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(¢) Use the results to identify the type of energy change that occurs when solid X dissolves in
water.
4]

(f) Predict the temperature of the solution in Experiment 2 after 1 hour. Explain your answer.

o

State two sources of error in these experiments. Give one improvement to reduce each of
these sources of error.

(g)

source of error 1
improvement 1
source of error 2
improvement 2

@

(h) When carrying out the experiments, what would be a disadvantage of taking the temperature
readings only every 30 seconds?

4]
[Total: 19]
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Astudent investigated what happened when two different solids, § and T, dissolved in water.

Two experiments were carried out.

Experiment 1

o Using a measuring cylinder, 30cm? of distilled water were poured into a polystyrene cup. The
initial temperature of the water was measured.

thermometer.

‘The maximum temperature of the solution was measured
The solution was poured away and the polystyrene cup was rinsed out with distilled water.

‘The procedure was repeated using 3.0g of solid S.
‘The procedure was repeated using 5.0g of solid S.

2.0g of solid S were added to the polystyrene cup and the solution was stirred with a

(a) Use the thermometer diagrams to record the temperatures in the table.

mass of | thermometer | initial temperature | thermometer | maximum temperature
solidS/g |  diagram of the water/°C diagram of the solution/ °C
30 40
20 [:]Ezs [:]_Ess
20 30
30 140
30 [:]Ezs [:]'Ess
20 30
30 55
50 [:]Ezs [:]_Eso
20 a5

2
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Experiment 2

«  Experiment 1 was repeated using 2.0g, 3.0g, 4.0g and 6.0g of solid T. The minimum
temperature of the solution was measured in each case:

(b) Use the thermometer diagrams to record the temperatures in the table.

mass of | thermometer | initial temperature | thermometer | minimum temperature
soidT/g | diagram of the water/°C | diagram of the solution/ °C
HH3o HH2s
20 25 20
HH20 HH15
HH3o HH20
30 25 H1s
HH20 HE10
HH3o HH20
40 H2s 15
HH20 HE10
HH3o HH20
60 H2s H1s
HH20 HE10

2




image6.jpeg
(¢) Plot the results of Experiment 1 (maximum temperature) and Experiment 2 (minimum
temperature) on the grid. Draw two straight lines of best it
Clearly label your lines.

temperature of
the solution/°C

(@ @

(i)

70

60-

50-

30

20

10-

00 10 20 30 4.0 50 60 7.0
mass of solid/g

4

From your graph, deduce the maximum temperature of the solution if 6.0g of solid §
were added to 30 cm? of distilled water.

Show clearly on the grid how you worked out your answer.
C 2]

From your graph, deduce the minimum temperature of the solution if 4.5 of solid T were
added to 30cm* of distilled water.

‘Show clearly on the grid how you worked out your answer.

C 2]
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(e) Use the results to identify the type of energy change that occurs when solid § dissolves ir
water.

o
() Suggest one change you could make to the experiments to obtain more accurate results
Explain how this change would make the resuits more accurate.
change

explanation

(g) Suggest how the reliability of the results could be checked
o

(h) Explain how the temperatures measured would be different if Experiment 1 were repeatec
using 60.cm* of distilled water in each case.

2

[Total: 18
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2 Astudent investigated what happens when dilute hydrochloric acid and copper(II) sulfate solution
react with different metals.

Five experiments were carried out.
(a) Experiment 1
Ameasuring cylinder was used to pour 10cm? of dilute hydrochloric acid into a boiling tube.
The temperature of the hydrochloric acid was measured.
1 of zinc was added to the boiling tube and the mixture stirred with a thermometer.
The maximum temperature reached by the mixture was measured.
Experiment 2
Experiment 1 was repeated using 1 of iron instead of zinc.
Experiment 3

Experiment 1 was repeated using 1g of magnesium instead of zinc.

Use the thermometer diagrams to record the results in the table. Complete the final column in

the table.
oparment| PTOMCT | gt | oo | U, | enperaure
of acid/°C reached/°C
30 30
1 125 ‘ H 25
20 20
30 30
2 125 25
20 20
30 65
3 ‘ u 125 60
20 55
Bl
(b) The gas produced in experiment 3 was tested with a lighted splint and the result recorded
below.
test lighted splint.
result popped.

