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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.

Al (a) Fig. 1.1 shows part of the Periodic Table.

[l 1 v v vi viVvil
H
N|O Ne
Mg Al CI
K |Ca Cr Fe Cu|Zn Br
I
Fig. 1.1

Answer the questions using only the symbols of the elements in Fig. 1.1.
Each symbol may be used once, more than once or not at all.
State the symbol of an element that:

(i) is a monoatomic gas at room temperature;

............................................................................................... [1]
(ii) is used to test for unsaturated hydrocarbons;
............................................................................................... [1]
(iii) displaces bromine from its halide;
............................................................................................... [1]
(iv) has 24 protons in each atom;
............................................................................................... [1]

(v) forms an amphoteric oxide.
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(b) An atom has the electronic configuration 2, 8, 4.

State which period and group the atom belongs to in the Periodic Table.

(c) To find out the nucleon number of a C/ atom, a student checks the Periodic Table

and records the nucleon number as 35.5.

Explain why the student is incorrect and what should be done instead.

[Total: 8]



A2 Fig. 2.1 shows an electrolytic cell.

The terminals of the battery are labelled as 1 and 2, while the graphite electrodes are

labelled as X and Y. A few drops of Universal Indicator are added to the electrolyte.

1 2
electrode X electrode Y

clamp
U-tube
aqueous sodium
chloride with
Universal Indicator

Fig. 2.1

(@) When the experiment begins, colourless gases are observed to form at both

electrodes. Table 2.2 shows the results of the gas tests performed.

Table 2.2
test gas at electrode X gas at electrode Y
lighted splint extinguishes with ‘pop’ burns strongly
glowing splint extinguishes relights

(i) Explain which terminal, 1 or 2, acts as the negative terminal of the battery.
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(b) At the start of the experiment, the Universal Indicator in the U-tube is green in

(c)

colour.

As the experiment progresses, the solution at electrodes X and Y on each end of

the U-tube turns to a different colour.

(i) State the colour observed at electrode X.

(i) Explain why at electrode Y the indicator turns red initially but is then

bleached to colourless after some time.

In another experiment, some changes are made to the set-up in Fig. 2.1.
o The battery is removed and replaced with a lamp.

e The electrolyte is replaced with silver nitrate solution without adding any

indicator.

o Electrode X is replaced with copper and electrode Y is replaced with silver.

(i) Explain why the lamp is observed to light up.

(i) Describe two observations that would be seen after some time.

[Total: 10]
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A3 Solutions of iron(II) chloride and iron(Ill) chloride are added separately to solutions of

potassium iodide and acidified potassium manganate.

(@) Complete Table 3.1 to show the colour changes to potassium iodide and acidified

potassium manganate.

Table 3.1

iron(II) chloride solution

iron(I1I) chloride solution

potassium iodide
solution

no change to
potassium iodide

acidified potassium
manganate solution

no change to
potassium manganate

[2]

(b) One of the reactions in Table 3.1 can be represented by the ionic equation shown.

MnO4(aq) + 8H*(aq) + 5Fe?*(aq) — 5Fe3*(aq) + Mn?*(aq) + 4H20(l)

Use oxidation states to explain why this is a redox reaction.

(c) Describe a different chemical reaction to distinguish between solutions of iron(II)

chloride and iron(III) chloride.

In your answer, include the observations to be made for each solution, and an

ionic equation for any one of the reactions.

[Total: 7]
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A4 (a) Sulfamic acid, H2NSOsH, is a strong acid frequently used for the removal of

rust from iron structures.
(i) AO0.105 g sample of sulfamic acid is dissolved in water to form a solution.

The solution requires 10.8 cm?® of 0.100 mol/dm® aqueous potassium

hydroxide for complete neutralisation.

Calculate the number of moles of sulfamic acid that react with one mole of

potassium hydroxide.

[3]

(i) State the conditions required for rust to form on iron structures.
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(b) Methylamine, CHsNHz, is a weak base.

(i)

(i)

A sample of methylamine is added to water.
CHsNH2 + H20 = CHsNHs* + OH-

Predict the pH of agueous methylamine and explain your answer.

Methylamine can neutralise acids such as dilute hydrochloric acid, to form

the salt methylammonium chloride.
CHsNH2 + HC/ — CH3NH3C/

Hence, write a balanced equation for the reaction between methylamine and

sulfuric acid, and suggest the name of the salt formed.

[Total: 8]
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A5 (a) An experimentis conducted to investigate the thermal stability of the carbonates
of four different metals, P, Q, R and S.

The metal carbonates are heated strongly and the volumes of carbon dioxide

gas produced in the first 5 minutes are recorded in Table 5.1.

