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Section A 

Answer all the questions in this section in the spaces provided. 

1 

■ 

Deduce the symbol of this species and include its charge, if any, and its atomic and mass 
numbers. 

·
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(a) Define the term isotopes.

Isotopes are atoms of the same element with the same number of protons but different

············· .. number of neutrons······· ........................... ............................................................................................... [1]

(b) Compared to the isotope �He, a species has

• 8 times as many neutrons,
• 9 times as many electrons,
• 13 more protons.

31 P3−
·
15
·············································· ............................... Note: atomic number, mass number and charge must all be included in one single symbol·····································:·························· [3] 

Working:
Number of protons = 2 + 13 = 15 
Hence, the unknown species is P.

Number of electrons = 9(2) = 18 Hence, 
charge of unknown species = 3−

Number of nucleons = 8(4−2) + 15 = 31
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(c) T he relative atomic mass of an element depends on the percentage abundance of each
isotope present.

(i) A sample of sulfur contains four isotopes, as shown in Table 1.1.

Table 1.1 

isotope 
relative percentage 

isotopic mass abundance I%

328 31.972 95.02 

33s 32.971 0.75 

343 33.968 4.21 

363 35.967 0.02 

Calculate the relative atomic mass of sulfur in this sample, giving your answer to 
two decimal places. 

(ii) Suggest why the relative atomic mass in the Periodic Table for nickel is lower than that
for cobalt.

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

(d) Nickel reacts with sulfur to form nickel(II) sulfide, NiS.

State the electronic configurations of the nickel ion, Ni2+, and the sulfide ion, s2-.

Ni2+ 1s2 .................................................................................................................................. . 

s2
- 1 s2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .

[2] 

[Total: 9] 
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Note: answer must be in 2 d.p. (as stated in the question) or no credit will be given

A sample of cobalt contains primarily of the isotope 59Co, while in a sample of nickel,

58Ni is the isotope with the highest percentage abundance. 

2s2 2p6 3s2 3p6 3d8

2s2 2p6 3s2 3p6



Na is oxidised as the oxidation number of Na increases from 0 in Na to +1 in Na2O. 

KNO3 is reduced as the oxidation number of N decreases from +5 in KNO3 to 0 in N2.

Na  →  Na+  +  e−

2NO3
−  +  10e−  →  N2  +  6O2−

Note: species such as H2O, H+ and O2 should not appear in the half equations 
as they are not present in reaction 2.

Acid-base reaction

Na produced from reaction 1 will react with the KNO3 present via reaction 2 to form 

additional N2 gas, leading to the pressure in the airbag being greater than 1.00 atm.



KNO3 is added to remove the Na produced in reaction 1 which is highly reactive and 

potentially explosive if it comes into contact with water.

SiO2 is added to remove the Na2O and K2O produced in reaction 2 which will produce 

corrosive NaOH and KOH if it comes into contact with water.

OR

HN3

2NaN3  +  2HNO2  →  3N2  +  2NO  +  2NaOH



The standard enthalpy change of combustion is the energy released when 1 mole of a 

substance is completely burnt in excess oxygen at 1 bar and at a specified 

temperature, usually 298 K.
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Bond energy values involve bond breaking in the gaseous state. However, in the reaction 

involved in the enthalpy change of combustion of butane, water is in the liquid state. 

Note: not higher or lower
It will be more exothermic than that calculated in (b) as energy is released when 

water changes from the gaseous to liquid state.

Lattice energy of sodium chloride is less exothermic than that of magnesium oxide as

and Na+ and Cl− have lower charges and larger ionic radii than Mg2+ and O2−.
Note: not atomic radii

Note: Comparisons of both the charges and ionic radii are required as both factors differ in the ions 
involved.
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2Fe3+  +  Zn  →  2Fe2+  + Zn2+  

Amount of Fe2+:Amount of Fe3+ = 0.0468:0.0932 = 1:2. For every Fe2+ ion, there will be two 

Fe3+ ions, resulting in a total charge of +8. Hence, four O2− ions are required to balance 

the charge of three iron ions, and the Fe:O mole ratio is 3:4.

Error 1 will result in lower amounts of both Fe2+ and Fe3+ in solution X and hence less Fe2+ 

in solution Y. This leads to lower titre values in both titrations and hence lower calculated 

amounts of both Fe2+ and Fe3+. Error 2 will have no effect on the amount of Fe2+ 

calculated in (a)(i). However, it will result in less Fe2+ in solution Y and hence lower titre 

value in the second titration, leading to a lower amount of Fe3+ calculated in (c).
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benzene-1,4-dicarboxylic acid and ethane-1,2-diol

Condensation polymerisation, ester linkage

The ester linkage will undergo alkaline hydrolysis, causing degradation of PET.

Chemicals in the medicine may have hydrolysed PET, resulting in chemical 

leeching from the PET bottle.

Recycling PET can help to reduce fossil fuel consumption. The fuel needed for 

recycling is less compared to that needed to make new PET.
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Thickness of sheets

Breadth and length of sheets

Temperature

Polymer D. D is strong as it is able to withstand the largest mass before breaking 

compared to the rest of the polymers. It is also a little flexible as the amount of bend 

increases slightly with increasing mass added.



