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SECTION 1 —20 marks
Attempt ALL questions

Particles with the same electron arrangement are said to be isoelectronic.

Which of the following compounds contains ions which are isoelectronic?

A Na,S
B MgCl,
C KBr

D CaCl,

Which line in the table is correct for the polar covalent bond in hydrogen chloride?

e gl —
A H—-cl A
B Hecl o
C H—=cl VN
D Heicl VN

Which of the following compounds has the greatest ionic character?

Caesium fluoride
Caesium jodide

Sodium fluoride

o N0 @ >

Sodium iodide
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4. The diagram below shows the energy profiles for a reaction carried out with and without a

catalyst.

250
200
Potential 150 -

energy

-1
(kJ mol™) 100 -
50

0 >

Reaction path

What is the enthalpy change, in kJ mol™, for the catalysed reaction?

A 100
B -50
C +50
D +100

5. Limonene is a terpene molecule present in lemons.

I
C
AN
H,c” CcH
| | limonene
H,C ~CH,
CH

I
C

NS
H3C/ Neh,

How many isoprene units are joined together in a limonene molecule?

1
2
3
4

o N W >

[Turn over
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The following molecules give flavour to food.

Which of the following flavour molecules would be most likely to be retained in the food
when the food is cooked in water?

A CH
T H2(|:/ 3

CH CH
7 CLA L
CH CH, cH

vegetable oil ——> vegetable fat

Which of the following reactions brings about the above change?

A Hydrolysis

B  Condensation

C Hydrogenation

D Dehydrogenation
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8.

The rate of hydrolysis of protein, using an enzyme, was studied at different temperatures.

Which of the following graphs would be obtained?

A

Reaction
rate

Reaction
rate

Reaction
rate

Reaction
rate

A

0 40 80
Temperature (°C)

A

0 40 80
Temperature (°C)

A

0 40 80
Temperature (°C)

A

0 40 80

Temperature (°C)
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10.

11.

12.

Which of the following is the salt of a long-chain fatty acid?

A Fat

B OQil

C Soap

D Glycerol

Emulsifiers for use in food are commonly made by reacting edible oils with

A esters

B  glycerol

C fatty acids

D amino acids.

The equation for the reduction reaction taking place when ethanal reacts with Tollens’
reagent is

A  Cu*'(ag) +e — Cu'(aq)

B Ag'(aq) +e — Ag(s)

C Cr,0,%(aq) + 14H'(aq) + 6e” — 2Cr3'(aq) + 7H,0(¢)
D MnO, (ag) + 8H'(aq) + 56" — Mn?'(aq) + 4H,0()

The name of the compound with structure:

o

CH,

2,3-dimethylpentan-4-one
2,3-dimethylpentan-2-al
3,4-dimethylpentan-2-one

O N W >

3,4-dimethylpentan-2-al.
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13.

14.

15.

16.

CaCO4(s) + 2HNOj;(aq) —  Ca(NOy), (aq) + CO,(g) + H,0(¢)
Mass of 1 mol Mass of 1 mol
=100g =164¢g
2-00¢g of calcium carbonate (CaCO;) was reacted with 200 cm?® of 0-1moll™" nitric acid
(HNO,).

Take the volume of 1 mole of carbon dioxide to be 24 litres.
In the reaction

CaCo; is the limiting reactant
an excess of 0-1 mol of nitric acid remains at the end of the reaction

1-64 g of calcium nitrate is produced by the reaction

O N @ >

480 cm? of carbon dioxide is produced by the reaction.

The mean bond enthalpy of a C — F bond is 484 kJ mol™".

In which of the processes is AH approximately equal to +1936 kJmol '?

A CF () — C(s) + 2F,(9
B CF (g — C(g + 4F(g)
C CF(e) — C(g) + 2F)(9)
D CF,(2 — C(s) + 4F(g)

In a reversible reaction, equilibrium is reached when

A molecules of reactants cease to change into molecules of products
B the concentrations of reactants and products are equal

C the concentrations of reactants and products are constant

D the activation energy of the forward reaction is equal to that of the reverse reaction.

Which of the following equations represents the enthalpy of combustion of propane?
A GHg@ + 50,(8) — 3COxg) + 4H,0(¢)

B CiHy@) + 20,8 — 3C0(®) + 4H,0(0)

C  GHg(@) + 30,(8) — 3C0O,(g) + 4H,(9)

D GHy(® + 30,(8) — 3C0(g) + 4H,(@)

[Turn over
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An oxidising agent

gains electrons and is oxidised
loses electrons and is oxidised

gains electrons and is reduced

O N W >

loses electrons and is reduced.

During a redox process in acid solution, chlorate ions, ClO; (aq), are converted into
chlorine, Cly(g).

ClO; (aq) — Cly(9)

The numbers of H'(aq) and H,0(¢) required to balance the ion-electron equation for the
formation of 1 mol of Cl,(g) are, respectively

A 3andé6
B 6and3
C 6and12
D 12andé.

Which of the following ions could be used to oxidise iodide ions to iodine?

21 (@aq) — l,(s) + 2e

A SO, (aq)

B SO,2(aq)

C Crfq)

D Cr,0, (aq)
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20.

jodine
solution

/

to

vitamin C
solution
+ starch

A student was carrying out a titration to establish the concentration of vitamin C using
iodine solution.

Which of the following would help the student achieve a precise end-point?

Placing a white tile underneath the conical flask
Using the bottom of the meniscus when reading the burette
Repeating titrations

o N W >

Carrying out a rough titration first

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2
OF YOUR QUESTION AND ANSWER BOOKLET.]
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SECTION 2 — 80 marks
Attempt ALL questions

1. Hydrogen peroxide gradually decomposes into water and oxygen, according
to the following equation.

2H,0,(aq) — 2H,0(2) + 0,(9)
(@) At room temperature, the reaction is very slow. It can be speeded up by

heating the reaction mixture.

State why increasing the temperature causes an increase in reaction
rate.

(b) (i) The reaction can also be speeded up by adding a catalyst, such as
manganese dioxide.

To determine the rate of the reaction, the volume of gas produced
in a given time can be measured.

Complete the diagram below to show how the gas produced can be
collected and measured.

(An additional diagram, if required, can be found on Page 38).

@

hydrogen
peroxide

manganese
dioxide

L AR RITEARHATRRERMAT

* X7 137 60106 *
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1. (b) (continued)

(i) The concentration of hydrogen peroxide is often described as a
volume strength. This relates to the volume of oxygen that can be
produced from a hydrogen peroxide solution.

volume of = volume X volume of hydrogen
oxygen produced strength peroxide solution

In an experiment, 74cm?® of oxygen was produced from 20cm? of
hydrogen peroxide solution.

Calculate the volume strength of the hydrogen peroxide. 1

(c) Hydrogen peroxide can react with potassium iodide to produce water
and iodine.

A student carried out an experiment to investigate the effect of changing
the concentration of potassium iodide on reaction rate. The results are
shown below.

0-25

0-20

0-15

0-10

Relative rate (s™")

0-05

0

0O 02 04 06 08 10 1-2
Concentration of potassium iodide (mol ™)

Calculate the time taken, in s, for the reaction when the concentration
of potassium iodide used was 0-6 mol . 1

L ARIRIRVERATHARRRTRMO -

* X7 13760107 =*
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2.

(@) Graph 1 shows the sizes of atoms and ions for elements in the third
period of the Periodic Table.

Graph 1
300

—~ 250 W covalent radius (pm)
€ 200 o
PRREE O ionic radius (pm)
S 100 |
@

0 il EE

Na Mg Al Si P S Cl
Element

The covalent radius is a measure of the size of an atom.

(i) Explain why covalent radius decreases across the period from
sodium to chlorine.

(i1) Explain fully why the covalent radius of sodium is larger than the
ionic radius of sodium.

* X7 137 60108 =*
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2. (continued)

(b) Graph 2 shows the first and second ionisation energies of elements in
Group 1 of the Periodic Table.

Graph

2

~ 8000
J _
6000
<
>
& 4000
M)
<
QL
§ 2000
3
R
Li

08

Na K

Rb

Element

Cs

[ First ionisation energy

[ Second ionisation energy

(i) Explain why the first ionisation energy decreases going down
Group 1.

(i) Explain fully why the second ionisation energy is much greater
than the first ionisation energy for Group 1 elements.

* X7 137601009 %
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2. (continued)

(c) The lattice enthalpy is the energy needed to completely separate the
ions in one mole of an ionic solid.

Table 1 shows the size of selected ions.

Table 1

lon Li* | Na’ K* Rb™ | F~ | Cl™

lonic radius (pm) | 76 102 | 138 | 152 | 133 | 181

Table 2 shows the lattice enthalpies, in kJmol™, for some Group 1
halides.

Table 2

lons F~ Ccl”

Li* 1030 834

Na* 910 769

K* 808 701

Rb* 658
(i) Predict the lattice enthalpy, in kJmol™, for rubidium fluoride. 1
(i) Write a general statement linking lattice enthalpy to ionic radii. 1

L (R -

* X7 13760110 =*
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3. Phosphine (PH,) is used as an insecticide in the storage of grain.
Phosphine can be produced by the reaction of water with aluminium
phosphide

AlP(s) + 3H,0(8) ——> PH;(g) + Al(OH);(aq)

(a) State the type of bonding and structure in phosphine. 1

(b) 2-9kg of aluminium phosphide were used in a phosphine generator.