Table 5.1
carbonate of | 1 (min) 1 2 3 4 5
metal
P 5 11 16 21 27
volume of
Q carbon 3 12 15
R dioxide 0 0 0
(cm?3)
S 8 16 24 32 40

(i) Explain which metal carbonate has the lowest thermal stability.

(i) Table 5.2 shows information about the ions of metals P, Q, R and S.

The charge density is the ratio of the charge to the radius of the ion.

Table 5.2
ion radius of ion (nm) charge density
P2+ 0.114 17.5
Q* 0.116 8.62
R* 0.152 6.58
S2* 0.073 27.4

Deduce and describe the relationship between charge density and thermal

stability of the metal carbonates.



(b)
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(iv) Suggest the identity of metal R and explain your answer using evidence
from both Table 5.1 and Table 5.2.

Some properties of chromium are listed.

o Large amount of energy is needed to turn chromium into liquid.
e  Chromium has delocalised and mobile electrons.

o Many chromium compounds are soluble in water.

. Hydrated chromium(III) sulfate is green.

e  Chromium forms the chlorides CrC/z2 and CrCls.

. Oxides of chromium speed up reactions in the manufacture of plastics.
Use the information above to describe:

(i) two properties of chromium which are different from properties of Group |

metals;

(i) two properties of chromium which are similar to properties of Group |

metals.

[Total: 10]
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A6 Alcohols can be partially oxidised to form aldehydes first, before further oxidation to

form carboxylic acids.
Aldehydes are a homologous series of organic compounds.

Fig. 6.1 shows the apparatus used for the partial oxidation of an alcohol.

thermometer

water in

/

round-bottomed
flask containing
alcohol and f

0
oxidising agent
9ag water out 0
1 b aldehyde

heat
Fig. 6.1

(@ (i) Name the experimental technique used in Fig. 6.1.

(ii) Describe one error to be corrected in the set-up to ensure minimum loss

of product.

(iii) The aldehyde produced is transferred to a tightly-sealed container.

Explain why this is necessary.
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(b) Complete Table 6.2 which shows some information about aldehydes.

(c)

Table 6.2
name ethanal propanal butanal
molecular
formula CH20 C2H40 C3HesO

[2]

Fig. 6.3 shows the structural formula of propanal.

H H

I | 17}

H-C-C-C

\

HH H
Fig. 6.3

Propanal has the same molecular formula but a different structure as another

organic compound propanone.

(i) State the relationship between propanal and propanone.

(i) Propanone belongs to a homologous series called ketones. Ketones also

have the C=0 group.
Draw the structure of propanone, C3HsO.

Show all of the atoms and all of the bonds.

[1]
[Total: 7]
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Section B

Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be
attempted.

B7 The structure of proteins

Proteins are macromolecules made up of many amino acids chemically combined

together by amide linkages. There are 20 types of naturally-occurring amino acids.

Fig. 7.1 shows the structures of two common amino acids, glycine and alanine.

NP 0
n—o— >._<:;_c</
H H O—H H H O—H
glycine alanine

Fig. 7.1

During cooking processes, food which contain proteins are prone to sticking to frying
pans. Sticking is caused by chemical bonds forming between the food and material of

the pan, especially iron.

The structure and use of Teflon

Methods to reduce sticking aim to reduce or prevent contact between the food and the
surface of a frying pan. The most common method is the use of a Teflon coating. Teflon,
which is poly(tetrafluoroethane), is a saturated molecule that contains only strong

carbon-carbon and carbon-fluorine single bonds.

Fig. 7.2 shows that at the microscopic level, the smooth surface of the pan actually
appears uneven with small nooks and crannies. Teflon is melted and then applied onto
the surface of the pan, where it seeps into these small spaces. Upon cooling, the Teflon

coating becomes physically locked in place.
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Teflon coating

pan surface

Fig. 7.2

The structure and use of cooking oil

Before non-stick pans were invented, sticking could still be avoided by heating some
oil in the pan before cooking. Cooking oil is an ester formed from a glycerol molecule,
CsHsOs, which has three hydroxyl groups, and three molecules of stearic acid,

C17H35COOH, which has a long hydrocarbon chain.

Fig. 7.3 shows the structure of a molecule of cooking oil.

H o
|

H—C—O—C— (CH2)17—H
(0]

H—C—O—C— (CH2)17—H
(0]

H—Cll—O—C—(CHz)w—H

H

Fig. 7.3

The oil, being liquid, fills in the spaces on the surface of the pan. At frying temperatures,
each long hydrocarbon chain of the oil molecule crack to produce two shorter chains,
one of which is an alkene with 10 carbon atoms. The alkene then polymerises under
suitable conditions to produce a polymer of an even greater chain length. This polymer

forms a layer on the pan and remains solid even at high temperatures.
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(@ (i) From Fig. 7.1, state the two functional groups found in an amino acid.

