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I have been teaching metabolic biochemistry for more than 26 years.  During this time, 
and through all the frustrations and success stories, one thing remains very clear – to 
study metabolism you need to understand chemistry.  In saying this, I am not implying 
you need to be a chemist, or that you need to be a distinction (A grade) student in the 
chemical sciences.  Nevertheless, you need to understand atomic structure, the periodic 
table, simple truths about organic chemistry and chemical reactions, and recognize 
differences between compound structure and why these structural differences exist 
between different compounds.  One of the absurdities of the exercise sciences, and it 
continues to this day, is the notion that we can teach our students 
about muscle metabolism with no prior structured learning of 
chemistry.  Of course, there are many reputable exercise science 
programs at the university level that require students to study 
chemistry, but this is far from standard practice.  Thus, invest time 
and energy into the chemical content, and it will pay off with more 
understanding and even perhaps greater enthusiasm when you 
commence the detailed study of the reactions of the skeletal muscle 
energy systems. 

 
Protons, Neutrons, Electrons and Charge 
It is time to revisit some fundamental chemistry.  To understand metabolism, you need 
to understand chemical reactions.  To understand chemical reactions, you have to 
understand why atoms form bonds, how bonds can be broken, and why only specific 
reactions can occur with specific elements.  All of this means you need to go back to 
basics with chemistry and revise atomic structure, element electron configuration, and 
the periodic table.  
 
Figure 1 provides an image of the periodic table of elements.  Figure 2 provides a 
narrower presentation of the periodic table that focuses on the main atoms involved in 
energy catabolism within skeletal muscle and for determining the membrane potential of 
excitable cells; carbon (C), hydrogen (H), oxygen (O), nitrogen (N), phosphorous (P), 
sulfur (S), magnesium (Mg), calcium (Ca), iron (Fe), sodium (Na), chlorine (Cl) and 
potassium (K).  Data for the atomic number, atomic weight, and electron 
configurations are provided.  Hopefully, you remember back to your days in chemistry 
class that the atomic number represents the number of protons in the atom.  The 
atomic weight equals the sum of the atom’s protons and neutrons.  The atomic weight 
is also equal to the gram mass of Avogadro’s number of molecules (Equation 1) 
termed the mole. 
 

2310022.6numbersAvogadro'      Equation 1 

 
Thus, the atomic weight of an element is the weight, measured in grams, of 1 mole 
(6.02 x 1023 molecules) of naturally occurring atoms of the element. 
 
Figure 3 provides a schematic of an atom, revealing the nucleus consisting of protons 
and neutrons, and outer layers of electrons.  The proton has a charge of +1, and an 
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Figure 1. The periodic table of the elements. 

electron has a charge of -1.  The neutron, as the name implies, has no charge, or is 
neutral.  All atoms contain at least 1 proton.  All complete atoms also contain at least 1 
electron (note that the hydrogen atom that has lost an electron is called a proton), and 
except for the lightest isotope of hydrogen, all atoms also contain at least 1 neutron.  
Thus, losing or gaining electrons will change the charge of an element.  Losing 
electrons gives a positive charge, while gaining electrons gives a negative charge. 
Electron Configurations 
Each electron layer is called a shell, and each shell can also be referred to or thought 
of as an energy level.  The shells are numbered 1, 2, 3, 4 etc.  Figure 4 adds to the 
content of Figure 3.  Depending on the shell, there can be multiple levels within a given 
orbital.  The orbital layers are abbreviated s, p, d and f, etc.  However, we are just 
concerned with orbitals s, p and d for our elements of interest.  The higher the shell 
number, and therefore the further it is away from the proton core, the larger the number 
of orbitals.  For the first shell, there is 1 s orbital.  The second shell has 1 s and 3 p 
orbitals.  The third shell has 1 s, 3 p, and 5 d orbitals.  If we were interested, and based 
on the numeric code of electron orbitals just revealed, how many of the next orbital (f) 
would there be in shell 4?  I hope you guessed it, or new it!  Yes, there would be 7 4f 
orbitals. 
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Figure 2. A narrower presentation of the periodic table, showing only those elements of interest 

to cellular energy metabolism and excitable membranes. 

 

Figure 3. A schematic of an atom, showing the 
atomic nucleus and the different electron 
shells. 

 

An orbital can only contain 2 electrons.  
However, each added orbital layer within a 
shell can contain more electrons, as there 
are more orbitals.  Orbital s can only hold up 
to 2 electrons (1 x 2 = 2); orbital p up to 6 (2 
x 3 = 6) and orbital d up to 10 (2 x 5 = 10).  
The electron capacity of each successive 
shell is governed by the rule of Equation 2, 
revealing shell electron capacity numbers 
for shells 1, 2, 3 and 4 of 2, 8, 18 and 32, 
respectively. 
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Figure 4. multiple orbitals, and how they differ, 

for electron shells (energy levels) 1 and 2. 

Table 1. The electron configuration of the 
orbitals of the first 4 energy levels. 

