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3 Ateacher demonstrated the rate of reaction of dilute nitric acid with powdered calcium carbonate
at different temperatures.
50cm? of dilute nitric acid was heated to a known temperature and placed on a balance.

— cotton wool

powdered
calcium carbonate

50cm?® of dilute —
nitric acid

balance

Excess powdered calcium carbonate was added to the nitric acid and the mass of the beaker and
contents recorded. The time taken for the mass to decrease by 1g was measured. The experiment
was repeated at different temperatures.

(a) Using the thermometer diagrams, record the temperatures in the table.

thermometer temperature of time for mass to
diagram nitric acid/°C decrease by 19
in seconds

30
Eod 139
H20
40

H—as 102
H3o
50

H"‘s 99
Hao

60

i’ss 60
Hso
475

H’m 45
J65
485

u’“ 38
drs
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6 table correctly completed

catalystW. st X
[ 0
6 29
32 34
36 36
37 37
37 37
all correct (3) | 1 each incomrect

®

©

@

©

graph

choice of sutable scale for y-axis (1)
all points correctly plotted (3)
smooth curves (1) labelled (1)

solid X (1)
faster reaction / more gas given off at 20/40s (1)

‘same volume of hydrogen peroxide used in both experiments (1)

line sketched on grid with steeper slope than for catalyst X at 25°C (1)
leveling out at same level (1)

Bl

®©l

@)

m

@)
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(b) Plot the resuits on the grid and draw a smooth line graph.

160-

140

120

100

time

80

60

40

0 10 20 30 40 50 60 70 8
temperature of acid/°C

(€) Which point s inaccurate? Explain why you chose this point.

12

(d) Use your graph to find out the time of reaction at a temperature of 30°C. Show clearly on the
arid how you obtained your answer.

3]
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(e) (i) How does the rate of this reaction vary with the change in temperature?

(i) Explain why.

2

() () Whatwould be the effect of repeating the experiments using lumps of calcium carbonate
instead of powdered calcium carbonate? Explain your answer.

2
(i) Sketch on the grid the curve you would expect. 0]

(g) Explain why cotton wool was used in the neck of the conical flask
2

[Total: 19]
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A catalyst is a substance that speeds up the rate of a chemical reaction and remains unchanged
at the end of the reaction.

Hydrogen peroxide solution, H0;, breaks down to form oxygen. This decomposition is very slow
if a catalyst is not used.

Plan an investigation to show that copper(I1) oxide is a suitable catalyst for this reaction

You can use aqueous hydrogen peroxide and common laboratory apparatus.

Step 1 Show that copper(II) oxide catalyses the decomposition of hydrogen peroxide and
measure the rate of the reaction.

Step2 Show that the copper(II) oxide is unchanged at the end of the decomposition.

[Total: 8]
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2 Therate of reaction between excess calcium carbonate and dilute hydrochloric acid was investigated
using the apparatus shown below. The temperature of the hydrochloric acid was 25°C.

gas syringe

— hydrochloric acid

excess calcium carbonate

The volume of carbon dioxide evolved was measured every minute for six minutes.

(a) Use the gas syringe diagrams to complete the table of resuits.

mintes 925 yringe dagram caroo diond ovohed/c?
0
T ———
, 1020 G 40| 50 60
T ———————
) R A
. B R
. R R
s % 0 50 60 70| @ 80
. % 40 50 60 70| 8 90
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(b) Plot the results on the grid below and draw a smooth line graph

100

80

60
volume of
carbon dioxide
evolved/cm®

40

20

o
0 1 2 3 4 5 6

time/minutes

() (i) Which point appears to be inaccurate? Explain why.

2

(i) Use your graph to work out the volume of gas expected at that time. Show clearly on the
grid how you worked out your answer.

@
(d) Sketch, on the grid, the graph you would expect if the experiment was repeated using
hydrochloric acid at a temperature of 50°C. 2

[Total: 13]
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Two experiments were carried out to show what factors affect the rate of decomposition of hydrogen
peroxide, H,0,
In each experiment the volume of gas produced was measured every minute for ten minutes.

