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Section A 

Answer all questions 
 

1 These diagrams show the electron arrangement in the outer shells of five elements, A to E.  
 All elements are from Period 3 of the Periodic Table.  
 

  
 Use the letters A to E to answer the following questions. 
 You may use each letter once, more than once or not at all. 
 

(a) Which elements are most likely to be non-metals? 
 
………………………………………………………………………………………………………. [1] 
 

(b) Which elements can act as reducing agents? 
 
………………………………………………………………………………………………………. [1] 

 
(c) Which element has an atomic number of 16? 

 
………………………………………………………………………………………………………. [1] 

 
(d) Which element will form three covalent bonds when it forms compounds? 

 
………………………………………………………………………………………………………. [1] 
 

(e) Which two elements will form a compound with the formula of the type YZ2? 
 
………………………………………………………………………………………………………. [1] 
 

(f) Which element will form an oxide that reacts with both acids and bases? 
 
………………………………………………………………………………………………………. [1] 
 

  [Total: 6] 
 

  

A, B, E 

C, D 

A 

E 

D and B / A and B 

C 
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2 Ethylamine, CH3CH2NH2, behaves similarly to ammonia in terms of its chemical properties.  
 The equation below shows what happens when ethylamine is dissolved in water.  
 
     CH3CH2NH2 + H2O ⇌ CH3CH2NH3

+ + OH– 

 
(a) According to the BrØnsted-Lowry theory, an acid is defined as a species that can donate 

protons (H+), while a base is a species that can accept protons.  
 
Based on the BrØnsted-Lowry theory and the given equation, explain whether ethylamine 
acts as an acid or a base. 
 
………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….[1] 

 
(b) The pH scale is a method to measure the acidity or alkalinity of a substance. Predict the pH 

of an aqueous solution of ethylamine. 
 

…………………………………………………………………………………………………….…[1] 
 
 (c)  Explain, in terms of structure and bonding, why ethylamine has a low boiling point. 

 
………………………………………………………………………………………………………….. 

 
………………………………………………………………………………………………………….. 

 
  …………………………………………………………………………………….…………………[2] 

 
(d) A student conducted an experiment to measure the electrical conductivity of an aqueous 

solution of sodium hydroxide and an aqueous solution of ethylamine.  
 
Predict and explain which solution will be a better electrical conductor. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….[2] 
 
 

(e) Ethylamine can react with acids to form a salt. For example, ethylamine reacts with 
hydrochloric acid according to the equation below: 

 
   CH3CH2NH2 + HCl → CH3CH2NH3Cl 
 
Deduce the formula of the salt formed when ethylamine reacts with sulfuric acid. 
 
……………………………………………………………………………………………………….[1] 

 
[Total: 7] 

 
  

Ethylamine acts as a base as it accepts a proton from water. 

8–11 

Only a small amount of energy is required to overcome the weak intermolecular forces of 

attraction [1] in ethylamine’s simple molecular structure. [1] 

NaOH [1] will be a better electrical conductor as it is a strong base that is fully ionised to 

produce more mobile ions [1]. 

(CH3CH2NH3)2SO4 
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3 Nitrogen oxides in the upper atmosphere cause damage to the ozone layer. Aircraft engines are 
 one source of nitrogen oxides.  
 

(a)  (i) Explain how nitrogen oxides are formed in the engine of an aircraft.  
  
 …………………………………………………………………………………………………... 
 
 …………………………………………………………………………………………………[1] 
 

  (ii) Give one natural source of nitrogen oxides in the atmosphere.  
    
   …………………………………………………………………………………………………[1] 
 

(b) Nitrogen monoxide, NO, damages the ozone layer by reacting with ozone in a two-step 
reaction.  
 
 NO + O3 → NO2 + O2 step 1 
 NO2 + O3 → NO + 2O2 step 2 
 
(i) Use oxidation states to identify which element is oxidised in step 1. 
 
 element ……………………………………. 
 
 change in oxidation state ………………………………………………..    [2] 
 
(ii) Write the equation for the overall reaction between nitrogen monoxide and ozone. 

 
………………………………………………………………………………………………..[1] 
 

(iii) Hence, state the role of NO in the reaction.    
 

 ………………………………………………………………………………………………  [1] 
  

(c) Nitrogen oxides are removed from car exhaust emissions with the aid of the platinum catalyst 
within catalytic converters.  
In a converter, nitrogen monoxide reacts with carbon monoxide.  
 
(i) Briefly explain why carbon monoxide is harmful to humans. 