Orbitals Electrons 
Level Type # # Totals Sum 

1 s 1 2 2 2 
2 s 1 2   
 p 3 6 8 10 

3 s 1 2   
 p 3 6   
 d 5 10 18 28 

4 s 1 2   
 p 3 6   
 d 5 10   
 f 7 14 32 60 

 

 
                                            Equation 2 

 
Table 1 provides a sequential summation 
of shell and orbital electron capacities.  
Equation 3 provides the electron capacity 
of successive shells and orbitals of the 
element phosphorous. 
 
For phosphorous, all the orbitals are 
filled with electrons except for the last 
orbital (3p), which only has 3 of the 6 
possible electrons, causing a total of 15 
electrons.  Low and behold, what is the 
atomic number of phosphorous?  It is 15 
because the atomic number represents 
the number of protons or electrons in 
phosphorous. 

Table 2 presents the electron 
configuration of the first 17 elements.  
Which elements have completely filled 
outer shells?  The exact number of 
added electrons needed to fill the outer 
shell depends on the column of the 
periodic table the element occurs in.  
You can check this out with Figures 1 
and 2. 
 
Unfortunately, not all the orbitals of 
successive shells acquire electrons in a 
successive order.  Beyond the 3p 

orbital, orbital 4s fills before 3d, 5s fills before 4d, and 5p and 6s fill before 5d, etc.  This 
sequence is depicted in Figure 5.  Thankfully, we do not need to worry about this, for 
our elements of interest (Table 2) have a total electron and proton number <18, with 
chlorine being the highest atomic number element (Equation 4) of this group. 
 
 

     Equation 3 
 
 

1752622

33221 52622 pspssionconfiguratelectronChlorine
    Equation 4 
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Table 2. The electron configuration of the first 17 
elements of the periodic table. 

Element Atomic 
Number 

Electron 
Configuration 

Hydrogen 1 1s1 
Helium 2 1s2 
Lithium 3 1s22s1 
Beryllium 4 1s22s2 
Boron 5 1s22s22p1 
Carbon 6 1s22s22p2 
Nitrogen 7 1s22s22p3 
Oxygen 8 1s22s22p4 
Fluorine 9 1s22s22p5 
Neon 10 1s22s22p6 
Sodium 11 1s22s22p63s1 
Magnesium 12 1s22s22p63s2 
Aluminum 13 1s22s22p63s23p1 
Silicon 14 1s22s22p63s23p2 
Phosphorous 15 1s22s22p63s22p3 
Sulfur 16 1s22s22p63s22p4 
Chlorine 17 1s22s22p63s22p5 

 
 

Figure 5. The sequence of electron 

filling of shell orbitals. 

Now, if you are following all of this, you will understand that electrons spinning around 
these orbitals possess energy.  For an electron to be moved out from the proton core, to 
the next orbital, or energy level, there needs to be an input of energy.  Conversely, 
energy is released when outer orbital electrons are removed, or forced back to a lower 
energy level/orbital. 
Reactivity of the Elements 
Now that we know how many electrons are in the orbitals of the outer most shell of a 
given element, we also know how many electrons are required to fill this outer shell.  
This is important, for the electrons in the outer shell, or valence shell, are called 
valence electrons.  Valence electrons participate in chemical bonding during chemical 
reactions.  Figure 6 presents the valence electrons in the form of electron dot or Lewis 
structures for the elements of interest to us from Figure 2.  The Lewis structure simply 
shows the number of electrons in the outer shell.   Also be aware that due to successive 
shells not necessarily filling in the anticipated order, the outer shell always has a 
maximal electron capacity of 8 electrons.  The number of electrons required to complete 
the 8 electrons of the outer shell is called the valence of the element. 
 
Thus, let’s look at the major atomic building block of organic matter, carbon (Figure 6).  
Carbon has 6 electrons, meaning that shell 1 has 2, and shell 2 has 4, being 4 short of 
the 8 total for this the second shell.  Thus, carbon can therefore only react with other 
element(s) that can provide these added 4 electrons.  When this occurs, and these 
outer shell electrons are shared between multiple elements to fill each element’s outer 
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Figure 6. The Lewis structures for the 
elements of interest as shown in Figure 
2. 

 
Figure 7. Examples of the covalent bonding of 

important elements - Carboxyl. 

 
Figure 8. Examples of the covalent bonding of 

important elements - Phosphoryl. 

 
Figure 9. Examples of the 
covalent bonding of 
important elements - Water. 

 

shell, it is called a covalent bond.  Figure 7 
also provides some examples of carbon 
covalent bonding to other elements. 

The rule that is very worthwhile to remember 
about elements, covalent bonds and molecules, 
is that elements will bond with other elements 
that allow the outer electron shell of these 
elements to be filled.  That is, covalent bonds 
occur to fill the electrons of the outer shell.  This 

principle, or rule, is called the octet rule.  As all elements have an outer shell consisting 
of the s and p orbitals, the outer shell always has a maximal capacity of 8 electrons (2 + 
6 = 8). 
 
