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SECTION A

You should spend a maximum of 25 minutes on this section.
Write your answer to each question in the box provided.
On a Periodic Table the number 39.1 is shown for potassium, K.
What is this number?
A atomic number
B mass number
C relative atomic mass

D relative molecular mass

Your answer [1]

SiO, has a covalent network structure.

What is correct for SiO,?

A It consists of SiO, molecules joined by strong intermolecular bonds.
B It does not conduct electricity when molten.

C It has a low melting point.

D Itis readily soluble in water.

Your answer [1]

What is the missing product of the nuclear fusion reaction shown?

A aberyllium nucleus
B a helium nucleus
C alithium nucleus

D aproton

Your answer [1]
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Magnesium oxide reacts with dilute hydrochloric acid.

What is correct for this reaction?

A

B

Cc

D

Your answer

A gas is given off.
A green solution of a salt is formed.
It is a neutralisation.

Magnesium hydrochloride is formed.

[1]

This question is about the relationship between enthalpy changes and bonds broken and made.

Which row is correct?

sign of AH description bonds broken and made

more energy released in
- endothermic making bonds than used
in breaking bonds

less energy released in
making bonds than used
in breaking bonds

- exothermic

less energy released in
+ endothermic making bonds than used
in breaking bonds

more energy released in
making bonds than used
in breaking bonds

+ exothermic

Your answer

What are possible products from cracking an alkane molecule?

A

B

Cc

D

Your answer

one alkane molecule and two alkene molecules

two alkane molecules

two alkane molecules and one alkene molecule

two alkene molecules

© OCR 2024
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What is a risk, rather than a benefit, of using chlorine solution?

A

B

Cc

D

Your

It can be toxic.

It is a disinfectant.

It kills bacteria.

It sterilises water.

answer

An impure organic liquid is being purified after preparation.

The liquid is insoluble in water.

Why
A
B
Cc

D

Your

is a separating funnel used?

To complete the distillation.

To remove the sodium sulfate used for drying.

To separate the impure liquid from aqueous washings.

To separate the pure product from water.

answer

What is correct for all the halogens (Group 17)?

A
B
C
D

Your

© OCR 2024

Their atoms have electronic configurations ending p®.
They are gases.
They are readily soluble in water.

They have the highest first ionisation enthalpy in their period.

answer

[1]

[1]

[1]
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10 What occurs when aqueous chlorine reacts with aqueous iodide ions?

A 2CI" - CL, + 2e”

B Electrons are transferred from chlorine atoms.

C I is oxidised.

D The brown colour fades.

Your answer [1]

11 Aluminium reacts with chlorine to form AlCl3.

What is the maximum mass (in g) of AICL; (M, = 133.5) that could be made by reacting 5.4 g of
aluminium with 10.7 g of chlorine?

A 134
B 16.1
CcC 270
D 40.0
Your answer [1]

12 Areaction has a K << 1 x 10710

What is correct for this reaction?

A Concentration of products = concentration of reactants.

B It forms an equilibrium with more products than reactants.

C It goes to completion.

D It hardly happens at all.

Your answer 1]

© OCR 2024
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13 The table shows the tropospheric abundance and greenhouse factors for carbon dioxide and

6

methane. The greenhouse factor measures the relative contribution to the greenhouse effect of
one gram of each gas.

tropospheric
abundance by mass

greenhouse factor

Cco,

0.040%

1

CH,

1.8ppm

28

What is the approximate value of the fraction shown?

contribution to the greenhouse effect of the methane in the troposphere

contribution to the greenhouse effect of the carbon dioxide in the troposphere

A 1/80
B 1/8

C 451
D 801

Your answer

14 lodobutane reacts with silver nitrate solution.

What is correct about this reaction?

A It gives a white precipitate.

B Itis faster than the reaction of chlorobutane with silver nitrate solution.

C It is slower than the reaction of bromobutane with silver nitrate solution.

D The rate is determined by the polarity of the C-I bond.

Your answer

© OCR 2024
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15 What is a property of the compound shown?

CO,H
OH
A It can be oxidised to a carbonyl compound.
B It gives a purple colour with neutral FeCl,.
C ltis neutral in solution.
D It reacts with alkalis but not carbonates.
Your answer

16 An impure solid is purified by recrystallisation.

What is correct?

A

B

Cc

D

Your

Insoluble impurities are removed by filtration at the end of the process.