Experiment 1

The student used a mixture of 50cm® of hydrogen peroxide, 50cm® of water and
1g of manganese(IV') oxide at a room temperature of 20°C.

The results were plotted to obtain the graph shown.

Experiment 2

The student repeated Experiment 1 but did not record how much of each substance was used. The
points were plotted on the grid.

80 Experiment 2

70.

60-

50-

volume of
gas/cm?

40 Experiment 1

30

20.

10

0 1 2 3 4 5 6 7 8 9 10
time /minutes
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(@

(b)

()

(d)

Complete the graph for Experiment 2. U]

Suggest the composition of the mixture used in Experiment 2. Explain your suggestion

composition

explanation

4

What s the function of the manganese(IV') oxide?

m

Sketch on the grid the curve that you would expect if Experiment 1 was repeated at 10°C. [2]

[Total: 8]
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3 Astudentinvestigated the reaction of zinc powder with dilute hydrochloric acid using the apparatus
below.

gas syringe

__ hydrochloric acid

zinc

The same mass of zinc was added to different volumes of hydrochloric acid at room temperature,
20°C. The total volume of hydrogen gas given off in each experiment was measured

(a) Use the gas syringe diagrams to record the volumes of hydrogen gas in the table.

volume of
hydrochloric acid gas syringe diagram b °f/:‘fnd;°ge" gas
Jem?
0
AL L0 L L AL L A A LA L L L L
5 o 20 30 40 50 60
T
b0 20 30| 405060
10
T ———
b0 20 30 40 50 60
15 —
T ————
2% b0 20 30 40 |0 60
T
2 1020 30 40 |50 60
T ——
w0 b0 20 30 40 50 60
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(b) On the grid, plot the points and draw a smooth line graph.

60
40
volume of
hydrogen
gas/cm®
20
0
0 10 20 30
volume of hydrochloric acid/cm®
“
() (i) Which point is inaccurate?
m
(ii) Suggest a possible reason for this inaccurate measurement
m
(iii)  Use your graph to work out the volume that would be expected to be formed.
Show clearly on the grid how you got your answer.
2

(d) Explain why the volume of hydrogen gas does not increase after 30 cm of hydrochloric acid

21

(e) Sketch on the grid the graph you would expect if the experiments were repeated using the
same mass of zinc granules 2

[Total: 15]
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5 Two experiments using catalysts were carried out. Catalysts R and S were used to break
down 50 cm? of aqueous hydrogen peroxide at a temperature of 20°C. The volume of oxygen
given off was measured using the apparatus shown.

I

gas syringe

aqueous

_hydrogen peroxide
catalyst—

The gas syringe diagrams show the volume of oxygen formed every 30 seconds in each
experiment.

(a) Use the syringe diagrams to complete the volumes in the table.

using catalyst R using catalyst S
time/s | syringe diagram |  volume/cm® | syringe diagram | volume/cm®
o 10 10

T T
30 20 30 40 10 (20 30
T LUy
60 30| 40 50 30 |40 50
T T
o |"ETETR s
T T
120 | 60 |70 80 60| 70 80
150 | 60 79 80 60 {0 80
150 | © e 80 70 80

4]
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(b) Plota graph to show each set of results. Clearly label the graphs R and S.

80
70
60
50
volume of
oxygen/cm®

40

30

20

10

0 30 60 % 120 150 180
time/s
@]
() Which result using catalyst R was inaccurate?
m

(d) Which is the better catalyst i this reaction? Explain your answer.

2

(e) Sketch aline on the grid to show the graph you would expect if the reaction with catalyst
R was repeated at 50°C. 2

[Total: 15]
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Old documents.
Some documents are stored in containers with packets of silica gel crystals. These crystals
absorb water from air that enters the container. Water could damage the documents.
Anhydrous cobalt(IT) chloride is added to the silica gel. As the crystals absorb water they
change colour from biue to pink. Heating the silica gel in an oven removes the water from the
crystals so that the crystals can be reused.

