Helium, Z = 2

n I m my

Let us now look at the structure of some of the simpler atoms when they
are in the ground state. After hydrogen, the next simplest atom is helium

with two electrons. Both electrons can have »n = |, since one can have spin
10 0 L up (my= +1) and the other spin down (m, = —1), thus satisfying the
Lo 0 —~+  exclusion principle. Since n = 1, then [/ and m; must be zero (Table 28-1).

Lithium, Z = 3

Thus the two electrons have the quantum numbers indicated in the Table in
the margin.

Lithium has three electrons, two of which can have » = 1. But the third
cannot have n = 1 without violating the exclusion principle. Hence the third
I =0 level has a
lower energy than n = 2, [ = 1, so the electrons in the ground state have the
quantum numbers indicated in the Table in the margin. The quantum numbers
of the third electron could also be, say, (n, [, m;, m,) = (3,1, —1,1). But the
atom in this case would be in an excited state since it would have greater
energy. It would not be long before it jumped to the ground state with the emis-
sion of a photon. At room temperature, unless extra energy is supplied (as in a
discharge tube), the vast majority of atoms are in the ground state.

We can continue in this way to describe the quantum numbers of each elec-
tron in the ground state of larger and larger atoms. The quantum numbers for
sodium, with its eleven electrons, are shown in the Table in the margin.

Figure 28-10 shows a simple energy level diagram where occupied states
are shown as up or down arrows (m, = +4 or — 1), and possible empty states are

The ground-state configuration for all atoms is given in the periodic table,
which is displayed inside the back cover of this book, and discussed in the
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FIGURE 28-10 Energy level
diagram showing occupied states
(arrows) and unoccupied states (©)
for He, Li, and Na. Note that we
have shown the n =2, I =1 level
of Li even though it is empty.
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TABLE 28-2 Value of /|

v1: 231 The Periodic Table of Elements

More than a century ago, Dmitri Mendeleev (1834-1907) arranged the (then)
known elements into what we now call the periodic table of the clements, The
atoms were arranged according to increasing mass, but also so that elements
with similar chemical properties would fall in the same column. Today’s version
is shown inside the back cover of this book. Each square contlains the atomic
number Z, the symbol for the element, and the atomic mass (in atomic mass
units). Finally, the lower left corner shows the configuration of the ground state
of the atom. This requires some explanation. Electrons with the same value of n are
referred to as being in the same shell. Electrons with # = 1 are in one shell
(the K shell), those with n = 2 are in a second shell (the L shell), those
with n =3 are in the third (M) shell, and so on. Electrons with the same
values of n and [ are referred to as being in the same subshell. Letters are often
used to specify the value of [ as shown in Table 28-2. That is, [/ = 0 is the

s subshell; I = 1 is the p subshell; 7 = 2 is the d subshell; beginning with / = 3,
the letters follow the alphabet, f, g, k. i, and so on. (The first letters s, p. d,
and [ were originally abbreviations of “sharp,” “principal,” “diffuse,” and “funda-
mental,” experimental terms referring to the spectra.)

Maximum
Nuomber of
Value Letter Electrons in
of Symbol Subshell
0 5 2
i p 6
2 d 10
3 f 14
4 2 18
5 h 22
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