Calculate the volume of phosphine gas, in litres, that would have been
produced.

(Take the volume of 1 mole of phosphine to be 24 litres). 2

(c) Carbon dioxide is fed into the phosphine generator to keep the
phosphine concentration less than 2-6%. Above this level phosphine can
ignite due to the presence of diphosphane, P,H,(g), as an impurity.

Draw a structural formula for diphosphane. 1

L ARG NFTEARHRUARRTIR A -

*X713760111=*
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4. The viscosity of alcohols depends on a number of factors:

e the strength of intermolecular forces
¢ the size of the molecule
e temperature

These factors can be investigated using alcohols and apparatus from the lists
below.

Alcohols Apparatus
methanol beakers
ethanol funnels
propan-1-ol burettes

ethane-1,2-diol measuring cylinders

butan-1-ol plastic syringes
propane-1,3-diol glass tubing
pentan-1-ol stoppers
propane-1,2,3-triol timer

metre stick

ball bearing

clamp stands

kettle

thermometer

Using your knowledge of chemistry, identify the alcohols and apparatus that
you would select and describe how these could be used to investigate one, or
more, of the factors affecting the viscosity of alcohols.

* X7 13760112 =*
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5. When fats and oils are hydrolysed, mixtures of fatty acids are obtained.

(@) Name the other product obtained in this reaction.

(b) The table below shows the percentage composition of the fatty acid
mixtures obtained by hydrolysis of coconut oil and olive oil.

Class of fatty acids Name of oil
produced on hydrolysis | qconut oil Olive oil
Saturated 91 14
Monounsaturated 6 72
Polyunsaturated 3 14

(i) One of the fatty acids produced by the hydrolysis of olive oil is
linoleic acid, C,,H;,COOH.

State the class of fatty acid to which linoleic acid belongs.

(i) Hydrolysed coconut oil contains the fatty acid, caprylic acid, with
the formula CH,(CH,),COOH.

State the systematic name for caprylic acid.

(c) The degree of unsaturation of oil can be tested by adding drops of
bromine solution to the oil.

Bromine adds across carbon to carbon
double bonds in the fatty acid chains.

I|3r Br
?zT + Br—Br ——> ?—T
H H H H

* X7 137 60114 %
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. () (continued)

The following apparatus can be used to compare the degree of
unsaturation of different oils.

burette filled with
0-02 mol U"" bromine solution

conical flask
/& 0-5cm’ oil to be tested,

dissolved in hexane

(i) Describe how this apparatus could be used to show that olive oil
has a greater degree of unsaturation than coconut oil.

(i) Suggest why hexane is used as the solvent, rather than water.

(iii) Coconut oil has a melting point of 25°C. Olive oil has a melting
point of -6 °C.

Give two reasons why coconut oil has a higher melting point than
olive oil.

* X7 13760115 =%
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Peptide molecules can be classified according to the number of amino acid
units joined by peptide bonds in the molecule.

Type of peptide Example of amino acid sequence
dipeptide aspartic acid-phenylalanine
tripeptide isoleucine-proline-proline

tetrapeptide lysine-proline-proline-arginine
pentapeptide serine-glycine-tyrosine-alanine-leucine

alanine-glycine-valine-proline-tyrosine-serine
polypeptide many amino acids

(@) Complete the table to identify the type of peptide with the following
amino acid sequence

alanine-glycine-valine-proline-tyrosine-serine 1

(b) Partial hydrolysis of another pentapeptide molecule gave a mixture of
three smaller peptide molecules with the following amino acid

sequences.
leucine-glycine-valine
isoleucine-leucine
glycine-valine-serine
Write the amino acid sequence for the original pentapeptide molecule. 1

(c) Some amino acids needed to form polypeptides cannot be produced in
the human body.

State the term used to describe amino acids that the body cannot make. 1

AR IRVERATHRUARRTIR RN -

* X7 13760116 =*
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6.

(continued)

(d) Paper chromatography is often used to analyse the mixtures of amino
acids produced when peptides are broken down.

On a chromatogram, the retention factor R;, for a substance can be a
useful method of identifying the substance.

distance moved by the substance

R, =
"~ maximum distance moved by the solvent

The structure of the pentapeptide methionine enkephalin was
investigated.

A sample of the pentapeptide was completely hydrolysed into its
constituent amino acids and this amino acid mixture was applied to a
piece of chromatography paper and placed in a solvent.

The chromatogram obtained is shown below.

| ,I/ lid
| chromatography tank

< maximum distance
moved by solvent

¢ direction of
° movement of
i solvent
°

amino acid
X =

mixture applied

e vent

(i) Suggest why only four spots were obtained on the chromatogram of
the hydrolysed pentapeptide.

(ii) It is known that this amino acid mixture contains the amino acid
methionine. The R; value for methionine in this solvent is 0-40.

Draw a circle around the spot on the chromatogram that
corresponds to methionine.

* X7 13760117 *

Page 17

MARKS

DO NOT I

WRITE IN
THIS
MARGIN

-

[Turn over



(continued)

(e) Over the last decade several families of extremely stable peptide
molecules have been discovered, where the peptide chain forms a ring.

(i) A simple cyclic dipeptide is shown.

Draw a structural formula for one of the amino acids that would be
formed on complete hydrolysis of the above cyclic dipeptide.

(i) Alpha-amanitin is a highly toxic cyclic peptide found in death cap
mushrooms. The lethal dose for humans is 100 mg per kg of body
mass.

1-0 g of death cap mushrooms contains 250 mg of alpha-amanitin.

Calculate the minimum mass of death cap mushrooms that would
contain the lethal dose for a 75 kg adult.

* X7 13760118 =*
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. Modern shellac nail varnishes are more durable and so last longer than
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traditional nail polish.

The shellac nail varnish is applied in thin layers to the nails and then the
fingers are placed under a UV lamp.

(@) The Skin Care Foundation has recommended that a sun-block is applied
to the fingers and hand before using the lamp.

Suggest why the Skin Care Foundation makes this recommendation. 1

(b) A free radical chain reaction takes place and the varnish hardens.

(i) State what is meant by the term free radical. 1

ARARIRVEEATHRRARR HRCR A -

* X7 137 60120 =*
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7.

(b) (continued)

(i) The shellac nail varnish contains a mixture of ingredients that take
part in the free radical chain reaction.

One of the steps in the free radical chain reaction is:

CH,—CH, I CH,—CH .”
e \c/C /7N ©
2 \ / \OH —_— H2C\ /C\

CH,—CH, CH,—CH, OH

State the term used to describe this type of step in a free radical
chain reaction.

(iii) During the free radical chain reaction small molecules join to form
large chain molecules.

One example of a small molecule used is

H,C
¢

|
CH,

Name the functional group circled above.

(iv) Alcohol wipes are used to finish the varnishing treatment. Alcohol
wipes contain the alcohol propan-2-ol.

State why propan-2-ol can be described as a secondary alcohol.

* X7 1376012 1=
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. (continued)
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(c) Traditional nail varnishes use ethyl ethanoate and butyl ethanoate as
solvents.

(i) Draw a structural formula for butyl ethanoate. 1

(i) Ethyl ethanoate can be made in the laboratory using the following
apparatus.

paper towel

elastic band
\ soaked in

cold water
—
water bath ——
mixture of reactants
+ concentrated sulfuric acid
Suggest why a wet paper towel is wrapped around the test tube. 1

ARG NFTEARHAUARRRRCRR O -

* X7 13760122 =*
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. () (continued)

(i) A student used 2-5 g of ethanol and a slight excess of ethanoic acid
to produce 2-9 g of ethyl ethanoate.

ethanol + ethanoicacid = ethyl ethanoate + water

mass of mass of
one mole one mole

=46-0¢g =88-0g

(One mole of ethanol reacts with one mole of ethanoic acid to
produce one mole of ethyl ethanoate.)

Calculate the percentage yield of ethyl ethanoate.

(iv) Name the type of reaction that takes place during the formation of
ethyl ethanoate.

[Turn over
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Methanol (CH;0H) is an important chemical in industry.

@

(b)

Methanol is produced from methane in a two-step process.

In step 1, methane is reacted with steam as shown.

Step 1: CH,(g) + H,0(8) = 3H,(g) + CO(g) AH = +210kJ mol™
In step 2, hydrogen reacts with carbon monoxide.

Step 2: 2H,(g) + CO(g) = CH,0H(Q) AH = -91kJ mol™

Complete the table to show the most favourable conditions to maximise
the yield for each step.

Temperature Pressure
(High/Low) (High/Low)

Step 1

Step 2

Methanol reacts with compound X, in an addition reaction, to form
methyl tertiary-butyl ether, an additive for petrol.

?CH3
CH;OH(g) + X ——— H3C—(|:—CH3

CH;
methyl tertiary-butyl ether

(i) Suggest a structure for compound X.

(i) The atom economy of this reaction is 100%.

Explain what this means.

* X7 137 60124 =%
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. (continued)

(c) Methanol can be converted to methanal as shown.

H H
I \

H—?—O—H —> (=0 + H—H
H H

Using bond enthalpy and mean bond enthalpy values from the data
booklet, calculate the enthalpy change, in kJmol™, for the reaction.

