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Chapter 5: Chemical Reactions Energetically 

1- Introduction: In transformations, the first law of thermodynamics only 

provides the energy balance for all energy exchanges, while the second principle 

predicts the direction of the transformation, but its application is not 

straightforward. Therefore, we define two new functions: 

Free energy, denoted by F (Helmholtz function at constant volume) 

Where: F = U - TS 

Free enthalpy, denoted by G (Gibbs function at constant pressure) 

Where: G = H - TS 

Functions F and G are state functions, and dF and dG are two exact differential 

equations: 

dF = dU - TdS - SdT 

dG = dH - TdS - SdT 

Thus, for a chemical reaction occurring at constant T and P: 

ΔG = ΔH - TΔS 

ΔH = ΔU + PΔV 

ΔG = ΔU + PΔP - TΔS 

And we have: 

ΔU = Q +W = Q –PΔV 

ΔG = Q –PΔV + PΔV – TΔS = Q – TΔS 

∆𝑺 =  ∆𝑺𝒆 + ∆𝝈 

∆𝑺𝒆: 𝑻𝒉𝒆 𝒆𝒏𝒕𝒓𝒐𝒑𝒚 𝒈𝒂𝒊𝒏𝒆𝒅 𝒇𝒓𝒐𝒎 𝒕𝒉𝒆 𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕 

 ∆𝝈: 𝑻𝒉𝒆 𝒆𝒏𝒕𝒓𝒐𝒑𝒚 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒘𝒊𝒕𝒉𝒊𝒏 𝒕𝒉𝒆 𝒔𝒚𝒔𝒕𝒆𝒎 
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So, we can relate ΔG to Δσ and summarize this in the following table: 

Δσ ΔG = -T Δσ Type of reaction 
= 0 Equilibrium Δσ  ΔG = 0 Transformation at equilibrium 

< 0 Impossible Δσ  ΔG  > 0 Transformation impossible 

> 0 Spontaneous Δσ ΔG < 0 Spontaneous transformation 
 

1- Free enthalpy as a function of T and P: 

 

 

Notes: 

 



3 
 

Note: 

We use the relationship G = VΔP in the case of a system transformation in the 

solid or liquid phase as follows: 

)iP – fG = V (PΔ 

Example: Let's consider the transformation of 1 mole of mercury with a volume of 

14.8 cm3 from a pressure of 1 atm to a pressure of 100 atm. 

Calculate the change in free enthalpy for this system. 

Solution: 

State of gas mixture: 

 

 

3- Application of free enthalpy to chemical reactions: 

3-1- Standard free enthalpy of formation (∆Gf
°): 

Consider the following chemical reaction: 



4 
 

 

 

Notes : 
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Example : 

 
Practical example : 
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