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The ionic product of water, Kw  
Water is able to act as either an acid (by donating protons, H+) or a base (by accepting protons). 

 

Kw is called the ionic product of water. Its value at 298K is 1.00 × 10–14mol2dm–6. 

pH calculations 
pH is defined as the negative logarithm to the base 10 of the hydrogen ion concentration. In symbols 

this is written: pH = – log10 [H+] 
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Note that:  

 the negative sign is introduced to make the pH values positive in most cases  

 the logarithms used are to the base 10 (not to the base e), so make sure that when doing 

calculations you press the log or lg button on your calculator (not the ln button)  

 we can use this equation to convert [H+] to pH or pH to [H+ ]. 

 

Calculating pH values from [H+] 

 

Calculating [H+] from pH 

 

The pH of strong acids 
Monobasic acids contain only one replaceable hydrogen atom per molecule. Strong monobasic acids 

such as hydrochloric acid are completely ionised in solution. 

 pH of 0.1moldm–3 HCl is –log(1 × 10–1moldm–3) = pH 1 

 pH of 0.01moldm–3 HCl is –log(1 × 10–2moldm–3) = pH 2 

 pH of 0.001moldm–3 HCl is –log(1 × 10–3moldm–3) = pH 3 
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Calculating the pH of strong bases 
To calculate the pH of a solution of strong base we need to know: 

 the concentration of OH– ions in solution 

 the equilibrium expression for the ionisation of water: 

 Kw = [H+][OH–] 

 the value of Kw for water 

 

Weak acids – using the acid dissociation constant, Ka 

Ka and pKa 

 

Ka is called the acid dissociation constant. At 298K the value of Ka for the dissociation of ethanoic acid is 

1.74 × 10–5moldm–3. The units of Ka are determined in the same way as for Kc. For the dissociation of a 

monobasic acid the units are mol dm–3. 
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The value of Ka indicates the extent of dissociation of the acid. 

 A high value for Ka (for example, 40moldm–3) indicates that the position of equilibrium lies to the 

right. The acid is almost completely ionised. 

 A low value for Ka (for example, 1.0 × 10–4moldm–3) indicates that the position of equilibrium lies 

to the left. The acid is only slightly ionised and exists mainly as HA molecules and comparatively 

few H+ and A– ions. 

As Ka values for many acids are very low, we can use pKa values to compare their strengths. 

 pKa = – log10 Ka 

 

Calculating Ka for a weak acid 
We can calculate the value of Ka for a weak acid if we know: 

 the concentration of the acid 

 the pH of the solution. 

 

 

 

 

 

 

 

In order to calculate the value of Ka we make two assumptions. 
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 We ignore the concentration of hydrogen ions produced by the ionisation of the water 

molecules present in the solution. This is reasonable because the ionic product of water (1.00 × 

10–14mol2dm–6) is negligible compared with the values for most weak acids 

 We assume that the ionisation of the weak acid is so small that the concentration of 

undissociated HA molecules present at equilibrium is approximately the same as that of the 

original acid. 

 

Calculating the pH of a weak acid 
We can calculate the pH value (or [H+]) of a weak 

acid if we know: 

 the concentration of the acid 

 the value of Ka for the acid. 
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Indicators and acid–base titrations 

Introducing indicators 
many indicators can be considered as weak acids in which the acid (HIn) and its conjugate base (In–) 

have different colours. 

 

 Adding an acid to this indicator solution shifts the position of equilibrium to the left. There are 

now more molecules of colour A. 

 Adding an alkali shifts the position of equilibrium to the right. There are now more ions of colour 

B. 

 The colour of the indicator depends on the relative concentrations of HIn and In–. The colour of 

the indicator during a titration depends on the concentration of H+ ions present. 

 

 

Strong acids with strong bases 
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These results show: 

 a sharp fall in the graph line between pH 10.5 and pH 3.5; in this region tiny additions of H+ ions 

result in a rapid change in pH 

 a midpoint of the steep slope at pH 7 

 the midpoint of the sharp fall corresponds to 

the point at which the H+ ions in the acid 

have exactly reacted with the OH– ions in the 

alkali; this is the end-point of the titration 

 that bromothymol blue indicator changed 

from blue to yellow over the range 7.6 to 6.0 

where the slope is steepest. 

