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SIXTH FORM ENTRANCE 2023
CHEMISTRY
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Instructions to Candidates:

e Fill in the boxes above with your name, school and the date

e Use black ink or ball point pen. If you change your mind about an answer please put a line
through it and then write your new answer (no Tipex or correction fluid please)

o Answer all questions

o Answer the questions in the space provided

e Show all of the steps in any calculations and remember to include units

e You may use a calculator

e Use the periodic table provided

e Marks available for each question are indicated in brackets

e Total marks for this paper 100
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1(a). This question is about structure and bonding.
Look at the two structures, A and B, in Fig. 16.1.

,Cahnn
P Anion

A B
Fig. 16.1
i. ldentify the bonding in structure A.
Explain your answer.
Bonding
Explanation
[2]
ii. Explain why structure B has a high melting point.
[2]
iii. Explain why structure B does not conduct electricity.
[1]
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b. Look at the structure of a metal in Fig. 16.2. Metals are malleable, which means they can be hammered or pressed into
shape without breaking or cracking.

Explain why metals are malleable.

[2]

(b). Look at the structure of a metal in Fig. 16.2. Metals are malleable, which means they can be hammered or pressed into shape
without breaking or cracking.

Explain why metals are malleable.

[2]

2(a). A student is investigating chemical reactions that produce heat.
She adds zinc to hydrochloric acid, HC/ .

Zinc chloride, ZnCl/ 2, and hydrogen gas are made.

i Write the balanced symbol equation for this reaction.

[2]

ii. What term is used to describe a reaction that produces heat?

(1
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(b). The student draws the reaction profile for this reaction, as shown in Fig. 18.1.

Reactants
Activation

ene
Energy 9

Progress of reaction
Fig. 18.1

Explain what is meant by the term activation energy.

(1

(c). Combustion reactions produce a lot of heat energy.

Bond energies can be used to calculate the energy change in combustion reactions.

Bond Bond energy (kJ / mol)
C-H 413
0=0 498
C=0 805
O-H 464

Methane is a common fuel used in combustion reactions.

Methane reacts with oxygen. Carbon dioxide and water are made, as shown in Fig. 18.2.

H /D
| 0=0 Sy
H—C—H + — O0=C=0+
| 0=0 AN
H H H
Fig. 18.2

i The reaction of methane with oxygen produces heat.
Explain why.

Use ideas about bond breaking and bond making in your answer.

[3]
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ii. Calculate the total energy transferred to break the bonds in the reactants in Fig. 18.2.

Total energy transferred = ............cccoeeeeeiiccieneen. kd / mol [1]

iii. Calculate the total energy transferred to make the bonds in the products in Fig. 18.2.

Total energy transferred = ..........ccccooiiiiieiinneenn. kd / mol [1]
iv. Use your answers to parts (ii) and (iii) to calculate the energy change for the reaction in Fig. 18.2.
Energy change = .......cccocoivieeiinenene kd / mol [1]
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i. Mendeleev did not predict the existence of argon, neon, krypton or xenon.
The electron arrangement of argon is 2,8,8.
What does this tell you about the reactivity of argon?

Explain your answer.

[2]

ii. Neon is an element that has isotopes. Two of the isotopes are shown below.
0
e Ne

Complete Table 17.3 to show the number of protons, neutrons and electrons in each neon isotope.

2 Ne 2Ne
Proton
Neutron
Electron
Table 17.3 [3]

4. After testing some soil samples, a farmer finds that the soil in one of his fields is acidic.
Acidic soil can be neutralised by spreading magnesium carbonate, MgCOs3, onto the soil.
The farmer uses 25.0 kg of magnesium carbonate.

Calculate the number of moles of magnesium carbonate the farmer uses.
(ArC=12.0,Mg=24.3;0=16.0)

Give your answer to 3 significant figures.

Number of moles of magnesium carbonate = ................ccciiis [3]
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5(a). Sodium oxide, Naz0, is a white solid.

