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9.7: Electron Configurations and the Periodic Table

4} Learning Objectives

o Relate the electron configurations of the elements to the shape of the periodic table.
e Determine the expected electron configuration of an element by its place on the periodic table.

Previously, we introduced the periodic table as a tool for organizing the known chemical elements. A periodic table is shown in
Figure 9.7.1 The elements are listed by atomic number (the number of protons in the nucleus), and elements with similar chemical
properties are grouped together in columns.

.—1 2
H He
1.00794 4.002602
3 4 B 7 8 9 10
Li e Ne
6.941 9.012182 10811 12.0107 |14.00674 | 159994 | 189984032 | 20.1797
11 12 13 14 15 16 17 18
Na | Mg Al | Si Ar
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55 56 57 72 73 74 73 76 77 78 79 80 81 82 83 84 85 86
Ba Hf Re | Os Pt u Pb i | Po | At | Rn
132.90545| 137.327 | 138.9055 17849 |180.94.79| 183.84 186.207 190.23 192217 | 195.078 |196.56655| 200.59 204.3833 207.2  |208.58038 | (209) (210) (222)
87 88 89 104 105 106 107 108 109 110 m 12 114 16 118
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt 289
(223) (226) (227) (261) (262) (263) (262) (265) (266) (269) (272) (277) (287) (289) (293
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr {Nd|Pm |Sm | Eu |Gd | Tb | Dy | Ho | Er [Tm | Yb | Lu
140.116 |140.50765| 144.24 (145) 150.36 151.964 157.25 |158.92534| 162.50 |164.93032| 167.26 [168.93421| 173.04 174.967
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Figure 9.7.1: The Periodic Table

Why does the periodic table have the structure it does? The answer is rather simple, if you understand electron configurations: the
shape of the periodic table mimics the filling of the subshells with electrons.

I The shape of the periodic table mimics the filling of the subshells with electrons.

Let us start with H and He. Their electron configurations are 1s! and 152, respectively; with He, the n = 1 shell is filled. These two
elements make up the first row of the periodic table (Figure 9.7.2)
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Figure 9.7.2: The 1s Subshell. H and He represent the filling of the 1s subshell.

The next two electrons, for Li and Be, would go into the 2s subshell. Figure 9.7.3 shows that these two elements are adjacent on

the periodic table.
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Figure 9.7.3: The 2s Subshell. In Li and Be, the 2s subshell is being filled.

For the next six elements, the 2p subshell is being occupied with electrons. On the right side of the periodic table, these six
elements (B through Ne) are grouped together (Figure 9.7.4).

2p—

Figure 9.7.4: The 2p Subshell. For B through Ne, the 2p subshell is being occupied.

The next subshell to be filled is the 3s subshell. The elements when this subshell is being filled, Na and Mg, are back on the left
side of the periodic table (Figure 9.7.5).

.

Figure 9.7.5: The 3s Subshell. Now the 3s subshell is being occupied.
Next, the 3p subshell is filled with the next six elements (Figure 9.7.6).
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Figure 9.7.6: The 3p Subshell. Next, the 3p subshell is filled with electrons.
Instead of filling the 3d subshell next, electrons go into the 4s subshell (Figure 9.7.7).
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Figure 9.7.7: The 4s Subshell. The 4s subshell is filled before the 3d subshell. This is reflected in the structure of the periodic table.

After the 4s subshell is filled, the 3d subshell is filled with up to 10 electrons. This explains the section of 10 elements in the
middle of the periodic table (Figure 9.7.8).

Figure 9.7.8: The 3d Subshell. The 3d subshell is filled in the middle section of the periodic table.

...And so forth. As we go across the rows of the periodic table, the overall shape of the table outlines how the electrons are
occupying the shells and subshells.