 
...………………………………………………………………………………………………… 
 
...………………………………………………………………………………………………… 

 
 …………………………………………………………………………………………………[1] 
 
(ii) Explain, in terms of colliding particles, how the presence of the platinum catalyst 

speeds up the reaction between nitrogen monoxide and carbon monoxide. 
 
…………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………... 
 

 …………………………………………………………………………………………………... 
 
 …..…………………………………………………………………………………………… [2] 

 

Catalyst [1] 

At the high operating temperature of an aircraft engine, nitrogen and oxygen from 

air react to form nitrogen oxides. 

Lightning activity 

N [1] 

2O3 → 3O2 [1] 

+2 to +4 [1] 

CO binds irreversibly / binds more readily to haemoglobin in blood and reduces 

the ability of blood to transport oxygen in the body. [1] 

The catalysts on a catalytic converter lower the activation energy of the reaction 

by providing an alternative reaction pathway [1]. More particles possess energy 

greater than or equal to activation energy, resulting in a higher frequency of effective 

collisions. [1] 
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(iii) Cars fitted with catalytic converters still give out environmentally harmful gases.  
 Name one environmentally harmful gas that is emitted in large amounts and 
 describe the problem it causes. 
 
 …………………………………………………………………………………………………... 
 
 …………………………………………………………………………………………………[1] 
 

[Total: 10] 
  

Carbon dioxide is emitted in large quantities, which leads to global warming and 

causes the melting of polar ice caps and flooding of low-lying areas. 
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4 Cobalt can be extracted from one of its ores, linnaeite (a cobalt sulfide compound containing 
 traces of other metal compounds), through a 3-stage process. 
 

 
 

(a) (i) Describe a method to confirm the identity of the main gas in waste gas A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 (a) (i)  Why is copper metal left after treating with sulfuric acid in Stage 1? 
 
  …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………. [1] 

 
(ii) Draw a labelled diagram in the box below to show the structure of copper metal. 

 
[1] 

 
(iii) A sample of cobalt sulfide contain 58% of cobalt and 42% by mass of sulfur. Determine 
 the empirical formula of the cobalt sulfide.  

 
element Co S 
Percentage by mass / % 58 42 
Number of moles in 100 g / mol 0.9831 1.313 
Mole ratio  3 4 

 
 
 
 

 empirical formula …………………… [2] 

Stage 1: 
The ore is roasted to form a mixture of metals and metal oxides. The mixture is then heated 
with dilute sulfuric acid. Copper metal and an aqueous mixture of the sulfates of cobalt and 
other metals are formed.  
 

Stage 2: 
Sodium hypochlorite (NaOCl) is then added to the aqueous mixture leading to the formation 
of cobalt(III) hydroxide. 

2Co2+(aq) + NaOCl(aq) + 4OH–(aq) + H2O(l) → 2Co(OH)3(s) + NaCl(aq)  

Stage 3: 
Cobalt(III) hydroxide is decomposed to form cobalt(III) oxide and steam. The cobalt(III) oxide 
is further reduced by carbon to form cobalt metal. 
 

Copper is unreactive and does not react with acids. [1] 

Co3S4 
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 (b) (i) Explain using oxidation states whether sodium hypochlorite is an oxidising agent or 
   reducing agent in Stage 2. 

 
  …………………………………………………………………………………………………….. 
 
  …………………………………………………………………………………………………….. 
 
  …………………………………………………………………………………………………….. 
  
   …………………………………………………………………………………………………. [2] 
 
 (ii) Draw a dot and cross diagram for the hypochlorite ion, ClO–. It has a single bond between 
  the chlorine atom and oxygen atom.  
  Show outer electrons only. 

 
 
 
 
 
 
 
 

[2] 
 

 (c) State how cobalt(III) hydroxide can be separated from the reaction mixture after Stage 2 is 
completed.  
 
………………………………………………………………………………………………………. [1] 

 
 (d) Write chemical equations for the two reactions occurring in Stage 3. 

 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………. [2] 

 
[Total: 11] 

  

It is an oxidising agent as it was reduced. The oxidation number of chlorine decreased 

from +1 in NaOCl to –1 in NaCl / Cobalt has been oxidised as the oxidation number of 

cobalt increased from +2 in Co2+ to +3 in Co(OH)3.  

Filtration. 

2Co(OH)3 → Co2O3 + 3H2O [1] 

2Co2O3 + 3C → 4Co + 3CO2 [1] / Co2O3 + 3C → 2Co + 3CO 
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5 Electroplating is the process of using an electrical current to deposit a thin layer of metal onto 
an object. An example of electroplating is gold-plating. 

