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You are advised to spend no longer than 1 hour on Section A, and no longer than 45 minutes on
Section B.

The number of marks is given in brackets [ ] at the end of each question or part question.
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Section A (40 marks)

Answer all questions.

Write your answers in the spaces provided.

Al  Group 17 elements show trends in their melting points and boiling points.

Table 1
element melting point/°C boiling point/ °C
chlorine -101 -35
bromine -7 59
iodine 114 184

(@) The change in temperature against time graph for bromine is represented in

Figure 1.
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(i) State the process occurring at point D—E. Hence, explain why temperature

remained unchanged.

[3]
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(i) Describe the arrangement and movement of the particles at point A.

[2]

(b) Describe and explain the trend in boiling point down the group 17 elements.

[3]

Total [8]
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The radii of atoms and ions can be measured.

Table 2 shows information about atomic radii and ionic radii of some of the group 1 elements.

Table 2
element number of electronic atomic electronic ionic
protons configuration radius/pm configuration radius/pm
of atom of +1 ion
lithium 3 2.1 152 2 68
sodium 11 2.8.1 185 98
potassium 19 2.8.8.1 227 133
(1 000 000 000 000pmM = 1m)
(@) Complete the table to show the electronic configuration in the ions of
Group 1. [1]

(b) (@)

Describe and explain the trend in atomic radii down Group 1.

[3]

(i) Describe and explain the change in the radius when a lithium atom forms a
lithium ion.

[2]
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(c) () The group 1 elements react with water vigorously. Write an equation to
illustrate the reaction between lithium and water. State symbols are not
required.

[1]

(i) Using the data for atomic radius given in Table 2, suggest the relationship
between reactivity and atomic radii of the Group 1 elements.

[2]

Total [9]
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A3  When aqueous ammonia is added to an aqueous solution of an aluminium salt, a precipitate is

formed as an amorphous gelatinous mass. When dried, this precipitate forms a white crystalline
compound called boehmite, consisting of Al, O and H atoms.

A 100g sample of boehmite was found to contain 53.3g of oxygen atoms and 1.7g of hydrogen
atoms have the following composition by mass: Al, 45.0%; O, 53.3%; H, 1.7%.

(@) Calculate the mass of aluminium atoms present in the sample.

[1]

(b) (i) Show, with calculations, that the empirical formula of boehmite is AIO,H.

[2]

(i) The formation of boehmite from aluminium ions and hydroxide produces water
as a by-product.

Write a balanced ionic equation, with state symbols, for the formation of
boehmite and its by-products from aluminium ions and hydroxide ions.

[2]
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(c)  Aluminium metal can be found in metal ores which may also contain zinc impurities.

The reaction of a sample of these ores with nitric acid results in the formation of a
solution containing these metal ions.

Describe a test and the results that can be used to distinguish between the two ions in
a solution.

Test:

Observation for Al®*:

Observation for Zn?*:

[3]

(d) Metallic aluminium is very reactive with atmospheric oxygen to form a thin layer of aluminium
oxide, Al,O3, which is resistant to corrosion.

In the space below, draw the “dot and cross” diagram of aluminium oxide.

[2]

Total [10]
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A4 250 cm® of diuted hydrogen peroxide solution, FA2, completely reacts with
22.50 cm?® of 0.0200 mol dm™ acidified potassium manganate(VII) solution.
The ionic equation for the reaction is given below.

2MnO4 (aq) + 5H20: (aq) + 6H* (aq) = 2Mn?* (aq) + 502 (g) + 8H20 (I)

(@) Calculate the number of moles of manganate ions, MnO4 required to react with 25.0
cm? of diluted H,0,, FA2.

[1]

(b) Calculate the number of moles of H.O; present in 25.0 cm?® of FA2.

[1]

(c) Hence, calculate the number of moles of H.O; present in 500 cm? of FA2.

[1]
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(d) FAZ2 solution is prepared by diluting FA1 which contains hydrogen peroxide, H>O5, of
an unknown concentration.

12.50 cm?® of FA1 was diluted to a final total volume of 500 cm? with distilled water to
prepare FA2.

Given that the number of moles of H>O> present in 500 cm? of FA2 is equivalent to the

number of moles in 12.5 cm?® of H.O, in FA1, calculate the concentration of H»O5 in
FAL.

