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Section A
Answer all the questions in this section in the spaces provided.
The total mark for this section is 50.

A1 The formulae of some elements are given in the following list.

Al Cu Fe H2 Na O2 Mg

Choose elements from the list to answer the questions.

(a) Which elements in the list are transition metals?

[5]
[Total: 5]

A2  This question is about elements in Group V of the Periodic Table.

[Turn Over
(a) The table shows some properties of the Group V elements.
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element density at room melting point in °C
temperature in g/cm?3
nitrogen 1.17 x 103 -210
phosphorus 2.34 44
arsenic 5.73
antimony 631
bismuth 9.80 272

Use the information in the table to:

(i) Predict the density of antimony.

[1]

(ii)  Suggest why it is difficult to predict the melting point of arsenic.

[1]

(i) Explain in terms of structure and bonding why compound R has a high melting
point and compound S has a low melting point.

[4]



(ii)  Draw the ‘dot and cross’ diagram for compound S. Show only the outer most
shell electrons.

[2]

(c) An oxide of phosphorus has the formula P4O1o.

[Turn Over
(i) Calculate the percentage of phosphorus in P4O1o.

[2]



A3

(i)  State the oxidation state of phosphorus in the compounds in the table below.

[2]

Compound

Oxidation state of phosphorus

compound S

P4O10

[Total: 12]

A student investigated the reaction of iron with chlorine using the apparatus shown in

Fig. 3A.



iron

1 )
—» excess chlorine

gas out

chlorinegasin ——»

.

glass tube

The word equation for the re:

iron + chlorine — iron chloride

The student made several measurements and recorded her results in Table 3B.

Mass in g
glass tube 51.56
glass tube and iron 56.04
glass tube and iron chloride 64.56

Table 3B

(a) Explain why the chlorine gas must be continued to pass through the apparatus until
the iron has cooled down.

[1]

(b) (i) Calculate the mass of iron and chlorine in iron chloride. [Turn Over

[2]



mass of iron = ..........ccooeieinnn. g

mass of chlorine = .................... g

(ii)  Calculate the simplest whole number ratio of
number of moles of iron : number of moles of chlorine atoms in iron chloride

[2]

number of moles of iron : number of moles of chlorine atoms

(iii) Hence, determine the balanced chemical equation for the reaction.

[1]

[Total: 6]

A4  In Experiment 1, magnesium ribbon reacts with dilute hydrochloric acid.

Mg (s) + 2HCI/ (aq) -~ MgCl(aq) + Hz2(g)



Fig. 4A shows the volume of hydrogen gas produced at 20°C as the reaction
proceeds for Experiment 1. The acid is in excess.

60

50

= Experiment 1

40

volume of
hydrogen gas -
/em?

30

20 P

10 Fi

0 1 2 3 4 5 6 7

time/min

Fig. 4A

(a) Based on the information from Fig. 4A, calculate the mass of magnesium that was
used in the reaction. [Turn Over

[2]
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mass of magnesium = .................. g

(b) In Fig. 4B, draw the energy profile diagram for the reaction between magnesium and
hydrochloric acid represented by Fig. 4A.
Label clearly the
e activation energy, Ea

e enthalpy change, AH
e reactants and products

[3]

energy/ kJ

Progress of reaction

Fig. 4B
(c) In Experiment 2, the volume and concentration of hydrochloric acid and temperature
of the acid used is the same as Experiment 1. The mass of magnesium used is
halved of that used in Experiment 1.

Draw on Fig. 4B, the energy profile diagram for this new reaction. Label the graph
as Experiment 2.

[1]

11



(d) Experiment 3 is conducted with same conditions and variables as Experiment 2,
except that the initial temperature of the acid was at 15°C. Sketch the graph obtained
for this new reaction on Fig. 4A. Label the graph as Experiment 3.

[1]

(e) Use ideas about collisions between particles to explain how an increase in
temperature affects the rate of the reaction.
[3]

[Total: 10]

A5 When SO: dissolves in water, a small proportion of it reacts with water to form a
weak [Turn Over
acid, sulfurous acid, H>SOs.

(a) Explain the term weak acid.