Now let’s look at phosphorous (Figure 
8).  Phosphorous is element 15.  Do 
you remember the electron capacity 
numbers for successive orbitals of 2; 
2, 6; 2, 6, 10; 2, 6, 10, 14; etc (Figure 
5)?  These correspond to electron 
capacities for successive shells of 2, 
8, 18, 32, etc.  The total of only 15 
electrons means that phosphorous has 5 electrons in the 
third and outer shell (15 – 10 = 5).  Thus, phosphorous 
can share an additional 3 electrons (18 – 15 = 3) to fill this 
outer shell total of 8, forming a double bond with the 
remaining 2 electrons. 
 
As a final example, let’s look at oxygen (Figure 9), 
element 8.  In having 8 electrons, this means that there 
are 6 electrons in the second and outer shell, leaving 
another possible two electrons to be shared to fill this 
outer shell capacity of 8. This is why oxygen either forms 
double bonds, or bonds with two other single electron shared elements.  Examples of 
how these and other elements of interest form covalent bonds, forming common 
covalently bound elements, or functional groups, are presented in Figures 10 to 14. 
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Figure 10. Examples of the 
covalent bonding of important 
elements - Amino. 
 

 
Figure 12. Examples of the 
covalent bonding of important 
elements - Aldehyde. 

 

 
Figure 14. Examples of the 
covalent bonding of important 
elements – Sodium chloride. 
 

 
Figure 11. Examples of the covalent bonding of 
important elements – Hydroxyl. 
 

 
Figure 13. Examples of the covalent bonding of 
important elements - Ketone. 

Cations and Anions 
The metallic elements are able to form ions by either 
gaining or losing electrons.  These metallic elements 
have this property because they are all close to filling or 
emptying their outer shell.  For example, look again at 
Figures 1, 2, and 6.  What do you notice about the 
elements hydrogen, sodium, potassium, magnesium, 
calcium and chlorine?  First of all, each of hydrogen, 
sodium and potassium has only 1 electron in their outer 
shell.  It does not take a lot of energy to have this 
electron removed, leaving each element as a cation 

with a charge of +1.  For magnesium and calcium, both have only two electrons in the 
outer shell, and when these are removed, they attain a +2 charge and also called 
cations.  Conversely, chlorine is one electron shy of filling the outer shell, and it is easy 
for chlorine to acquire this electron and become an anion with a charge of -1 or react 
with another element that has one electron to share, such as sodium (Figure 14). 
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Glossary Words 
 
chemistry is the study of matter and its properties. 
 
atoms are components that combine to form matter.  While not the smallest particles of 
matter, atoms are the smallest particle that alone provides unique qualities that explain 
how matter can differ. 
 
bonds refer to the shared electron configuration between elements within a molecule or 
crystal. 
 
elements are synonomous with atoms, but used when referring to the type of atom.  
For example, the element hydrogen has 1 proton and 1 neutron in its atom. 
 
periodic table is the table of elements arranged by atomic number and the number of 
electrons in the outer shell. 
 
atomic number is the number or protons or electrons in the atom of the element. 
 
atomic weight is the sum of the protons and neutrons in the atom of an element, which 
also equals the gram mass of 1 mole of the atoms (6.022 x 1023 atoms). 
 
electron is a sub-atomic particle that rapidly rotates around the nucleus of an atom. 
 
protons are sub-atomic particles with a charge of +1 that form part of the nucleus of an 
atom. 
 
neutrons are sub-atomic particles with no charge that form part of the nucleus of an 
atom. 
 
Avogadro’s number is the number of atoms in 1 mole (6.022 x 1023), which also 
equals the gram mass of the atomic weight.  
 
mole is a unit expression of Avogardo’s number. 
 
electron layer (shell) is a layer within which electrons in discrete sub-layers (orbitals) 
spin around the atom nucleus.  The shells are numbers 1, 2, 3, 4 etc. 
 
orbital is a sub-layer within an electron shell where electrons spin around the atom 
nucleus. 
 
valence shell is the outer most shell of an atom. 
 
valence electrons are the number of electrons in the outer most shell of an atom. 
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Lewis structures are an illustrative means of presenting electron configurations of the 
outer shell (valence electrons) for elements.  This presentation is named after G.N. 
Lewis, the first chemist to explain the importance of outer-shell electrons. 
 
valence refers to the number of electrons required to fill the outer shell (8 electrons) of 
an atom. 
 
covalent bond involves the sharing of electrons from the outer shell between 2 atoms 
of the same or different elements. 
 
octet rule is the principle by which elements covalently bond with other elements that 
allow the outer electron shell of each element to be filled with 8 electrons. 
 
functional groups are groups of elements that form a component of a compound that 
gives it functional significance. 
 
cation is an element that has lost one or more electrons causing a positive charge. 
 
anion is an element that has lost one or more electrons causing a negative charge. 

 