Name the gas given off in experiment 3.

m
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(e) Experiment 4
Ameasuring cylinder was used to pour 10cm? of copper(II) sulfate solution into a boiling tube
The temperature of the solution was measured.
1g of magnesium was added to the boiling tube and the mixture stirred with a thermometer.
The maximum temperature reached by the mixture was measured

Experiment 5

Experiment 4 was repeated using 1 of iron instead of magnesium
The observation was recorded below.

The solution turned colourless and a brown deposit formed.

Use the thermometer diagrams to record the results in the table. Complete the final column in
the table.

oxpoment| IO | g | hormometer | | JCT | omperare
of acid/°C reached/°C
30 50
4 125 145
20 40
30 30
5 ‘ u 125 125
20 20

7]
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(d) Draw a labelled bar chart for the results of experiments 1, 2, 3, 4 and 5 on the grid below.

temperature
fise/°C

3]

(€) Use the results for experiments 1, 2 and 3 to answer the following questions.
(i) Which experiment, 1, 2 or 3, produced the largest temperature rise?
m

(ii) Suggest why this experiment produced the largest temperature rise.

m




image11.jpeg
() Explain the observations in experiment 5.

2

(g) Suggest why potassium was not used as one of the metals in these experiments.

m

(h) Give one advantage of using a measuring cylinder to add the hydrochloric acid to the boiling
tube.

m

(i) Suggest and explain one improvement to increase the accuracy of these experiments.

7]
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Astudent investigated what happened when dilute nitric acid reacted with aqueous solutions of two
different alkalis, solution N and solution O

Two experiments were carried out
(a) Experiment 1

Ameasuring cylinder was used to pour 50 cmé of solution N into a polystyrene cup. The initial
temperature of the solution was measured

A burette was filled with nitric acid to the 0.0cm? mark

5.0cm? of nitric acid were added to solution N in the polystyrene cup and the solution stirred.
The maximum temperature of the solution was measured

Afurther 5.0cm of nitric acid were added to the polystyrene cup and the solution stirred. The
maximum temperature of the solution was measured

The student continued to add 5.0cm? portions of nitric acid to the polystyrene cup, until a total
volume of 40cm® of nitric acid had been added. After each addition, the solution was stirred
and the maximum temperature measured
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Use the thermometer diagrams to record the maximum temperatures in the table.

volume of nitric acid

poAdie 00 | 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400
30 | HH30 | HE35 | HH35 | Hies | HH40 | HHes | HRes | Hies
themmometst 25 25 30 50 50 35 30 30 30
diagram
20 | HHz0 | Hides | HHas | HHzs | HHao | HHzs | HH2s | Hlzs
maximum temperature
of the solution in the
polystyrene cup/°C
@
(b) Experiment 2
Experiment 1 was repeated using solution O instead of solution N
Use the thermometer diagrams to record the maximum temperatures in the table.
volume of nitric acid
il 00 | 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400
30 | HH30 | HH30 | HH30 | HH20 | HHo | HHe | HR® | HReo
themmometer 25 25 25 25 25 25 25 25 || |25
diagram
20 | Hidzo | HH20 | HA20 | HRz0 | HH20 | HH20 | HP20 | HF20

maximum temperature
of the solution in the
polystyrene cup/°C
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(c) Plot the resuits for Experiments 1 and 2 on the grid and draw two smooth line graphs.
Clearly label your graphs.

35

30

maximum

temperature

of solution

c 2.

20

15-
0 10 20 30

volume of nitric acid added /cm?®

[

(d) Use your graph to estimate the maximum temperature of the solution when 13cm* of niric acid
were added to 50 cm? of solution N in Experiment 1
Show clearly on the grid how you worked out your answer.

C [2]

(e) Name a suitable indicator that could be used in Experiment 1

U]

40
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() Solution N and solution O were the same concentration.

Inwhich experiment s the temperature change greater? Suggest why the temperature change
is greater in this experiment.