[1]



(b) Write the chemical equation for the reaction of SO with water.

[1]

(c) Describe one source of SOx.

[1]

[1]

(e) Emissions of SOz from coal fired power stations can be removed by mixing the coal
with powdered limestone.

Limestone is heated to form CaO in reaction 1.
This then reacts with SO2 and Oz to form CaSOQOqy in reaction 2.

reaction 1 CaCO3(s)» CaO(s) + CO2(g)

13



reaction 2 CaO (s) + SOz (g) + %02 (g) » CaSO0q4 (s)

(i) State the type of reaction occurring in reaction 1.

[1]

(ii)  Explain, in terms of oxidation state, why SO is oxidised in reaction 2.

[2]

(iii)  Use the information in Table 5 to calculate the enthalpy change for reaction

2.

substance bond energy in each mole of substance/ kJ mol
CaO (s) 635
SO2 (9) 297
02 (9) 498
CaSO0q4 (s) 1434

Table 5
AH= ... kd/mol [2]

[Total: 9]

A student investigated the electrolysis of copper (II) chromate solution using th&184f2 Over

in Fig. 6A. Copper (II) chromate solution is green. Copper (II) chromate solution
contains:

* blue coloured Cu?* ions

14



« yellow coloured CrO4 %~ ions

dc power supply

U-tube

green copper (II) chromate solution
Green

Fig. 6A

Table 6B shows the student’s observations a

positive electrode negative electrode
observation 1 solution turned yellow solution turned blue
observation 2
Table 6B

(a) Explain why the solution at the positive electrode turns yellow.

[1]

(b) The gas produced at the anode is oxygen gas. The oxygen gas was produced from
the hydroxide ions.
Write the half- equation to show the production of oxygen.

[1]

15



(c) Describe how the product at the negative electode is formed, with the help of a half-
equation.

Half-equation:

[1]

Explanation: - ..

[1]

(d) Using your. answers.in (b) and (c), filLin the blanks in_Table 6B for the missing_________.
observation 2 for each electrode.

[2]

(e) Describe what will be observed when aqueous ammonia is added in excess to a
test tube of copper (II) chromate solution.

[2]

[Total: 8]

Section B [Turn Over
Answer all three questions in this section.
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The last question is in the form of an either/or and only one of the alternatives should be

B7

attempted.

Electronegativity is a measure of the tendency of an atom to attract a bonding pair of
electrons.

If the atoms are equally electronegative, both have the same tendency to attract the
bonding pair of electrons, and so it will be found on average half-way between the
two atoms. This is illustrated below for atoms A and B.

A +—B
To get a bond like this, A and B would usually be from the same element. This type

bond is a “pure” covalent bond, where the electrons are shared evenly between the

two

atoms.

If atom B is more electronegative than A, B will attract the bonding pair of electrons
more than A does.

That means that the B end of the bond has more than its fair share of electron and
so becomes slightly negative. At the same time, the A end becomes slightly positive.
This is illustrated below.

&+ &

A +—B

In the diagram above, "d" (read as "delta") means "slightly", so &+ means "slightly
positive". This type of covalent bond is known as a polar bond.

A polar bond is a covalent bond in which one end is slightly positive and the other
slightly negative.

The electronegativity of some common elements is shown below.

F>O0>C/I>N>Br>1>S>C>H>metals
(most electronegative) (least electronegative)

The most electronegative element is fluorine. The trend in electronegativity must always
increase towards fluorine in the Periodic Table, which is illustrated in Fig. 7A.

17



— [ }—» F
A

| increasing

PERIODIC TABLE

Fig. 7A

The greater the difference in the electronegativity of two elements in a compound, the
more polar the bond is, the easier it is for the compound to dissociate to form ions.

Adapted from https://chem.libretexts.org/

(a) Give the chemical formula of a substance that has a “pure” covalent bond.

[1]

[2]

(c) In Fig. 7A, Group 0 elements have been excluded. Explain why Group 0 elements
have been excluded from the electronegativity trend.

[2]

(d) Table 7B shows some compounds with polar bond(s). Draw on each element of the
compounds in the table the symbols &+ and &- to show the polarity of the compound.