During an experiment to gold-plate a spoon, the apparatus was set up as shown below: 

Aqueous sodium dicyanoaurate, NaAu(CN)2, dissociates in water to form sodium ions, gold ions, 
and cyanide ions (CN–).  

(a) Give the formula of all the ions that are attracted to the cathode, after aqueous NaAu(CN)2 

dissociates.

.…………………………………………………………………………………………………………. [1] 

(b) (i) Gold is deposited at the cathode. Write the half-equation for the reaction at the cathode.

………………………………………………………………………………………………………. [1] 

(ii) Explain why gold ions are selectively discharged at the cathode.

………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………. [1] 

(c) A student measures the concentration of the NaAu(CN)2 electrolyte before and after the
gold-plating experiment. Predict and explain the results that the student will obtain.

.……………………………………………………………………………………………………………...

.……………………………………………………………………………………………………………...

.……………………………………………………………………………………………………………... 

.…………………………………………………………………………………………………………..[2] 

(d) In a separate experiment, the gold electrode was replaced with graphite. Describe and explain
a difference in observation during this experiment, compared to the experiment using the gold
electrode. Include an equation in your explanation.
You may assume that CN– ions are inert and do not take part in the reaction.

.……………………………………………………………………………………………………………... 

.……………………………………………………………………………………………………………... 

 .……………………………………………………………………………………………………………... 

.………………………………………………………………………………………………………….. [3] 

[Total: 8] 

pure gold rod steel spoon 

NaAu(CN)2(aq) 

H+, Na+, Au+. 

H+, Na+, Au+. 

Au+ + e– → Au  [1] 

The concentration remains the same. [1] The rate at which Au+ is reduced at the cathode is 

equal to the rate at which the Au is ionising to form Au+. [1] 

The anode does not dissolve, but instead an effervescence of O2 gas is observed at the anode.

[1] As the graphite anode does not undergo oxidation unlike the Au anode, OH–  ions are 

discharged to form O2 instead. [1] 4OH– → 2H2O + O2 + 4e– [1]   
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6 The combustion of ethanol or hydrogen releases energy. This enables them to be used as fuel.  
 

(a) The complete combustion of ethanol is represented by the following equation. 
 

 C2H5OH + 3O2 → 2CO2 + 3H2O  ∆H = –1370 kJ per mole of C2H5OH 
 
(i) Complete the energy profile diagram below for the combustion of ethanol.  
 Your diagram should include labels for the reaction enthalpy change and activation 

energy.          
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

  (ii) Explain, in terms of bond breaking and bond making, why this reaction is exothermic.  
   
  ………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………. [2] 
 
 (b) The complete combustion of hydrogen is represented by the following equation.  
 

2H2 + O2 → 2H2O 
 
  Use the bond energies given in the table below to calculate the energy released on burning 
  1 mole of hydrogen.      
     

bond bond energy / kJ mol–1 

H–H 436 
O=O 496 
O–H 460 

 
  Energy change = 2(436) + 496 – 4(460) [1] = –472 kJ/mol 

  Energy released per mole of H2 = 472 ÷ 2 = 236 kJ/mol [1]  

 
 
 

 Energy released = ………236 kJ/mol……… [2] 

energy / kJ 

progress of reaction 

Ea 

∆H = –1370  

C2H5OH + 3O2 

2CO2 + 3H2O 

More energy is released during bond formation in CO2 and H2O [1], compared to the 

energy absorbed during bond breaking in C2H5OH and O2, [1] hence there is a net 

release of energy to the surroundings, causing a rise in temperature. 
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 (c) Calculate the energy released when: 
 
  (i) 1 g of hydrogen is burned in excess oxygen. 
 
   energy released = 236 ÷ 2 = 118 kJ 
 
 
 
 

Energy released = ………………………… [1] 
 
  (ii) 1 g of ethanol is burned in excess oxygen.  
 
   energy released = 1370 ÷ 46 = 29.8 kJ (3 s.f.) 
 
 
 
 
 

Energy released = ………………………… [1] 
 
 (d) Hydrogen and ethanol can also be used in fuel cells to power electric cars. The figure below 
  shows a direct ethanol fuel cell (DEFC). 
  

 
 
   The half-equation for the DEFC at the negative electrode is: 

 
C2H5OH + 3H2O → 2CO2 + 12H+ + 12e– 

 

  (i) With reference to the diagram, what would be the half-equation at the positive electrode 
  in a DEFC? 

