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Answers 

Practice exam questions 

Anne Hodgson 

Check your answers to the questions in the magazine. 

How iridium marked the end of the dinosaurs 

1 a 
700 × 10−9 g

2500 g
 × 1 × 109 = 0.28 ppb 

b 
495 × 10−9 g

50 g
 × 1 × 109 = 9.9 ppb 

c 
9.4 × 10−9 g

2 × 10−3g
 × 1 × 109 = 4700 ppb = 4.7 ppm 

2 Rock sample (a) has a low level of iridium characteristic of rocks found near the surface (the 

sample was from a 3-million-year-old sedimentary rock). 

Rock sample (b) has a level of iridium characteristic of the 66 million year old K-Pg boundary layer. 

Rock sample (c) has a very high level of iridium and is likely to have come from a meteorite (this is 

a sample of the Willamette meteorite, which was found in the state of Oregon, USA). 

3 As stated in Box 2, the relative atomic mass of iridium is 192.217. 

495 ×  10−9 g

192.217 g mol−1
 = 2.575 × 10−9 mol = 2.6 nmol 

Revision note: Buffers 

1 A buffer solution with a pH of 3.87 was prepared using ethanoic acid and sodium ethanoate. In the 

buffer solution, the concentration of ethanoate ions was 0.136 mol dm–3 

Calculate the concentration of ethanoic acid in the buffer solution. Give your answer to three 

significant figures. 

The value of Ka for ethanoic acid is 1.74 × 10–5 mol dm–3 at 25°C. 

Step 1: Write an expression for Ka  

𝐾a  =  
[CH3COO−(aq)] [H+(aq)]

[CH3COOH(aq)]
  

Step 2: We have been given:  

Ka = 1.74 × 10–5 mol dm–3 

Concentration of ethanoate ions = 0.136 mol dm–3 

pH = 3.87 

Concentration of H+ ions = Unknown 

Concentration of ethanoic acid = Unknown 
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From this information we can calculate [H+] by rearranging the formula pH = –log10 [H+] to 

give: 

[H+]  = 10–pH 

[H+] = 10-3.87 mol dm–3 = 1.35 × 10–4 mol dm–3 

Step 3: Answer the question 

Now we have everything but the concentration of ethanoic acid. Therefore, we can rearrange 

the expression of Ka to find the concentration of CH3COOH. 

𝐾a  =  
[CH3COO−] [H+]

[CH3COOH]
 

[CH3COOH]  =  
[CH3COO−] [H+]

𝐾a

 

[CH3COOH]  =  
0.136 × (1.35 ×  10−4) 

1.74 × 10−5
 

[CH3COOH]  =  1.06 mol dm–3 

2 A buffer solution is made by mixing 0.510 mol of methanoic acid, HCOOH, with 0.450 mol of 

sodium methanoate, HCOO–Na+, in 500 cm3 of water. 

a Write a chemical equation to represent the equilibrium established in the buffer solution and write 

the expression for Ka. 

HCOOH ⇌ HCOO- + H+ 

𝐾a  =  
[HCOO−(aq)] [H+(aq)]

[HCOOH(aq)]
 

b Explain how this buffer resists change in pH on addition of a small quantity of base, OH–. 

When OH– ions are added they react with the HCOOH to produce water molecules and more HCOO– 

HCOOH + OH– → HCOO– + H2O 

c Calculate the pH of the buffer solution formed.  

(Ka of methanoic acid at 25°C = 1.8 × 10–4 mol dm–3) 

500 cm3 = 0.5 dm3 

[HCOOH]  = 0.510 mol / 0.5 dm3 

   = 1.02 mol dm–3  

[HCOO–]  = 0.450 mol / 0.5 dm3 

   = 0.90 mol dm–3 

𝐾a  =  
[HCOO−] [H+]

[HCOOH]
 

therefore 

[H+]  =  
𝐾a  ×  [HCOOH] 

[HCOO−]
 

[H+]  =  
(1.8 ×  10−4)mol dm−3  ×  1.02 mol dm−3 

0.9 mol dm−3
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[H+] = 2.04 × 10–4 mol dm–3 

pH = -log10 [H+] 

 pH  = -log10 (2.04 x 10–4) 

 pH  = 3.69 

3 A buffer solution containing 0.025 mol of sodium ethanoate (CH3COO–Na+) dissolved in 500 cm3 of 

0.070 mol dm–3 ethanoic acid (CH3COOH) has a pH of 4.61 at 25°C. 

A sample of 5.00 cm3 of 2.00 mol dm–3 hydrochloric acid (HCl) is added to this buffer solution. 

Calculate the resulting pH of the buffer after the addition of the acid. 

For ethanoic acid, Ka = 1.74 × 10–5 mol dm–3 at 25°C 

Step 1: Calculate the moles (n) of HCl and CH3COOH 

Convert the volumes from cm3 to dm3 (1 dm3 = 1000 cm3): 

500 cm3 = 0.5 dm3 

5 cm3 = 5 × 10–3 dm3 

n = c × v  where c = concentration and v = volume 

for HCl  n = 2.00 mol dm–3 × 5 × 10–3 dm3 

   = 0.01 mol 

for CH3COOH n = 0.070 mol dm–3 × 0.5 dm3 

  = 0.035 mol 

Step 2: Calculate the new number of moles of CH3COO- and CH3COOH upon addition of HCl 

The 0.01 mole of HCl has reacted with the 0.025 moles of CH3OO–. 