[Turn over

* X7 137 60125 =*
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A group of students carried out an investigation into the energy changes that
take place when metal hydroxides dissolve in water.

The following apparatus was used as a simple calorimeter to determine the
change in temperature.

water ——

polystyrene cup

- with lid

digital 20-0°C

thermometer

The experiment was carried out as follows.

Step 1: 100 cm? of deionised water was added to the cup.

Step 2: The stop-clock was started, the water stirred continuously and the
temperature recorded every 20 seconds.

Step 3: After 60 seconds, an accurately weighed mass of the metal hydroxide
was added to the water and the temperature recorded every 20 seconds.

Graph 1 shows the group’s results for lithium hydroxide.

30
29
28
27
26

25
24

23
22
21
20

0

Temperature (°C)

Graph 1 - Lithium hydroxide

[28-4] “line extrapolated _
from cooling curve
| cooling curve [

1 aT= :
128-4 - 20-4
4 =80

{20-4f
o—o—n—0 |
1y T~ solute added
:1 MEHHEHHEM
0 20 40 60 80 100 120140160 180200 220 240 260

Time (s)

The heat energy transferred to the water can be calculated as shown.

E, = ecmAT
=4-18 x 0-10 x 8-0
=3-3kJ

* X7 13760126 *
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(@) The experiment was repeated using sodium hydroxide.

Graph 2 shows the results of this experiment.

Graph 2 — Sodium Hydroxide
32

31

30 e cooling
29 e S seeaniiet
28
27
26
25
24
23
22
21
20

===

Temperature (°C)

19 S

18 solute addedi
] NN R ——
O:\ :\\\\:\\\\:\\\\:

0 20 40 60 80 100120 140160 180200 220 240 260

Time (s)

(i) Using Graph 2 calculate the heat energy transferred to the water,
in kJ, when the sodium hydroxide dissolved. 2

(i) Suggest why the experiment was carried out in a polystyrene cup
with a lid. 1

L AR IRVERARHRRARR RRCR -

* X7 13760127 *
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9. (a) (continued)

(ii}) In another experiment the students found that 5-61 ¢ of potassium
hydroxide (KOH) released 5-25 kJ of heat energy on dissolving.

Use this information to calculate the energy released, in kJmol™,
when one mole of potassium hydroxide dissolves in water. 1

(b) Calcium hydroxide solution can be formed by adding calcium metal to
excess water.

Solid calcium hydroxide would form if the exact molar ratio of calcium to
water is used. The equation for the reaction is

Ca(s) + 2H,0(€) — Ca(OH),(s) + Hy(g®)

Calculate the enthalpy change, in kJmol™, for the reaction above by
using the data shown below.

H,(g) + %20,(g) — H,0(0) AH = -286 kJ mol™

Ca(s) + 0,(g) + H,(g) — Ca(OH),(s) AH = -986 kJ mol™’ 2

L (R -

* X7 137 60128 =*
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10.

The chemical industry creates an immense variety of products which impact
on virtually every aspect of our lives. Industrial scientists, including chemical
engineers, production chemists and environmental chemists, carry out
different roles to maximise the efficiency of industrial processes.

Using your knowledge of chemistry, comment on what industrial scientists
can do to maximise profit from industrial processes and minimise impact on
the environment.

* X7 13760129 =%
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11. Soft drinks contain a variety of sugars. A student investigated the sugar
content of a soft drink.

(@) The density of the soft drink can be used to estimate its total sugar
concentration. Solutions of different sugars, with the same
concentration, have similar densities.

The first experiment was to determine the total sugar concentration of
the soft drink by comparing the density of the drink with the density of
standard sucrose solutions.

(i) This firstly involved producing standard sucrose solutions of
different concentrations.

The standard sucrose solutions were made up in volumetric flasks.

Draw a diagram of a volumetric flask. 1

(ii) The density of each standard sucrose solution was then
determined. In order to determine the density of each solution,
the student accurately measured the mass of 10-0cm?® of each
sucrose solution.

Describe fully a method that the student could have used to
accurately measure the mass of 10-0 cm? of each sucrose solution. 2

L (R -

* X7 137 60130 =*
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11.

Density of sucrose solution (gcm )

(a) (continued)

(iii) The results that the student obtained for the density of the
standard solutions of sucrose are shown in the table.

% Concentration of Density of sucrose
sucrose solution solution (gcm™)
0-0 1-00
5-0 1-10
10-0 1-19
15-0 1-31
20-0 1-41

Draw a line graph using the student’s results.

(Additional graph paper, if required, can be found on Page 38.)

1-50

1-40

1-30

1-20

1-00

0-90

0-0 5-0 10-0 15-0 20-0 25-0 30-0
% Concentration of sucrose solution

* X7 1376013 1%*
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11. (a) (continued)

(iv) The student used the line graph to obtain the relationship between
the concentration of sugars in solution and the density of the
solution.

This equation shows the relationship.

density of sugar in gcm™ = (0-0204 x % concentration of sugars in solution ) + 1-00

The student then determined the density of a soft drink. In order
to ensure that the drink was flat, all the gas had been allowed to
escape.

(A) Suggest a reason why the soft drink needed to be flat before
its density was determined. 1

(B) The soft drink tested had a density of 1-07gcm™3,

Using the equation, calculate the % concentration of sugars
present in the soft drink. 1

(v) A different soft drink is found to contain 10-6 grams of sugar in
100 cm?.

Calculate the total mass of sugar present, in grams, in a 330cm?
can of this soft drink. 1

(b) The second experiment in the investigation was to determine the
concentration of specific types of sugar called reducing sugars. This was
carried out by titration with Fehling’s solution.

(i) Reducing sugars contain an aldehyde functional group.

Draw this functional group. 1

L IRIRIRVERATHARARR N -

* X7 137 60132 =*
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11. (b) (continued)

(i)

(iii)

(iv)

The overall reaction that occurs with Fehling’s solution and a
reducing sugar is shown.

CH,,0, + 2Cu*' + H,0 —» CH,0, + 2Cu" + 2H'

reducing Fehling’s
sugar solution

Write the ion-electron equation for the oxidation reaction.

State the colour change that would be observed when reducing
sugars are reacted with Fehling’s solution.

For the titrations, the student diluted the soft drink to improve the
accuracy of results.

25-0cm?® samples of the diluted soft drink were titrated with
Fehling’s solution which had a Cu?" concentration of 0-0250 mol l™".

The average volume of Fehling’s solution used in the titrations was
19-8 cm?

CH,,0, + 2Cu*' + H,0 — CH;,0, + 2Cu" + 2H'
reducing  Fehling’s

sugar solution

Calculate the concentration, in moll™", of reducing sugars present
in the diluted sample of the soft drink.

* X7 137 60133 =*
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I_12. (@) The table shows the boiling points and structures of some isomers with
molecular formula C¢H,,0,.

o
)
-~
-
S 1a — N~ ~ L0 o N 0
S R Q ® @ a = S o
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<
=
o
Q
T T
N | i |
o=uv T II—ou—xT T
/C\ o \W - _ o=u _ _ _
H|r_b|H fﬂ O/C\O n_u n_u O"r_b O"r_» H|r_b|H
N _ I—yu—xI _ TT—ou—=IT _ o o o=uv
S|z—o—= _ T T—u—T T _ T—U—T _ _ |
M _ T IT—uv—I _ _ _ II—u—>T _ I TI—u—I =T II—ou—=T T o T
Slz—o—=| | | |ro——o——o—x | ] T oz—o—z| | | | | 1]
(V2 _ —ov O—I _ _ _ II—u—I _ _ —u (@) VU—I|IT—u—I|T—V (@) U—I
—o—=|" | ] T oE—o—= = R N N | ]
_ r T—OL—I _ II—u—=I _ _ I IT—u—I I II—u—xI I I—uvu—I T
r—U—T _ T _ I T—u—I _ _ _
| T T—ou—T _ T T—o—T T
T _ T _
T T
o
QL
m — ~ ™ < L0 © N~ )
Y
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12. (a) (continued)

(i) Name the intermolecular force which accounts for the higher
boiling points of isomers 1, 2 and 3. 1

(i) Using the information in the table, describe two ways in which
differences in structure affect the boiling points of isomeric

esters 4-8. 2
(ii)) Predict the boiling point, in °C, for the isomer shown below. 1
H
|
H—C—H
H H O H
I I ||
A A R
H H H H

[Turn over
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12.

(continued)

(b) Carbon-13 NMR spectroscopy is a technique that can be used in
chemistry to determine the structure of organic molecules such as esters.

In a carbon-13 NMR spectrum, a carbon atom in a molecule is identified
by its chemical shift. This value depends on the other atoms bonded to
the carbon atom, which is known as the “chemical environment” of the
carbon-13 atom.

Carbon-13 chemical shift values are shown in the table below.

The carbon-13 atom in each chemical environment has been circled.

Chemical environment Chemical shift (ppm)

_L+ R
C—T _
NP 25-35
H

H
/‘t\\
—LCc— 16-25

\\.I—/

L cy0o— 50-90

T 10-15

HL-C—C— 20-50

EQIAN 170-185

The number of peaks in a carbon-13 NMR spectrum corresponds to the
number of carbon atoms in different chemical environments within the
molecule.

The position of a peak (the chemical shift) indicates the type of carbon
atom.

