The Pauli exclusion principle limits the number of electrons possible in
each shell and subshell. For any value of /, there are 21 + 1 possible my; values
(m; can be any integer from | to /, from =1 to =/, or zero), and two possible
m, values. There can be, therefore, at most 2(2/ + 1) electrons in any [ subshell.
For example, for [ = 2, five my; values are possible (2, 1,0, =1, =2}, and for
each of these, m, can be +1 or — 4 for a total of 2(5) = 10 states, Table 28-2
lists the maximum number of electrons that can occupy each subshell.

Since the energy levels depend almost entirely on the values of nand I, yaABLE 28-3
it is customary to specify the electron configuration simply by giving the  Electron Configuration
n value and the appropriate letter for I, with the number of electrons in each  of Some Elements
subshell given as a superscript. The ground-state configuration of sodium,

for example, is written as 15725"2p"3s'. This is simplified in the periodic table G;"“"d
by specifying the configuration only of the outermost electrons and any 7 C rme
g ) ) R i g A onfiguration
other nonfilled subshells (see Table 28-3 here, and the periodic table inside (Number of (owter
the back cover). Electrons) Element’ electrons)
CONCEPTUAL EXAMPLE 28-5 | Electron configurations. Which of the L B 15!
following electron configurations are possible, and which are not: 2 He 1s°
(a) 15°252p"3s%; (b) 15°2572p®3s*3p4s%; () 15725°2p%2d"? 3 Li 2-91
RESPONSE (a) This is not allowed, because too many electrons (3) are : ge iigzpl
shown in the s subshell of the M (n = 3) shell. The s subshell has m; = 0, 6 C 2%
with two slots only, for “spin up” and “spin down” electrons. - - P -
(b) This is allowed, but it is an excited state. One of the electrons from 7 N 2’:2”;
the 3p subshell has jumped up to the 4s subshell. Since there are 19 electrons, 8 O 25:21’
the element is potassium. 9 i 252p°
(¢) This is not allowed, because there is no d (I = 2) subshell in the n = 2 10 Ne 25°2p°
shell (Table 28-1). The outermost electron will have to be (at least) in the 11 Na 35!
n = 3 shell. 12 Mg A58
T 13 Al 35%3p!
EXERCISE D Write the complete ground-state configuration for gallium, with its 31 14 Si 3573p°
electrons. 15 P 3s73p°
Th i . . . L . . . . 16 . 3sz3p"
e grouping of atoms in the periodic table is according to increasing e
atomic number, Z. There is also a strong regularity according to chemical prop- 4 - el
erties. Although this is treated in chemistry textbooks, we discuss it here briefly 18 Ar 35°3p°
because it is a result of quantum mechanics. See the periodic table on the inside 19 K 4s'
back cover. 20 Ca 45°
All the noble gases (in column VIIT of the periodic table) have completely il Sc 3d'4s’
filled shells or subshells. That is, their outermost subshell is completely full, 22 Ti 3d*45°
and the electron distribution is spherically symmetric. With such full spher- 23 vV 313452
ical symmetry, other electrons are not attracted nor are electrons readily lost 24 Cr 3d54s!
(ionization energy is high). This is why the noble gases are nonreactive 25 Mo 3545
(more on this when we discuss molecules and bonding in Chapter 29). 2% Fe 345452
Column VII contains the halogens, which lack one electron from a filled 5
shell. Because of the shapes of the orbits (see Section 29-1), an additional ;‘lpﬂ;::;if:faclumc.nm can be found in

electron can be accepted from another atom, and hence these elements are
quite reactive. They have a valence of —1, meaning that when an extra elec-
tron is acquired, the resulting ion has a net charge of —le. Column T of the
periodic table contains the alkali metals, all of which have a single outer
s electron. This electron spends most of its time outside the inner closed shells
and subshells which shield it from most of the nuclear charge, Indeed, it is
relatively far from the nucleus and is attracted to it by a net charge of only
about +le, because of the shielding effect of the other electrons. Hence this
outer electron is easily removed and can spend much of its time around
another atom. forming a molecule. This is why the alkali metals are highly
reactive and have a valence of +1. The other columns of the periodic table
can be treated similarly.
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