 
   …………………………………………………………………………………………………. [1] 

 
  (ii) Write the overall equation for the reaction occurring in a DEFC. 
 
   …………………………………………………………………………………………………. [1] 

[Total: 10] 

118 kJ 

29.8 kJ (3 s.f.) 

O2 + 4H+ + 4e– → 2H2O 

C2H5OH + 3O2 → 2CO2 + 3H2O 
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7 This question is about the chemistry of group 17 elements. Group 17 elements are also known 
 as halogens or “salt-producers”, based on their ability to form salts with sodium. Table 7.1 below 
 shows some information regarding the size of the halogen atoms, also known as the atomic 
 radius. 

Table 7.1 
element atomic radius / x 10–12 m 

fluorine 42 
chlorine 79 
bromine 94 
iodine 140 

 
 Group 17 elements have the ability to gain electrons during chemical reactions. One method of 
 measuring how readily elements gain electrons is by measuring their standard electrode 
 potential (Eo). Eo is measured in volts (V) and the more positive the Eo value, the greater the 
 tendency of a species to gain electrons. Eo is represented by half-equations showing the gain 
 of electrons of the respective species. The Eo of some of the  halogens are shown in Table 7.2 
 below. 

Table 7.2 
element Eo  / V 

F2 + 2e– → 2F– +2.87  
Cl2 + 2e– → 2Cl– +1.36 
Br2 + 2e– → 2Br–  

I2 + 2e– → 2I – +0.54 
  
 The melting points of some salts formed from group 17 elements are shown in Table 7.3 below.  

Table 7.3 
salt melting point / oC 

sodium fluoride 993 
sodium iodide 661 

magnesium fluoride 1263 
 

 Melting an ionic compound involves overcoming the ionic bonds present between the ions. 
 One way of measuring the strength of the ionic bonds in ionic compounds is to compare their 
 Lattice Energy (L.E.). The L.E. of ionic compounds can be determined by the formula:  

L.E. 𝛼𝛼 𝑞𝑞
+ × 𝑞𝑞− 
𝑟𝑟++ 𝑟𝑟−

 

 where  q+ is the charge of the cation 

   q – is the charge of the anion 

   r+ is the radius of the cation 

   r – is the radius of the anion 

   𝛼𝛼 is the mathematical symbol for “proportionate to”  
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 Besides reacting with metals to form salts, group 17 elements react with hydrogen to form 
 hydrogen halides. The bond energies of the hydrogen-halogen bond of some hydrogen halides 
 are shown below in Table 7.4.  

Table 7.4 
bond bond energy / kJ mol–1 

H–F 562 
H–Cl 431 
H–Br 366 
H–I 299 

 

 The hydrogen halides can dissolve in water to form aqueous acids. The acids produced can 
 then undergo dissociation according to the general equation: 

  HX(aq) ⇌ H+(aq) + X–(aq)   where X = F, Cl, Br, or I 

 During the dissociation of the acids, the H–X bond is broken in the process.  

 The strength of an acid can be quantified by the acid dissociation constant, Ka. The larger the 
 magnitude of Ka, the stronger the acid. Table 7.5 shows the Ka values of some aqueous 
 acids formed from hydrogen halides: 

Table 7.5 
aqueous acid Ka / mol dm–3 

HF(aq) 6.6 x 10–4 

HCl(aq) 1.4 x 106 
HBr(aq) 1.0 x 109 
HI(aq) 3.2 x 109 

 
 (a) Describe and explain the trend in atomic radius shown in Table 7.1.  
 
  ………………………………………………………………………………………………………... 
 
  ………………………………………………………………………………………………………... 
 
  …………………………………………………………………………………………………….. [2] 

 (b) (i) The Eo value for bromine is not given in Table 7.2. State a possible Eo value for bromine.  
 
   ………………………………………………………………………………………………..[1] 
 
 (ii) Hence or otherwise, arrange the group 17 elements shown in Table 7.2 based on their 
  strength as oxidising agents, starting with the strongest oxidising agent first.  
 
    ………………………………………………………………………………………………. [1] 
 
 (c) Use suitable information provided in the question to explain the differences in melting points 
  of the salts shown in Table 7.3. 
 
  ………………………………………………………………………………………………………... 
 
  ………………………………………………………………………………………………………... 
 
  ………………………………………………………………………………………………………... 
 
