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We will be completing chapter 9.  Please read 9.7 and complete the questions at the end of the 
section.  This Wednesday is complete all missing assignments day.  Please turn in all work to 
mlee@floydbroncos.com or 575-562-0154.  
 

9.7 The Noble Gas Shell Model 

Learning Objective 

Show how electrons behave as though they are arranged in a series of shells 
centered around the atomic nucleus. 

For the purposes of a simplified understanding of how atoms behave, we turn to the 
noble gas shell model, first made popular by the noted chemist and two-time Nobel 
laureate Linus Pauling (1901–1994). This model is similar to Bohr’s planetary model in 
that it shows electrons restricted to particular distances from the nucleus. The noble gas 
shell model, however, is a bit more sophisticated because it incorporates the wave 
nature of electrons. How it does so is beyond the scope of this book, which presents 
only the essentials of this model. The great benefit of learning these essentials is that 
they help us to understand the organization of the periodic table, which is perhaps the 
most important tool available to a chemist. Furthermore, even a basic understanding of 
the noble gas shell model sets a strong foundation for understanding how atoms form 
chemical bonds, which is the main focus of Chapter 12. 

According to the noble gas shell model, electrons behave as though they are arranged 
in a series of concentric shells. A single noble gas shell is a region of space around the 
atomic nucleus upon which electrons may reside.* An important aspect of this model is 
that there are at least seven shells and each shell can hold only a limited number of 
electrons. the innermost shell can hold 2 electrons, the second and third shells 8 each, 
the fourth and fifth shells 18 each, and the sixth and seventh shells 32 each. When a 
shell is filled, it represents a noble-gas element, which is why we refer to this model as 
the “noble gas” shell model. 
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What do poets and scientists have in common? They both use metaphors to help 
us understand abstract concepts and relationships. The “shell,” for example, is a 
metaphor that helps us visualize an invisible reality. Scientific models are 
essentially equivalent to the metaphorical language used in poetry. 

A series of seven such concentric noble gas shells accounts for the seven periods of 
the periodic table. Furthermore, the number of elements in each period is equal to the 
shell’s capacity for electrons. The first shell, for example, can hold only two electrons. 
That’s why we find only two elements, hydrogen and helium, in the first period. 
Hydrogen is the element whose atoms have only one electron. This one electron 
resides within the first shell, which is the shell closest to the nucleus. Each helium atom 
has two electrons, both of which are also within the first shell, which is thus filled to its 
maximum capacity. Similarly, the second and third shells each have the capacity for 
eight electrons, so eight elements are found in both the second and the third periods. 

The electrons of the outermost occupied shell in any atom are directly exposed to the 
external environment and are the first to interact with other atoms. Most notably, they 
are the ones that participate in chemical bonding. The electrons in the outermost shell, 
therefore, are quite important. 

The quality of a song depends on the arrangement of musical notes. In a similar 
fashion, the properties of an element depend on the arrangements of electrons in its 
atoms, especially the outer-shell electrons.  

fyi 
According to Einstein’s theory of special relativity, at 60% of the speed of light, 
gold’s innermost electrons experience only 52 seconds for each one of our minutes. 
A diamond may be forever, but the innermost electrons of gold are 8 seconds per 
minute slow! 

Remember that the noble gas shell model is not to be interpreted as an actual 
representation of the atom’s physical structure. Rather, it serves as a tool to help us 
understand and predict how atoms behave. In Chapter 12, we will use a simplified 
version of this model, called the electron-dot structure, to show how atoms join together 
to form molecules, which are tightly held groups of atoms. In the next chapter, however, 
we will explore in greater detail the nature of the atomic nucleus, which is a potential 
source of enormous amounts of energy. 
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19.Does the periodic table explain the noble gas shell model, or does the 
noble gas shell model explain the periodic table? 

20.Which electrons are most responsible for the properties of an atom? 
21.What is the relationship between the maximum number of electrons each 

shell can hold and the number of elements in each period of the periodic 
table? 

 

 