18



The first compound, hydrogen fluoride has been done for you.

[3]

Compound Diagram to show polarity of the compound.

Hydrogen fluoride _—
ydrog o+ H F 0-

Water / O \
H H

Carbon disulfide

S C S

Nitrogen bromide

Br Br Br

Table 7B

(e) Hydrogen halides, HF, HC/, HBr, HI act as acids when dissolved in water. The acid
strength of the hydrogen halides differ.

Determine the order of the acid strength of the hydrogen halides. Explain why
hydrogen halides behave as acids and the order of their acid strength.

19



Order of acid strength:

(strongest) (weakest)
[1]
Explanation:
[3]
[Total: 12]

Table 8A shows the ease of reduction of some metal oxides by heating with carbon.

Metal oxide Colour of oxide Ease of reduction with carbon
lead (Il) oxide red easily reduced at 300°C
magnesium white not reduced at 900°C
oxide
nickel (II) oxide green easily reduced at 500°C

20



zinc oxide white fairly easily reduced at 900°C

Table 8A

(a) Use the information in Table 8 to put the metals in order of their reactivity.

[1]

least reactive » most reactive

(b) Nickel (II) oxide is heated with magnesium metal.
Describe what you would observe.
Provide an explanation for your observations.

[3]

(c) Which metal oxide(s) will react with aqueous sodium hydroxide?

[1]

(d) A student wants to obtain magnesium by electrolysis. She is considering one of
the substances in Table 8B as an electrolyte.

substance melting point /°C
magnesium oxide 2852
magnesium chloride 714

21



aqueous magnesium chloride 116-118

Table 8B

Of the three substances in Table 8B, which should the student choose to obtain
magnesium from the electrolysis of the electrolyte? Support your choice with
explanation.

Choice of electrolyte:

[2]
(e) Describe how you would determine the purity of solid magnesium chloride.
[1]
[Total: 8]
EITHER
[Turn Over

B9 One of the compounds in paraffin is the straight- chain alkane, dodecane, C12H2s.

(a) Give the name of the substance from which paraffin is obtained.
State the name of the process used to obtain paraffin from this substance.
[2]

Substance

22



Process

(b) Dodecane can be cracked to form other compounds.

When one molecule of dodecane is cracked, an alkene A and hydrogen gas is
produced.

Alkene A has 85.7% carbon and 14.3% hydrogen and a relative molecular mass of
84.

Determine the empirical formula of alkene A.

empirical formula

T

Hence, determine the molecular formula of alkene A.

molecular formula

[1]

(c) Which substance, dodecane or alkene A has a higher melting point? Explain your
answer.

[2]

23



(d) Alkene A undergoes complete combustion to form carbon dioxide and water (steam).

(i) Write the balanced chemical equation for the complete combustion of alkene

(ii)  Enthalpy change for the combustion of one mole of alkene A is - 4657 kJ/mol.
Calculate the energy released when 12 g of alkene A is burnt.

[2]

[Total: 10]

OR [Turn Over

B9 The structure of glycolic acid can be represented as shown.

24



(@)

H—O—:I—C//

O—H

(a) Glycolic acid is a solid at room temperature.
Describe the arrangement and motion of the molecules in glycolic acid at room
temperature.

[2]

(b) Glycolic acid can polymerise with itself to form a polyester called poly(glycolic acid)
(i) What type of polymer is a polyester?
[1]

(i) Draw a section of the polymer chain of poly(glycolic acid), showing at least
two repeating units.

[2]

(c) Glycolic acid is produced by heating methanal, carbon monoxide and water in the
presence of a sulfuric acid catalyst.

25



CHO0 + CO + H.0 - CH2(OH)COOH
methanal glycolic acid

(i) A sample of 1.8 kg of methanal reacts with excess carbon monoxide and
water. The percentage yield of glycolic acid is 45%.
Calcuate the mass, in grams, of glycolic acid produced.
[3]

mass of glycolicacid= ______________
g

(ii) Is methanal oxidised or reduced in the reaction? Provide an explanation for
your answer in terms of oxygen gain or loss.

[2]

[Total: 10]

END OF PAPER
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