2

(g) How would the results differ in Experiment 1 if 100 cm? of solution N were used?

m

(h) Suggest why a polystyrene cup was used in these experiments and not a copper can
m

State one source of error in the experiments. Suggest an improvement to reduce this source
of error.

source of eror

improvement

@
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2 Astudent investigated what happened when two different metals, iron and magnesium, reacted
with aqueous copper(Il) sulfate.
Two experiments were carried out

(a) Experiment 1

Ameasuring cylinder was used to pour 25 cm of aqueous copper(Il) sulfate into a polystyrene
cup. The initial temperature of the solution was measured, then again at 30 seconds and at
60 seconds.

At 60 seconds, the iron was added to the aqueous copper(Il) sulfate and the mixture stirred
continuously with a thermometer.

‘The temperature of the mixture was measured every 30 seconds for 300 seconds (5 minutes).
Use the thermometer diagrams to record the results in the table.

time/s o | 30 | 60 | 90 [ 120 | 150 | 180 | 210 | 240 | 270 | 300
25 | 1125 {1125 | e |y [0 | o | o | o | | a0
diagram
s | 1115 | 1115 | 11320 | |20 | [i3s0 | [f3s0 | 1130 | 130 | a0 | [l3s0
temperature
1%

2
(b) Experiment 2

Experiment 1 was repeated using magnesium instead of iron.
Use the thermometer diagrams to record the results in the table.

time /s o | 30 [ 60 | 90 | 120 [ 150 | 180 | 210 | 240 | 270 [ 300
25 | 1125 | iees | s | e e | e | e | e | e | ae
et Em o |l ‘E v [ [ | [ | [ | [k || [1e
diagram
s |1 lHs | 1 1s s | 7o | 1170 | 170 | | Hes | | 1Hes | | Ileo | [1Heo
temperature
I°c

2
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(€) Plot the results for Experiments 1 and 2 on the grid and draw twe smooth line graphs.
Clearly label the graphs.

80-

70-

60

50-

temperature
I°c

40

30-

20

0 60 120 180 240 300 360
time/s

“1

(d) (i) From your graph, deduce the temperature of the mixture in Experiment 1 after
135 seconds.
Show clearly on the grid how you worked out your answer.

C [2]
(ii) From your graph, deduce the time taken for the temperature of the mixture in Experiment 2

to change by 30°C after the magnesium was added.
Show clearly on the grid how you worked out your answer.
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(e) Predict the temperature of the mixture in Experiment 2 after one hour. Explain your answer.

2

() Suggest an advantage of taking the temperature readings every 15 seconds.

2

(g) Explain why a polystyrene cup is used in the experiments and not a copper can

2
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2 A student investigated the rate of reaction between dilute hydrochloric acid and agueous
sodium thiosulfate. When these chemicals react they form a precipitate which makes the solution
go cloudy. The formation of this precipitate can be used to show how fast the reaction proceeds.

Five experiments were carried out using the apparatus shown.
A

10cm? of dilute hydrochloric acid

250cm? conical flask

aqueous sodium thiosulfate

sheet of paper with
words printed on it

Experiment 1

«  Using a measuring cylinder, 50 cm? of aqueous sodium thiosulfate were poured into a conical
flask. The initial temperature of the solution was measured. The conical flask was placed on a
sheet of paper with words printed on it

«  Using a measuring cylinder, 10cm® of dilute hydrochloric acid were added to the solution in the

conical flask and a stopclock was started.

The time taken for the printed words to disappear from view was measured.

The final temperature of the mixture was measured.

Experiment 2

«  Using a measuring cylinder, 50 cm? of aqueous sodium thiosulfate were poured into a conical
flask. The solution was heated to about 30°C and the temperature was measured. The conical
flask was placed on a sheet of paper with words printed on t.

 Using a measuring cylinder, 10.cm® of dilute hydrochloric acid were added to the solution in the
conical flask and a stopclock was started.

« The time taken for the printed words to disappear from view was measured.

«  The final temperature of the mixture was measured.

Experiment 3

«  Experiment 2 was repeated but the 50 cm® of aqueous sodium thiosulfate were heated to about
40°C before adding the dilute hydrochloric acid.