[1]

Total [4]
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A5 Some tests were carried on a blue solution that contains 2 unknown cations and 2 anions.

The flowchart below shows the tests conducted on the solution.

blue solution

Step 1:

(ii) heat

(1) add excess aqueous
sodium hydroxide

light blue precipitate in colourless
solution observed.

colourless , pungent gas V evolved
which turned moist red litmus paper
blue.

Step 2

Separation technique W

light blue precipitate X

W

Step 3:
add agueous solution
of gas V in excess.

Observation Y

Setters: FKD/JK

colourless saolution

Step 5:

add Al(s) powder, heat Step 4

(1) add dilute nitric acid
(i) add aqueous silver

blue.

colourless , pungent gas V evolved nitrate
which turned moist red litmus paper

N

white precipitate Z observed.

Chemistry Paper 2
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@ @) Identify the following:

gasV

separation technique W

precipitate X [3]

(i) Describe observation Y.

[1]

(iii) Hence, deduce the identities of the two cations present in the mixture.

[2]

(b) () Explain why it is necessary to add nitric acid in step 4.

[1]

(i) Deduce the identities of the anions present in the mixture.

[2]

Total [9]

End of Section A
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Answer all three questions from this section in the spaces provided.
The last question is in the form of either/or and only one of the alternatives should be attempted.

B6 A solution of hydrochloric acid was made by dissolving 18 g of the acid in 1 dm? of distilled
water. The acid was then heated before being reacted with an impure sample of aluminium

oxide weighing 5 g.

Al,Os(s) + 6HCI(ag) — 2AICls(aq) + 3H.0()

25.0 cm? of the cooled resulting mixture was then pipetted into a conical flask. The contents
of the conical flask were titrated against 0.250 mol dm= aqueous potassium hydroxide.

14

Section B (30 marks)

The results of the titration are shown in the table below.

titration number 1 2 3
final burette reading / cm?® 22.50 25.10 24.30
initial burette reading / cm?® 0.10 2.40 1.50
volume of KOH(aq) used / cm?® 22.40 22.70 22.80
@ () Using the best titration results, calculate the number of moles of potassium

hydroxide used for

(i) Calculate the concentration of hydrochloric acid present in the cooled resulting
mixture that reacted with potassium hydroxide.

Setters: FKD/JK

the titration.

Chemistry Paper 2
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(iii)  Assuming that the volume of the cooled resulting mixture was 1 dm?, calculate
the number of moles of hydrochloric acid that reacted with the aluminium oxide. [2]

(iv)  Determine the percentage purity of the impure sample of aluminium oxide
used. [3]

(V) State one assumption that must be made about the impurities present in
aluminium oxide. [1]

(b) The structure of aluminium chloride is shown below.

Suggest what is unusual about the structure of aluminium chloride. [1]

Total [10]
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B7  The general equation for a monobasic acid, HA, is shown below.
HA represents the acid molecule and A~ represents the anion of the acid.

The ionisation of carbonic acid, H.COs3, a weak dibasic acid, occurs in two steps as shown

below.

@ ()

(ii)

(iii)

Setters: FKD/JK
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HA = H" + A-

equation

step 1

H,CO3z = H* + HCO3™

step 2 | (a)(ii):

Define dibasic acid.

Given that each step produces one hydrogen ion at a time, suggest the
equation for step 2 involving the partial ionisation of HCO3™ in the table above.

Different acids have varying degrees of ionisation. The measure of the degree
of ionisation can be determined by the acid dissociation constant, K,, which is

expressed as

where the brackets [ ] represent “concentration of” the species found within the

brackets in mol dm3.

The K, values of HCO3; compared to H.SO, are shown below.

Describe the relationship between K, value and the strength of an acid.
Explain your answer with respect to the concentration of hydrogen ions.

Ka=

[H*][A7]
[HA]

acid

Ka

H2COs 4.3 x 10”7

H2SO4 1.0 x 103

Chemistry Paper 2

[1]

[1]

[2]
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(iv)  Write an expression for K, for step 1 of H.CO:s. [1]

(v) The concentrations of H,COs; and HCOs;~ were 1.50 mol dm= and
0.750 mol dm=2 respectively.

