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Understandings: 

1. Explain why the Kw is temperature dependent and state the effect of the pH.  

- Kw is merely equilibrium constant. Thus temperature will have an effect. But what effect? 

Well, since the dissociation of water is bond breaking, the whole process is endothermic. 

Therefore, when temperature increases, it will favour the dissociation. It means that we will 

have more [H+], hence a lower pH. Temperature must always be stated along with pH! 

So, we will have a table that looks something like this. 

However, keep in mind that just because the pH changes, its acidity does not change. This is 

because the ratio of dissociation between [H+] and [OH-] is the same.  

2. Explain the expression of the dissociation constant of a weak acid (Ka) and a weak base 

(Kb). 

- When regarding the strong acid/base, it is enough by just looking at the reaction equation 

and deducing the mol from there since the reaction goes to completion.  

However, weak acids/bases are in equilibrium, therefore we need to express in terms of 

equilibrium.  

For weak acids, it will look like this.  

HA(aq) + H2O(l) ⇌ A-(aq) + H3O+(aq) 

Kc * [H2O] = 
[𝐴−][𝐻3𝑂

+]

[𝐻𝐴]
, Assuming H2O is constant.  

Ka = 
[𝐴−][𝐻3𝑂

+]

[𝐻𝐴]
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You can now use the same logic to derive the Kb.  

Since this is also an endothermic reaction, we will have more dissociation at higher 

temperatures. In other words, weak acids/bases will become stronger at higher 

temperatures.  

I think we are convinced that all equilibrium constants are specific at a specific temperature.  

3. Explain that for conjugate acid base pair, Ka × Kb = Kw. 

- To prove this property, we can simply prove it manually.  

Consider the reaction HA(aq) + H2O(l) ⇌ A-(aq) + H3O+(aq).  

Its reverse reaction for conjugate base would be A-(aq) + H2O(l) ⇌ HA(aq) + OH-(aq) 

Ka * Kb = 
[𝐴−][𝐻3𝑂

+]

[𝐻𝐴]
 * 

[𝐻𝐴][𝑂𝐻−]

[𝐴−]
 = [H+]*[OH-] = Kw.  

Now one could wonder why is it like this? 

One could think of this in the same way as pH and pOH. In fact, it is the same. This only 

illustrates the relationship between the conjugate acid/base pair. When one is strong, the 

other needs to be weak.   

4. Explain the relationship between Ka and pKa, and between Kb and pKb (pKb = -log Kb). 

- The logic for pH applies the same for this as well.  

Relationship between Ka and pKa is pKa = -log Ka.  

Relationship between Kb and pKb is pKb = -log Kb.   

The pKa/pKb does not have units just like pH and pOH. 
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Applications and skills: 

1. Be able to solve problems involving [H+ (aq)], [OH–(aq)], pH, pOH, Ka, pKa, Kb and pKb. 

- If you have understood what pH and pOH means, the calculations around that should be 

relatively simple.  

Understand that pH + pOH = pKw. This is basically taking the negative log of the ionic 

constant expression.  

Recall that pH and pOH are concentrations of the ions at equilibrium. So when you are given 

pH or pOH, you know [H+] or [OH-] at equilibrium.  

Also remember that the problem can be given in a reaction. When given in a reaction, recall 

from chapter 7 regarding the molarity/mol before and at equilibrium. It is solved by simply 

looking at the reaction ratio.  

2. Be able to discuss the relative strengths of acids and bases using values of Ka, pKa, Kb 

and pKb. 

- This is mentioned above in question 3.  

Extra notes 

- A type of question that may seem a bit tricky are the calculations involving pKa and pKb. So 

for instance, you may be given an equation, the pH and the concentration of an acid.  

“Calculate the pH of a 0.400 mol dm-3 ethanoic acid, pKa = 4.76”  

It seems daunting right? But you have all the tools necessary to solve these types of 

questions (these question are very common in fact).  

So first, we need to write everything we know.  

1. CH3COOH ↔ CH3COO- + H+  

2. [CH3COOH] = 0.400 mol dm-3 

3. pKa = 4.76, meaning that Ka = 10-4.76 = 1.74*10-5 

Here is the tricky part where we have to somehow connect all these three information 

together. The answer lies within the expression of Ka.  

Ka = 
[𝐶𝐻3𝐶𝑂𝑂

−][𝐻+]

[𝐶𝐻3𝐶𝑂𝑂𝐻]
 = 1.74*10-5. We know the concentration of ethanoic acid, and we also 

know that the conjugate base and hydrogen ions dissociate in the same ratio, hence have 

the same concentration. Therefore,  

[𝐻+]2

0.400
 = 1.74*10-5 . Then solve for the hydrogen ions and that to negative log of 10! 
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Extra notes 

- Another question may be asking you to calculate the pH from a reaction, given initial 

concentrations.  

“Calculate the pH of a solution formed by 100 cm3 of 1.00 mol dm-3 ethanoic acid and 50 cm3 

of 0.600 mol dm-3 sodium hydroxide”.  

Again, it is good to write down everything we know. And once again, the key lies within 

writing the equation of pKa. Remember that when dealing with weak acids and bases, always 

write out the full equation of pKa and pKb. 

1. CH3COOH +NaOH ↔ Na+ + CH3COO- + H2O 

2. Initial mol of CH3COOH = 0.1 mol 

Initial mol of NaOH = 0.03 mol  

Initial mol of CH3COO- = 0 mol 

Since NaOH is strong, it will react fully.  

Final mol of CH3COOH = 0.07 mol 

Final mol of NaOH = 0 mol 

Final mol of CH3COO- = 0.03 mol 

3. Then, we write the Ka again.  

Ka = 
[𝐶𝐻3𝐶𝑂𝑂

−][𝐻+]

[𝐶𝐻3𝐶𝑂𝑂𝐻]
 = 1.74*10-5.  

Then we just solve for [H+] and do the negative log of 10 again.  

 

 

 