Experiment 4

«  Experiment 2 was repeated but the 50 cm? of aqueous sodium thiosulfate were heated to about
50°C before adding the dilute hydrochloric acid.

Experiment 5

o Experiment 2 was repeated but the 50 cm? of aqueous sodium thiosulfate were heated to about
60°C before adding the dilute hydrochloric acid.




image20.jpeg
(a) Calculate the average temperatures and record them in the table
Use the stopclock diagrams to record the times in the table.

inital final time taken for the
experiment | temperature | temperature | _2Ver39¢ stopclock printed words to
temperature
number | of the of the pors diagram disappear from
solution/*C | mixture/ °C view/s
$rmn_seconds
1 19 17 15 ‘ s
P mintes
E
o
2 32 30 45'15
5
o
3 a2 40 45‘15
5
o
4 54 52 45‘15
5
o
5 65 61 45‘15
5
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(b) Plot the results of Experiments 1-5 on the grid. Draw a smooth line graph

240
210
180
150
time taken
for the
printed
wordsto 120
disappear
from view/s
%
60
30
0
0 10 20 30 40 50 60 70
average temperature/°C

41

() From your graph, deduce the time taken for the printed words to disappear from view when
Experiment 2 was repeated at an initial temperature of 73°C. The final temperature of the
mixture was 71°C
Show clearly on the grid how you worked out your answer.

Bl

(d) Sketch on the grid the graph you would expect f all o the experiments were repeated using
amore dilute solution of aqueous sodium thiosulfate. 0]

80
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(e) (i) Inwhich experiment, 1, 2, 3, 4 or 5, was the rate of reaction greatest?

m
(i) Explain, in terms of particles, why the rate of reaction was greatest in this experiment

@21

() Suggest and explain the effect on the resuits of using

(i) aburette to measure the volumes,

@21
(ii) a100cm? conical flask instead of a 250 cm® conical flask

@21

[Total: 18]
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A student investigated the rate of reaction between magnesium ribbon and two different solutions
of dilute sulfuric acid, solution G and solution H. The acid was in excess in both experiments.

Two experiments were carried out.
Experiment 1
The apparatus was set up as shown in the diagram.

rubber connector
clamp.

inverted 100cm®
measuring cylinder
bung e
trough
conical flask
water

o Using a measuring cylinder, 50 cm of solution G were poured into the conical flask. A piece of
magnesium ribbon was added to the conical flask and the bung replaced

 The timer was started immediately and the total volume of gas collected in the measuring
cylinder was measured every 20 seconds for 180 seconds (3 minutes)

Experiment 2

«  Experiment 1 was repeated using 50cm? of solution H instead of solution G.
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(a) Use the measuring cylinder diagrams to record the volumes of gas collected in Experiment 1

Experiment 1 Experiment 2
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(b) Plot the results for Experiments 1 and 2 on the grid and draw two smooth line graphs.
Clearly label your graphs.
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(€) Which experiment had the faster rate of reaction? Suggest a reason why the rate was faster in

this experiment

2

200
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(d) The average rate of this reaction can be calculated using the equation shown

volume of gas/cm®

average fale =y taken/s

For Experiment 1, calculate the average rate of reaction for the first 30 seconds of the reaction.
Include the units.

rate =
units =
B
(e) Why, eventually, wil no more gas be produced?

m

() Suggest the effect on the rate of reaction of using the same mass of magnesium powder
instead of magnesium ribbon. Explain your answer.

@
(g) Give one advantage and one disadvantage of using a measuring cylinder to measure the
volumes of solution G and solution H.
advantage

disadvantage
@

(h) Suggest one improvement to these experiments.

W]
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A student investigated the rate of reaction between an excess of dilute hydrochloric acid and
magnesium ribbon. The apparatus is shown.

magnesium ribbon Mwalar

diute
hydrochloric
acid

Two experiments were carried out. The temperature was the same in each case.

(a) Complete the boxes to identify the apparatus. 2

(b) Give one observation expected during this reaction

m

Graphs were drawn from the resulfs for each experiment as shown.

100-
; Experiment 1
7
60
volume of
gas/cm® 90
0
w0 Experiment 2
2
10
o

(€) Label the x-axis of the graph 2
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(d) (i) Give the volumes of gas at which the two graphs level out and compare these values.