Polymer C is likely to be a LDPE with shorter and more branched chains while 

polymer D is likely to be a HDPE with longer and more linear chains. The branched 

chains of polymer C are packed less closely together as compared to the linear 

chains in polymer D. As a result, the instantaneous dipole-induced dipole between 

the molecules in polymer C are not extensive as in polymer D, leading to lower 

tensile strength and greater flexibility.

The −OH group present in PVA is able to form favourable hydrogen bonds with water 

molecules. Hence, PVA is soluble in water.

OR



The tape has millions of synthetic fibers which form instantaneous dipole-induced 

dipole interactions with surfaces. Individually the interactions are weak, but cumulatively 

the large surface area to volume ratio due to the micro- and nanoscale structures in the 

fibres results in strong adhesive forces.





A weak acid dissociates partially in water to form H3O+(aq).

pH = −lg[H+]

CH3CH2COOH(aq)  +  H2O(l)  ⇌  CH3CH2COO−(aq)  +  H3O+(aq)
acid base conjugate base conjugate acid

H2SO4  →  2H+  +  SO4
2−

pH = −lg (2 × 0.015) = 1.52

Chloride is less easily oxidised as it has a smaller ionic radius than iodide, and hence a 

lower tendency to lose electrons.

Solid iodine: simple molecular structure

Solid sodium iodide: giant ionic lattice structure



When solid iodine is heated, sufficient energy is supplied to overcome the weak 

instantaneous dipole-induced dipole interactions between the iodine molecules. 

However, the energy supplied is not sufficient to overcome the strong electrostatic 

forces of attraction between the oppositely charged Na+ and I− ions in sodium iodide.

1.54 × 10−5

0.6

0.1

rate  = 1.92 × 10−6 
= k × 0.2 × (0.2)2

    k  =  2.40 × 10−4 mol−2 dm6 h−1

2.40 × 10−4

mol−2 dm6 h−1



Rate of reaction will increase proportionally with [G] as the reaction is first order 

with respect to G. 

2-methylpropan-2-ol
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7 (a) Pure samples of ethanol and ethanoic acid are mixed, and equilibrium is established, as
shown.

(i) Write an equilibrium expression, K
c
, for this reaction.

(ii) The reaction mixture is allowed to reach equilibrium at constant temperature.

In this equilibrium mixture the concentrations are:

• ethanol, 0.56 mol dm-3 
• ethanoic acid, 0.94 mol dm-3

The K
c 

value is 3.98.

Calculate the equilibrium concentration of ethyl ethanoate.

[1]

[1]

(iii) State and explain the immediate effect on the equilibrium of adding a few drops of

o 

·····················································································································--················ [2]

(b) Calculate the pH of a 0.400 mol dm-3 solution of sodium hydroxide.

L!,_ucLES & MOE 2019 8873/02/O/N/19 
[2]

[Turn ov�

aqueous sodium hydroxide to the mixture.

The sodium hydroxide added will react with the ethanoic acid, decreasing the 

concentration of ethanoic acid. Hence, the position of equilibrium will shift to left
• 
 

• • • • • • � � � • • • • • • • • • • a •• • • • ft • • • , • o o o • o • • • • • • • • • o • • o • • • o • " • • • • • • w • • " • • • m • • • • • 0 m • • • • • • • • • • 0 o • • " • • • • • m , • • • • • o � • • • m m o • • • � o • o O • m o � o • o • • 0 • • � o • • • • • 

to increase the concentration of ethanoic acid, 

[OH−]  = 0.400 mol dm−3

pOH = −lg(0.400)
pH = 14 − (−lg(0.400))

=13.6
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Sodium sulfide has a giant ionic lattice structure with strong electrostatic forces of 

attraction between oppositely charged ions. A large amount of energy is required 

to overcome the strong bonds, hence sodium sulfide has a high melting point.

S2− is a basic anion like O2−. However, as S2− is larger than O2−, its attraction for H+ from H2O 

is weaker. Hence, the pH of a solution of Na2S is about 10, which is lower than that of Na2O.

Activation energy is the minimum amount of energy that the reactant particles must 

have to collide effectively to form products. 

Note:
• Horizontal axis is in terms of energy, not time or progress of reaction
• The graph should not become a horizontal straight line at high energy levels
• Graph needs to start from origin
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A heterogeneous catalyst is a catalyst that is in a different physical phase from the 

reactants. In this case, nickel is a solid while ethene and hydrogen are gases. Note: 
need to discuss definition using context given in question (Ni  catalyst, H2 and C2H4

Stage 1: Ethene and hydrogen molecules physically adsorb onto the active sites of 

the solid nickel surface, increasing the local concentration of reactants. The weak 

intermolecular forces of attraction formed between the reactant molecules and the 

active sites weaken the covalent bonds in the reactant molecules.

Stage 2: Adjacent ethene and hydrogen  molecules react to form products.

Stage 3: After the reaction, the adsorbed ethane molecules desorbs from the catalyst 

surface and diffuse away from  the nickel surface.

butan-2-ol
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