OCR

Oxford Cambridge and RSA
Friday 17 May 2024 — Morning
GCSE (9-1) Chemistry A (Gateway Science)
J248/03 (Higher Tier)

Time allowed: 1 hour 45 minutes

You must have:
* a ruler (cm/mm)
« the Data Sheet for GCSE (9—1) Chemistry A (inside
this document)
You can use:

* a scientific or graphical calculator
 an HB pencil

- =y = 4 = o = -
AN

4 N

Please write clearly in black ink. Do not write in the barcodes.

Centre number Candidate number

First name(s)

Last name
\_ )

INSTRUCTIONS

» Use black ink. You can use an HB pencil, but only for graphs and diagrams.

» Write your answer to each question in the space provided. If you need extra space use
the lined pages at the end of this booklet. The question numbers must be clearly shown.

* Answer all the questions.

*  Where appropriate, your answer should be supported with working. Marks might be
given for using a correct method, even if your answer is wrong.

INFORMATION

» The total mark for this paper is 90.

* The marks for each question are shown in brackets [ ].

» Quality of extended response will be assessed in questions marked with an asterisk (*).
* This document has 28 pages.

ADVICE
* Read each question carefully before you start your answer.

© OCR 2024 [601/8663/X] OCR is an exempt Charity
DC (CJ/FC) 339903/6 Turn over



You shou

2

Section A

Id spend a maximum of 30 minutes on this section. n [6 N\db OJ\MCQ

Write your answer to each question in the box provided.

1 Which property is characteristic of a metal?

A

B

Cc

D

Your

It forms acidic oxides.
It is brittle.
It is malleable.

It reacts with acid to form carbon dioxide gas.

answer C [11

2  Graphite and graphene are allotropes of carbon.

Which statement is correct about graphite and graphene?

A
B
C
D

Your

Graphite has delocalised electrons, graphene uses all electrons in bonding.
Graphite has four bonds from each carbon atom, graphene only has three.
Graphite is a giant covalent structure, graphene is not.

Graphite is made up of layers, graphene is a single layer.

answer D [1]

3 Alithiumion is Li* and a phosphate ion is PO43‘.

What is the formula of lithium phosphate?

A
B
C
D
Your

© OCR 2024

Li(PO,)5 L + POLI%-
Li,PO, L t
Li,(PO,), L +

Li,PO, n/ \
2t 5

answer D [1]

L.’3 POq
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Which statement about a reducing agent is correct?

A It oxidises another species and is itself oxidised.
B It oxidises another species and is itself reduced.
C It reduces another species and is itself oxidised.
D It reduces another species and is itself reduced.
Your answer C

Which statement about alkalis is correct?

A

Your answer 6

They form H* ions in solution.
They have a pH value greater than 7.
They react with metals to form a salt and hydrogen.

They turn universal indicator red.

Which equipment is needed to set up an electrolysis experiment?

A

B
C
D

Your answer 6

A battery, a beaker, a funnel and wires
A battery, a beaker, electrodes and wires
A battery, crocodile clips, electrodes and a thermometer

A beaker, electrodes, a funnel and a thermometer

© OCR 2024
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7  Which products are formed in the electrolysis of sodium chloride solution?

Anode Cathode
A chlorine hydrogen
B chlorine v~ sodium
C oxygen hydrogen S
D oxygen sodium
Your answer q 1]

8 How did Mendeleev group elements together to develop his Periodic Table?
A Based on chemical properties and left gaps
B Based on mass number and atomic number
C Based on physical properties and atomic number
D

Based on physical properties and left gaps

Your answer ﬁ [1]

9 What is the mass of one atom of beryllium, Be?

Relative atomic mass (A,): Be = 9.0. q O 5 /MO[Q,

The Avogadro constant is 6.02 x 1023,

A 6.64x102g | N\OLQ \/J&'j\% qﬂ

B 1.50x 1023g

c 2.41x102:g \ai(m\ W(’Aj\‘\ﬁ (1 9/‘“0[(
602 % 10" ahoug ol

Your answer Ej

= 15510 j/almm

© OCR 2024
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10 Zinc reacts with iron chloride to form zinc chloride and iron.

Zn

Zn + FeCl2 — ZnCl2 + Fe

e fe

What is the balanced ionic equation for this reaction?

A Zn+Fe*—>Zn*+Fe
7 7
B Zn+Fe?* — Zn?* + Fe
v 7
C Zn+2Fe* - Zn?%* + 2Fe
D 2Zn+Fe?* —»2Zn* + Fe
Your answer 6

11 Molten aluminium oxide, AZZOS, is electrolysed.

Which row of the table shows the reactions at the electrodes?

