Q1.

A student investigated the rate of the reaction between zinc and sulfuric acid.
The equation for the reaction is
Zn(s) + H2SO4(aq) — ZnS04(aq) + Hz(g)
Figure 1 shows the apparatus.
Figure 1
50 cm?

measu ring
cylinder

—Water

Zing—

This is the method used.

1. Pour 50 cm? of sulfuric acid into the conical flask.
2. Add excess zinc to the conical flask.

3. Insert the stopper and start a timer.

4. Measure the volume of hydrogen collected in the 50 cm3 measuring cylinder every
20 seconds for 180 seconds.

(a) Explain why the volume of hydrogen collected in the 50 cm3 measuring cylinder is
less than the volume of hydrogen produced.

(2)

Figure 2 shows the volumes of hydrogen collected in the 50 cm?® measuring cylinder after
40 seconds and after 100 seconds.

Figure 2
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(b) Determine the number of moles of hydrogen collected between 40 seconds and 100
seconds.

The volume of one mole of any gas at room temperature and pressure is 24 dm3.

Moles of hydrogen =

(4)

A different student investigated how the concentration of sulfuric acid affected the rate of
the reaction.

(c) The student did a different experiment using sulfuric acid of concentration 0.40
mol/dms.

The student calculated the number of moles of hydrogen collected after every 20
seconds.

Figure 3 shows the results.

Figure 3
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Determine the rate of reaction at 45 seconds.

You should draw a tangent on Figure 3.

Give your answer in standard form.

Rate of reaction (in standard form) = mol/s
(%)

(d) Figure 4 shows the results for 0.40 mol/dm? sulfuric acid.

Figure 4
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The student repeated the experiment using 0.20 mol/dm? sulfuric acid instead of

0.40 mol/dm? sulfuric acid.

Excess zinc was used in each experiment.

Sketch a line on Figure 4 to show the results you would expect.

(2)

(e) Explain how increasing the temperature would affect the rate of reaction between

zinc and sulfuric acid.

Q2.

(3)
(Total 16 marks)

Manganese dioxide catalyses the decomposition of hydrogen peroxide solution.

Oxygen and water are produced.
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(a) Explain how a manganese dioxide catalyst increases the rate of decomposition of
hydrogen peroxide.

(2)

A student investigated the rate of this reaction.

This is the method used.

1. Add 50 cm? of 2.0 mol/dm3 hydrogen peroxide solution to a conical flask.

2. Add 1.0 g of manganese dioxide to the conical flask.

3. Place the conical flask on a balance and start a timer.

4. Record the total mass lost from the conical flask every 20 seconds for 180 seconds.

(b) Explain why the mass of the conical flask and contents decreased.

(2)

(c) Figure 1 shows the results for 50 cm? of 2.0 mol/dm? hydrogen peroxide solution
and 1.0 g of manganese dioxide.

A tangent to the line has been drawn at 75 seconds.

Figure 1
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Determine the rate of reaction when the time was 75 seconds.

Give your answer to 2 significant figures.

Rate (2 significant figures) = gls

(4)

(d) The results for 50 cm? of 2.0 mol/dm? hydrogen peroxide solution and 1.0 g of
manganese dioxide are shown again on Figure 2.

Figure 2
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The student repeated the investigation using 50 cm?3 of 1.0 mol/dm?3 hydrogen
peroxide solution and 1.0 g of manganese dioxide.

Sketch the expected results for 1.0 mol/dm3 hydrogen peroxide solution
on Figure 2.

(2)
(Total 10 marks)
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Mark schemes

Q1.

(@)

(some) hydrogen / gas escapes (from the flask)

(because the reaction starts) before the stopper is put in
allow (because) stopper cannot be inserted instantly

allow for 1 mark some air (from the conical flask) is collected

or
allow some hydrogen remains in the conical flask
or

allow some hydrogen remains in the delivery tube

(volume = 39 - 25 =) 14 (cm?)

(14 cm3 =) 0.014 (dm3)
allow correct use of an incorrectly determined volume

moles of hydrogen =
E]_[}M yeres )

24
allow correct use of an incorrectly determined volume
allow correct use of an incorrect / no conversion of volume

= 5.8 x 10~ (mol)

allow 5.833333 x 10-* correctly rounded to at least 2
significant figures

allow 0.00058 (mol)

alternative approach 1:
(24 dm?3 =) 24 000 (cm3) (1)

(volume = 39 - 25 =)
14 (cm?3) (1)

(moles of hydrogen =)

— (1

24000 (1)
allow correct use of an incorrectly determined volume
allow correct use of an incorrect / no conversion of volume

= 5.8 x 10 (mol) (1)

allow 5.833333 x 10~ correctly rounded to at least 2
significant figures

allow 0.00058 (mol)
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(c)

alternative approach 2:
(24 dm?3 =) 24 000 (cm3) (1)

(moles of hydrogen at 100 s =

39 .
34000 =) 0.001625
allow correct use of an incorrect / no conversion of volume
and

(moles of hydrogen at 40 s =

25
2005 =) 0-00104 (1)

(moles 100 s — moles 40 s =)
0.001625 — 0.00104 (1)

allow correct use of an incorrectly determined number of
moles

= 5.8 x 10 (mol) (1)

allow 5.833333 x 10~ correctly rounded to at least 2
significant figures

allow 0.00058 (mol)
alternative approach 3:

(39 cm?3 =) 0.039 (dm?)
and
(25 cm? =) 0.025 (dm3) (1)

E]moles of hydrogen at 100 s =
039

allow correct use of an incorrect / no conversion of volume
and

&moles of hydrogen at40 s =
025

—7— ) 0.00104 (1)

(moles 100 s — moles 40 s =)
0.001625 — 0.00104 (1)

allow correct use of an incorrectly determined number of
moles

= 5.8 x 10 (mol) (1)

allow 5.833333 x 10~ correctly rounded to at least 2
significant figures

allow 0.00058 (mol)

tangent drawn at 45 s
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Q2.

(e)

(a)

correct values for y step and x step from tangent
allow correct use of an incorrectly drawn tangent
allow a tolerance of + 2 a small square for each coordinate

value for y step
value for x step

allow correct use of incorrectly determined value(s) from the
tangent for y step and/or x step

(rate =)

correct calculation of rate (mol/s)

rate given in standard form (mol/s)

allow a correctly calculated answer in standard form from an
incorrect attempt at rate determination

line starting at 0,0.000 and less steep than existing line

becomes level at 0.0084 mol
allow a tolerance of + 2 a small square

(increasing the temperature) increases the rate of reaction

(because) particles have more energy
allow (because) particles move faster

(so) the frequency of collisions increases

allow (so) a greater proportion of collisions have enough
energy to react

ignore successful

(a catalyst) provides a different pathway for the reaction

(which has a) lower activation energy

(oxygen is) a gas

(which) escaped from the flask

correct value for x step and y step from tangent
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value for y step

rate =
( ) value for x step

allow correct use of incorrectly determined x
and/or y step

correct calculation of rate

answer to 2 significant figures

allow an answer correctly rounded to 2 significant
figures from an incorrect calculation which uses
values determined from the graph.

line starting at 0,0 which is less steep than existing line

which becomes level at 0.80 g
allow a tolerance of + 4 a small square
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