The angular part of the wavefunction, A(θ, Φ)
Now let us consider the angular parts of the wavefunctions, A(θ, Φ), for different types of atomic orbitals.  For s orbitals, A(θ, Φ),  is independent of the angles θ and Φ and is of a constant value. Thus, an s orbital is spherically symmetric about the

nucleus. We noted above that a set of p orbitals is triply degenerate; by convention they are given the labels px, py and pz. The angular part of the pz wavefunction is independent of Φ; the orbital can be represented as two spheres (touching at the origin), the centres of which lie on the z axis. For the px and py orbitals, A(θ, Φ) depends on both the angles θ and Φ; these orbitals are similar to pz but are oriented along the x and y axes.

Although we must not lose sight of the fact that wavefunctions are mathematical in origin, most chemists find such functions hard to visualize and prefer pictorial

representations of orbitals. The boundary surfaces of the s and three p atomic orbitals are shown in Figure 1. The different colors of the lobes are significant. The boundary surface of an s orbital has a constant phase, i.e. the amplitude

of the wavefunction associated with the boundary surface of the s orbital has a constant sign. For a p orbital, there is one phase change with respect to the boundary surface and this occurs at a nodal plane as is shown for the pz orbital in

Figure 1. The amplitude of a wavefunction may be positive or negative; this is shown using + and - signs, or by shading the lobes in different colors.

Just as the function 4 π r2 R (r)2 represents the probability of finding an electron at a distance r from the nucleus, we use a function dependent upon A(θ, Φ)2 to represent the probability in terms of θ and Φ. For an s orbital, squaring A(θ, Φ) causes no change in the spherical symmetry, and the surface boundary for the s atomic orbital shown in Figure 2
 looks similar to that in Figure 1. For the p orbitals however, going from A(θ, Φ) to A(θ, Φ)2  has the effect of elongating the lobes as illustrated in Figure 2. Squaring

A(θ, Φ) necessarily means that the signs (+ or -) disappear, but in practice chemists often indicate the amplitude by a sign or by shading because of the importanceof the signs of the wavefunctions with respect to their overlap during bond formation. Finally, Figure 3 shows the boundary surfaces for five hydrogen-like d orbitals. Each d orbital possesses two nodal planes and as an exercise you should recognize
where these planes lie for each orbital. 
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Fig. 1 Boundary surfaces for the angular parts of the 1s and 2p atomic orbitals of the hydrogen atom. The nodal plane shown in grey for the 2pz atomic orbital lies in the xy plane.
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Fig. 2 Representations of an s and a set of three degenerate p atomic orbitals. The lobes of the px orbital are elongated like those of the py and pz but are directed along the axis that passes through the plane of the paper.
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Fig. 3 Representations of a set of five degenerate d atomic orbitals.

Orbital energies in a hydrogen-like species

 Solutions of the Schrodinger equation give orbital energies, E (energy levels)

E = - k/ n2 k = a constant = 1:312 x103 kJ mol-1
For each value of n there is only one energy solution and for hydrogen-like species, all atomic orbitals with the same principal quantum number (e.g. 3s, 3p and 3d ) are

degenerate.

Size of orbitals

For a given atom, a series of orbitals with different values of n but the same values of l and ml (e.g. 1s, 2s, 3s, 4s, . . .) differ in their relative size (spatial extent). The larger the value of n, the larger the orbital, although this relationship is not linear. An increase in size also corresponds to an orbital being more diffuse.

The spin quantum number and the magnetic spin quantum number

Before we place electrons into atomic orbitals, we must define two more quantum numbers. In a classical model, an electron is considered to spin about an axis passing through it and to have spin angular momentum in addition to orbital angular momentum. The spin quantum number, s, determines the magnitude of the spin angular momentum of an electron and has a value of 1/2. 
Since angular momentum is a vector quantity, it must have direction, and

this is determined by the magnetic spin quantum number, ms, which has a value of +1/2 or -1/2.
Whereas an atomic orbital is defined by a unique set of three quantum numbers, an electron in an atomic orbital is defined by a unique set of four quantum numbers: n, l, ml and ms. As there are only two values of ms, an orbital can accommodate only two electrons.

An orbital is fully occupied when it contains two electrons which are spin-paired; one electron has a value of ms = +1/2 and the other, ms = ½.
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Chapter 1« Some basic concepts

The 25 atomic arbial is defined by the st of quantum
umbers n = 2,1 =0, my

‘Anelectronin a 2¢ stomic orbitalmay have one of o sets
of four quantum numbers:

++

-4

If the orbital were fuly occupied with two eketrons
one clctron would have m, = +5 and the other eketron
would have m, = b, <. the two dectrons would be spin-
paired

Many-electron atoms

The helium atom: two electrons

The preceding setions have been devoted 1o hydrogerlike.
Species containing one dectron, the energy of which depends
only on n (equation 1.16) the atomic spetra of such secies
contain only a few lines associated with changss in the
value of n (Figure 1.3). 1Uis anly for such specics that the
‘Schrodinger equation has been solved exactly.

“The next simplestatom s He (Z =), and fo ts two clec-
trons, three eltrostati nteractins must be corsidersd:

atiraction betven elctron (1) and the nucleus;
atiraction betven elctron (2) and the nucleus
repulsion between dlctrons (1) and (2,

“The net interaction will determine the energy of the sysim.

In the ground siate of the He alom, two clectrons with
my=+ and ~} ocupy the 1s atomic orbial, ic. the
dectronic confguration is 1. For all atoms except hydro-
enlike species, orbitals of ihe same principal quantum
umber but difterng ! are ot degencrate If one of the 1s*
dectrons is promoted Lo an orbial with 1 =2, the energy
of the system depends upon whether the ckelron gocs ilo.
25 or 2 atomie orbtal, because each sitaaion gives rise
o diffent cketrosttic interactions involving the two
dectrons and the mucleus. Hovever, there is no energy
disinetion among the thee diffrent 2 atomic orbitals. I
promoton is o an orbital with n = 3, diferent amounts of
encrgy are neded depending upon whether 3, 3p or 3d
orbitals are involved, although there i no encrey difference
among the three 3p atomic orbials, or among the five 34
atomic orbitals. The emission spectrum of He ariss as the
cectrons fall back 1o lower energy states or 1o the ground
state and i follows that the specirum contains mor lines
han that of stomic H.

I terms of oblaining wavefunctions and encrgiesfor the
atomic orbitals of He, it has not been possible o salse
the Schrodinger cquation cxetly and only approximate
solutions are availabe. For atoms containing more than
o eletrons, it s even more diffiult to oblain accurate
Solutions 1o the wave equation.





The ground state of the hydrogen atom

So far we have focused on the atomic orbitals of hydrogen and have talked about the probability of finding an electron in different atomic orbitals. The most energetically

favourable (stable) state of the H atom is its ground state in which the single electron occupies the 1s (lowest energy) atomic orbital. The electron can be promoted to higher energy orbitals to give excited states. The notation for the ground state electronic configuration of an H atom is 1s1, signifying that one electron occupies the 1s atomic orbital.