  …………………………………………………………………………………………………….. [2] 

The atomic radius increases down the group [1] due to an increase in the number of 

electron shells. [1] 

any value between +0.55 and +1.35 V 

F2 > Cl2 > Br2 > I2 

The melting point of NaI is lower than NaF due to the larger radius of I– which decreases 

the magnitude of the L.E. [1]. The melting point of MgF2 is higher than NaF as Mg2+ has a 

higher charge than Na+. [1] 
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 (d) Describe the trend in the strength of the aqueous acids shown in Table 7.5. 
 Use data from Table 7.4 to suggest an explanation for the trend.  
 
 ………………………………………………………………………………………………………... 
 
  ………………………………………………………………………………………………………... 
 
  ………………………………………………………………………………………………………... 
 
  …………………………………………………………………………………………………….. [2] 
  

 The aqueous acids in Table 7.5 can be reacted with magnesium metal to liberate hydrogen 
 gas. 50 cm3 of 0.1 mol/dm3 HBr(aq) was reacted with excess magnesium at room temperature 
 and pressure. The volume of gas evolved over time is plotted in Figure 7.1 below: 

 

  

 
  
 
 
 
 
 
 
 
 

Figure 7.1 
 (e) (i) Calculate the volume of hydrogen produced, x, shown in Figure 7.1.  

    Mg + 2HBr → MgBr2 + H2 

    No. of moles of HBr = (50/1000) x 0.1 = 0.005 mol [1] 

   Volume of H2, x = (0.005/2) x 24000 = 60 cm3 [1] 

 

 

 

 

[2] 

  (ii) Sketch, on Figure 7.1, the graph that would be obtained for the reaction between  
   50 cm3 of 0.1 mol/dm3 HF(aq) and excess magnesium, assuming all other conditions 
   remain the same. Label your graph as HF.         [1] 

[Total: 11] 
 

volume gas / cm3 

time  

x 

The strength of the acids increase from HF<HCl<HBr<HI. [1] This is due to the 

decreasing strength of the H-X bonds, exemplified by the decrease in B.E. from H-F to 

H-I shown in table 7.4. Thus, the extent of dissociation increases / as less energy is 

required to break the H-X bond. [1] 

HF 
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8 A company manufactures polymers. It sells one of its polymers under the trade name of “PB-1”. 
 

The table shows some information about PB-1. The term “softening temperature” is used for 
materials that have no definite melting point. 
 

structure molecular mass softening temperature 
 

 
 

5600  115 oC 

 
 (a) (i) Draw the structural formula of the monomer used to make PB-1.  
 
    
 
 
 
 
 

[1] 
  (ii) Name this monomer.  
 
   …………………………………………………………………………………………………[1] 
 
  (iii) What type of polymerisation occurs when PB-1 forms from its monomers? 
 
   …………………………………………………………………………………………………[1] 
 
 (b) The company sells two types of PB-1. 
 
  The polymer in the table is low molecular mass PB-1. 
 

(i) Calculate the number of monomer units in each molecule of low molecular mass PB-1.  
 
Mr of monomer = 12(4) +8(1) = 56 
No. of monomer units = 5600 ÷ 56 = 100 
 
 
 
 
 

Number of monomer units ……………………. [1] 
 
 
 
 
 
 
 
 
 
 
 

Butene. 

Addition polymerisation 

100 
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(ii) High molecular mass PB-1 has different properties.  
 
Suggest the softening temperature of high molecular mass PB-1. 
Explain your answer.  
 
Softening temperature ……………………. oC 
 
Explanation …………………………………………………………………………………….. 
 
…………………………………………………………………………………………………[2] 

 
(iii) Explain why PB-1 has no definite melting point.  
 
 .…………………………………………………………………………………………………... 

 
………………………………………………………………………………………………….[1] 

[Total: 7]  

Between 116 to 500 

With a higher molecular mass, the intermolecular forces are stronger and 

require more energy to overcome. 

They are mixtures [1] consisting of macromolecules of different chain lengths. 
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Section B 
Answer one question from this section. 

 
9  The table shows some information about the homologous series of a class of organic compounds 

called acyl chlorides.  
  

name condensed formula displayed formula 

ethanoyl chloride CH3COCl 

 
 
 

propanoyl chloride 
 
 
 

C2H5COCl  

butanoyl chloride C3H7COCl 

 
 

(a) (i) Fill in the table to show the name and displayed formula of the acyl chloride that occurs 
 between ethanoyl chloride and butanoyl chloride in the homolgous series.     [1] 
 
(ii) Explain how you can tell that these molecules are from the same homologous series.  