* X7 137 60136 *
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(b) (continued)

The spectrum for ethyl ethanoate is shown below.

T 1 1 1 1 7] 171 T 17 T ] 71T & 711
200 180 160 140 120 100 80 60 40 20 0
Chemical shift (ppm)

(i) Label each peak in the ethyl ethanoate spectrum with a number to
match the carbon atom in ethyl ethanoate, shown below.

H o H H
ot

& @ 3 @

H H H

(i) Determine the number of peaks that would be seen in the
carbon-13 NMR spectrum for the ester shown below.

Number of peaks in carbon-13 NMR spectrum

[END OF QUESTION PAPER]

* X7 137 60137 =*
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SECTION 1 —20 marks
Attempt ALL questions

Which of the following bonds is the least polar?

A C—I

B C—F
c Cc—d
D C—Br

Which of the following compounds would be the most water soluble?

Page 02



3. Which of the following atoms has the greatest attraction for bonding electrons?

A Sulfur

B  Silicon

C Nitrogen
D Hydrogen

4. Which type of structure is found in phosphorus?

Covalent network
Covalent molecular

Monatomic

o N0 @ >

Metallic lattice

5. The polarity of molecules can be investigated using a charged rod. The charged rod will
attract a stream of polar liquid flowing from a burette.

| Burette

P I I I

——— Charged rod

Beaker

Which of the following liquids would not be attracted?

A Water

B  Propanone
C Propanol

D Hexane

[Turn over
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The equation is balanced when

x=1,y=52z=4
x=4,y=6,z=2
x=2,y=7,z=4

o N W >

x=2,y=52z=2

7. What is the systematic name for the compound below?

H

|
H—C—H

d |
H——?——C——?——OH
H ’ H
H—C—H

H

2,2,2-trimethylethanol
2,2-dimethylpropan-1-ol
2,2-dimethylpropan-3-ol

o N W >

2,2-dimethylpentan-1-ol

8. Which of the following fatty acids is the most unsaturated?

A C,sH,COOH
B C,5H;COOH
C  C,HiCOOH
D  C,,H;;COOH

Page 04



10.

11.

12.

13.

Which of the following is not a step in a free radical chain reaction?

A Activation

B Initiation

C Propagation
D Termination

Which of the following is an isomer of ethyl propanoate (CH;CH,COOCH,CH,)?

Methyl propanoate
Pentan-2-one

Pentanoic acid

o N W >

Pentane-1,2-diol

Essential oils are

A non-water soluble, non-volatile compounds
B  non-water soluble, volatile compounds

C water soluble, non-volatile compounds
D

water soluble, volatile compounds.

The enthalpy of combustion of a hydrocarbon is the enthalpy change when

A one mole of a hydrocarbon burns to give one mole of water

B  one mole of a hydrocarbon burns to give one mole of carbon dioxide
C one mole of a hydrocarbon burns completely in oxygen
D

one mole of a hydrocarbon burns in one mole of oxygen.

Which of the following is the strongest reducing agent?

A Fluorine
B  Lithium

C Calcium
D lodine

Page 05
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TiCl, + 2Mg — 2MgCl, + Ti

mass of mass of mass of mass of
one mole one mole one mole one mole
=189-9¢ =24-3¢ =95-3¢g =47-9¢

The atom economy for the production of titanium in the above equation is equal to

A 7 100
1899+ 243

8 479 y
1899 +(2x 243)
953+ 479

c =277
1899+ 243

p _2X479) | 100
1899+ 243

The vitamin C content of a carton of orange juice was determined by four students. Each
student carried out the experiment three times.

Experiment 1 Experiment 2 Experiment 3

(mg/100 cm?) (mg/100 cm?) (mg/100 cm?)
Student A 30-0 29-0 28-0
Student B 26-4 26-6 26-8
Student C 26-9 27-0 26-9
Student D 26-9 26-5 26-9

The most reproducible results were obtained by

A Student A
B  StudentB
C StudentC
D StudentD.
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16. Cyanohydrin compounds can be made from carbonyl compounds by reacting the carbonyl
compound with hydrogen cyanide (HCN).

H H o H H OH

Y | |
H—C—C—C +HCN —>» H—C—C—C—CN

[ |||

H H H H H

Which carbonyl compound would react with hydrogen cyanide (HCN) to form the following
compound?

H O H H H
o
A S S T
H H CH; H
H H O H H
N
SR S S S
H CH; H H
H H H H O H
N
ML T T O T
H H H H H
H H H H
PR
D H—C—C—C—C—C/
T T T Ny
H H H H

[Turn over
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17. Chemical reactions are in a state of dynamic equilibrium only when

18.

the reaction involves no enthalpy change
the concentrations of reactants and products are equal

the activation energies of the forward and backward reactions are equal

o N W >

the rate of the forward reaction equals that of the backward reaction.

Bromine and hydrogen react together to form hydrogen bromide.

Hy(g) + Bry,(g0 — 2HBr(g)

Bonds broken Bonds made Bond Bond enthalpy (kJ mol™)
H—H 2 x H—Br H—H 436
Br—Br Br—Br 194
H—Br 366

The enthalpy change for this reaction, in kJ mol™, is

A 102
B +102
C -264
D +264.

Page 08



Which of the following is a structural formula for glycerol?

(|ZH20H
A cle

CH,OH

C|H20H
CH,OH

(|ZH20H
C  CHOH
CH,COOH

CH,OH
D ?HOH
CH,OH

Which line in the table best describes the effect of adding a catalyst to the following
reaction?

4NH,(@) + 50,(8) = 4NO(g) + 6H,0(g)  AH=-ve

Position of equilibrium Rate of forward reaction
A unchanged unchanged
B unchanged increased
C moves to right unchanged
D moves to right increased

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2
OF YOUR QUESTION AND ANSWER BOOKLET.]
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SECTION 2 — 80 marks
Attempt ALL questions

The elements sodium to argon make up the third period of the Periodic
Table.

Na Mg Al Si P S cl Ar

(@) Name the element from the third period that exists as a covalent
network. 1

(b) lonisation energy changes across the period.

(i) Explain why the first ionisation energy increases across the period. 1

(i) Write an equation, including state symbols, for the second
ionisation energy of magnesium. 1

(iii) The table shows the values for the first four ionisation energies of

aluminium.
lonisation energies (kJ mol™)
First Second Third Fourth
578 1817 2745 11577

Explain why there is a large difference between the third and fourth
ionisation energies. 1

AR RITEARHATRRERMAT -

* X7 137 60106 *
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1. (continued)

(c) The boiling point of chlorine is much higher than that of argon.

Explain fully, in terms of structure and the type of van der Waals forces
present, why the boiling point of chlorine is higher than that of argon. 3

L ARG RFTEATHAUARR RO -

* X7 13760107 =*
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2.

Reactions involving iodine are commonly used to investigate rates of reaction.

(@) One reaction involves hydrogen and iodine reacting together to form
hydrogen iodide.

Hy@) + 18 — 2HIg

(i) This reaction is thought to occur by initially breaking bonds in one
of the reactants.

Explain, using bond enthalpies, which bond is more likely to break
first during this reaction.

(ii) The graph shows the distribution of kinetic energies of reactant
molecules in the gas mixture at 300 °C.

Number of molecules

Kinetic energy

Add a second curve to the graph to show the distribution of kinetic
energies at 400 °C.

(An additional graph, if required, can be found on Page 35)

* X7 137 60108 =*
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. (@) (continued)

(iii) The reaction to produce hydrogen iodide is exothermic.

Hy(g) + 18 <= 2HIg

(A) State the effect of increasing temperature on the position of
equilibrium.

(B) State why changing the pressure has no effect on this
equilibrium reaction.

* X7 137601009 %
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2. (a) (continued)

(iv) The potential energy diagram for the reaction between hydrogen
and iodine is shown.

unstable arrangement of atoms

A
—~ |E, forward =
<
>
o
QU
<
QU
S
S
3
(o]
a
>
Reaction progress
(A) State the term for the unstable arrangement of atoms. 1

(B) Calculate the enthalpy change, in kJ, for the forward reaction. 1

(C©) Platinum can be used as a catalyst for this reaction.

State the effect that platinum would have on the activation
energy for the reaction. 1

L (R -

* X7 13760110 =*
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2. (continued)

(b) The reaction between iodide ions, I"(aq), and persulfate ions, 52082‘(aq),
is used to investigate the effect of changing concentration on rate of
reaction. The relative rate of the reaction is determined by mixing the
reactants in a beaker and recording the time taken for the mixture to

change colour.

The results of the investigation are shown in the table.

Experiment | Concentration | Concentration Time Relative rate
of I'(aq) of $,04* (aq) (s) s™
(mol ") (mol 1)
1 0-04 0-05 241 0-00415
2 0-06 0-05 180 0-00556
3 0-08 0-05 0-00819
4 0-1 0-05 103 0-00971

(i) The instructions state that a dry beaker must be used for each

experiment.

Suggest a reason why the beaker should be dry.

(i) Calculate the time, in seconds, for the reaction in experiment 3.

(itfi) Explain why decreasing the concentration of iodide ions lowers the

reaction rate.

*X713760111=*
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. The leaves of the rhubarb plant are considered poisonous because they

contain high levels of oxalic acid.

Oxalic acid is a white, water-soluble solid. It is a dicarboxylic acid that has
the structural formula shown.

