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9.3 Atomic Orbitals 159

The sum and difference of these two solutions can be formed if we wish them to
represent p, and p, specifically (Fig. 9.4):

Yoy (1) = A(rlag)e™"*% sin 0 cos ¢ 9.18)
l/lzpy(r) = A(rlag)e”"*% sin 0 sin ¢ 9.19)

The angular dependence of d functions (Fig. 9.4) includes an additional node.
The simplest to represent mathematically is the 3d wave function for m = 0:

Wsameo(r) = A(rlag)’e "%(3 cos’ 6 — 1) 9.20)

The nodes for this function are two cones with 6 = cos™'(* 1/\/3).

As with the box and the harmonic oscillator, confining a matter wave in the
hydrogen atom leads to quantized energy levels and a series of corresponding wave
functions that develop more nodes with increasing energy. The three-dimensionality
of the problem leads to three quantum numbers (plus the spin quantum number).
Although the s, p, d, and f functions all have very different shapes, the energy, as
given in (9.10), depends only on the principal quantum number n. Thus, in addition
to the twofold spin degeneracy of each solution, there is additional degeneracy in
the hydrogen atom: the 2s and 2p levels are degenerate, the 3s, 3p, and 3d levels are
degenerate, and so on. This degeneracy is related to the spherical symmetry of the
potential energy function (9.3). We shall see later that some of this degeneracy is
removed in multielectron atoms and in molecules.

Although quantum mechanics and the solutions of Schrodinger’s equation tell us
that Bohr’s model of particle-like electrons traveling in orbits around the nucleus
was naive, we retain the name orbital for electron wave functions like those in

'1 2 . 8
z 2 . 7
Py py
4 . S 6
x* x*y x
\p’s d's/)v .

Figure 9.4. Shapes of p and d wave functions.
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