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Chem 123 Winter 2003 – Rossi
The Quantum Mechanical Model of the Atom
The electronic state of an electron in an atom is described by a set of four quantum numbers, that together specify as much can be
concretely specified about something as squirmy as an electron. They uniquely determine the electron’s wavefunction, Ψ; the square
of Ψ provides a map of the probability of finding the electron at a given position in the atom. The four quantum numbers are:
n The principal quantum number, which specifies the energy and “size” of the wavefunction. The allowed values for n are
the natural numbers, i.e. positive integers (1, 2, 3, 4, 5…). The larger n is, the larger the area in which the electron is
likely to be found, other things being equal. A larger n also means a higher energy electron, and, correspondingly, (n – 1)
is equal to the total number of nodes (places where Ψ, and thus Ψ², is equal to 0) in a wavefunction.
A The angular momentum quantum number, which describes the shape of the wavefunction. A is equal to the number of
angular nodes in the wavefunction, meaning that the rest (n – 1 – A) must be spherical nodes. Since it is impossible to
have a negative number of nodes, this means A is only allowed to have integer values that fall in the range {0, n – 1}. In
multi-electron atoms, A is also related to the energy of the electron, with larger A corresponding to higher energies.
mA The magnetic quantum number describes the orientation of the wavefunction. It does not have an effect on the energy of
the electron unless the atom is in a magnetic field – hence the name. The more planar nodes in a wavefunction (the larger
the value of A), the more distinct orientations it can assume in space. Hence the allowed values for m are the integers that
fall within the range [-A, -A+1, … , 0, … , A - 1, A], if there are any (other than zero).
ms The electron spin quantum number is poorly-named and very hard to explain physically. Suffice it to know that it too
only has an observable effect in a magnetic field, and that it can always have only two possible values: + ½ and – ½.
The Pauli Exclusion Principle: No two electrons are allowed to have the same set of four quantum numbers at the same time.
Because electrons (and all things) tend toward the lowest possible energy state, all the electrons in a multi-electron atom would like
to be in the n = 1 state. However, only two can be in that state at the same time, one with mA = + ½ and the other with mA = – ½.
The ground state (lowest energy state) of the third electron in an atom is the 2s orbital. In a one-electron atom the 2s and 2p orbitals
are equal in energy, but in a multi-electron atom the 2s orbital is lower in energy than the 2p because of “nuclear charge shielding.”
Valence Electrons – The highest-energy electrons in an atom or molecule; for atoms, “those with the largest value of n” works until
you get to the transition elements (the first is Scandium, with Z=21). The more general rule is that the valence electrons are those
that are not present in the preceding noble gas. (Noble gasses are those in group 18, or 8A, of the periodic table. The preceding
noble gas is the one with closest nuclear charge (Z) that is smaller than that of the atom in question.)
Example: For Tellurium (Te, Z = 52) the preceding noble gas is Krypton, Kr. Xe is closer but does not precede Te. The electrons
in Te that are not in Kr are the two in the 5s orbital, the 10 in the 4d orbital, and 4 in the 5p orbital.
Example: For Neodymium (Nd, Z = 60), the preceding noble gas is Xe. The valence electrons in Nd are two 6s electrons, a 5d
electron, and three 4f electrons. (The electron in the 5d state actually prefers to move into a 4f state once there are other
electrons in the 4f state…this is not really important to us. The key thing is that Nd has a total of 6 valence electrons.)
Your book claims the “largest value of n” rule should be followed forever, but that’s not a good way to look at it when you try to
figure out bonding. That said, I’ll occasionally include orbitals from the principle quantum level in the valence orbital diagram (see
below), for example in talking about sulfur (S) I’ll sometimes throw the 3d orbitals into the valence orbital diagram.
Valence Orbitals – The orbitals filled in going from the noble gas preceding an element to the noble gas following the element.
Example: For Tellurium (Te, Z = 52) the preceding noble gas is Krypton, Kr and the following noble gas is Xenon, Xe. The
orbitals filled in going from Kr to Xe are the 5s, 4d, and 5p orbitals. Thus the valence orbital diagram for Te would be
5s
4d
5p

In this diagram, each box is an orbital, with a unique combination of n, A, and mA. Two ms (electron spin) states are allowed
in each orbital, so each box can hold two electrons: one with spin “up” and the other with spin “down”. The 5s box has n =
5, A = 0, and mA = 0. The 4d boxes all have n = 4 and A = 2, but mA can be –2, –1, 0, +1, and +2. Try this for the 5p boxes!
Te has 2 + 10 + 4 = 16 valence electrons. There are 18 “spots” in the valence orbitals. They fill the available spots like so:
5s
4d
5p
↑↓
↑↓ ↑↓ ↑↓ ↑↓ ↑↓
↑↓ ↑ ↑

Periodic Trends

Ionization Energy – The energy change associated with the removal of one electron from a neutral atom<<<+1 Ion is formed>>>
(First) Ionization Energy – How hard is it to pull the concertgoer with the worst seat away from the concert?

Jones, L. and Atkins, P., Chemistry: Molecules, Matter and Change, 4th ed., W. H. Freeman: New York (2000).

Atomic Radius – What is the occupied radius of the concert venue? [Superstar bands have better audio and video stuff]

Jones, L. and Atkins, P., Chemistry: Molecules, Matter and Change, 4th ed., W. H. Freeman: New York (2000).

Electron Affinity – The energy change associated with the addition of an extra electron to a neutral atom<<<-1 Ion is formed>>>
Electron Affinity – How desirable is the next available seat?
Summary:

Jones, L. and Atkins, P., Chemistry: Molecules, Matter and Change, 4th ed., W. H. Freeman: New York (2000).

Electronegativity – A measure of the relative ability of an atom to attract and retain electrons. Sort of like the popularity of a movie
star in that the more popular they are, the more photographers (electrons) tend to follow them around. Electronegativity takes into
account both the ability of an atom to attract new electrons and their ability to hold on to the electrons they have. It is an inherently
approximate measure, but the difference in the electronegativity between two atoms serves as a pretty good predictor of how ionic a
bond between them will be, and which of them will have the lion’s share of the shared electrons.