Soluble impurities remain in solution at the end of the process.

The final mass of solid is greater than the mass before recrystallisation.

The solid must be soluble in the chosen solvent at low temperatures.

answer

17 The thermal stability of Group 2 carbonates increases down the group.

What is a reason for this?

A

B

Cc

D

Your

© OCR 2024

The anion charge gets smaller down the group.
The anion is more distorted down the group.
The cation charge gets larger down the group.

The cations get larger down the group.

answer
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18 A hydrocarbon molecule has 9 ¢ bonds and 2 = bonds.

8

What is the hydrocarbon?

A

B

Cc

D

Your answer

19 The reaction shown is sometimes used during the manufacture of bromine from sea water.

Bry(@q) + SO,(g) + .ccoveveen. — 2HBr(aq) + H,SO,(aq)

CH,CHCHCHCH,
CH,CHCH,CH,
CH,CHCHCH,

CH,CHCH,

What is correct about this reaction?

A

Your answer

‘H,O(l)" should be written on the dotted line.
The colour darkens during the reaction.
The pH falls during the reaction.

The sulfur is oxidised from +2 to +6.

20 An aqueous solution of calcium nitrate is electrolysed.

What is the product at the anode?

A

B

Cc

D

Your answer

calcium
hydrogen
nitrogen

oxygen

© OCR 2024
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SECTION B

21 Sodium bicarbonate, NaHCO;, is used in baking cakes.
It decomposes when heated, giving carbon dioxide that causes the cakes to ‘rise’.

2NaHCO,4(s) — Na,CO,(s) + CO,(g) + H,0(9) Equation 21.1

(@) Give the systematic name of NaHCO,.

(b) A pair of students want to check Equation 21.1.

They heat a sample of sodium bicarbonate, collect the carbon dioxide produced and measure its
volume.

(i) Draw a labelled diagram of an apparatus they could use.

[2]

(ii) Calculate the volume of gas (in cm3, measured at RTP) that they would expect to collect if they
heated 0.10 g of sodium bicarbonate.

© OCR 2024 Turn over
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(c) The students wish to measure the AH for the reaction in Equation 21.1.

They react NaHCO, and Na,CO, separately with hydrochloric acid in glass beakers. They
measure the temperature changes in each experiment.

They then use the Hess cycle in Fig 21.1 to measure AH.
Fig. 21.1

AH
2NaHCO, Na,CO, + CO, + H,0

AH, AH,
+ 2HCI + 2HCI

2NaCl+ 2CO, + 2H,0

The students’ results for measuring AH, are:

Mass of Na,CO,/g 2.0
Volume of 2.0 moldm=3HC1 (excess)/cm? 25.0
Initial temperature of solution/°C 19.3
Final temperature of solution/°C 251

(i) Calculate the value of AH, (in kJmol™).
(Assume there are 27.0g of solution with the same specific heat capacity as water.)

AH = kJmol=" [3]
(ii) The greatest measurement uncertainty is 0.05g in the mass.

What percentage is 0.05 of 2.0?

ANSWET = e e e % [1]

© OCR 2024



11

(iii) As well as measurement uncertainties, there are also errors caused by experimental limitations.
One such error is ‘heat loss’ during the measurement of AH,.

The students could reduce heat loss by changing one piece of apparatus.

Describe this change and explain how it will reduce heat loss.

..................................................................................................................................................... [2]
(iv) The students do another experiment and calculate that AH,, = +22kJ mol~".
Calculate AH in kJmol~", using your answer from (i) and the cycle in Fig. 21.1.
AH = e kdmol~" [2]

© OCR 2024 Turn over
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(a)

(b)

(c)
(i)

(ii)

12

Knowledge of the structure of atoms developed gradually over time.

By the year 1914 the arrangement of the electrons was still being worked out.

A scientist called Neils Bohr studied atomic spectra and devised the idea of electrons being in
energy levels.

Atomic spectra can be either absorption spectra or emission spectra.

Describe the appearance of an atomic absorption spectrum and explain how it is formed.
Give one similarity between the atomic absorption and emission spectra of the same element.

..................................................................................................................................................... [5]
Later work led to the ideas of electron orbitals.

Give the shape of an s-orbital.
..................................................................................................................................................... [1]
Electron configurations help to explain the similarities and trends in the Periodic Table.

Complete the electron configuration of a calcium atom.

