Past Paperg Reactivity Series & DisplacemegtHigher

(a) (1) The following metals are listed in order of their reactivity.

Most reactive: magnesium
zinc
iron

Least reactive: copper

When a mixture of powdered magnesium and copper oxide is heated, a violent
reaction takes place. In the reaction, the magnesium is oxidised to magnesium oxide.

I.  Complete the word equation below for the reaction between magnesium and
copper oxide.

magnesium + copper oxide — F e [1]
II.  Explain the meaning of the term oxidised. [1]
(i1)  Tin does not react with iron oxide but it reduces lead oxide.
[.  Explain the meaning of the term reduce. [1]
II.  Arrange tin, iron and lead in order of decreasing reactivity. [1]
Most reactive: ...
Least reactive: ...

(b) A pupil had four metals A, B, C and D. She placed each metal in turn into separate solutions
of the nitrate of the other three. The results were:

A displaced D
B displaced A
B displaced D
C displaced A, B and D

Place the metals in order of reactivity. [2]

Most reactive: ...,

Least reactive: ...




Four metals, iron, zinc, copper and magnesium, were placed in hydrochloric acid of equal
concentration at room temperature. The diagrams below show what happened.
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(1)  Place the metals in order of reactivity, with the most reactive first. [1]

Most reactive

Least reactive



(11) The following diagram shows what happens when magnesium powder is added to
copper sulphate solution.

magnesium

powder \

Reaction colourless
1 solution
blue copper :> formed

sulphate
solution

[.  Give a word equation for the reaction. [2
________________________________________ e T
[I. Explain, in terms of the reactivity series, why this reaction takes place. [1]

(111)  When iron oxide is heated with carbon, iron is produced. The iron oxide is reduced.
Aluminium oxide cannot be reduced by carbon.

[.  State what this tells you about the position of carbon in the reactivity series,
relative to that of iron and aluminium. [1]



3. (a) Copper, magnesium, silver and zinc were added separately to solutions containing
copper nitrate, magnesium nitrate, silver nitrate and zinc nitrate.

The table shows the results obtained from the series of experiments.

Metal nitrate solution

Metal :
magnesium

3 silver nitrate zZinc nitrate
nitrate

copper nitrate

silvery-grey
copper no reaction no reaction crystals form on no reaction
copper foil

brown solid

: forms and blue : silvery-grey solid | silvery-grey solid
magnesium . no reaction
solution turns forms forms
colourless
silver no reaction no reaction no reaction no reaction
brown solid
: forms and blue : silvery-grey solid :
Zine . no reaction no reaction
solution turns forms
colourless

(1) Use the information in the table above to place the metals copper, magnesium,
silver and zinc in order of reactivity. [2]
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(i) Write a word equation for the reaction between copper and silver nitrate. [2]



(b)  The apparatus in the diagram below can be used to show the violent reaction between
magnesium and copper oxide. Both solids are in powdered form and well mixed together.

mixture of powdered magnesium
and copper oxide

crucible !

o [=>>

After a few minutes of heating a violent reaction occurs. Tiny brown specks and a white
powdery substance remain.

Explain, using this reaction, the terms oxidation and reduction. [2]

(b) When a copper rod is placed in a solution of silver nitrate, a chemical reaction takes
place as shown in the following photographs.

[

after
30 minutes

\A_/
(i) Give a word equation for the reaction taking place. [1]

(i) Explain why this reaction takes place. [2]



The order of reactivity of some elements is shown below.

Most reactive

Least reactive

Predict, giving a reason for your answer, whether the following pairs of substances react and

sodium
calcium
magnesium
aluminium
carbon
Zinc

iron
hydrogen
lead
copper
silver

gold

give any expected observation(s).

(a) Tron and copper sulfate solution

(b) Magnesium and dilute hydrochloric acid

(¢) Aluminium oxide and carbon



A pupil used the apparatus below to carry out an investigation to find the temperature change
which occurs when dilute hydrochloric acid reacts with dilute sodium hydroxide solution.

thermometer

~

polystyrene N

cup
\

beaker

.