Draw a dot and cross diagram to show the ions in sodium oxide.

(b).

Sodium oxide reacts with water.
An aqueous solution of sodium hydroxide is made.

Write the balanced symbol equation for this reaction, including state symbols.

[2]

[3]

Sodium hydroxide neutralises acids. It is an alkali.

Which ion do solutions of alkalis contain?

[1]

A salt is made when sodium hydroxide neutralises sulfuric acid.

Name this salt.

[1]

© OCR 2022. You may photocopy this
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A sample of hydrochloric acid has a pH of 1.04.
A student adds water to the hydrochloric acid until the pH is 3.04.
The concentration of hydrogen ions decreases.

Calculate the factor by which the hydrogen ion concentration has decreased.

Decrease in hydrogen ion concentration =
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6(a). A student investigates the thermal decomposition of copper carbonate.
copper carbonate — copper oxide + carbon dioxide

Here is the set-up of the apparatus she uses.

Copper T
carvonate—C_<___JUN]

Delivery tube
Test ube
Bunsen ———
burmer
-Limewater

The student measures the mass of copper carbonate at the start of the experiment. She then measures the mass
of copper oxide made.

She does the experiment five times using a different mass of copper carbonate each time.

Look at her results.

Mass of copper carbonate (g) Mass of copper oxide (g)
1.00 0.70
2.00 1.35
3.00 1.95
4.00 2.65
5.00 3.30

i. Plot a graph of the student’s results and draw a line of best fit.

[4]
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ii. What is the mass of copper carbonate that needs to be heated to produce 2.50 g of copper oxide?

Use your graph in your answer.

Mass of copper carbonate = .........ccccceveiiii g [1]

iii. The mass of copper oxide made in the reaction is less than the mass of the copper carbonate heated.

Suggest why.

[1

(b). Calcium carbonate thermally decomposes to make calcium oxide and carbon dioxide.
CaCOs3 — CaO + CO2
Calculate the mass of calcium carbonate needed to make 209g of calcium oxide.
(A Ca=40.1,C=12.0,0=16.0)

Give your answer to 3 significant figures.

Mass of calcium carbonate = ............ccccoiiiiiiis g [4]
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7. A student investigates the decomposition of hydrogen peroxide.
2H202(aq) — 2H20(1) + O2(g)

0.2g of oxygen gas is produced in the reaction.

The student uses 0.5 g of manganese(IV) oxide as a catalyst in the reaction.

How much manganese(lV) oxide remains at the end of the reaction?

0.2g
0.3g
0.5g
0.7g

OO w>

Your answer [11

8. The formula of ammonium carbonate is (NH4)2COs.

What is the relative formula mass of ammonium carbonate?
(ArnC=12,H=1,N=14,0=16)

A 78
B 90
C 96
D 120

[1]

Your answer

9. Which purification technique is used to separate ethanol and water from a mixture?

A Chromatography

B Distillation

C Evaporation

D Filtration

Your answer 1]
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10. Magnesium reacts with chlorine. Magnesium chloride is made.

What is the balanced symbol equation for this reaction?

A Mg + C/ — MgC/

B Mg + Cl/ 2 — MgCl 2

C 2Mg + Cl 2 — 2MgC/

D 2Mg + Cl 2 — Mg2Cl 2

Your answer [1]

11. Which Period 3 element is in Group 27

A Aluminium

B Boron

C Calcium

D Magnesium

Your answer 1]

12. Carbon-12 and carbon-14 are isotopes.

Which statement describes isotopes?

A Atoms with the same number of protons but a different number of electrons.
B Atoms with the same number of electrons but a different number of protons.
C Atoms with the same number of protons but a different number of neutrons.
D Atoms with the same number of neutrons but a different number of protons.
Your answer [1]
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13. The diagram shows an atom of an element.

What is the name of the element?

Boron
Beryllium
Fluorine
Neon

OO0 W >

Your answer

14. The charge on an electron is =1.6 x 107'° C.

What is the charge on a proton?