0 0
N\ 7
c—cC
/ N\
H—oO 0—H

Oxalic acid reacts with bases to form salts.

It can also be oxidised by strong oxidising agents to form carbon dioxide gas.
The oxidation equation for oxalic acid is shown.

H,C,0, - 2CO, + 26" + 2H'

Using your knowledge of chemistry, comment on how the mass of oxalic acid
in a rhubarb leaf could be determined.

* X7 13760112 =*
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4. Pentyl butanoate is responsible for some of the flavour in apricots and
strawberries.

(@) Hydrolysis of pentyl butanoate using sodium hydroxide produces an
alcohol and the salt of the carboxylic acid.

(i) Name the alcohol that would be formed when pentyl butanoate is
hydrolysed.

(i) Draw a structural formula for the sodium salt of the carboxylic acid
that would be formed.

(b) Fats and oils belong to the same class of compounds as pentyl butanoate.

(i) Name this class of compounds.

(i) When a fat is hydrolysed using sodium hydroxide, sodium salts of
fatty acids are produced.

State a use for sodium salts of fatty acids.

L ARG NTTEARERUARRTIR AU
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4. (b) (continued)

(iii) Hydrolysis of fats using hydrochloric acid produces fatty acids.
Stearic acid is a fatty acid that can be made from hydrolysis of beef
fat. It is a fuel sometimes found in fireworks.

During combustion, stearic acid (C,;H;sCOOH) produces 623 kJ of
energy per mole of CO, produced.

C,;HsCOOH + 260, — 18CO, + 18H,0
mass of
one mole

=284g

Calculate the energy released, in kJ, by combustion of 10 grams of
stearic acid. 2

L (R T -

* X7 137 60114 %
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5. Sulfur dioxide is a colourless, toxic gas that is soluble in water and more
dense than air.

(@) One laboratory method for preparation of sulfur dioxide gas involves
adding dilute hydrochloric acid to solid sodium sulfite. The sulfur dioxide
gas produced is dried by bubbling the gas through concentrated sulfuric
acid. The sulfur dioxide gas can then be collected.

dilute —— funnel
hydrochloric —¢ |  Fr=-~"~"~-~-~-==777~7 N rTT T T T T T T T T T T N
. I I I
acid | | |
tap ! I !
—I_l_ I
| | |
| | |
| | |
| | |
flask I I I
I I I
I I I
I I I
I I I
I I
sodium | : |
sulfite @——m—m——" bt ————— - e e = — -
drying gas collecting gas
MARKS 2017
THIS
(i) Complete the diagram by drawing: MARGIN
in the first box, apparatus suitable for drying the sulfur dioxide
gas;
in the second box, apparatus suitable for collecting the gas. 2

(An additional diagram, if required, can be found on Page 35)

L (R -

* X7 13760115 =%
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. (@) (continued)

(i) 0-40g of sodium sulfite, Na,SO;, is reacted with 50 cm? of dilute
hydrochloric acid, concentration 1-0moll™.

Na,S0;(s) + 2HCl(aq) — H,0(8) + 2NaCl(aq) + SO,(g)
mass of
one mole

=126-1g

Show, by calculation, that sodium sulfite is the limiting reactant.

(b) Another reaction that produces sulfur dioxide gas involves combustion of
carbon disulfide in the reaction shown.

CS,(8) + 30,8 — CO,(g) + 2S0,(9)

Calculate the enthalpy change, in kJ mol™, for this reaction using the
following information.

Cs) + O —  COyg) AH = —-393-5 kJ mol!
S5) + 049 — SO,(g) AH = —296-8 kJ mol™
Cs) + 25(s) —  CS,(0) AH = +87-9 kJ mol™

* X7 13760116 =*
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5. (continued) MARKS WRITE IN
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-

(c) The graph shows results for an experiment to determine the solubility of
sulfur dioxide in water.

250

200

150

100

Solubility of SO, (g™

50

0
0 5 10 15 20
Temperature (°C)

(i) Determine the solubility of sulfur dioxide, in g™, in water at 10°C. 1

(ii)) Information about sulfur dioxide and carbon dioxide is shown in

the table.
Shape of | Electronegativity Solubility in
molecule difference water at 25 °C
between elements (g™
carbon linear
dioxide O0=C==0 10 145
sulfur beSnt
dioxide 0% X¢ 1-0 94

Explain fully why carbon dioxide is much less soluble in water than
sulfur dioxide is in water. 2

L INARIRIRVERARHRRARRTIR R -
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6. A student was carrying out an investigation into alcohols, aldehydes and THIS

MARGIN
ketones.

(@) The student was given three alcohols labelled as A, B and C. These
alcohols were all isomers with the formula C,H,OH.

(i) Draw a structural formula for the secondary alcohol with the
formula C,H;OH. 1

(i) The student set up the following experiment.

A B C
10 cm? of acidified dichromate Hot water bath
solution + 2 cm? of alcohol
Alcohol Observation
A Colour change
B No change
C Colour change

(A) Suggest why a water bath is an appropriate method of heating
the reaction mixture. 1

(B) Describe the colour change that would have been observed
with alcohols A and C. 1

(©) Alcohol B is not oxidised.

State the type of alcohol which cannot be oxidised by
acidified dichromate solution. 1

L (R -

* X7 13760118 =*
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. (@) (continued)

(iii) The student set up a second experiment with alcohol A.

wet pH paper

loose plug of copper(ll) oxide ~1 held in the vapour
ceramic wool
J
‘ A
alcohol and * loose plug of
ceramic wool heat  ceramic wool

Hot copper(ll) oxide is an oxidising agent.

(A)  When alcohol A (C,H,0OH) is oxidised the product turns the pH
paper red.

Suggest a name for the product.

(B) Complete the ion-electron equation for the oxidation
reaction.

* X7 13760119 %
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6. (continued) MARKS | Do NoT I

WRITE IN
THIS
MARGIN

(b) The student found the following information about the boiling points of
some aldehydes.

Aldehyde Molecular Boiling point
formula (°0)
H H H H o
[ N N 4
H—T—?—T—?—c\ CsH,,0 102
H H H H H
H H H H H
S S M C(H,,0 130
I [ T I [ H 6
H H H H H
P
T GO 153
H H H H H H
H H H
1A
H_T_T_T_C\H C5H100 95
H H CH,
H CH
TP
H CH,
H H H H 0
[ R
H—T—T—T—T—C\H CiH,,0 119
H H H CH
H H CH
L
H—T—T—?—C\ CiH,,0 111
H H CH H
(i) Name the aldehyde that has a boiling point of 119 °C. 1
(i) Predict the boiling point, in °C, of the following molecule. 1
H H H H H H H 0
| A R R B2
H—C—C—C—C—C—C—C—C__
L R H

L ARG RETEARHATARRRRCR A -
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. (b) (continued)

(iii) Using information from the table, describe one way in which
differences in structure affect the boiling point of isomeric
aldehydes.

(iv) State what would be observed when an aldehyde is gently heated
with Tollens’ reagent.

(c) Ketones contain a carbonyl group.
Name the type of intermolecular interaction between ketone molecules.

* X7 1376012 1=
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7.

Some people take iron tablets as a dietary supplement. Iron tablets may
contain iron(ll) sulfate.

(@) A student was investigating the iron(ll) content of iron tablets. A work
card gave the following instructions for preparing an iron tablet solution.

To ‘transfer quantitatively’ means that all of the iron tablet solution must
be transferred into the volumetric flask.

Describe how this is carried out in practice.

(b) The concentration of iron(ll) ions (Fe2") in this iron tablet solution can be
determined by a redox titration with permanganate (MnO,") solution.

5Fe’"(aq) + 8H*(aq) + MnO, (aq) — 5Fe*'(aq) + Mn?'(aq) + 4H,0(¢)

(i) Suggest why it is not necessary to add an indicator to this titration.

* X7 13760122 =*
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. (b) (continued)

(i) Suggest why the titration must be carried out under acidic
conditions.

(iii)) Three 25-0cm?® samples of the iron tablet solution were titrated
with a standard solution of 0-020moll™ permanganate (MnO,").
The results are shown below.

Sample Volume of permanganate (cm?)
1 14-9
2 14-5
3 14-6

(A) State why the volume of permanganate used in the
calculation was taken to be 14-55cm?, although this is not
the average of the three titres in the table.

(B) Calculate the concentration, in moll™, of iron(ll) ions in the
iron tablet solution.

5Fe*"(aq) + 8H'(ag) + MnO,(aq) — 5Fe’*(aq) + Mn*"(aq) + 4H,0(e)

* X7 137 60123 =*
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. (b) (ii) (continued)

(C) State what is meant by the term standard solution.

(D) Name an appropriate piece of apparatus which could be used
to measure 25-0cm? samples of iron tablet solution.

(c) In a different experiment, five iron tablets were found to contain
0-00126 moles of iron(ll) ions.

Calculate the average mass, in mg, of iron present in one tablet.

(d) Itis recommended an adult female takes in 14-8 mg of iron per day.
100 ¢ of a breakfast cereal contains 12-0mg of iron.

Calculate the percentage of the recommended daily amount of iron
provided for an adult female by a 30 g serving.

* X7 137 60124 =%
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. Skin care products contain a mixture of polar covalent, non-polar covalent

and ionic compounds. The compounds need to stay mixed within the product.

