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1 (a) The following apparatus is found in a laboratory.

VAR

C
0
100
3 10
3 20|
E 50 30|
3 40
3 50|
D E F

Write in the table the letter of the apparatus most suitable for the purpose.

purpose apparatus

removing 25.0cm? of a liquid from a container

measuring 60 cm? of a liquid

as a titrating flask

separating a precipitate from a solution

[4]
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(b) The diagrams show three methods for collecting gases.

/N

| u

Which method X, Y or Z is suitable for collecting a gas which is

(i) less dense than air and soluble in water,

................................ (1]
(ii) more dense than air and soluble in water,
................................ (1]
(iii) insoluble in water?
................................ (1]
[Total: 7]
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2 (a) (i) What colouris litmus paper when dipped in hydrochloric acid?

................................ [1]
(i) Suggest two ways by which the pH of dilute hydrochloric acid can be measured.

....................................................................................................................................... [2]
(iii) Suggest a value for the pH of dilute hydrochloric acid.

................................ [1]

(b) A student adds an equal volume of aqueous sodium carbonate separately to dilute ethanoic
acid and dilute hydrochloric acid.

(i) What does the student observe in both reactions?

(c) (i) Asmallamountof magnesium ribbon is added to a test-tube containing dilute hydrochloric
acid. A gas is produced.

Name the gas. Give a test and observation to identify the gas.

0 F= 1031 SR UTRSPRROPRI
test aNd ODSErVALION .......ooiiiee e
(2]

(ii) Construct the equation for the reaction.
....................................................................................................................................... (1]

[Total: 10]
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In questions 3 to 6 inclusive, place a tick (v') in the box against the correct answer.

3 A gas may be dried by passing it through concentrated sulfuric acid.
Which method should be used?

gas in— ” — gas in—» N (7 —

sulfuric

/ acid \?

NI NI
(a) (b)
gas in —» 7 — gas in— 7 —
A1 |- ey

sulfuric

/ aod \

() (d)

[Total: 1]
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4 What volume of carbon dioxide gas, measured at room temperature and pressure, is produced
when 9.2g of ethanol is burned in an excess of oxygen?

C,HOH + 30, —> 2CO,

[A:H, 1;C,12;0, 16]
[1 mole of a gas occupies a volume of 24000cm? at room temperature and pressure.]

(a) 240cm3

(b) 480cm3

(c) 960cm3

(d) 9600cm?

(a)

(b)

(c)

(d)

+ 3H20

[Total: 1]
5 The diagram shows the energy profile for calcium hydroxide dissolving in water.
A
Ca(OH),(s) + H,O(l)
energy
Ca(OH),(aq)
reaction pathway
Which of the following is correct?
A is the activation energy. | B is the enthalpy change. | Reaction is exothermic.
A is the enthalpy change. | B is the activation energy. | Reaction is exothermic.
A is the activation energy. | B is the enthalpy change. | Reaction is endothermic.
A is the enthalpy change. | B is the activation energy. | Reaction is endothermic.
[Total: 1]
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6 The diagram shows the apparatus used to distil seawater.

water out

Y— |

f water in o
heat

While water is being collected, at which point(s) is the temperature 100°C?
(a) Xonly
(b) Y only
(c) XandY only

(d) Y andZonly

() XandYandZ

[Total: 1]
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7 A studentis given a sample of an organic acid, V, and asked to

o determine its relative molecular mass,
e suggest its molecular formula.

A sample of the acid is placed in a previously weighed container and reweighed.

mass of container+V = 8.38¢g
mass of container = 6.92¢g

(a) Calculate the mass of V used in the experiment.

The student transfers the sample to a beaker and adds 50.0cm® of 1.00mol/dm?® sodium
hydroxide, an excess. The contents are allowed to react and are then transferred to a volumetric
flask.

The solution is made up to 250cm3 with distilled water. This is solution W.

25.0cm?® of W is transferred into a conical flask. A few drops of thymolphthalein indicator are
added to the conical flask. Thymolphthalein is colourless in acidic solution and blue in alkaline
solution.

0.100mol/dm? hydrochloric acid is put into a burette and added to the solution in the conical flask
until an end-point is reached.

(b) What is the colour of the solution in the conical flask
o before the acid is added, ........cooevuiiiiiie e e

o At the eNA-POINE? e ———————————————————————————————
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(c¢) The student does three titrations. The diagrams show parts of the burette with the liquid levels
at the beginning and end of each titration.

1st titration 2nd titration 3rd titration
25 - - -6 -
- o 23 | [ N 32
= — 26 £ - -7 =
B - B — 49 . u
— 1 B 24 | | E - 33
5 :— 27 ~ E :— 8 E

Use the diagrams to complete the following table.

titration number 1 2 3

final burette reading / cm3

initial burette reading / cm3

volume of 0.100mol/dm3
hydrochloric acid used / cm3

best titration results (v)

Summary

Tick (v') the best titration results.

