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Understandings: 

1. Explain Le Châtelier’s principle for changes in concentration through the equilibrium law. 

- As mentioned, his principle can be verified by the equilibrium law.  

2. Explain the position of equilibrium in terms of Gibbs free energy. 

- We know that Gibbs free energy help us determine the spontaneity of the reaction.  

An important notion to know is that Gibbs free energy is not a constant. Before, we 

calculated out Gibbs free energy before a reaction and saw whether it was spontaneous or 

not. Indeed, this is another way to see where the reaction is going. If Gibbs free energy is 

negative, then the reaction will produce more products. Likewise, if Gibbs free energy is 

positive, the reaction will produce more reactants.  

Remember the formula ∆G = ∆Gproduct - ∆Greactant 

As a reaction strives for equilibrium, Gibbs free energy will strive for 0J, meaning that energy 

for product equals energy for reactant.  

This can be easily explained through graphs. So let’s look at the two cases, where our initial 

start has - ∆G and + ∆G. 

As we mentioned, negative ∆G will give us a spontaneous reaction and therefore favor 

reaction to the right direction.  

 

 

 

 

 

 

 

 

The energy will be distributed until ∆G = is 0, which is at point 3.  

Since reaction goes towards products, K>1.  

If we relate this to entropy, ∆G = ∆H - T∆S. Since we want ∆G to be small as possible, entropy 

should be high. Remember that it is a closed system, so entropy has a max value.  
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Likewise, when ∆G is positive it will favor the reverse reaction and therefore have a K<1.  

 

 

 

 

 

 

 

 

However, if the Δ𝐺 = 0 from the beginning, it implies that there is not spontaneity in one 

specific direction, thus concentration of reactants and products is constant. Thus K=1. 

3. Explain the expression Δ𝐺 = −𝑅T ln(𝐾) . 

- We know how to express Gibbs free energy thermodynamically, but we can also express 

Gibbs free energy with the equilibrium constant.   

The equation that binds these two are Δ𝐺 = −𝑅T ln(𝐾).  

This equation verifies the relationship between Δ𝐺 and K stated above. When the ∆G is 

negative, K > 1 and conversely, when ∆G is positive, K < 1.  

4. Explain the relationship between rate and equilibrium.  

- We know that at equilibrium, forward rate equals the backward rate. Then it must mean 

that at equilibrium of A + B ⇄ C + D 

Rate = k[A][B] = k’[C][D] 

Then we get the expression, 

𝑘

𝑘′
=  

[𝐶][𝐷]

[𝐴][𝐵]
 

But remember what the RHS is. It is the Kc.  

So,  

𝑘

𝑘′
=  𝐾𝑐 

Just to review, let’s remind us how different changes in condition change the rate constant k 

and Kc.  



©Ibling 

Concentration and pressure: 

Increase the rate but does not change the rate constant k. Therefore, Kc remains the same. 

Position may change due to Le Chatelier’s principle but it does not change Kc value. 

Remember that Le Chatelier’s principle is about how the reaction adjusts itself to maintain 

its Kc at that particular temperature. So be careful with position and value of Kc.  

Catalyst: 

Catalyst does indeed change rate constants, but does that on both forward and reverse 

reaction by the same proportion. Thus Kc remains the same.  

Temperature: 

We could think about this by just using Le Chatelier’s principle. Endothermic reactions are 

favored in high temperatures and therefore when the forward reaction is endothermic Kc 

will increase in high temperatures, but I want to do it mathematically.  

Using the Arrhenius equation, k = Ae-E1/RT and likewise k’ = Ae-E2/RT.  

𝐾𝑐 =
𝑘

𝑘′
 

𝐾𝑐 =
𝐴𝑒−

𝐸1
𝑅𝑇

𝐴𝑒−
𝐸2
𝑅𝑇

 

𝐾𝑐 =
𝑒−

𝐸1
𝑅𝑇

𝑒−
𝐸2
𝑅𝑇

 

Using the exponential properties,  

𝐾𝑐 = 𝑒−
𝐸1
𝑅𝑇

 −−
𝐸2
𝑅𝑇

  

𝐾𝑐 = 𝑒
𝐸2−𝐸1

𝑅𝑇
   

Considering an endothermic reaction, E1 will be larger than E2. Therefore, numerator is 

negative. When temperature increases for a negative numerator, e will be raised to a small 

negative number. Small negative number will give a larger and larger Kc! 

Extra notes 

- In exams, we may get asked to evaluate the optimum conditions for maximizing yield for 

certain reactions, most commonly Haber process. In the case of Haber process, the optimum 

condition would be to have low temperature with high pressure. However, we must say that 

high pressure would lead to higher energy expense thus more expensive; and a low 

temperature would slow down the reaction in general due to lack of kinetic energy.  
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Applications and skills: 

1. Calculate homogeneous equilibrium problems using the expression for Kc. 

- The steps are logical. Just balance the equations, write the initial concentrations, see the 

changes and assign the changes by looking the stoichiometric relationships, and then write 

the concentrations at equilibrium.  

2. Explain the relationship between ΔG and the equilibrium constant. 

- Yes, stated above.  

3. Calculate using the equation Δ𝐺 = −𝑅T ln(K). 

- Plug in the values.  

TOK: 

1. The equilibrium law can be deduced by assuming that the order of the forward and 

backward reaction matches the coefficients in the chemical equation. What is the role of 

deductive reasoning in science? 

2. We can use mathematics successfully to model equilibrium systems. Is this because we 

create mathematics to mirror reality or because the reality is intrinsically mathematical? 

3. Many problems in science can only be solved when assumptions are made which 

simplify the mathematics. What is the role of intuition in problem solving? 

 