Skin care products also need to spread easily and remain on the skin for a
period of time, as well as provide physical and chemical protection from the
sun. In order to do this, skin care products contain a range of chemicals
including water, fats and oils, antioxidants, minerals and sun block.

Using your knowledge of chemistry, explain the role of different chemicals in
skin care products.

* X7 137 60125 =*
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9. Dishwasher tablets contain chemicals which remove dirt from dishes.

(@) Dishwasher tablets include detergents. These molecules act like soaps to
allow mixing of fat-soluble dirt and water.

(i) During the cleaning process, the detergent molecules combine with
fat-soluble dirt.

A simplified diagram of a detergent molecule is shown.

covalent tail jonic head

P

Complete the diagram below to show how detergent molecules
combine with fat-soluble dirt. 1

fat-soluble dirt

(An additional diagram, if required, can be found on Page 36)

(i) State the term used to describe the non-polar, hydrocarbon tail of
a detergent molecule. 1

L (R T -

* X7 13760127 =*
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(continued)

(b) Dishwasher tablets produce the bleach hydrogen peroxide, H,0,. One
action of this oxidising agent is to oxidise food.

(i) Suggest another action of the bleach produced by the dishwasher
tablets.

(i) Hydrogen peroxide decomposes to form water and oxygen.
2H,0,(8) — 2H,0(0) + 0y(g)
A dishwasher tablet produces 0-051 g of hydrogen peroxide (mass of

one mole = 349).

Calculate the volume of oxygen that would be produced when
0-051 g of hydrogen peroxide decomposes.

Take the volume of 1 mole of oxygen gas to be 24 litres.

(c) Enzymes are commonly added to dishwasher tablets. These are used to
break down proteins.

(i) The proteins are broken down into small, water-soluble molecules.

Name the small, water-soluble molecules made when proteins are
broken down completely.

* X7 137 60128 =*
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9. (c¢) (continued)

(i) The structure of a section of protein chain found in egg white is

shown.
H H O H H H O H H
| I R | [ O
—C—l—N—C—? ?—N—C—?—N—
/CI-{ ?Hz H (|ZH2
H,C ?Hz CH, SH
I
CH; ?Hz
TH
(s
H,NT SNH
(A) Name the functional group circled. 1

(B) Draw a structural formula for one of the molecules that
would be made when this section of egg white protein chain
is completely broken down. 1

(i1i)) As part of the program in the dishwasher, the conditions in the
dishwasher change so that the enzyme molecules no longer work
because they change shape.

(A) State the term used to describe the change in shape of
enzyme molecules. 1

(B) Suggest a change in conditions which would cause the
enzyme molecules to change shape. 1

L (R -
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. (continued)

(d) A bleach activator is frequently added to dishwasher tablets to speed up
the bleaching reaction. One common bleach activator is TAED.

TAED could be produced in a process which involves a number of stages.

(i) The first stage in producing TAED is shown below.

H H
\ /
/N—(CHZ)Z—N\ + g g

H H H,e” 07 ch,

ethylene diamine acetic anhydride

0
\

H C—CH, 0
\N—(CH );—N + \\C—CH
/ 272 \ / 3

H H H—O

Suggest a name for this type of reaction.

* X7 137 60130 =*
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9. (d) (continued)

(i) The final stage in the process producing TAED is shown below.

(0] 0
4 N\
H;C—C C—CH;
\ /
N—(CH,),—N + I I
/ \ /C\ /C\
H;,C—C H H5C 0 CH,
N\
O l
0
N\
TAED + C—CH,4
/
H—O
Draw a structural formula for TAED. 1

L ARG NFTEARHAUARR N ER -
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10.

Essential oils from the lavender plant are used in aromatherapy.

(@) Gas chromatography can be used to separate and identify the organic
compounds in lavender oils.

Chromatogram 1 - Lavender oil A

A @) )
A1) 3)
| j) ©)
LA LA LR I A R A R L R I R A R L R R A R R |

14 16 18 20 22 24
Retention time (minutes)

Peak Component Component peak area

1 1,8-cineole 7432
2 linalool 31909
3 camphor 7518
4 linalyl acetate 27504
5 geranyl acetate 3585
6 farnesene 1362

Total peak area = 79310

The relative concentration of each component can be calculated using
the following formula.

Component peak area
Total peak area

Relative concentration = X100 (%)

(i) Calculate the relative concentration of linalool in lavender oil A.

* X7 137 60132 =*
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10.

(@) (continued)

(i) Different varieties of lavender oils have different compositions.
Chromatogram 2 — Lavender oil B

A

T

14 16 18 20 22 24
Retention time (minutes)

Identify the component found in lavender oil A that is missing from
lavender oil B.

(b) A brand of mouthwash contains the component 1,8-cineole at a
concentration of 0-92 mg per cm?. The cost of 1kg of 1,8-cineole is £59-10.

Calculate the cost, in pence, of 1,8-cineole that is present in a 500 cm?
bottle of this brand of mouthwash.
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10.

(continued)

(c) The component molecules found in lavender oils are terpenes or
terpenoids.

(i) A chiral carbon is a carbon atom attached to four different atoms
or groups of atoms.

An example is shown below.

H

|
H,C—C—Cl

|
/ CyHs

Chiral carbon atom

A molecule of the terpenoid linalool has a chiral carbon. Linalool
has the following structure.

/CH3 H\
H,C—C Ho H CHy  c—n
N L
C—C—C—C—C
200 B
H H H o H
\
H

Circle the chiral carbon atom in the linalool structure.

(An additional diagram, if required, can be found on Page 36)

(i) Farnesene 1is a terpene consisting of three isoprene units
(2-methylbuta-1,3-diene) joined together.

Write the molecular formula of farnesene.

[END OF QUESTION PAPER]
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SECTION 1 — 20 marks
Attempt ALL questions

1. The potential energy diagram below refers to the reversible reaction involving reactants R
and products P.

Potential
energy
(kJmol™

Reaction pathway

What is the enthalpy change, in kJ mol™, for the reverse reaction?

A 40
B -10
c +10
D +30

2. The relative rate of a reaction which reached completion in 1 minute 40 seconds is

A 0-010s™"
B 0-714s™"
C 0-010min™
D 0-714min".

page 02



Number of
molecules

\J

Ex

Kinetic energy of molecules

Which of the following is the correct interpretation of the above energy distribution
diagram for a reaction as the temperature decreases from T, to T,?

Activation energy (E,) Number of successful collisions
A remains the same increases
B decreases decreases
C decreases increases
D remains the same decreases

The table shows the first three ionisation energies of aluminium.

lonisation energy (kJ mol™)

First

Second Third

578

1817 2745

Using this information, what is the enthalpy change, in kJmol™, for the following reaction?

Alf(g) — AB*'(g) + 2e

A 1817
B 2395
C 4562
D 5140

page 03
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5. An element contains covalent bonding and London dispersion forces.

The element could be

A boron
B neon
C sodium
D sulfur.

6. Erythrose is a chemical that is known to kill cancer cells.

OH OH

| /0
N
H

|
HO T C C
H

H H

erythrose

The two functional groups present in erythrose are

carboxyl and ester
carbonyl and ester

carbonyl and hydroxyl

O N W >

carboxyl and hydroxyl.

The name of the above compound is

2,2,3-trimethylbutanoic acid
2,3,3-trimethylbutanoic acid

1,1,2,2-tetramethylpropanoic acid

O N W >

2,2,3,3-tetramethylpropanoic acid.
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10.

11.

12.

Which of the following is an isomer of pentan-3-ol?

A CH,CH,CH(OH)CH,CH,
B CH,CHCHCH,CH,OH
C  CH,CHCHCH(OH)CH,
D  CH,CH(CH,)CH,CH,OH

Oxidation of 4-methylpentan-2-ol to the corresponding ketone results in the alcohol

losing 2 g per mole
gaining 2g per mole

losing 16 g per mole

o N W™ >

gaining 16 g per mole.

Essential amino acids are defined as the amino acids which

are necessary for building proteins
humans must acquire through their diet

plants cannot synthesise for themselves

o N0 W™ >

are produced when any protein is hydrolysed.

A mixture of carbon monoxide and hydrogen can be converted into water and a mixture of
hydrocarbons.

nCO + (2n+1)H, — nH,0 + hydrocarbons

What is the general formula for the hydrocarbons produced?

A CnHZn—Z
B CnHZn

C CnH2n+1
D CnH2n+2

A mixture of sodium chloride and sodium sulfate is known to contain 0-6 mol of chloride
jons and 0-2 mol of sulfate ions.

How many moles of sodium ions are present?

A 04
B 05
Cc 038
D 1.0
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13.

14.

15.

16.

Under the same conditions of temperature and pressure, which of the following gases would
occupy the largest volume?

0-20¢g of hydrogen
0-44 g of carbon dioxide
0-60 g of neon

o N W™ >

0-80g of argon

3Cu0 + 2NH; — 3Cu + N, + 3H,0

What volume of gas, in cm®, would be obtained by reaction between 100 cm® of ammonia
gas and excess copper(ll) oxide?

All volumes are measured at atmospheric pressure and 20 °C.

A 50
B 100
C 200
D 400

ClL(g + H,0() = Cl(ag) + ClO(@g) + 2H'(aq)

The addition of which of the following substances would move the above equilibrium to the
right?

