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OK, so I will make an outlandish statement here.  If you are not 
aware of these two laws, then after reading this Topic, your life 
will be changed forever!  Powerful stuff right?  Well, this is true.  
The laws of bioenergetics govern life, and for us and our 
interest in exercise, they govern how we adapt to exercise 
stress and set in motion our physiological responses to 
exercise.  Read, learn, and be amazed! 

 
Bioenergetics is summarized by the two laws of thermodynamics, which we will call 
the laws of bioenergetics.  Remember that thermodynamics is the study of energy 
transfer, and as bioenergetics is the same study but restricted to living organisms, 
bioenergetics is a component of the field of thermodynamics. 
 
Law 1: Energy Conservation 
When discussing “energy”, comment was already given to how energy is conserved.  By 
conserved, it is meant that there is no loss of energy in any energy transfer.  During 
energy transfer, total energy (Etot) remains unchanged, with only the quantity of 
individual components of Etot changing (Equation 1).  This fact has led to the first law of 
thermodynamics. 
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Energy cannot be created or destroyed, but can change from one form to another. 
 
Of course, this first law is important, but it has limited practicality.  For example, why 
does water turn into water vapor, and not vice-versa for any given condition?  Why do 
some chemical reactions proceed one way during specific conditions, and then go in the 
other direction when other cellular conditions prevail?  Why can muscle use chemical 
energy to perform mechanical work, but not use mechanical work to regenerate 
chemical energy? 
 
In short, what forces control the direction of energy transfer?  This is answered by the 
second law! 
 
Law 2: Directionality of Energy Transfer 
Understanding the forces that govern the directionality of chemical reactions is an 
essential pre-requisite to the study of metabolism.  As such, this section is vital to your 
educational preparation for the sections on muscle contraction and metabolism that 

follow.  Pay attention!  Furthermore, you may need to read the Topics of this section 

several times to make sure you understand the content and its application to the study 
of metabolism and exercise physiology. 
 
Energy transfer always proceeds in the direction of increased entropy and the 
release of free energy. 
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Note the components of energy not included in this second law.  Heat is not there, as 
some chemical reactions actually decrease heat, and as such, not all chemical 
reactions, and therefore energy transfers, occur causing heat release.  This issue is 
clarified in Equation 2, where an energy transfer must have a net negative value for the 
difference between the enthalpy change (delta H;heat content) and the product of the 
absolute temperature (T) and delta entropy (S). 
 

0 ST  Equation 2 

 
The two telling components of the second law are entropy and free energy.  Entropy 
has already been defined in the section on “Energy”.  Thus, what is “free energy”? 
 
Free Energy 
Let me first give a mathematical definition of free energy.  Equation 1 revealed that 
energy transfers will occur if there is a correct sign difference between enthalpy and 
entropy.  Such a difference is another energy form termed Gibbs free energy (delta 
G), and is defined in Equation 3. 
 

STG   Equation 3 

 
By convention, the release of free energy is denoted negative.  Thus, a negative delta G 
indicates free energy release, and can only occur when there is an increase in entropy 
sufficient to account for any thermal energy loss in the energy transfer. 
 
Now, if we piece together the meanings of Equations 1 to 3, an energy transfer will 
occur only if there is an increase in entropy and a net negative delta G.  This again is 
the second law of thermodynamics.  This means that all biological chemical reactions 
proceed in the direction that causes an increase in entropy and a release of free energy. 
 
Equation 3 was derived by Josiah Gibbs in 1878.  Gibbs’ free energy was profoundly 
important to comprehending the order of energy metabolism.  For example, the added 
importance of free energy lies in what it can do for a cell.  Free energy represents a 
form of energy that the cell can use to perform work.  The larger the release of free 
energy (the more negative the delta G), the greater available energy there is to fuel cell 
functions such as molecule transport, muscle contraction, protein synthesis, action 
potential conduction, etc.  As you now already know to a certain extent, ATP is pivotal in 
its role in transferring this free energy to mechanisms of cell work.  Furthermore, the 
design of energy metabolism is such that free energy transfer is fostered as effectively 
as possible.  Nevertheless, and as you will learn in the section on calorimetry, 
metabolism is only able to harness 30% of the free energy release in chemical 
reactions, with the remaining 70% given off as heat (Figure 1). 
 
Categorizing Chemical Reactions 
I cannot stress enough the importance of understanding Gibbs free energy.  Based on 
this energy form, we can name chemical reactions according to the change in free 
energy.  Reactions that have a negative delta G are termed exergonic reactions.  
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Figure 1. Schematic showing free energy release from reactions, where some reactions provide 
enough for ATP regeneration, and others do not with free energy release expressed as heat 
energy.  Note that the free energy release from catabolism provides the energy needed to 
support anabolism.  As you will learn, such connections to anabolism occur via coupled 
reactions via enzymes. 

These reactions will occur spontaneously to form product.  When the delta G is zero, 
there is no energy transfer, or in this example, no chemical reaction taking place.  As 
such, the concentrations of substrates and products do not change.  In this situation, 
these reactions are termed equilibrium reactions. 

Now, you may have heard of another term, that of endergonic reactions.  Theoretically, 
endergonic reactions have a positive delta G.  I use the word theoretically for a very 
good reason.  Inside the body, there is no such thing as an endergonic reaction; they 
simply do not exist.  By definition, such a reaction would have a positive delta G, which 
can be interpreted to mean they need energy input to proceed.  The problem is that 
once a reaction proceeds, based on the second law of thermodynamics, it has to be an 
exergonic reaction.  This is why I express endergonic reactions to be a theoretical 
construct.  I will discuss this more after I explain how Gibbs free energy is quantified 
within the Topic concerning the coupling of chemical reactions. 
 
 

Glossary Words 
 
laws of thermodynamics consist of two laws concerning energy conservation and 
directionality of energy transfer. 
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total energy is the sum of all energy forms for a particular energy transfer system. 
 
enthalpy is the change in heat associated with energy transfer. 
 
entropy is the increased randomness or disorder accompanying all energy transfers.  
Entropy is a form of energy that cannot be used to perform work. 
 
free energy is the component of energy release that can be used to perform work. 
 
Gibbs free energy (delta G) is the term used to define free energy from chemical 
reactions, and is named after Josiah Gibbs who mathematically derived the entity in 
1878. 
 
exergonic is the term given to chemical reactions that releasefree energy and increase 
entropy. 
 
endergonic is the term given to theoretical chemical reactions that require an input of 
free energy to proceed. 
 
coupling is the ability of enzymes to combine more than one reaction, typically 
exergonic and endergonic reactions, to produce and overall exergonic reaction.  
Typically, the exergonic reaction uses ATP hydrolysis to provide the free energy needed 
to drive the coupled “endergonic” reaction. 
 

 


