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ANSWER ALL THREE QUESTIONS
33 marks in all

Show all working in calculations and give numerical answers to three significant figures with correct
units. Use chemistry vocabulary, symbols and conventions (IUPAC) in all explanations; the more
clearly you link ideas (cause and effect), the higher the level of your answer.

Formula sheet
Relationships: n = cV; rate = change in quantity ÷ time; Kc = [products]/[reactants] (each raised to its
coefficient); pH = −log[H₃O⁺]; Kw = [H₃O⁺][OH⁻] = 1.00 × 10⁻¹⁴.

Question One (9 marks)

(a) A student studies the reaction of potassium iodide reacting with hydrogen peroxide, observing a
brown colour of iodine.

Explain, using collision theory, why the rate of reaction increases when a catalyst is added.

[4 marks]

(b) A student measures the volume of hydrogen gas given off in a reaction over time. The results
are in the table.

(i) Calculate the average rate over the first 30 s and between 90 s and 120 s.

(ii) Calculate the average rate over the whole 180 s.

(iii) Explain why the rate decreases as the reaction proceeds.

Time (s) 0 30 60 90 120 150 180

Volume of hydrogen (mL) 0 41.9 54.6 58.4 59.5 59.9 60.0

[5 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (9 marks) [Rates of reaction]

(a) A student studies the reaction of potassium iodide reacting with hydrogen peroxide, observing a
brown colour of iodine. Explain, using collision theory, why the rate of reaction increases when a catalyst
is added.

(a) Answer: The rate increases because the catalyst provides an alternative pathway with a
lower activation energy, so a greater proportion of collisions have enough energy to react,
and the frequency of successful collisions increases while the catalyst is not used up

• Evidence level: Excellence (use collision theory: frequency of collisions and the proportion with
enough energy (activation energy)).

• Achievement: States that there are more (or more frequent) collisions.

• Merit: Links the factor to the collisions: the catalyst provides an alternative pathway with a lower
activation energy.

• Excellence: Full explanation: the catalyst provides an alternative pathway with a lower activation
energy, so a greater proportion of collisions have enough energy to react, and the frequency of
successful collisions increases while the catalyst is not used up. Reaction only occurs when particles
collide with at least the activation energy and the correct orientation, so more successful collisions per
second means a faster rate.

KEY TAKEAWAY
Collision theory: a rate increase means more successful collisions per second; concentration and
surface area raise the collision frequency, temperature raises both frequency and the fraction above
the activation energy, and a catalyst lowers the activation energy.

(b) A student measures the volume of hydrogen gas given off in a reaction over time. The results are in
the table. (i) Calculate the average rate over the first 30 s and between 90 s and 120 s. (ii) Calculate the
average rate over the whole 180 s. (iii) Explain why the rate decreases as the reaction proceeds.

(b) Answer: (i) 1.40 mL s⁻¹ and 0.0367 mL s⁻¹; (ii) 0.333 mL s⁻¹; (iii) concentration of reactants
falls, so fewer successful collisions per second

• Evidence level: Excellence (calculate average rates from the data and explain the change using
concentration).

• (i) Rate = change in volume ÷ change in time. First 30 s: (41.9 − 0) ÷ 30 = 1.40 mL s⁻¹. From 90 s to
120 s: (59.5 − 58.4) ÷ 30 = 0.0367 mL s⁻¹.
• (ii) Whole reaction: 60.0 ÷ 180 = 0.333 mL s⁻¹.
• Achievement: (iii) States that the rate decreases because the reactants are used up.

• Merit: Links to concentration: as the reactant particles are used up their concentration falls, so there
are fewer collisions.

• Excellence: Full explanation: as the reaction proceeds the concentration of the reactant(s)
decreases, so there are fewer particles per unit volume, collisions between reactant particles are less
frequent, and the frequency of successful collisions (with at least the activation energy) falls, so the
rate decreases until the reactant is used up and the curve flattens.
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KEY TAKEAWAY
Rate from a graph or table: change in quantity ÷ change in time; it falls as the reactant concentration
falls, which gives a curve that flattens when the reaction is complete.

LOS: Rates of reaction (91166)

Question 2 (14 marks) [Equilibrium]

(a) Consider the equilibrium N₂(g) + 3H₂(g) � 2NH₃(g). At a certain temperature the equilibrium
concentrations are [N₂] = 1.50, [H₂] = 2.00 and [NH₃] = 0.200 mol L⁻¹. (i) Write the equilibrium constant
expression. (ii) Calculate the value of Kc. (iii) State what the size of Kc tells you about the position of
equilibrium.

(a) Answer: (ii) Kc = 3.33 × 10⁻³; (iii) reactants favoured
• Evidence level: Merit (write Kc from the balanced equation and substitute equilibrium
concentrations).

• (i) Kc = [NH₃]² / ([N₂][H₂]³) (products over reactants, each concentration raised to its coefficient; only
gases and solutions appear).

• (ii) Substituting: Kc = 3.33 × 10⁻³.
• Achievement: (iii) States whether Kc is large or small.

• Merit: Links Kc to the position: Kc is less than 1, so reactants are favoured at equilibrium.

• Excellence: Full explanation: Kc = [products]/[reactants] at equilibrium; since Kc = 3.33 × 10⁻³ (less
than 1), the equilibrium mixture contains mostly reactants, so the reaction lies towards the reactants.

KEY TAKEAWAY
Equilibrium constant: Kc = [products]^coefficients / [reactants]^coefficients at equilibrium; large Kc
means the position lies to the products, small Kc to the reactants.

(b) Consider the equilibrium 2NO₂(g) � N₂O₄(g) (ΔH = −57.0 kJ mol⁻¹). Predict how the position of
equilibrium shifts when extra a product is added at constant volume and temperature, and explain your
answer. State what happens to the value of Kc.

(b) Answer: The equilibrium shifts to the left because adding a product increases its
concentration, so the system moves to use up (remove) some of it, opposing the change; Kc
changes only with temperature: it is unchanged

• Evidence level: Excellence (apply Le Chatelier's principle and distinguish changes in position from
changes in Kc).

• Achievement: States the direction of shift (to the left).

• Merit: Links to the change: adding a product increases its concentration.

• Excellence: Full explanation: adding a product increases its concentration, so the system moves to
use up (remove) some of it, opposing the change. Kc changes only with temperature: it is unchanged.

KEY TAKEAWAY
Le Chatelier: the system shifts to oppose a change; heating favours the endothermic direction, higher
pressure favours fewer gas moles, extra reactant shifts forward; only a temperature change alters Kc,
and a catalyst does not move the position.
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