The pupil measured 50cm?® of sodium

hydroxide solution, using a measuring

cylinder, into a polystyrene cup. He then

added 80cm® of acid, 10cm® at a time,

and recorded the highest temperature each
/ time. The experiment was repeated.

—— 50cm? sodium hydroxide solution

Volume of acid Temperature (°C)

added

(cm?) Experiment 1 Experiment 2 Mean
0 21.0 21.0 21.0
10 221 23.5 228
20 249 235 242
30 28.0 228 254
40 26.0 26.8 26 .4
50 274 26.6 270
60 26.6 26.8 26.7
70 26.2 26.2 26.2
80 255 25.7 256

(@ From the data in the table, state the volume of acid where the temperature readings
appear to be incorrect. Give the reason for your choice. [2]

(b) On the grid opposite plot the volume of acid against the mean temperature and draw a

suitable line.

[3]



Mean temperature (°C)
27.0

26.0

25.0

24.0

23.0

22.0

21.0

20.0

0 10 20 30 40 50 60 70 80

Volume of acid (cm?)

(c) Using your graph, state why the incorrect temperature readings identified in part (@) might
not have been noticed by the pupil. [1]

(d) Describe and explain the shape of the graph in relation to the chemical reaction taking
place. [3]



(@ When a mixture of iron(lll) oxide and aluminium powder (thermite) is heated in the
apparatus shown below, there is a violent reaction. There is a bright flame, sparks are
produced and molten iron is formed.

(ii)

(iii)

h I/ fuse of magnesium ribbon
SRR mixture of aluminium
- J SN powder and iron(lll) oxide
) i sand
N ) . heat proof mat
| |
Write a word equation for the reaction taking place. [2]
_______________ + e i _h e e + e e
Explain this reaction in terms of reactivity. [2]

State how the observations would be different if the mixture were replaced with a
mixture of copper powder and aluminium oxide. 1]



A group of students used the following apparatus to carry out a displacement reaction between
zinc powder and copper(ll) sulfate solution.

excess zinc powder "

polystyrene cup
\ ;'[ 25cm? copper(ll) sulfate solution

Excess zinc was added to 25cm?® of the copper(ll) sulfate solution at room temperature. The
temperature was recorded every 20 s. The results are shown in the table below.

__— thermometer

e

Time after adding the zinc Temperig?;fug t(rgg)reactlon
powder to the copper(ll) sulfate
solution (s)
Result 1 | Result 2 Mean
0 22.0 22.0 22.0
20 22.8 23.0 229
40 24.8 25.2 25.0
60 27.3 271
80 26.6 26.6 26.6
100 257 25.9 25.8
120 24.8 24.4 24.6

(@) From the data in the table, calculate the missing result for 60 s that must have been used
in working out the mean value. [1]

Temperature = . °C




(b)  On the grid below plot the time after adding the zinc powder against the mean temperature
of the reaction mixture and draw a suitable line. [3]

Mean temperature (°C)
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(c) One of the students checked the thermometer reading 15 minutes later. State what the
temperature would be at this point. Give a reason for your answer. [2]



(d)

(e)

(f)

(@)

Explain why the results recorded in the table can be described as repeatable. [2]

The maximum temperature recorded is not as high as expected. Give the main reason for
this and suggest one way that this effect could be reduced. [2]

Balance the following symbol equation that represents the displacement reaction that
takes place between zinc and silver nitrate solution. [1]

Zn + AgNO, —> Zn(NQO,), + Ag

In an experiment, different metals were placed in solutions of four different nitrates.
A tick (/) in the table below indicates that a reaction took place and a cross (x) indicates
that no reaction took place.

