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5.16: Electron Configurations

In order to examine the results of the wave theory of the electron for each element in the periodic table, we must recall the general

rules that are necessary in order to predict electron configurations for all atoms of the elements. To review, these rules are as

follows:

o 1 The Aufbauprinciple (building-up principle). The structure of an atom may be built up from that of the element preceding it in
the periodic system by adding one proton (and an appropriate number of neutrons) to the nucleus and one extranuclear electron.

e 2 The order of filling orbitals. Each time an electron is added, it occupies the available subshell of lowest energy. The
appropriate shell may be determined from a diagram such as Figure 5.16.1a which arranges the subshells in order of increasing
energy. Once a subshell becomes filled, the subshell of the next higher energy starts to fill.

o 3 The Pauli exclusion principle. No more than two electrons can occupy a single orbital. When two electrons occupy the same

orbital, they must be of opposite spin (an electron pair).
e 4 Hund’s rule. When electrons are added to a subshell where more than one orbital of the same energy is available, their spins
remain parallel and they occupy different orbitals. Electron pairing does not occur until it is required by lack of another empty

orbital in the subshell.
The order in which the subshells are filled merits some discussion. As can be seen in Figure 5.16.1a within a given shell the
energies of the subshells increase in the order s < p <d <f.
When we discussed the boron atom, we saw that a p orbital is higher in energy than the s orbital in the same shell because the p
orbital is more effectively screened from the nucleus. Similar reasoning explains why d orbitals are higher in energy than p orbitals
but lower than f orbitals.
Not only are the energies of a given shell spread out in this way, but there is sometimes an overlap in energy between shells. As can
be seen from Figure 5.16.1a the subshell of highest energy in the third shell, namely, 3d, is above the subshell of lowest energy in
the fourth shell, namely, 4s.
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Figure 5.16.1 Order of filling subshells in the building-up of atomic electron configurations. (a) Relative energies of subshells at
the time they are being filled. (b) Aid to remembering the order of filling subshells. All possible shells having the same n value are
written on horizontal lines. Diagonal arrows from lower right to upper left are then followed to obtain the order of filling. (The only
subshell shown are those which are partially or completely occupied in atoms that have so far been discovered.)

Figure A shows the orbitals arranged based on increasing energy. The orderis 1S,2S,2P,3S,3P,4S,3D,4P,5S,4D,5P,6S,
4F,5D,6P,7S,5F, and 6 D. Diagram B is a simplified version of diagram A.

Similar overlaps occur among subshells of the fourth, fifth, sixth, and seventh shells. These cause exceptions to the expected order
of filling subshells. The 6s orbital, for example, starts to fill before the 4f.

Although the order in which the subshells fill seems hopelessly complex at first sight, there is a very simple device available for

remembering it.
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This is shown in Figure 5.16.1b. The rows in this table consist of all possible subshells within each shell. For example, the second
row from the bottom contains 2s and 2p, the two subshells in the second shell. Insertion of diagonal lines in the manner shown
gives the right order for filling the subshells.

v Example 5.16.1: Electron Configuration

Predict the electron configuration for each of the following atoms:
(a) 3iP; (b) 57Co.

Solution

In each case we follow the rules just stated.

a) For ‘;’%P there would be 15 protons and 16 neutrons in the nucleus and 15 extra nuclear electrons. Using Figure 1b to predict
the order in which orbitals are filled, we have

1s? 2 electrons, leaving 15 — 2 = 13 more to add

252 2 electrons, leaving 11 more to add

2p%y, 2p?y, 2p%,, (or 2p®) 6 electrons, leaving 5 more to add
3s2 2 electrons, leaving 3 more to add

3p', 3pl,, 3p', 3 electrons

The electron configuration is thus 31 P 1s?2s?2p°3s%3p',3p,3p', It could also be written [Ne]3s?3p',3p',3p?, or [Ne]3s?3p® or
where [Ne] represents the neon kernel 15°252p°. b) In the case of cobalt there is a total of 27 electrons to fill into the orbitals.
There is no difficulty with the first 10 electrons. As in the previous example, they fill up the first and second shells: 15*2522p®
17 more to add The third shell now begins to fill. First the 3s subshell then the 3p subshell are filled by 8 more electrons:
15225%2p%3s?3p® 9 more to add Since this is also the structure of argon, we can use the shorthand form

[Ar] 9 more to add

We now come to an energy overlap between the third and fourth shells. Because the 3d orbitals are so well shielded from the
nucleus, they are higher in energy than the 4s orbitals. Accordingly the next orbitals to be filled are the 4s orbitals:

[Ar]4s? 7 more to add

Once the 4s orbital is filled, the 3d orbitals are next in line to be filled. The 7 remaining electrons are insufficient to fill this
subshell so that we have the final result

[Ar]3d’ 4s2

Electron configurations of the atoms may be determined experimentally. Table 1 in Electron Configurations and the Periodic Table
lists the results that have been obtained. There are some exceptions to the four rules enunciated above, but they are usually
relatively minor. An obvious example of such an exception is the structure of chromium. It is found to be [Ar]3d°4s', whereas our
rules would have predicted [Ar]3d*4s%. Chromium adopts this structure because it allows the electrons to avoid each other more
effectively. A complete discussion of this and other exceptions is beyond the scope of an introductory text.
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