Calculate the concentration of H* ions present at this point using the expression
in (iv). Show your working clearly. [1]

concentration of H  ioNS = ..o mol dm

(b) Inan experiment, a conical flask containing a fixed volume of carbonic acid was titrated
against a known concentration of aqueous barium hydroxide.

(1) Write the overall chemical equation for the reaction between carbonic acid
and aqueous barium hydroxide. State symbols are not required. [1]

(i) With reference to your equation in (b)(i), state what you would observe in the
conical flask as the titration proceeds. [1]

Setters: FKD/JK Chemistry Paper 2 [Turn Over
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(i) A graph of pH against volume of aqueous barium hydroxide added was
generated below using a pH meter.

pH A
10.3 o s -
At endpoint 2, another
hydrogen ion from HCO3™ has
reacted.
6.4 |bommmmeeeeee At endpoint 1, only 1
hydrogen ion from H.CO3 has
reacted. HCO3;™ was formed.

|

volume of Ba(OH),(aq) added / cm?®

The table below shows some pH indicators and the pH range at which a gradual
colour change is seen.

pH indicator pH range at which a gradual colour change is seen
bromothymol blue 6.0-7.6
methyl orange 31-44
thymolphthalein 9.3-10.5
trinitrobenzene 12.0-13.4

State the most suitable pH indicator needed to give an accurate titration volume
of barium hydroxide required for the complete neutralisation of H,CO3, when
a pH meter is not used.

[2]

Explain your answer.

Total [10]
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B8  The atomic radius of an atom is a measure of the size of the atom. It is generally stated as

19

being the total distance from an atom’s nucleus to its valence electrons.

The graphs below compares the atomic radii of elements across Periods 3 and 4.

(@)

250
><Graph A

200 &

150 Graph B

@\ Graph A
X

Atomic Radius / pm
X
X

X
100 —
Graph B
50
0
1 2 13 14 15 16 17 18

Group Number

(1) Suggest which period the elements in Graph B belong to.

(i) The atomic radius of one of the elements produced an anomalous point that
was circled in Graph A.

Write the electronic configuration, in spdf notation, of an atom of this element.

[1]

[1]
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(b)

(c)
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Describe and explain the general trend of atomic radii of the elements moving
across a period from left to right. [4]

The melting points of two elements belonging to Period 3, silicon and chlorine,
are shown in the table below.

melting point / °C

silicon 1410

chlorine -100

With reference to their structure and bonding, explain the difference in melting
points between silicon and chlorine. [4]

Total [10]

Chemistry Paper 2
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OR

B8 The relative electrical conductivities of some metals in Period 4 of the Periodic Table are

shown below.

relative electrical relative electrical
metal - metal .
conductivity conductivity
potassium 0.143 cobalt 0.160
calcium 0.218 nickel 0.145
iron 0.100 copper 0.593

From the table above, most metals are reasonably good electrical conductors.
Copper has the highest electrical conductivity amongst the metals in Period 4. Due to
copper’s high electrical conductivity, itis most commonly used in electrical wiring and making

electrical circuits.

An alternative conducting material is the carbon nanotube, which is an allotrope of carbon.
The simplest carbon nanotube is formed by rolling up a sheet of a honeycomb network of
carbon atoms (graphene) seamlessly into a tubular form as shown below.

rolledup |
/ %
o )
‘__ -
,l
graphene carbon nanotube

Carbon nanotubes are one of the lightest and strongest known materials in the world, with
excellent heat and electrical conductivity abilities.

Setters: FKD/JK
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@ () Write the electronic configuration, in spdf notation, of an atom of copper. [1]

(i) Describe, with the aid of a well-labelled diagram in the box below, the structure
and bonding of metals. [2]

(iii)  Other than having good electrical conductivity, state another property of
transition metals like iron, cobalt, nickel and copper. [1]

(iv)  State the purpose of transition metals like iron in the production of ammonia

via the Haber Process. [1]
(b) By stating the number of valence electrons, suggest a reason for the difference
in electrical conductivity between potassium and calcium metal. [2]
(c) With reference to its bonding, explain how carbon nanotubes are able to
conduct electricity. [3]
Total [10]

END OF PAPER
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