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Understandings: 

1. Explain what buffers are.  

- Buffers in general are things that alleviate a certain shock.  

Chemistry, buffer solution is a weak acid/base that are resistant to pH changes when small 

amounts of acids and bases are added.  

The part “small amount” is important because buffers do not have unlimited buffer capacity.  

An example of buffer is H2CO3 in our blood. 

2. Explain how buffers work.  

- We can have acidic buffers that keep the pH lower than 7. We can have basic buffers that 

keep the pH higher than 7. We can have neutral buffers that keep the pH at 7.  

The way a buffer work is simple. As long as the concentration of conjugate acid and base is 

the same, it is a buffer.  

Acidic buffers: 

We first need a weak acid. Let’s take HCN.  

In water, it will form HCN ⇌ CN- + H+ 

However, since it is weak, equilibrium will be on the left, concentration of conjugate acid 

and base would not be the same, and therefore not a buffer.  

To make it a buffer, one could either add same amount of CN- in form of salt, such as NaCN. 

Or, one could add a strong base like NaOH to HCN and make it react exactly half of HCN to 

produce NaCN that will dissolve into CN-. The result should be equal amounts of the 

conjugate pair.  

Basic buffers:  

We first need a weak base, say NH3.  

NH3 ⇌ NH4
+ + OH- 

Then, the idea for the rest is the same as weak acid. Add a salt or a strong acid to make it 

react partially to produce more NH4
+.  

The pH of buffers is determined by pKa and pKb values, and also the ratio of the conjugate 

acid and base. 
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3. Explain the two factors that affect buffer solutions.  

- Diluting does not affect the pH (it does actually, but because it is weak acid/base, pH is not 

really affected) since it is diluting the base and the acid in the same ratio. However, it does 

lower the buffering capacity because by diluting, the buffer molecules have less chance to 

react with the added acid/base.   

Temperature affects buffer because it changes the Ka and Kb.  

4. Explain the characteristics of pH curves produced by the different combinations of 

strong and weak acids and bases.  

- The idea of pH curve is very simple. We know how to titrate and we know that there is this 

exact point when an acid/base is neutralized (by help from indicators). During the process 

when we add small amounts, the pH of the solution changes. This is exactly what we graph 

in a pH curve.  

We can have different combinations of strong/weak acids/bases.  

Let’s look at each case. Everything will make sense.  

Strong acid titrated with strong base: 

Essentially, there are 5 points we are looking for.  

1. Initial pH is 1 since we are dealing 

with a strong acid.  

2. Road to equivalence point is 

gradual increase. No inflexion point 

here because no buffers can be made.  

3. Equivalence point and inflexion 

point is 7, and a sharp increase from 3 

to 11.  

4. Road after equivalence point is still 

sharp. 

5. Final pH is high due to strong base.  
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Weak acid titrated with strong base: 

1. Initial pH is higher than 1, since 

it is a weak acid.  

2. When strong base and weak 

acid is same concentration, at 25 

or half equivalence point, 

conjugate acid and base will be in 

same concentration. Therefore, it 

forms a buffer region. This is a 

type of inflexion point.  

Ka = 
[𝐻+][𝐴−]

[𝐻𝐴]
 

Since [A-] = [HA] at buffer,  

pKa = -log[H+] = pH 

3. Equivalence point is higher than 7 due to the strong conjugate base that is formed form 

weak acid. That will react with water to form OH-.  

4. The jump from equivalence point is not as sharp. It ranges from 7 to 11 it seems.  

5. Final pH is still high due to strong base.  

Strong acid titrated with weak base: 

1. Initial pH is 1 due to strong acid.  

2. The half equivalence point won’t have 

any buffer because we would have a 

strong acid and a weak conjugate base 

that won’t do anything.   

3. Equivalence point is lower than 7 due 

to strong conjugate acid from the weak 

base.  

4. When the volume of added weak base 

is 100cm3, we will now have a buffer.  