2

Suggest why the graphs level out at different volumes.

m

The graph has been drawn again.

Draw the curve expected if Experiment 1 were repeated using the same mass of
magnesium powder instead of magnesium ribbon

100-
3 Experiment 1
70
60
volume of
gas/cm® 50
40
P Experiment 2
20
10-
o

@2
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2 Astudentinvestigated the rate of reaction between dilute hydrochloric acid and excess magnesium
at room temperature.
The apparatus was set up as shown in the diagram

dilute
hydrochloric
acid

measuring
cylinder

magnesium
ribbon

30cm? of dilute hydrochloric acid were added to the conical flask containing magnesium ribbon. The
fimer was then started and the volume of gas collected in the measuring cylinder was measured
every 20 seconds for 180 seconds (3 minutes).
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(a) Use the measuring cylinder diagrams to record the total volume of gas collected in the table.

timels measuring cylinder total volume of
diagram gas collected/cm®
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(b) Plot the results on the grid and draw a smooth line graph

100
90
80
70
total volume
of gas collected
Jem?
60

(e @

(ii)

(i)

50

40

30
0 40 80 120 160 200

time/s

Which result is anomalous?

Suggesta possible reason for this anomalous result
U]

Use your graph to deduce the total volume of gas that you would have expected to

collect instead of this anomalous volume.

‘Show clearly on the grid how you worked out your answer.

o [2]
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(d) Explain why the total volume of gas collected does not increase after 160 seconds.

(e) The average rate of the reaction can be calculated using the equation shown

volume of gas collected/cm®

average rate of reaction =
time/s

(i) Calculate the volume of gas collected between 20 seconds and 40 seconds.

(ii) Calculate the average rate of reaction between 20 seconds and 40 seconds.
Include the unit

average rate of reaction = 2

() Room temperature was 20°C

Sketch on the grid the graph you would expect i the experiment were repeated at 30°C. [2]

(8) Suggest why the reading on the measuring cylinder was 30cm? after the acid had been added
and before the timer had been started

(h) Suggest and explain one improvement to this experiment.
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2 A student investigated the rate of reaction between hydrogen peroxide and agueous
potassium iodide. When these chemicals react they form iodine. Sodium thiosulfate solution reacts
with iodine and can be used to show how fast the reaction proceeds.

(a) Aburette was filled up to the 0.0 cm? mark with sodium thiosulfate solution
Using a large measuring cylinder, 100 cm® of distilled water were poured into a conical flask.
Using a small measuring cylinder, 6cm® of sulfuric acid, 1cm? of starch solution and 4cm? of
aqueous potassium iodide were added to the flask.
0.5cm? of sodium thiosulfate solution was added from the burette to the mixture in the flask
and swirled to mix
The reaction was then started by adding 3cm? of hydrogen peroxide solution to the mixture,
and the timer started
The time taken for a blue colour to appear was noted
Afurther 0.5cm® of sodium thiosulfate solution was added to the mixture in the conical flask,
swirled and the blue colour disappeared. The time when the blue colour reappeared was noted
The experiment continued by adding further 0.5cm® portions of sodium thiosulfate solution
until a total of 3.0 cm? of sodium thiosulfate solution had been added, noting the times at which
the blue colour reappeared.

Use the timer diagrams on page 4 to record the times in seconds in the table:
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(b) Plot the results you have obtained on the grid and draw a best it straight-line graph.

time/s

00 05 10 15 20 25 30 35 40
Volume of sodium thiosulfate solution/cm®
&)
(¢) (i) From your graph deduce the time at which the blue colour would appear if a total of
4.0cm of sodium thiosulfate solution were added to the mixture in the conical flask.
Show clearly on the grid how you worked out your answer.

3

(i) Sketch on the grid the graph you would expect f the experiment was repeated at a higher
temperature. [T}
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(d) Suggest the purpose of the starch solution.
m

(e) (i) Suggestone advantage of using a pipette to measure the volume of the hydrogen peroxide

m

(ii) Suggest and explain one disadvantage of using a pipette to measure the volume of the
hydrogen peroxide.

