electrons - 8 valence) but the effective nuclear
charge varies because each has a different atomic number:

Zg(F)=9—-2="7+
Zu(Ne) =10 — 2 =8+
Zg(Nat) =11 -2=9+

So the sodium cation has the greatest effective nuclear charge, and thus the smallest
radius.
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