First, HCl completely dissociates. Therefore: 

HCl → H+ + Cl– 

0.01 → 0.01 + 0.01 

This means that 0.01 moles of H+ reacts with 0.01 moles of the 0.025 moles of CH3COO–: 

CH3COO- + H+ → CH3COOH 

Therefore: 

Moles of CH3COO- remaining = 0.025 – 0.01 

    = 0.015 

Second, when the HCl reacted with the CH3COO– it produced 0.01 moles more of CH3COOH. 

CH3COO- + H+ → CH3COOH 

0.01 + 0.01 → 0.01 

This means that there are an additional 0.01 moles of CH3COOH. Therefore: 

Moles of CH3COOH  = 0.035 + 0.01 

   = 0.045 mol 
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Step 3: Calculate the concentration of H+ ions. 

First, calculate the concentrations of CH3COOH and CH3COO– using the new number of moles.  

Note that the total volume of solution is 500 cm3 + 5 cm3 = 505 cm3 = 0.505 dm3. 

CH3COOH  = 0.045 mol / 0.505 dm3 

  = 0.0891 mol dm–3 

CH3COO– = 0.015 mol / 0.505 dm3 

  = 0.0297 mol dm–3  

Second, write an expression for Ka, rearrange it to make [H+] the subject and then insert the values: 

𝐾a  =  
[CH3COO−] [H+]

[CH3COOH]
 

[H+]  =  
𝐾a  ×  [CH3COOH] 

[CH3COO−]
 

[H+]  =  
(1.74 × 10−5)  ×  0.0891 

0.0297
 

[H+] = 5.22 × 10–5 mol dm–3 

Step 4: Calculate pH 

pH = –log10[H+] 

pH = –log10 (5.22 × 10–5) 

 = 4.28 

4 250 cm3 of buffer solution was prepared with 0.260 mol dm–3 of methanoic acid and 0.121 mol dm–3 

of potassium methanoate in deionised water. 

7.00 × 10–3 mol of solid sodium hydroxide was added to the buffer. 

Calculate the pH of the buffer solution after the sodium hydroxide was added. Give your answer to 

two decimal places. 

The value of Ka for methanoic acid is 1.8 × 10–4 mol dm–3 at 25°C. 

Step 1: Calculate the number of moles of HCOOH and HCOO– 

Convert the volume from cm3 to dm3 (1 dm3 = 1000 cm3): 

250 cm3 = 0.25 dm3 

Moles of HCOOH  = 0.260 mol dm–3 × 0.25 dm3  

   = 0.065 moles 

Moles of HCOO– = 0.121 mol dm–3 × 0.25 dm3 

   = 0.030 moles 

Step 2: Calculate the new number of moles of HCOO– and HCOOH 

7.00 × 10–3 mol = 0.007 mol 

The 0.007 moles of NaOH reacts with 0.007 moles of HCOOH.  
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Moles of HCOOH  = 0.065 – 0.007 

   = 0.058 moles 

This reaction produces an additional 0.007 moles of HCOO– 

Moles of HCOO–  = 0.030 + 0.007 

   = 0.037 moles 

Step 3: Calculate the concentration of H+ ions 

First, calculate the concentrations of HCOOH and HCOO– using the new numbers of moles 

[HCOOH]  = 0.058 mol / 0.25 dm3 

  = 0.232 mol dm–3 

[HCOO–]  = 0.037 mol / 0.25 dm3 

  = 0.148 mol dm–3  

Second, write an expression for Ka, rearrange it to make [H+] the subject and then insert the values: 

𝐾a  =  
[HCOO−] [H+]

[HCOOH]
 

therefore 

[H+]  =  
𝐾a  ×  [HCOOH] 

[HCOO−]
 

[H+]  =  
(1.8 ×  10−4)mol dm−3  ×  0.232 mol dm−3 

0.148 mol dm−3
 

 [H+]  = 2.82 × 10–4 mol dm–3 

Step 4: Calculate the pH 

pH  = –log10[H+] 

 = –log10 (2.82 × 10–4) 

= 3.55 
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Lithium batteries vs hydrogen fuel cells: the future 
of automotive power 

1 a  

i Li 
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b   The radius of a lithium ion (Li+) is smaller than a hydride ion (H–) because lithium has a 

greater positive nuclear charge (+3) than that of hydrogen (+1). This greater nuclear charge of Li+ 

attracts the two electrons in the 1s2 orbital more strongly than the single proton in H– attracts the 

electrons in its 1s2 orbital. 

2 Lithium has a relative atomic mass of 6.94 and hydrogen has a relative atomic mass of 1.01. 

LiH has a density of 0.78 g cm–3.  

a LiH has a molar mass of 6.94 + 1.01 = 7.95 g mol–1 

b The volume of a cube of LiH with sides 10 cm long is 10 × 10 × 10 = 1000 cm3 

As the density of LiH is 0.78 g cm-3, the mass of the cube is 0.78 g cm–3 × 1000 cm3 = 780 g 

The molar mass of LiH is 7.95 g mol–1, therefore 1000 cm3 contains 

780 g

7.95 g mol
-1

= 98.1 mol 

As there is 1 mol of H per mol of LiH, there will be 98.1 mol of hydrogen in the cube. 

c There are 98.1 mol of lithium in the block of LiH.  

The molar mass of lithium is 6.94 g mol–1. 

The mass of lithium in 98.1 mol is 6.94 g mol–1 × 98.1 mol = 680.8 g. 
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