(ii) Hence, explain why food containing proteins are prone to sticking to the

material of frying pans.

(b) The amino acids glycine and alanine can react to form a molecule with amide

linkage and a water molecule. Fig. 7.4 shows the structures of these molecules.

N

H o)

>N c—C—N—C—C7 0

H | N\ H” H
H H CcH, OH

Fig. 7.4

Use values for Table 7.5 to calculate the enthalpy change, AH, for the reaction.

Table 7.5
bond energy bond energy
bond (kJ/mol) bond (kJ/mol)
Cc-O 452 O-H 499
C-N 770 N-H 331

[3]



(c)

(d)

(e)
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(i) Deduce and draw the structural formula of the Teflon monomer.

[1]

(ii) Explain, using your knowledge of the kinetic particle theory, how Teflon

becomes coated on the surface of a frying pan.

............................................................................................... [2]
Based on the information and Fig. 7.3, explain why cooking oil is described as an
ester.
...................................................................................................... [2]
(i) State the chemical formula of the alkene formed when cooking oil cracks.

............................................................................................... [1]
(ii) Briefly explain why a polymer remains solid at high temperatures.

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

[Total: 12]
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B8 The decomposition of hydrogen peroxide produces oxygen.

Fig. 8.1 shows the apparatus used by a student to measure the volume of oxygen

produced at regular time intervals. Large lumps of manganese(IV) oxide are used as
the catalyst for the reaction.

gas syringe

IV) oxid
manganese( c)a(t);i;’; aqueous hydrogen peroxide

Fig. 8.1
Fig. 8.2 shows a graph of the results.

[}

volume
of oxygen
produced
/ cm3

0 time /s 60

Fig. 8.2

(a) Describe what happens to the rate of reaction as time increases to 60 s, and use

ideas about collisions between particles to explain why it changes in this way.
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(b) The experiment is repeated using the same mass of powdered manganese(IV)

(c)

oxide. All other conditions remain the same.

Sketch a graph on the axes of Fig. 8.2 to show how the volume of oxygen will

change with time. [1]
The equation for the decomposition of hydrogen peroxide is shown.
2H202(aq) — 2H20(1) + O2(g)

25.0 cm® of aqueous hydrogen peroxide forms 60.0 cm® of oxygen at room

temperature and pressure.

Calculate the concentration of aqueous hydrogen peroxide at the start of the

experiment.

Show your working.

[3]
[Total: 8]



EITHER

19

B9 The ionisation energy of an atom is the minimum amount of energy required to remove

an electron from the atom.

Table 9.1 shows the ionisation energy required to remove the first valence electron

from an atom of elements in Period 3, and the chemical formulae of their hydrides.

of the hydride

Table 9.1
element Na Mg Al Si P S Cl Ar
ionisation energy 496 738 577 786 1060 1000 1256 1520
(kd / mol)
chemical formula NaH AlHs | SiH4 PH;3 H.S HC/

(@)

(b)

Describe and explain the general trend in ionisation energy across the Period 3

elements.

(i) Complete Table 9.1 by filling in the chemical formula of magnesium hydride.

[1]
(ii) Draw a ‘dot-and-cross’ diagram to show the bonding in phosphorus hydride.

Show outer electrons only.

[2]
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(ili) Use ideas about bonding and structure to describe and explain how
magnesium hydride and phosphorus hydride would differ in melting point

and electricity conductivity.

[Total: 10]
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OR

B9 The chemical equation shows what happens to potassium chlorate(V), KC/Os, when it
is heated to 400 °C in the presence of a catalyst, copper(Il) oxide.

oKCIOs — Y9, okci + 30,

Table 9.2 shows some properties of the substances involved in the reaction.

Table 9.2
KCIO3 CuO KCl! 02
me“',“gcpo'”t 356 1326 772 -219
b°"';‘9é’°'”t - 2000 1407 183
SO'&Z‘,{'S? n soluble insoluble soluble slightly soluble
electrical conducts in aC?Jr]e;douuC;Salr:] d
conductivity | aqueous state g
molten states
(@ (i) Explain why there is no boiling point stated for potassium chlorate(V).
................................................................................................ [1]
(i)

(iii) Use ideas about bonding and structure to describe and explain the

differences in melting and boiling points of CuO, KC/ and Ox.

Complete Table 9.2 by describing the electrical conductivity of CuO and Ox.

[1]
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(b) (i) Draw a ‘dot-and-cross’ diagram to show the bonding in KCI/.

Show outer electrons only.

[2]

(iif) Describe how a solution of KC/ can be prepared by titration, including the

reactants to use.

You do not need to include the apparatus.

[Total: 10]
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