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6.1 Rate of reaction
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Objective
Calculate rates, explain the five factors by collision theory, and describe catalysts. Orig-
inal questions for spec statements 4.6.1.1–4.6.1.4.

1 Key knowledge and worked examples
Rate = quantity used or formed ÷ time – g/s or cm3/s (HT: mol/s). On a product–
time graph the curve is steepest at the start and flattens as the reactant runs out;
draw a tangent and use its gradient as the rate at that time (HT).

Five factors: concentration ↑, pressure ↑ (gases), surface area ↑ (smaller pieces),
temperature ↑, catalyst – all raise the rate.

Collision theory: react only on collision with at least the activation energy:

• concentration/pressure ↑ at fixed temperature: more particles per volume, more
frequent collisions;

• surface area ↑ – more exposed particles, more frequent collisions;
• temperature ↑ – more collisions AND more exceed the activation energy (the

big effect).

Catalyst – a different pathway with lower activation energy; not used up over-
all; absent from the overall equation; enzymes are biological catalysts.

Worked example (3 marks, both tiers). 48 cm3 of hydrogen forms in 20 s from
magnesium + acid. Give the mean rate. Magnesium remains during the measured
interval: explain why the rate falls as acid is consumed.

Mean rate = 48 ÷ 20 = 2.4 cm3/s; For a trial with magnesium remaining, the rate
falls as acid is consumed; acid concentration falls, so successful collisions become less
frequent.

2 Practice
2.1 0.48 g of magnesium disappears in 60 s. Give the mean rate in g/s. [2]
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2.2 Why does powdered marble react faster than the same mass as one lump? [2]

2.3 What does a catalyst change on a reaction profile? [1]

3 Exam-style questions
3.1 Explain, using collision theory, why a reaction mixture kept at 60 °C reacts faster
than the same mixture at 20 °C. [4]

3.2 In RP5, sodium thiosulfate and acid turn cloudy. Describe how to compare different
thiosulfate concentrations using this change, and give two control variables. [4]

3.3 (HT) Sketch a product–time graph and explain how to find the rate at 30 s. [3]

3.4 Gas volume is 12 cm3 at 10 s and 36 cm3 at 30 s. Find the mean collection rate over
this interval. Explain why 36 ÷ 30 does not answer this interval question. [3]
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3.5 (HT) At 30 s a gas-volume curve is at 45 cm3. Its tangent passes through (10 s,
25 cm3) and (50 s, 65 cm3). (a) Calculate the instantaneous rate and the mean rate
from zero to 30 s. (b) A separate reactant amount falls from 0.018 to 0.006 mol in 40 s.
Calculate its mean consumption rate in mol/s. [6]

3.6 Plan the gas-volume part of RP5 to test the hypothesis that higher acid concentration
makes magnesium react faster. Include collection, timing, controlled quantities, repeats
and how to compare results. Explain one way a lower final collected volume could occur
without proving a slower reaction. [7]
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3.7 In the cloudy-reaction method, 40 g/dm3 thiosulfate stock is diluted with water
to 50 cm3 before the same 10 cm3 acid is added. (a) Find the pre-acid concentration
for 30 cm3 stock plus 20 cm3 water. (b) Endpoint times are 48, 50 and 52 s. Find
the mean and reciprocal-time proxy; compare with a second dilution taking 25 s. (c)
Explain why disappearing-cross time is not completion time, and identify one respiratory
hazard/control. [7]

3.8 A reacting gas is compressed at fixed temperature. Separately, a solid cube of side 2
cm is cut into eight cubes of side 1 cm without losing material. Explain both rate changes
by collisions. Calculate the surface-area-to-volume ratio before and after cutting. Does
compression at fixed temperature give each gas particle more kinetic energy? [6]

3.9 Adding substance X changes the initial gas-formation rate from 0.40 to 1.20 cm3/s.
Both trials finish at 60 cm3. X has mass 1.00 g before and after, and is absent from
the overall equation. Explain the evidence for catalytic action, the change on an energy
profile and one limit on concluding that X catalyses every reaction. [4]
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