-1.6x10"°C
-1.6x107"°C
1.6x107"°C
1.6x10°C

OO0 mw >

Your answer

© OCR 2022. You may photocopy this
page.
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15. Ammonia has a simple molecular structure.

Which statement explains why ammonia has a low melting point and a low boiling point?

A The covalent bonds between the atoms are strong.

B The covalent bonds between the atoms are weak.

C The intermolecular forces between the molecules are strong.

D The intermolecular forces between the molecules are weak.

Your answer [1]

16. Graphite is a form of carbon. Graphite can conduct electricity.

Why can graphite conduct electricity?

A Delocalised electrons are between layers.

B The ions can move.

C Layers have weak intermolecular forces.

D Strong covalent bonds are between the carbon atoms.

Your answer [1]

17. Avogadro’s constant has a value of 6.02 x 1023,

What is the number of atoms in 0.5 mol of water?

A 2.00 x 1023
B 3.01 x 1023
C 6.02 x 1028
D 9.03 x 1023
Your answer [1]
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18. Magnesium powder reacts with copper(ll) oxide. Magnesium oxide and copper are made.
Mg + CuO — MgO + Cu

Which substance is the reducing agent?

A Magnesium

B Copper oxide

C Magnesium oxide

D Copper

Your answer 11

19. Sodium hydroxide reacts with hydrochloric acid. Sodium chloride and water are made.
NaOH + HC/ — NaC/ + H20

What mass of sodium hydroxide would be needed to make 46.8 g of sodium chloride?

A 16 g
B 32¢g
C 50¢g
D 64 g
Your answer [

20. Which equation shows the formation of a Group 2 metal ion?

M represents a Group 2 metal and e~ represents an electron.

A M+e — M*

B M+ 2e- — M2+

C M— M*+ e

D M — M2 + 2e”

Your answer 11
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21. The accurate relative atomic mass of aluminium is 26.9815385.

What is this number to 5 significant figures?

A 26.98153

B 26.981

C 26.98154

D 26.982

Your answer [1]

22. Phosphoric acid contains phosphate ions, POs* .
Phosphoric acid is completely neutralised by sodium hydroxide.

What is the formula of the salt that is made?

A NazPO4

B Na3zPO4

(o] Na(POa4)3

D Naz(POa)s3

Your answer [1]
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23(a). Sodium is in Group 1 of the Periodic Table.
Sodium reacts with water to make sodium hydroxide, NaOH, and hydrogen.

Write the balanced symbol equation for the reaction between sodium and water.

[2]

(b). Sodium ions, Na*, are formed when sodium reacts with water.
Look at the equation. It shows how a sodium ion is formed from a sodium atom.
Na-e- — Na*
The symbol e~ means an electron.
The formation of a sodium ion from a sodium atom is an example of oxidation.

Explain why.

[1

(c). Rubidium is another element in Group 1.
Rubidium reacts much faster than sodium does.
Explain why.

Use ideas about electrons in your answer.

[2]
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24(a). A student investigates the rate of reaction between dilute hydrochloric acid and magnesium carbonate.

She wants to find out how the concentration of the acid changes the rate of reaction.

Look at the apparatus she uses.

Beaker ———|
o, %4 40cm? dilute
Magnesium EE— L0 S hydrochloric acid
carbonate I I

Balance

Carbon dioxide gas is given off in the reaction.

The student measures the loss in mass every 30 seconds for 5 minutes.

Another student also investigates the rate of reaction between dilute hydrochloric acid and magnesium carbonate.

He also wants to find out how the concentration of the acid changes the rate of reaction. He uses a different method.

Describe the method he uses.

Include a labelled diagram of the setup of the apparatus he uses.

(5]
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(b). Some students investigate the reaction between sodium thiosulfate and dilute hydrochloric acid.
They want to find out how temperature changes the rate of reaction.
Look at the diagram of their experiment.