 …………………………………………………………………………………………………... 

 …………………………………………………………………………………………………... 

 ………………………………………………………………………………………………..[2] 

(iii) Predict the condensed formula of the acyl chloride that contains 7 carbon atoms.  

 ………………………………………………………………………………………………..[1] 

(b) Ethanoyl chloride reacts with methanol in the following reaction. 
 

CH3COCl + CH3OH → CH3COOCH3 + HCl 
               compound X 
 
 (i) What is the name of compound X? 
 
  ………………………………………………………………………………………………..[1] 
 
 (ii) When 64 g of methanol was reacted with excess ethanoyl chloride, 140 g of compound 
  X was obtained. Calculate the percentage yield of compound X.  
 
   No. of moles of methanol = 64 ÷32 = 2 mol [1] 

   Theoretical mass of X = 2 x 74 = 148 g 

   Percentage yield = (140 ÷ 148) x 100% = 94.6% (3 s.f.) [1] 

 
 

[2] 

They have the same COCl functional group and successive members differ in 

formulae by a –CH2– group / same general formula CnH2n+1COCl . 

C6H13COCl 

Methyl ethanoate 
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 (iii) Ethanoic acid also reacts with methanol. 
  Write an equation for the reaction of ethanoic acid and methanol. 
 
  ………………………………………………………………………………………………..[1] 
 
 (iv) Give one similarity and one difference between the reaction of ethanoyl chloride with 
  methanol and the reaction of ethanoic acid with methanol. 
 
  similarity ………………………………………………………………………………………... 
 
  …………………………………………………………………………………………………... 
 
  difference ……………………………………………………………………………………… 
 
  …………………………………………………………………………………………………[2] 
 

[Total: 10] 
  

CH3CO2H + CH3OH ⇌ CH3CO2CH3 + H2O 

Both produce the same ester / an ester is formed as the product / a small 

molecule is removed during the reaction / both are condensation reactions 

The side product is H2O and HCl respectively for the reaction between 

ethanoic acid and methanol, and the reaction between ethanoyl chloride 

and methanol. 
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10 Table 10.1 shows the formulae of the first three members of the alcohol homologous series.  
 

Table 10.1 
alcohol formula 

methanol CH3OH 
ethanol  C2H5OH 

propanol C3H7OH 
 

(a) State the general formula of the alcohol homologous series. 
 
……………………………………………………………………………………………………….[1] 

  
(b) Ethanol can be manufactured from either ethene or glucose.  
 

(i) Write an equation for the production of ethanol from ethene and state the conditions 
under which the reaction takes place.  
 
………………………………………………………………………………………………….... 
 
………………………………………………………………………………………………….... 
 
…………………………………………………………………………………………………[2] 

 
(ii) The fermentation of glucose can be represented by the following equation. 

 
C6H12O6 → 2C2H5OH +2CO2 

 
When 3.6 kg of glucose was fermented, 1.5 kg of ethanol was obtained. Calculate the 
percentage yield of ethanol.  
 

   no. of moles of glucose = 3600 ÷ 180 = 20 mol  

   theoretical no. of moles of C2H5OH = 2 x 20 = 40 mol [1] 

   theoretical mass of C2H5OH produced = 40 x 46 = 1840 g [1]  

   percentage yield = (1500 ÷ 1840) x 100% = 81.5% (3 s.f.) [1] 

 
 
 
 

 
 

[3] 
 

(iii) Explain why ethanol made from ethene is a non-renewable fuel but that made from 
glucose is a renewable fuel.  

 
………………………………………………………………………………………………….... 
 
………………………………………………………………………………………………….... 
 
………………………………………………………………………………………………….... 
 
…………………………………………………………………………………………………[2] 

 

CnH2n+1OH / CnH2n+2O 

C2H4 + H2O → C2H5OH. [1] High temperature and pressure in the presence of H3PO4 

catalyst. [1] 

Ethene is obtained from fossil fuels, which is a finite and non-renewable resource. 

glucose is obtained from crops that have a relative short life cycle and thus can be 

considered to be renewable resources. 
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(c) Propanol reacts in a similar way to ethanol.  
 
  (i) Name the organic product of the reaction between propanol and warm, acidified  

  potassium manganate(VII). 
 
   …………………………………………………………………………………………………[1] 
 
  (ii) Draw the structure of the compound formed when the organic product in (c)(i) reacts 

  with ethanol.  
 
 
 
 
 
 
 
 
 

   [1] 
[Total: 10]

propanoic acid. 
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