The first two columns on the left side of the periodic table are where the s subshells are being occupied. Because of this, the first
two rows of the periodic table are labeled the s block. Similarly, the p block are the right-most six columns of the periodic table,
the d block is the middle 10 columns of the periodic table, while the f block is the 14-column section that is normally depicted as
detached from the main body of the periodic table. It could be part of the main body, but then the periodic table would be rather
long and cumbersome. Figure 9.7.9 shows the blocks of the periodic table.
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Figure 9.7.9: Blocks on the Periodic Table. The periodic table is separated into blocks depending on which subshell is being filled
for the atoms that belong in that section.

The electrons in the highest-numbered shell, plus any electrons in the last unfilled subshell, are called valence electrons; the
highest-numbered shell is called the valence shell. (The inner electrons are called core electrons.) The valence electrons largely
control the chemistry of an atom. If we look at just the valence shell’s electron configuration, we find that in each column, the
valence shell’s electron configuration is the same. For example, take the elements in the first column of the periodic table: H, Li,
Na, K, Rb, and Cs. Their electron configurations (abbreviated for the larger atoms) are as follows, with the valence shell electron
configuration highlighted:

Electrons, electron configurations, and the valence shell electron configuration highlighted.

H: 151

Li: 152251
Na: [Nel3s!
K: (Arl4s]
Rb: (Kr]ss]
Cs: [Xel6s]

They all have a similar electron configuration in their valence shells: a single s electron. Because much of the chemistry of an
element is influenced by valence electrons, we would expect that these elements would have similar chemistry—and they do. The
organization of electrons in atoms explains not only the shape of the periodic table, but also the fact that elements in the same
column of the periodic table have similar chemistry.

The same concept applies to the other columns of the periodic table. Elements in each column have the same valence shell electron
configurations, and the elements have some similar chemical properties. This is strictly true for all elements in the s and p blocks.
In the d and f blocks, because there are exceptions to the order of filling of subshells with electrons, similar valence shells are not
absolute in these blocks. However, many similarities do exist in these blocks, so a similarity in chemical properties is expected.

Similarity of valence shell electron configuration implies that we can determine the electron configuration of an atom solely by its
position on the periodic table. Consider Se, as shown in Figure 9.7.10. It is in the fourth column of the p block. This means that its
electron configuration should end in a p4 electron configuration. Indeed, the electron configuration of Se is [Ar]4523d104p4, as
expected.
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Figure 9.7.10: Selenium on the Periodic Table

v Example 9.7.1: Predicting Electron Configurations

From the element’s position on the periodic table, predict the valence shell electron configuration for each atom (Figure
9.7.11).

=]

Ca Ti
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Figure 9.7.11: Various Elements on the Periodic Table

a. Ca
b. Sn

Solution

a. Ca is located in the second column of the s block. We expect that its electron configuration should end with s2. Calcium’s
electron configuration is [Ar]4s2.

b. Sn is located in the second column of the p block, so we expect that its electron configuration would end in p
electron configuration is [Kr]5524d105p2.

? Exercise 9.7.1

From the element’s position on the periodic table, predict the valence shell electron configuration for each atom. Figure 9.7.11

a. Ti
b. Cl

2. Tin’s

Answer a
[Ar]4s23d2

Answer b
[Ne]3323p5
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Summary
The arrangement of electrons in atoms is responsible for the shape of the periodic table. Electron configurations can be

predicted by the position of an atom on the periodic table.

9.7: Electron Configurations and the Periodic Table is shared under a CK-12 license and was authored, remixed, and/or curated by Marisa Alviar-

Agnew & Henry Agnew.

https://chem.libretexts.org/@go/page/47519

LicenseD UnDER [T Emes
CIN= 12 ccczronsaion-visis ezons



https://libretexts.org/
https://www.ck12info.org/curriculum-materials-license
https://chem.libretexts.org/@go/page/47519?pdf
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introductory_Chemistry/09%3A_Electrons_in_Atoms_and_the_Periodic_Table/9.07%3A_Electron_Configurations_and_the_Periodic_Table
https://www.ck12info.org/curriculum-materials-license