            

 

 

 

 

 

 

 

 

Strong acids with weak bases 
 

These results show: 

 a sharp fall in the graph line between pH 7.5 and pH 3.5 

 that the midpoint of the steep slope is at about pH 5. 
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Weak acids with strong bases 

 

These results show: 

  a sharp fall in the graph line 

between pH 11 and pH 7.5 

  that the midpoint of the steep 

slope is at about pH 9. 

 

 

 

 

Weak acids with weak bases 

 

Buffer solutions 

What is a buffer solution? 
A buffer solution is a solution in which the pH does not change significantly when small amounts of acids 

or alkalis are added. A buffer solution is used to keep pH (almost) constant. 

An increase in hydrogen ion concentration would greatly lower the pH of water, but when H+ ions are 

added to the buffer solution: 

 addition of H+ ions shifts the position of equilibrium to the left because H+ ions combine with 

CH3COO– ions to form more CH3COOH- until equilibrium is re-established 

 the large reserve supply of CH3COO– ensures that the concentration of CH3COO– ions in solution 

does not change significantly  

 the large reserve supply of CH3COOH ensures that the concentration of CH3COOH molecules in 

solution does not change significantly 

 so the pH does not change significantly 
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An increase in hydroxide ion concentration would greatly increase the pH of water, but when OH– ions 

are added to the buffer solution: 

 the added OH– ions combine with H+ ions to form water 

 this reduces the H+ ion concentration 

 the position of equilibrium shifts to the right 

 so CH3COOH molecules ionise to form more H+ and CH3COO– ions until equilibrium is re-

established 

 the large reserve supply of CH3COOH ensures that the concentration of CH3COOH molecules in 

solution does not change significantly 

 the large reserve supply of CH3COO– ensures that the concentration of CH3COO– ions in solution 

does not change significantly 

 so the pH does not change significantly 

Calculating the pH of a buffer solution 
We can calculate the pH of a buffer solution if we 

know: 

 the Ka of the weak acid 

 the equilibrium concentration of the weak 

acid and its conjugate base (salt). 

Uses of buffer solutions 
Buffer solutions play an important part in many 

industrial processes, including electroplating, the 

manufacture of dyes and in the treatment of 

leather. 
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Equilibrium and solubility 

Solubility product 

 

Solubility product is the product of the concentrations of each ion in a saturated solution of a sparingly 

soluble salt at 298K, raised to the power of their relative concentrations. 
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Solubility product calculations 

  

Predicting precipitation 

 

The common ion effect 
The common ion effect is the reduction in the solubility of a dissolved salt achieved by adding a solution 

of a compound which has an ion in common with the dissolved salt. This often results in precipitation. 
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Partition coefficients 
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EXCERSISE 

1.   

a. Ethanol has a great number of uses. For industrial purposes, it can be manufactured via the 

following reversible reaction. 

 C2H4(g) + H2O(g) ⇌ C2H5OH (g)  ∆H=-46 kJ mol-1 

The optimum pressure for this reaction is between 60 and 70 atm. 

State and explain the effect, if any, that increasing the overall pressure would have on the 

equilibrium yield of ethanol. Use Le Chatelier's principle to explain your answer. 

b. Although Le Chatelier's principle is used to suggest the best conditions for a reaction, often 

a compromise has to be made. 

i. Use Le Chatelier's principle to suggest whether a high or low temperature should be 

used to produce the maximum yield of ethanol in the reaction from part (a). 

ii. State a problem that may occur from using this temperature. 

c. Ethanol can be used as a reactant in another equilibrium reaction; the manufacture of ethyl 

ethanoate. 

 CH3CH2OH(I) + CH3COOH(I) ⇌ CH3COOCH2CH3(I) + H2O(l) 

Give the expression for the equilibrium constant, Kc, for this equilibrium. 

d. A student set up the esterification reaction seen in part (c), adding ethanol and ethanoic 

acid to a reaction vessel. They set the reaction up in a closed system, at a constant 

temperature and allowed equilibrium to be reached. 

The reaction was done in a container with a volume of 250 cm3. 