Metal

iron copper magnesium silver
Solution

iron(ll) nitrate

copper(ll) nitrate

magnesium nitrate

silver nitrate

(i) List the metals in order of reactivity giving the most reactive at the top and the least
reactive at the bottom. [1]

Most reactive

Least reactive

(ii) Balance the equation for the reaction that takes place between iron and silver nitrate
solution. [1]

Fe + AgNO;, _— Ag + Fe(NO,),




(ili) The following table shows the results when zinc metal was placed in the same four

solutions.
Metal
zinc
Solution
iron(ll) nitrate v
copper(ll) nitrate J
magnesium nitrate X
silver nitrate v

Complete the table below to show the expected results when iron, copper,

magnesium and silver are placed in zinc nitrate solution. [2]
Metal
iron copper magnesium silver
Solution
zinc nitrate

(b) Aniron nail is placed in copper(ll) nitrate solution as shown below.

iron nail

——t———— blue copper(ll) nitrate solution

(i) Describe what is observed. [1]

(i) Give the word equation for the reaction. [1]



Four pupils investigated the temperature change which occured when increasing amounts of
powdered magnesium were added to 50 cm® of copper(II) sulfate solution in a polystyrene cup
as shown in the diagram below.

magnesium -

/ thermometer

polystyrene cup

/

/ 50 cm® copper(II) sulfate solution

* In the first experiment, each pupil welghed 0.2 g of magnesium.

*  The pupils then measured out 50 cm® of copper(Il) sulfate solution into a polystyrene
cup and recorded the temperature of the solution.

* The pupils then added the magnesium to the solution, swirled the polystyrene cup
and recorded the maximum temperature rise.

* They repeated the experlment using 0.4, 0.6, 0.8 and 1.0 g of magnesium powder,
using a new 50 cm’ of copper(11) sulfate solution each time.

The table below shows the results recorded.

_ Maximum temperature rise (°C)
Mass of magnesium
powdered (g) . . . .
Pupil A Pupil B Pupil C Pupil D Mean
0.2 35 3.5 37 3.7 3.6
0.4 6.0 59 6.1 6.0 6.0
0.6 7.8 8.2 8.0 8.0 8.0
0.8 9.1 9.0 3.0 8.9 9.0
1.0 8.8 9.2 8.9 9.1 9.0




(a) (1) Circle the anomalous result not used in calculating one of the mean temperature
rises. [1]

(i)  Suggest one possible cause for this anomalous result. [1]

(b)  Using the grid provided, plot the mean temperature rise against the mass of magnesium

added. Draw a line of best fit starting at the origin (0,0). [3]
10.0
8.0
6.0

Temperature rise
O
4.0
2.0
0
0 0.2 0.4 0.6 0.8 1.0
Mass of magnesium (g)
(c)  State why the line of best fit must be drawn to the origin (0,0). [1]

(d)  Use your graph to find the smallest mass of magnesium needed to react with all the
copper(II) sulfate. Give the reason for your answer. [2]



Three students individually investigated the mass of copper formed when increasing amounts of
magnesium powder were added to 50 cm? of copper(ll) sulfate solution.

stirrer

50cm? copper(ll)
sulfate solution

~ copper powder

» Each pupil added 0.10g of magnesium to 50 cm? of copper(ll) sulfate solution and stirred

magnesium powder

the mixture until no more magnesium remained.

* They filtered, dried and weighed the copper formed.

* They repeated the experiment using 0.15, 0.20 and 0.25g of magnesium powder and a
new 50cm® of copper(ll) sulfate solution each time.

* The results are shown below.

Mass of copper formed (g)
Mass of
magnesium Student Student Student Mean
added (g)
A B C
0.10 0.15 0.10 017 0.14
0.15 0.25 0.21 0.23 0.23
0.20 0.37 0.36 0.32 0.35
0.25 0.37 0.42 0.38 0.39

The graph opposite shows the masses of copper that should be formed.

(@ On the same grid plot the mean mass of copper formed against the mass of magnesium
added. Draw a suitable line. [3]
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(b) Describe the main difference between the expected graph and the one plotted using the
experimental results. 1]

(c) Suggest two possible reasons for the difference in the graphs. [2]