Plan an experiment to find the mass of water absorbed by a packet of siica gel crystals.

C]
[Total: 6]
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Guidance
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alltomperatures. corroctl recorded: 23,36, 47, 88, 0, 79

6 cormact
5 cormact
4 cormact
3 orfewer corect

ED)

all points correcly lotted: 23,36, 47,58, 70,79

6 cormact
5 correct
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smooth curve;
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Question Answor Marks Guidance

3(e)) | parices have more energy) move faster, 1
more (chance of/succossful) colisions 1
3000 | stower reaction /lenger tme; 1
smallr surface area 1
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Question Answor Marks Guidance.
5 [step1
add copper oxide o catalys 0 hydrogon poroside;
measurs volume of gas/mass loss| collect gas. count bubbles
over time;
known vokume of hydrogen peroxide;
‘compare o hydrogen peroxde on s own
tost gas with glowing splnt;
Splint relights
stop2
fer copperl) axide;
dry,
weigh,
‘compare o original mass,
or
ftor (copper(l) oxide) evaporate o dryness;
add to hydrogen peroxide;
measure rae of reacton,
compare o frst experiment; max 8.
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2

(a) Table of results
volume boxes completed correctly (3),
all 7 correct (3)
6 correct (2)
5 correct (1)
4orfewer correct (0)
0,45,48,72,74,75,75
(b) points plotted correctly, including origin (3),
all 7 correct (3)
6 correct (2)
5 correct (1)
4orfewer correct (0)

Smooth line graph(1)

(c) (i) point at2 min/3” point/48cm® (1)

off curve (1)

(ii) reading from graph, 62-64 (cm?) (1)

indication (1)

(d) curve tolleft of original (1)

to same level (1)

3]

1“1

21

21

2]
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2

(a)

(b)

(c)

(d)

smooth curve missing anomalous point (1)

composition of mixture
double volume / 100 cm?® of hydrogen peroxide (1)
more than 1g of manganese(IV) oxide / powdered (1)
ignore: references to water

note: double the concentration is valid for (2)

explanation
double volume of gas (1)
faster reaction (1)

catalyst / increase the rate of the reaction (1)

sketch graph less steep than original for Experiment 1 (1)

to same level (1)

m

2

2

U]

[
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3 (a) volumes of hydrogen completed correctly (3)
0,8, 34, 42,46, 48, 48 €]
guidance: 7 correct (3); 6 correct (2); 5 correct (1); 4 or fewer correct (0)

(b) points plotted correctly including origin (3)
guidance: 7 correct (3); 6 correct (2); 5 correct (1); 4 or fewer correct (0)

smooth curve missing anomalous point (1) “
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(c)

(d)

(e)

() pointat 5cm® /8.cm® H, / second point (1)

(ii) leak / loss / escape of gas or wrong amount / too little HC / or zinc (1)
allow: syringe sticking

(iii) reading from graph (1) £ haff small square

indication on graph (1)

excess acid (1)
all zinc reacted (1)
allow: used up

sketch curve identical (2)

different curve levelling out at 48 cm® (1)
netin: renal B aen nRatunalls sucadicues

m
U]

2

2

2
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5

(a) volumes completed correctly (4), -1 each incorrect

time /s catalyst R catalyst S
0 0 0

30 23 16

60 34 36

%0 59 51

120 66 63

150 71 69

180 72 72

(b) points plotted correctly (3) smooth curves (2) labels (1)

(c) resultat60s / volume 34/ third result (1)

(d) R (1) rate faster (1)

(e) sketch to left of R graph / steeper (1) to same level (1)

4

6]

U]

2

2
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mass of silica gel (1)
heat in oven > 100°C (1)

for specified realistic time / until turns blue (1)

reweigh (1) record (1)

heat in oven again to check constant mass / indication of colour change (1)

calculation (1) max [6]
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