Using these results, the average volume of 0.100 mol/dm? hydrochloric acid used is
.................... cms. [4]

(d) Calculate the number of moles of hydrochloric acid in the average volume of 0.100mol/dm?3
hydrochloric acid from (c).

............................................... moles [1]

© UCLES 2016 5070/41/M/J/16 [Turn over
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The equation for the reaction between hydrochloric acid and sodium hydroxide is shown.
HC! + NaOH — NaCl + H,0
(e) Using the equation and your answer from (d), deduce the number of moles of sodium
hydroxide in 25.0cm3 of W.
............................................... moles [1]
(f) Using your answer from (e), calculate the number of moles of sodium hydroxide in 250 cm?3
of W.
............................................... moles [1]

(9) Calculate the number of moles of sodium hydroxide in 50cm3 of 1.00mol/dm?® sodium
hydroxide.

(h) By subtracting your answer in (f) from your answer in (g), calculate the number of moles of
sodium hydroxide that reacted with the original sample of the organic acid, V.
............................................... moles [1]

(i) One mole of V reacts with two moles of sodium hydroxide.
Deduce the number of moles of V in the sample.

............................................... moles [1]

(J) Using your answers from (a) and (i) calculate the relative molecular mass of the acid V.

© UCLES 2016 5070/41/M/J/16
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(k) The acid V contains two carboxylic acid groups and has the molecular formula
HOQCCxHyCOZH
where x and y are whole numbers.

Deduce the values of x and y in the molecular formula.
[A:H,1;C,12;0, 16]

() Give the structure of the ester produced when V reacts with two molecules of ethanol under
suitable conditions.

[Total: 16]
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8 L is acompound which contains two ions.
Complete the table by adding the observations in tests (a), (b) and (¢) and both the test and
observation for test (d).

test

observations

conclusions

(a)

L is dissolved in water
and the resulting
solution is divided into
three parts for tests
(b), (c) and (d).

L is not a compound of a
transition metal.

(b)

(i) To the first part,
aqueous sodium
hydroxide is
added until a
change is seen.

(i) An excess of
aqueous sodium
hydroxide is
added to the
mixture from (i).

A3+, Zn2* or Ca2* ions
present.

Al3* ions or Zn2* ions
present.

(c)

(i) To the second
part, agueous
ammonia is added
until a change is
seen.

(ii) An excess of
aqueous ammonia
is added to the
mixture from (i).

AI3* or Zn2* ions present.

AI3* jons present.

(d)

L contains I~ ions.

() Conclusion: the formula Of LS .....ciiiiiiiiiiiiie e e e e e e

[1]

[2]

2]

[3]

- [1]

(f) Referring to test (c)(ii), what change in the observations is seen if Zn?* ions are present

instead of Al3* ions?

© UCLES 2016
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Question 9 begins on page 14.
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9 When potassium chlorate(V) is heated, it decomposes and oxygen is evolved.

Experiment 1

A student heats a sample of potassium chlorate(V) for 180 seconds. The volume of oxygen

collected is measured in a gas syringe every 30 seconds.

Experiment 2

The student repeats the experiment using the same mass of potassium chlorate(V) to which a
small amount of copper(Il) oxide is added.

All other conditions are the same.

(a) Complete the table for experiment 2 using the volumes of oxygen shown in the diagrams.

IIII|IIII|IIII|IIII|III|IIII|IIII|IIII|IIII|IIII| IIII|IIII|IIII|IIII|IIII|IIII|III|IIII|IIII|IIII|
— 20 400 60 80 100 — 20 40 60 80 100
30 seconds 60 seconds
IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|IIII|IIII| IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII|IIII|
— 20 40 60 |80 100 — 20 40 60 80 100
90 seconds 120 seconds
experiment 1 experiment 2
time/s volume of oxygen volume of oxygen
collected/cm?3 collected/cm?3
30 30
60 50
90 64
120 74
150 80 84
180 84 84

© UCLES 2016
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(b) Plot the results for both experiment 1 and experiment 2 on the grid and draw a smooth
curve through each set of points. Label the curves ‘experiment 1’ and ‘experiment 2’.

100

80

60
volume of

oxygen
collected
/cm?®

40

20

0 30 60 90 120 150 180
time/s

(3]
Use your graphs to answer the following questions.

(c) What volume of oxygen is produced in experiment 2 after 75 seconds?

................................................... cm? [1]
(d) The rate of reaction = volume of gas in cm3
time in seconds
Calculate the rate of reaction in each experiment after 45 seconds.
experiment 1
...................................................... cm3/s
experiment 2
...................................................... cm3/s
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(e) Use your answers to (d) to suggest the function of copper(Il) oxide in experiment 2. Explain
your answer.

(9) The equation for the reaction is shown.
2KCIO; —> 2KCI + 30,

By referring to the table in (a), calculate the mass of potassium chlorate(V) used in the
experiment.

Show your working.

[A: K, 39; Cl, 35.5; O, 16]

[1 mole of a gas occupies a volume of 24000cm? at room temperature and pressure.]

[Total: 13]
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