Hydrogen

Hydrogen chloride

Sodium chloride

O 0O W >

Sodium hydroxide

When 3-6 g of butanal (mass of one mole = 72 g) was burned, 124 kJ of energy was released.

What is the enthalpy of combustion of butanal, in kJmol™'?

A —6-2
B +6-2
C 2480
D 42480
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17. Consider the reaction pathways shown below.

18.

19.

C(s) + 0,(9)

—394 kJ mol™

According to Hess’s Law, the enthalpy change, in kJmol™, for reaction X is

+111
-111
—677
+677.

o N W >

CO,(9)

> CO(g) + ¥20,(9)

—283 kJ mol™

S0;>(aq) + H,00) — SO, (ag) + 2H'(aq) + 2e”

Which of the following ions could be used to oxidise sulfite ions to sulfate ions?

A Cr¥(aq)
B Al*(aq)
C Fe*(aq)
D Sn*(aq)

During a redox reaction nitrate ions, NO;", are converted to nitrogen monoxide, NO.

Which line in the table correctly completes the ion-electron equation?

NO;~

—

NO

Reactants Products
A 6H" + 5e” 3H,0
B 4H* + 3e” 2H,0
C 6H" 3H,0 + 5e”
D 4H* 2H,0 + 3e”

page 07
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20. ICL(€) + Cly(g9) = ICl;(s) AH = -106kJmol™

Which line in the table identifies correctly the changes that will cause the greatest increase
in the proportion of solid in the above equilibrium mixture?

Temperature Pressure
A decrease decrease
B decrease increase
C increase decrease
D increase increase

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2
OF YOUR QUESTION AND ANSWER BOOKLET.]
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SECTION 2 — 80 marks
Attempt ALL questions

. The elements of group 7 in the periodic table are known as the halogens.

(@) Going down group 7 the electronegativity of the halogens decreases.

(i) State what is meant by the term electronegativity.

(i) Explain why electronegativity values decrease going down group 7.

(b) Explain fully why the boiling points of the halogens increase going down
group 7.

In your answer you should name the intermolecular forces involved.

* X7 13760106 =*
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. The elements sodium to argon form the third period of the periodic table.

(@) Explain the decrease in atom size going across the third period from
sodium to argon.

(b) Elements in the third period of the periodic table form chlorides.

The structures of three of these chlorides are shown.

Cl

S P s
a” \Clc l a” \Clc l a a

(i) Circle the structure of the molecule above that contains bonds with
the lowest polarity.

(An additional diagram, if required, can be found on page 37).

(i) Explain fully why, of these three chlorides, silicon tetrachloride is
the most soluble in hexane.

[Turn over
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. (continued)
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(c) Silicon tetrachloride can be used to make silicon nitride (Si;N,), a
compound found in many cutting tools.

(i) Silicon nitride has a melting point of 1900 °C and does not conduct
electricity when molten.

Explain fully, in terms of structure and bonding, why silicon nitride
has a high melting point. 2

(i) An equation for the formation of silicon nitride is shown.

38iCl,  +  16NH,  — SN,  +  12NH,Cl

mass of mass of mass of mass of
one mole one mole one mole one mole
=170-1¢g =17-0¢g =140-3¢g =53-5¢
Calculate the atom economy for the formation of silicon nitride. 2

AR TR L -

* X7 137 60108 =*
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2. (continued)

(d) Aluminium, another element in the third period, also forms a chloride.
Aluminium chloride is prepared by reacting aluminium metal and
chlorine gas.

Chlorine gas is produced by the reaction between hydrochloric acid and
sodium hypochlorite. The chlorine is then passed over heated aluminium
foil, forming aluminium chloride as a hot gas. The hot aluminium
chloride gas and unreacted chlorine gas are passed into a flask where the
aluminium chloride cools to a fine white powder.

For safety it is important that any unreacted chlorine gas can escape
from the flask.

(i) Complete a labelled diagram to show an apparatus suitable for
carrying out this preparation.

(An additional diagram, if required, can be found on page 37).

hydrochloric
acid
LT Voo k
a1 |
| l | |
| | | |
| | | |
I | | |
I | I |
| | | |
| | | |
| | | |
| | | |
sodium
hypochlorite
solution

(i) Explain why the aluminium foil needs to be heated at the start of
the preparation, despite the reaction being highly exothermic.

[Turn over
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. Methyl benzoate is commonly added to perfumes as it has a pleasant smell.

A student carries out a reaction to produce methyl benzoate using the
following apparatus.

wooden clip
small test tube supporting small

containing test tube
cold water 1 [

methanol,
benzoic acid
and catalyst

N

N~

/

(@) The reaction mixture needs to be heated.

Describe a safe method of heating a flammable mixture.

(b) Suggest a reason why there is a small test tube filled with cold water in
the neck of the tube containing the reaction mixture.

*X7137 60110 %*
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3. (continued)
(o) The chemical reaction involved in the experiment is shown.

CHsCOOH(s) +  CH,0H(®) —  CHsCOOCH,®) + X

benzoic acid methyl benzoate
mass of one mass of one mass of one
mole =122¢g mole =32¢ mole =136¢g
(i) Name product X. 1

(i) In a laboratory experiment, a student used 5-0¢ of benzoic acid
and 2-5¢g of methanol to produce methyl benzoate.

Explain why benzoic acid is the limiting reactant.

You must include calculations in your answer. 2

(iii) The student produced 3-1g of methyl benzoate from 5-0g of
benzoic acid. Benzoic acid costs £39-80 for 500 g.

Calculate the cost, in £, of the benzoic acid needed to make 100¢g
of methyl benzoate using the student’s method. 2

L AR AR -
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4, 3-Methylbutanal is a compound that is found in low concentrations in many
types of food. The structure of 3-methylbutanal is shown.

H H H ¢

i—t—t—t—!
Lk
H—C—H
.

(@) Draw a structural formula for a ketone that is an isomer of
3-methylbutanal. 1

(b) Name a reagent which could be used to distinguish between
3-methylbutanal and a ketone. 1

(c) Name the strongest intermolecular force that occurs between
3-methylbutanal molecules. 1

L AR AL -
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4, (continued)

(d) 3-Methylbutanal is found in olive oil.
Explain fully what can happen to 3-methylbutanal that will cause the
olive oil to develop an unpleasant taste.

(e) 3-Methylbutanal can be used as a reactant in the production of other
compounds. One reaction scheme involving 3-methylbutanal is shown.

H H H 0
R S il Step 1 N
+ HyC—C—CHy—> H—C—(‘Z—C—C=C—C—C—H +H,0
C

I | \H [

3-methylbutanal propanone

i
I IT—N—IT

product A

(i) Explain why step 1 is described as a condensation reaction.

(ii) Give the systematic name for product A.

-

[Turn over
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. Many chemical compounds are related to each other by their structural
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features, the way they are made and how they are used.

Using your knowledge of chemistry, describe the relationships between fats,
oils, detergents, soaps and emulsifiers. 3

AL -

* X7 13760114 %*
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. Skin creams contain many different chemicals.

(@) Retinol (vitamin A) promotes cell regeneration.

One method of supplying retinol to the skin is by using a skin cream
containing the compound retinyl palmitate.

0
I

C15H31 C 0 C20H29

retinyl palmitate
Retinyl palmitate is absorbed into the skin and then broken down to

form retinol.

(i) Name the type of reaction that occurs when retinyl palmitate is
broken down to form retinol.

(ii)) Write a molecular formula for retinol.

(b) Skin creams often contain vitamin E to prevent damage to the skin
caused by free radicals.

(i) Describe how free radicals are formed.

*X7137 60116 *
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6. (b) (continued)

(i) Hydroxyl free radicals (¢OH) can attack fatty acids present in cell
membranes. One step in the chain reaction is shown below.

State the name given to this step in the chain reaction. 1

(iii) The antioxidant vitamin E is a free radical scavenger.

State how free radical scavengers prevent further chain reactions. 1

[Turn over
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6. (continued)
(c) Palmitoyl pentapeptide-4 is also used in skin creams.
NH, CH,4 CH, THZ (I)H
R A R
I I
CH3(CH2)14—C—N—C—C—N—f—C—N—?—C—N—(li—C—N—T—C—OH
H H H H H

(i) Circle a peptide link in the above structure.

(An additional diagram, if required, can be found on page 37).

(i) Palmitoyl pentapeptide-4 is formed from palmitic acid and three
different amino acids.

Molecule

Number of molecules used to form one
molecule of palmitoyl pentapeptide-4

palmitic acid

1

threonine

serine

1

lysine

2

Draw a structural formula for the amino acid serine.

*X7137 60118 *

page 18

MARKS

DO NOT I

WRITE IN
THIS
MARGIN




. Terpenes consist of joined isoprene units (2-methylbuta-1,3-diene). They are

classified by the number of isoprene units in the molecule.

Class of terpene Number of isoprene units
hemiterpene 1
monoterpene 2

sesquiterpene 3
diterpene 4
triterpene 6

(@) Myrcene and humulene are terpenes present in hops which give beer its
characteristic flavour and aroma.

(i) Circle anisoprene unit on the myrcene structure below.

CH,

C
H,e” cH

| |
H,C CH,
CH

[
C
He” CH,

~

(An additional diagram, if required, can be found on page 38).

(i) Humulene has the molecular formula C;5H,,.