Table 1.1 below shows the amount of each substance present in the equilibrium mixture. 

            
i. Calculate Kc for this reaction to 2 decimal places. 

ii. Deduce the units for Kc. 

 

2.   

a. Ammonia can be manufactured from nitrogen and hydrogen gases in the Haber process. The 

equilibrium is shown below. 

 N2 (g) + 3H2(g) ⇌ 2NH3 (g) ∆H = -91 kJ mol-1 

Write an expression for Kc for this equilibrium. 

b. A chemist carries out a series of experiments to investigate the conversion of nitrogen and 

hydrogen into ammonia under different conditions. The chemist mixes together 10.40 mol 

N2 and 22.50 mol H2 and pressurises the gases so that the total gas volume is 5.00 dm3. The 
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mixture is allowed to reach equilibrium at constant temperature and without changing the 

total gas volume. The equilibrium mixture contains 5.60 mol NH3. 

i. Calculate Kc at this temperature. Give your answer to three significant figures. Show 

your working. 

ii. State the units for Kc. 

c. The chemist repeats the experiment several times. In each experiment, the chemist makes 

one change. The chemist heats the mixture to a higher temperature at constant pressure. 

Explain whether the value of Kc would be greater, smaller or the same. 

d. The chemist increases the pressure of the mixture at constant temperature. Explain whether 

the value of Kc would be greater, smaller or the same. 

 

3.   

a. This question is about Brønsted-Lowry acids and bases. 

i. Give the meaning of the term Brønsted-Lowry base.  

ii. Explain the term weak acid. 

b. A student titrated 0.10 mol dm-3 acid into a conical flask containing 25.0 cm3 of 0.1 mol dm-3 

of a base, recording the pH with each addition of acid. 

The student repeated the procedure using different combinations of acids and bases. 

 

Identify which curve shown 

above in Fig. 5.1, is the acid-

base combination for the 

following: 

i. Ammonia and ethanoic 

acid. 

ii. Ammonia and nitric 

acid. 

iii. Sodium hydroxide and 

propanoic acid. 

 

 

 

 

 

 

 

c. Identify which indicator given in Table 5.2 would be most suitable for curve Z. Justify your 

answer. 

 

 

 

 

d. Water is amphoteric and will react with nitric 

acid and ammonia. 
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i. Write an equation to show how water reacts with ammonia 

ii. Explain the term amphoteric. 

 

4.   

a. The following dynamic equilibrium was reached at temperature, T, in a closed container. 

 3A (g) + 2B (g) ⇌ 2C (g)   ∆H = - 65 kJ mol-1 

The value of Kc for the reaction was 255 mol-1 dm3 when the equilibrium mixture contained 

3.34 mol of A and 4.28 mol of C. 

i. Give the definition of dynamic equilibrium. 

ii. Write an expression for K, for the reaction. 

b. Calculate the concentration of B in the equilibrium mixture if the volume of the container is 

8.00 dm3. Give your answer to 3 significant figures. 

c. Changing the conditions of a closed container can have an effect on the concentrations of 

the reactants, products and Kc. State the effect, if any, on the concentration of B at 

equilibrium if temperature, T, is increased and give a reason for your answer. 

d. Calculate the equilibrium constant for the following reaction at temperature, T. 

 2C (g) ⇌ 3A (g) + 2B (g) 

 

5.   

a. A student carried out some acid-base titrations using different reactants. The indicators and 

their pH range are given in Table 3.1. 

         
In the first titration, they titrated 10.0 cm3 of 0.200 mol dm-3 HCl against 0.200 mol dm-3 

aqueous ammonia. 

Sketch the pH curve that would be obtained from this titration. 

b. Using Table 3.1, explain why methyl red is a suitable indicator for the first titration but 

phenolphthalein is not. 

c. In a second titration, the student titrated 25.0 cm3 of 0.200 mol dm3 sodium hydroxide 

against 0.100 mol dm-3 ethanoic acid solution. 

Sketch the graph that would be obtained for this titration. 

d. Using Table 3.1, explain why phenolphthalein is a suitable indicator for the second titration 

but methyl orange is not. 

e. Explain whether the other two indicators in Table 3.1 are suitable for use in either titration. 
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