182 ettt ettt ettt ettt ettt et et et et et et e st et et e et et et et e e s et et esenn s enen [1]
Magnesium has similar reactions to calcium.

Explain why, in terms of electron configurations.
..................................................................................................................................................... [1]

© OCR 2024
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(iii) An element A has the following properties:

* Itis a silvery metal with a melting point of 29°C.
. Its atoms contain d electrons.
. It forms an oxide of formula A203 with Mr less than 200.

Identify A, giving at least three reasons based on its properties.

© OCR 2024 Turn over
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(a)
(i)

(ii)

(b)

(c)

14

Ethanoic acid, CH,COOH, is widely used for making other substances, such as polymers.
Most ethanoic acid is now made from methanol by the Cativa process.

The Cativa process has three stages, shown below.

Stage 1: CH;OH + HI —» CH,I + H,0

Stage 2: CH,I + CO —» CH,COI

Stage 3: CH,COI + H,0 — CH,COOH + HI

Draw the skeletal formula of ethanoic acid.

[1]
Name CH,I, the product of Stage 1.
..................................................................................................................................................... [1]
What is the atom economy of the Cativa process for producing ethanoic acid?
atom eCONOMY = ..o % [1]

Calculate the minimum mass of CO needed to make 15g of ethanoic acid by the Cativa process.

Give your answer to an appropriate number of significant figures.

© OCR 2024



(d)
(i)

(ii)

(e)

(i)

(i)

15

Stage 1 is a nucleophilic substitution.

What is a nucleophile?

In Stage 1, I” ions from the HI displace OH™ ions from methanol, CH,OH.
Complete the mechanism for this process.

Use curly arrows and show the products.

[2]
The Cativa process uses an iridium catalyst in Stage 2.
An alternative process, called the Monsanto process, uses a rhodium catalyst. The Monsanto
process makes more propanoic acid as a by-product than the Cativa process.

In which block of the Periodic Table are rhodium (Rh) and iridium (Ir) both found?

© OCR 2024 Turn over
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(f) Ethanoic acid can be converted to ‘vinyl acetate’.
Vinyl acetate is the monomer for PVAc, a polymer used in wood glue.
—CH,—CH—
IOCOCH3

repeating unit of PVAc

Draw the skeletal formula of the monomer vinyl acetate.

[2]

© OCR 2024
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18

Some students investigate the rate of the reaction of sodium thiosulfate with acid.

$,0,2(aq) + 2H*(aq) — H,O(l) + SO,(g) + S(s)

Equation 24.1

The students make a pencil mark on a piece of paper. They measure the time it takes for the
precipitate of sulfur to block out their view of the mark.

The rate of reaction is given by: Rate « 1/time

Mixtures of sodium thiosulfate solution and water are made up as shown in the table.

5cm?3 of 2.0moldm=3HClis added to each one.
The time for the mark to be blocked out is noted.

The students get the following results at room temperature.

Volume of sodium | Volume of water . . -
thiosulfate / cm?3 Jem3 Time/s Rate (1/time)/s
10 40 100 0.010
20 30 44 0.023
30 20 35
40 10 26 0.038
50 0 20 0.050

(a)

(i)

Fill in the missing value in the table.

© OCR 2024
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(ii) On the graph paper below, plot a graph of rate against volume of sodium thiosulfate, including
the origin. Label the axes.

Draw a line of best fit.

[3]
(iii) Explain why ‘volume of sodium thiosulfate’ is proportional to ‘concentration of sodium thiosulfate’.

(iv) The graph shows the relationship between rate and thiosulfate concentration for the reaction in
Equation 24.1.

Describe this relationship and explain it in terms of molecular collisions.

© OCR 2024 Turn over
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(b) The students repeat the experiment, varying the temperature. They find that the reaction gets
faster as the temperature is increased.

Complete and label the diagram below to explain why reactions get faster as the temperature
increases.

Number of
molecules

Energy E,
[2]
(c)
(i) Assign oxidation states to the sulfur atoms in the equation.
Write the oxidation states on the dotted lines below the atoms.
2—
S,05(aq) + 2H%(aq) — H,O(l) + SO,(g) + S(s)
[2]
(ii) State what is being oxidised and what is being reduced in the reaction.
..................................................................................................................................................... [1]

END OF QUESTION PAPER
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EXTRA ANSWER SPACE

If you need extra space use these lined pages. You must write the question numbers clearly in
the margin.
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