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10.6: Valence Electrons

& Learning Objectives
¢ Determine the number of valence electrons for an element based on its place in the periodic table.

In almost all cases, chemical bonds are formed by interactions of valence electrons in atoms. Valence electrons are the electrons
that reside in the outermost energy level of an atom and are, therefore, the most accessible for the formation of chemical bonds.

The number of valence electrons in one atom of each element is easily determined based on its position in the periodic table. For
the main group elements (groups designated with a Roman numeral followed by the letter A), the number of valence electrons is
equal to the Roman numeral. It would also be equal to the last digit of the group numbers that are written in their standard form.
For example, silicon is in Group IVA (Group 14), so each atom would have four valence electrons. Chlorine is in Group VIIA
(Group 17), so it would have seven valence electrons. Calcium would have two valence electrons, since it is in Group IIA (Group
2).

Helium is the only exception for the main group elements. The first energy level holds a maximum of two valence electrons. Since
helium atoms only have two electrons and the outermost energy level is the first energy level, there can only be two valence
electrons. When the outermost energy level is any other level beyond the first energy level, it may contain up to eight valence
electrons. In other words, the maximum number of valence electrons that an atom may have is eight.

Transition elements (groups designated with a Roman numeral followed by the letter B) usually have two valence electrons, though
we will not be working with valence electrons for the transition elements in this text.
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3| Na | Mg Al|Si| P |S |Cl|Ar

22.99 | 24.31 26.98 || 28.09 | 30.97 | 32.07 | 35.45 | 39.95
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g4 K | Ca Sc|Ti|V [Cr | Mn|Fe [Co|Ni |Cu|Zn Ga|Ge|As | Se |Br | Kr

A 39.10 | 40.08 44.96 | 47.90 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.61 || 74.92 | 78.96 | 79.90 | 83.80
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s|Rb | Sr Y |Zr Nb|Mo| Tc |[Ru |Rh |Pd |[Ag|Cd|In [Sn |[Sb|Te| I |Xe

85.47 | 87.62 88.91 | 91.22 | 92.91 | 95.96 | (99) |101.07|102.91| 106.4 |107.87|112.41|114.82|118.71(121.75(127.60|126.90|131.29
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6/Cs|Ba| * |Lu|Hf |Ta|W [Re |[Os | Ir | Pt |Au |Hg | Tl |[Pb | Bi | Po | At |Rn
132.91(137.33 174.97|178.49|180.95(183.84|186.21|190.23|192.22 (195.08 |196.97 |200.59|204.38| 207.2 (208.98 | (209) || (210) | (222)
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7| Fr |Ra| ** | Lr | Rf |Db| Sg | Bh |Hs | Mt | Ds |Rg | Cn |Nh| Fl |Mc| Lv | Ts | Og

(223) | (226) (262) | (265) | (268) | (271) | (270) | (277) | (276) | (281) | (280) | (285) | (284) | (289) | (288) | (293) | (294) | (294)
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60 64 65 70
*1La|Ce|Pr |Nd | Pm|{Sm|Eu|Gd Tb Dy |Ho| Er | Tm|Yb
138.91|140.12|140.91|144.24| (147) |150.36/151.96|157.25|158.93|162.50|164.93|167.26|168.93|173.04
89 90 91 92 93 94 95 96 98 99 100 101 102

97
**Ac |Th|Pa| U |Np|Pu|Am|Cm| Bk | Cf | Es |Fm|Md| No

(227) |232.04|231.04|238.03| (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259)

Figure 10.6.1: The modern version of the periodic table. An interactive periodic table may be found here.

4 Example 10.6.1: Number of Valence Electrons

How many valence electrons are in one atom of each element?

A. sulfur
B. helium
C. potassium
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D. aluminum
Solution

A. Sulfur (S) is located in Group VIA (Group 16), so it has 6 valence electrons.

B. Helium (He) is located in Group VIIIA (Group 18). However, one atom only has two electrons, so it could never have more
than 2 valence electrons. As noted above, helium is the only exception for the main group elements.

C. Potassium (K) is located in Group IA (Group 1), so it has 1 valence electron.

D. Aluminum (Al) is located in Group IIIA (Group 13), so it has 3 valence electrons.

L2

. Exercise 10.6.1

Tell which group of elements (alkali metals, alkaline earth metals, halogens, noble gases) has atoms with the specified number
of valence electrons?

A. 1 valence electron
B. 2 valence electron
C. 7 valence electrons
D. 8 valence electrons
Answer A

alkali metals

Answer B

alkaline earth metals

Answer C

halogens

Answer D

noble gases

Summary
¢ The number of valence electrons in an atom may be predicted based on its position in the periodic table.
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