Name the class of terpene to which humulene belongs.

[Turn over
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(continued)

(b) () Squalene, a triterpene, is included in some flu vaccines to enhance
the body’s immune response. A single dose of flu vaccine contains
10-69 mg of squalene.

Calculate the mass of squalene required to produce a batch of
500000 doses of flu vaccine.

Your answer must be given in kg.

(i) Squalane is a fully saturated hydrocarbon used in skin moisturising
cream.

Squalane can be made by the reaction of squalene with hydrogen.

squalene

State the number of moles of hydrogen needed to fully saturate
one mole of squalene to produce one mole of squalane.

*X7137 60120 *
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. (continued)

(c) The monoterpene limonene, found in lemon oil, can be converted into
the alcohol, terpineol.

H2C_ CHZ CHZ H2C — CHZ CH3

Vi /N

H,C—C CH—C — H;C—C CH—C—OH
N/ \ N4 I

HC_CHZ CH3 HC_CHZ CH3
limonene terpineol

(i) Name the type of reaction taking place.

(i) When terpineol is heated with copper(ll) oxide, no reaction takes
place.

Explain why no reaction takes place.

[Turn over
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The alkynes are a homologous family of hydrocarbons.

@

(b)

The simplest member of the family is ethyne, C,H,, used in welding
torches.

H—C=C—H
Ethyne can be produced from ethane.

H H
] H—H
H—C—C—H ——> H—C=C—H +
| H—H

H H

Using bond enthalpies and mean bond enthalpies from the data book,
calculate the enthalpy change, in kJmol™, for this reaction.

Hess’s Law can be used to calculate the enthalpy change for reactions
that do not normally take place, such as the formation of propyne from
its elements.

3C(s) +  2Hy (90 —  GH,®

Calculate the enthalpy change, in kJmol™, for this reaction using the
following information.

C(s) + 0,(8) —  CO49) AH = -394 kJ mol™
H,(g) + 40,8 —  H,0(8) AH = -286kJmol™
CH, (@) + 40,(8) —  3CO,g) + 2H,0(8) AH = —-1939 kJ mol ™

*X7137 60122 *
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8. (continued)
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() Propyne, C;H, (1 mole = 40¢g), has been suggested as a possible rocket
fuel.

(i) The enthalpy of combustion of propyne is —1939 kJ mol™".

Calculate the energy released, in kJ, when 1kg of propyne is
burned completely. 1

(i) The mass of air required to burn 1g of fuel can be calculated using
the relationship shown.

Mass of air, in g¢ = 4-3 x mass of oxygen, in g, for complete combustion of 1g of fuel

Calculate the mass of air, in g, required to burn 1 g of propyne. 2

CHy9 + 40,90 —  3C0,9)0 +  2H,0(8)

L AT RL D e -

*X7137 60123 *
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. (©) (continued)

(iii) The table shows the mass of air required to burn 1g of different

MARKS

fuels.
Fuel Mass of 1 mole (g) | M °ftﬁf22‘?7,”1ir§d
ethane 30 16-1
propane 44 15-6
methanol 32 65
ethanol 46 9.0

Suggest why methanol and ethanol, compared to the other fuels,

require less air to burn 1g.

* X7 137 60124 *
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9. Ethane-1,2-diol can be made from ethene.

(@) The flow chart of an industrial process to produce ethane-1,2-diol is

Reactor 1 <
200-300°C  catalyst |
* recycling gases

Separator 1 |

Reactor 2
50-70°C catalyst

'

Separator 2

liquid liquid
ethane-1,2-diol by-products

(i) Industrial processes are designed to maximise profit.

Using the flowchart, suggest two ways to maximise profit in this
industrial process. 2

L AR Ran S -
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page 26



. (@) (continued)

(il) Name the process used in Separator 2 to separate ethane-1,2-diol

from the larger liquid by-products.

(b) Explain fully why ethane-1,2-diol is more viscous than propan-1-ol.

(c) Draw a structural formula for a diol that contains three carbon atoms.

*X7137 60127 *
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9.

(continued)

(d) Ethane-1,2-diol has been found to be harmful to animals. Treatment for
affected animals involves using a 20% ethanol solution.

(i) The 20% ethanol solution is prepared by accurately measuring
20cm?® of ethanol and then making up to exactly 100cm? with
water.

Describe the procedure which should be used to prepare 100 cm? of
the 20% ethanol solution.

(ii) An affected animal must be treated with 9 doses of 20% ethanol
solution. Each dose contains 5 cm? of the ethanol solution for every
kilogram body mass of the animal.

Calculate the total volume, in cm?, of the 20% ethanol solution
needed to treat a 3-5 kg animal.

* X7 13760128 *
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. (d) (continued)

(iii) Ethane-1,2-diol is harmful because it is oxidised in the body to
form glycolic acid.

H 0

|/
HO—C—C

| \

H OH

glycolic acid

(A) Draw a structural formula for another possible product of
oxidation of ethane-1,2-diol.

(B) Glycolic acid can be neutralised by sodium hydroxide to form
sodium glycolate.

Give a formula for sodium glycolate.

[Turn over
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10.

The molar volume (in units of litres per mole) is the same for all gases at the
same temperature and pressure.

Using your knowledge of chemistry, suggest how the molar volume of gases
could be measured and compared. Any suitable chemicals and apparatus can
be used. Some suggested chemicals and apparatus are given below.

Chemicals

Apparatus

hydrochloric acid

gas syringe

zinc measuring cylinder
magnesium delivery tube
calcium stoppers
water 500 cm? flask

sodium carbonate

vacuum pump

calcium carbonate balance
cylinder of nitrogen cork ring
cylinder of hydrogen burette

cylinder of carbon dioxide

filter funnel

* X7 13760130 =*
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10. (continued)

[Turn over
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11.

lodine is required for a healthy diet. Food grown in certain parts of the world
is low in iodine. To prevent iodine deficiency in people’s diets, table salt can
be ‘iodised’ by the addition of very small quantities of potassium iodide, KI.

The number of moles of iodide in a sample of salt can be determined by the
following procedure.

Step 1

Prepare a standard salt solution by dissolving an accurately weighed sample
of iodised salt (50-0g) in water to give a final volume of 250 cm®.

Step 2

Transfer 50 cm? of salt solution to a conical flask and add excess bromine
solution to convert the iodide ions to iodine.

Step 3
Titrate the iodine (I,) released with sodium thiosulfate solution (Na,S,0;).

(@) Describe a procedure to accurately weigh out a 50-0g sample of iodised
table salt.

(b) The overall equation for the reaction of bromine solution with iodide
jons is shown.

2(@ag) + Bryag) —  L(q) + 2Br(aq)

Write the ion-electron equation for the oxidation reaction.

*X7137 60132 *
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11. (continued)

(c) Three samples were prepared as described in step 2. Each sample was
titrated with 0-0010 mol ™" sodium thiosulfate solution.

The results are shown below.

Sample Volume of Sod1u3m thiosulfate
(cm?)

1 10-0
2 9-4
3 9-6

(i) Calculate the average volume, in cm?, of sodium thiosulfate solution
that should be used to determine the number of moles of iodine

released.

(ii) Calculate the number of moles of iodine released from 50cm? of

the standard salt solution. 2

l,(dg) + 2Na,S,05(aq) — 2Nal(agq) + Na,S,0.(aq)

[Turn over
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12. Many modern antiseptics are based on phenol. The table shows the ety
germ-killing power of some phenol compounds. nhs
@ Compound Structure Germ-killing power

p (relative to phenol)
OH
phenol @ 1-0
OH
4-methylphenol @ 2-5
CH,
OH
Cl
2-chlorophenol 36
OH
4-ethylphenol @ 7-5
CoHs
OH
Cl
2,4-dichlorophenol 13-0
Cl
OH
4-propylphenol @ 20-0
C3H;
OH
Cl Cl
2,4,6-trichlorophenol 23-0
Cl

L AR TRV -
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12. (a) (continued) s

(i) Suggest two ways in which structural features increase germ-killing
power of phenol compounds. 2

(i) The names of the phenol compounds in the table are derived from
their structures using the following rules.

Phenol is used as the parent name for the compound.

1. The —-OH functional group is assigned as being on carbon 1 of
the ring.

2. The ring can be numbered clockwise or anticlockwise to assign
numbers to the other atoms or groups. The numbers should be
assigned so that the lowest possible numbers are used.

3. If two or more identical atoms or groups are present, use one of
the prefixes di, tri or tetra.

4. The names of the atoms or groups attached to the ring are
listed alphabetically (ignoring the prefixes for alphabetical
purposes).

Using these rules, name this molecule.

OH
Cl

CH,

[Turn over
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(b) There are different methods of producing phenol.

(i) In the early 1900s, phenol was produced by the following reaction.

CH, + H,SO, + 2NaOH — CH:OH + Na,sSO, + 2H,0

benzene phenol
mass of mass of
one mole one mole
=78-0¢ =94-0¢g

Calculate the mass of phenol, in kg, produced from 117kg of
benzene if the percentage yield is 90%. 2

(i) Phenol is now usually produced by the Cumene Process.

i
(IZ—O—O—H b OH . X
CH,
cumene phenol
hydroperoxide
Name the other product, X, formed in the Cumene Process. 1

[END OF QUESTION PAPER]
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