Add dilute hydrochloric acid and start timing

Sodium A cross
thiosulfate drawn on
solution paper

A yellow solid is made during the reaction.
The students time how long it takes for the cross to disappear. This is the reaction time.

Look at their results.

Temperature (°C) Reaction time (s) Rate of reaction (s™)
10 140 7 %1078
20 56 2x1072
30 34 3x1072
40 26 4 %1072
50 22 5x 1072

i. Plot a graph of the results on the grid. Draw a line of best fit.

rate of reaction
x 1072
(s

Temperature (°C)

[4]
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ii. What happens to the rate of reaction as the temperature increases?

(1

iii. Explain your answer to (ii).

Use ideas about collisions between particles in your answer.

3]

25. * A student has unlabelled samples of three liquids.
The student knows that the three liquids are:

* pentane, CsH12

*  pentene, CsH1o

» ethanoic acid, CHsCOOH.

Describe tests that the student should do to identify each of the three liquids.

Include balanced symbol equations for the reactions described.

[6]
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26(a). A student neutralises potassium hydroxide with dilute sulfuric acid in a titration experiment.

Look at the student’s method for her experiment.

h Pipette Filler -—— Burette
= = p

[ ji Pipette

U __—Conical Flask ééi)
Conical Flask
[
. Measure 25.0 cm? of 0.200mol / dm? potassium hydroxide into a conical flask using a pipette.
. Add a few drops of universal indicator to the potassium hydroxide.
. Fill the burette to above the 0.00 cm? line with dilute sulfuric acid.
. Quickly add the dilute sulfuric acid to the potassium hydroxide until the indicator changes colour.
. Repeat the experiment.

Describe and explain one improvement the student should make to her method to get a more accurate titration result.

[2]

(b). The student repeats the experiment four times.

Look at the student’s results.

Titration number 1 2 3 4
Volume of acid (cm?) 25.75 23.60 23.70 23.65

i Calculate the accurate volume of the acid that reacts with the alkali.

Accurate volume of acid = .........c..cccccveeeeeriine. cm® [2]
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ii. Look at the equation for the reaction between sulfuric acid and potassium hydroxide.

H2S04 + 2KOH — K2S0s + 2H20

Use your answer from part (i) to calculate the concentration of the dilute sulfuric acid, H2SOas, that reacted with the
25.0 cm?® of 0.200mol / dm3 potassium hydroxide.

Give your answer to 3 significant figures.

Concentration of dilute sulfuric acid =

27(a). A student investigates the reactivity of four metals, A, B, C and D.

He adds a small piece of each metal to cold water.

He then adds a small piece of each metal to dilute hydrochloric acid.

Look at his results.

Metal Observations in water Obhsye‘;\r/:(t:imr;?i(i:nac::iil‘;ne
A slow bubbling very fast bubbling
B no reaction no reaction
C fast bubbling very fast bubbling
D no change slow bubbling

Write down the order of reactivity of the four metals A, B, C and D.

(b). The piece of metal C used by the student produces 30 cm?® of hydrogen gas when it reacts with the dilute
hydrochloric acid at room temperature and pressure.

............... most reactive

............... least reactive

i. Calculate the number of moles of hydrogen gas produced.

One mole of any gas occupies 24 dm? at room temperature and pressure.

© OCR 2022. You may photocopy this
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ii. Use your answer from (i) to calculate the mass of hydrogen gas produced.

Mass of hydrogen gas = ........cccccceeeeeiiiiineennn. g [1]

(c). Chromium metal, Cr, reacts with nickel sulfate solution, NiSO4. Solid nickel is made.
Two possible equations for this reaction are:
Equation 1 Cr + NiSO4 — CrSOs + Ni
Equation 2 2Cr + 3NiSOs — Cr2(S0a4)3 + 3Ni
10.40 g of chromium metal reacts with excess nickel sulfate solution to make 17.61 g of nickel.
Deduce which equation, 1 or 2, represents the reaction which takes place.

ArCr=52.0,Ni=258.7

[3]

END OF QUESTION PAPER
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