@

() Explain one disadvantage of using a beaker instead of a conical flask

U]
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A teacher investigated the rate of a reaction between two solutions, J and K, and sulfuric acid at
different temperatures.

Four experiments were carried out
(a) Experiment 1

Alarge measuring cylinder was used to pour 50 cm of distilled water and 40 cm of suifuric acid
into a 250 cm® conical flask

A small measuring cylinder was used to add 2cm? of methyl orange and 5cm® of solution J to
the mixture in the conical flask. The temperature of the mixture was measured.

The reaction was started by adding 5.cm® of solution K to the conical flask, immediately starting
the timer and swirling the mixture.

The time taken for the mixture to turn pale yellow was measured. The final temperature of the
mixture was measured

Experiment 2

Experiment 1 was repeated but the mixture in the conical flask was heated to about 30°C
before adding the solution K. The temperature of the mixture was measured

5cm? of solution K was added to the conical flask. The timer was started and the mixture
swirled.

The time taken for the mixture to turn pale yellow was measured. The final temperature of the
mixture was measured

Experiment 3

Experiment 1 was repeated but the mixture in the conical flask was heated to about 40°C
before adding the solution K to the flask. The same measurements were taken

Experiment 4

Experiment 1 was repeated but the mixture in the conical flask was heated to about 50°C

before adding the solution K to the flask. The same measurements were taken

Stop-clock diagrams for these experiments are on page 4.
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Use the stop-clock diagrams to record the times in the table.

Work out the average temperatures to complete the table.

time taken for il fnal
) stop-clock mixture to initial final average
experiment y temperature | temperature | temperature
diagram turn pale yellow , . .
e I°c I°c I°C
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”
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(b) Plot the results on the grid and draw a smooth line graph
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average temperature/°C
2]

(¢) From your graph deduce the time taken for the mixture to turn pale yellow if Experiment 1 was
repeated at an average temperature of 60°C.
Show clearly on the grid how you worked out your answer.

2
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(d) (i) Inwhich experiment was the rate of reaction greatest?

m

Explain why the rate of reaction was greatest in this experiment.

2

(e) () Suggestand explain the effect on the results of using a burette to measure the volume of
solution J.

2

Suggest and explain one ether improvement to these experiments.

2
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2 A student investigated what happened to the temperature when two different solids, W and X,

dissolved in water.

Two experiments were carried out

Experiment 1

«  Using a measuring cylinder, 30cm?® of distilled water were poured into a polystyrene cup. The
initial temperature of the water was measured at fime = 0 seconds
o Solid W was added to the water, a timer was started and the solution was stirred with a

thermometer.

« The temperature of the solution was measured every 10 seconds for 90 seconds.

(a) Use the thermometer diagrams to record the temperatures in the table.

time/s 0 10

20 30 40 50 60 70 80 90
30 120 120 120 120 15 15 15 15 15
thermometer i25 15 15 15 15 0 10 10 10 10
diagram
20 10 10 10 10 s s s s s
temperature of
the solution/°C
2
Experiment 2
o The polystyrene cup was emptied and rinsed with water.
«  Experiment 1 was repeated using solid X.
« The temperature of the solution was measured every 10 seconds for 90 seconds.
(b) Use the thermometer diagrams to record the temperatures i the table.
time/s 0 10 20 30 40 50 60 70 80 90
30 30 30 35 35 35 40 40 140 40
thermometer i25 25 25 30 30 30 35 a5 35 a5
diagram
20 i20 20 i25 25 25 £ 30 30 30
temperature of
the solution/°C

@2
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(c) Plot the results for Experiments 1 and 2 on the grid. Draw two smooth line graphs.
Clearly label your lines

40

30

temperature of
the solution/°C

20

0 20 40 60 80 100
time/s

4]
(d) (i) Fromyourgraph, deduce the temperature of the solution in Experiment 1 after 15 seconds.
Show clearly on the grid how you worked out your answer.
°C 2]
(i) From your graph, deduce the time taken for the temperature of the solution in Experiment 2
to change by 6°C from the initial temperature.

Show clearly on the grid how you worked out your answer.

s 2]
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