5. Final pH is lower due to the weak base.  

Note when we deal with weak base, one usually tends to start with the weak base and 

titrate with strong acid. It is more practical. Then, the half equivalence point would be buffer 

and also pKb = pOH.  
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Weak acid titrated with weak base: 

1. Initial pH high due to weak 

acid.  

2. Buffer may be present 

depending on the relative Ka and 

Kb value.  

3. Equivalence point also 

depends on relative Ka and Kb 

value.  

4. Change in pH less sharp.  

5. Final pH low because of weak 

base.  

 

 

5. Explain how an indicator works, chemically.  

- Indicators are essentially weak acids, where their conjugate acid and base have different 

colors.  

The generalized formula would be: 

HIndicator ⇌ H+ + Indicator-  

Then, applying Le Chatelier’s principle, when there is more H+, position will shift to left. 

When there is less H+, position will shift to right. So, when there is a strong acid, position will 

be to the left. When there is a base, OH- will react with H+, thus reducing it, and thus shift 

position to right.  

So, we see the color change when there is more of one than the other. But there is also this 

point where the [HIndicator] = [Indicator-]. This point is called change point/end point.  

Please understand that the change/end point is equal to the buffer region of the indicator 

due to the same concentration of conjugate acid and base! 

Writing the Ka at that point would just give us [H+]. Thus pKa = pH.  

Thus any changes of pH at the indicator’s buffer region or change/end point would result in 

change in colour!  
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6. Explain the relationship between the pH range of an acid–base indicator and its pKa 

value. 

- As mentioned, the pKa value is the buffer region of the indicator, hence the point where a 

small external force (adding acid or base) would result in change in color.  

This means that the end/change point of our indicator should be near equivalence point if it 

ought to be an appropriate indicator.  

Why? Well, the same logic applies. At the point of the equivalence point, the pKa of solution 

and the pKa of indicator should be the same/similar because that signals that it is neutralized. 

Any point above or below that, the pKa of indicator will respond the same way as pKa and 

therefore change color.   

This table summarizes the relationship between the equivalence point of the reaction and 

the pKa of the indicator. They give a range for equivalence point because it is so sharp that it 

is seen as a vertical line. Notice that the pKa of the indicator is included in the range of 

equivalence.  

7. State the buffer region on the pH curve.  

- Explained above.  

8. Explain the composition and action of a buffer solution.  

- This is already explained when talking about acidic buffers and basic buffers. We know 

what they should contain and we know what happens when small amount of acid/base is 

added.  
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Applications and skills: 

1. Explain the general shapes of graphs of pH against volume for titrations involving strong 

and weak acids and bases.  

- Explained above. 

2. Be able to select an appropriate indicator for a titration, given the equivalence point of 

the titration and the end point of the indicator. 

- Explained above.  

3. Explain how buffer solutions can be prepared by either mixing a weak acid/base with a 

solution of a salt containing its conjugate, or by partial neutralization of a weak acid/base 

with a strong acid/base. 

- Explained above.  

4. Be able to predict the relative pH of aqueous salt solutions formed by the different 

combinations of strong and weak acid and base. 

- This is the concept of salt hydrolysis, i.e. we split water with salts.  

Strong base and strong acid will give us a pH of 7 because its conjugate base and acid would 

be weak.  

Strong base and weak acid will give us a pH higher than 7 because weak acid will give a 

strong conjugate base that will react with water to form OH-. Since conjugate base would be 

an anion, we call it anion hydrolysis.  

Strong acid and weak base will give us a pH lower than 7 because weak base will give a 

strong conjugate acid that will react with water to form H+. Since conjugate acid would be 

positive, we call it cation hydrolysis.  

Weak acid and weak base will depend on the relative Ka and Kb values. The one with lowest 

value wins.  

TOK: 

1. Is a pH curve an accurate description of reality or an artificial representation? Does 

science offer a representation of reality? 