Cathode Anode
A AB* +3e" Al V 0% > 0, +2e”
B AR* > AL+ 3e” 0% +2e >0,
c AB* + 36" > AL vV 20 50, +4e" Vv~
D AR* > AL+ 3e” 207 +4e >0,
Your answer C

12 An element has the electronic configuration 2.8.4.

Which group and period is the element in?

A Group 2 as it has 2 electron shells. Period 4 as it has 4 electrons in the outer shell.

B Group 2 as it has 2 electrons in the outer shell. Period 4 as it has 4 electron shells.
Ve

C Group 4 as it has 4 electron shells. Period 3 as it has 3 electrons in the outer shell.
v <~

D Group 4 as it has 4 electrons irj/the outer shell. Period 3 as it has 3 electron shells.

Your answer D

© OCR 2024
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6

Copper nitrate decomposes into copper oxide, nitrogen dioxide and oxygen.
2 P2 4
2Cu(NO,), - 2Cu0O +4NO, + O,

How many moles of products are formed if 18 mol of copper nitrate decomposes?

CuO (mol) NO, (mol) O, (mol)
A 18 v 18 18
B 18 36 « 9 v
Cc 36 18 9
D 36 36 ~ 18
9«2 = 19 Ackt = 3¢ Q| < q
Your answer ?

Solutions can have different pH values.
Which two solutions have concentrations of H* ions that differ by a factor of 100?
A pH1landpH2 J-1 :| PHf ’log [H]
B pH1andpH4 k-l =3 ~ 2

100 = 10" b by oM 2
C pH2andpH4 4=2 = 2

D pH3andpH6 -3-5

Your answer C

At 25°C, fluorine is a gas, bromine is a liquid and iodine is a solid.
Which statement is correct?
A At 25°C, bromine does not have enough heat energy to melt.

At 25°C, fluorine does not have enough heat energy to condense.

B
C Bromine has a higher boiling point than fluorine and a higher melting point than iodine.
D

lodine has a higher boiling point than bromine and a higher melting point than fluorine.

Your answer '_D

© OCR 2024
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Section B

A scientist investigates dissolving four different tablets in water.
Each tablet has a different surface area.

They add each tablet to 20 cm3 of water and time how long it takes for the tablet to dissolve.

: 29 ., 0-%
The table shows their results. _—,
o3 0%
Surface area Volume Surface area | Time taken to
Tablet of tablet of tablet to volume dissolve
(cm?) (cmd) ratio (seconds)
A 2.8 0.3 9.33: 1 43
B 2.5 0.2 12.5:1 27
c 15 0.2 g L2 62
-2 0-2
D 3.0 0.2 15.0: 1
(i) Calculate the surface area to volume ratio of tablet C.
-5 . 07
0-2 0-2
75 : |
Surface area to volume ratio = ...........ccccccuvnnnnees 75, ................ [2]
(ii) Complete the sentence to describe the relationship between the surface area to volume ratio and
the time taken to dissolve.
As the surface area to volume ratio md@%ea ,
the tablet will take ...... (03” .......... time to dissolve. 1]
(iii) The scientist thinks that tablet D will dissolve slowest in 20cm? of water.
Explain why the scientist is incorrect.
oMk D has B lnidust  swlawe oxa b udoms sako .
So.widl ok Qo (w}l ...... e o diosolwa
[2]

© OCR 2024



(b) The scientist performs thin layer chromatography on solutions of each of the tablets.

9

(i) The spots on the chromatogram are colourless.

State what the scientist coul

.D.\l.....l.aghk......m ..... a

d use to see the spots.

...... \omkw,gagmt

(if) After the scientist uses a method to see the spots, the chromatogram for Tablet A is shown.

N
'l|||||||||||||Ii||||||||
o @

&
>
t
I
°

N w

N

Vo SO PO I A

| __— Solvent front

/Pencil line

Tablet A

Calculate the R, value for the spot seen from tablet A.

"

Rx = Didany noved ‘03 sample spol

Digtanca el b

Q\wm:)s a &pack:wx, o <!/

© OCR 2024
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17 A student wants to separate a mixture of compounds.
Different separation methods are used depending on the mixture.
(a) Draw lines to connect each separation method to the correct mixture.

Separation method Mixture

Insoluble solid
and liquid

Crystallisation

Solution containing a

Filtration . soluble solid dissolved
in a liquid

Fractional Three liquids with

distillation different boiling points

[2]
(b) The student decides to use simple distillation to separate a mixture.

They set up the apparatus shown in the diagram.

Flask containing mixture

Collection flask

Bunsen burner

(i) Aliquid in the mixture is flammable.

Suggest a change the student could make to the apparatus to make the distillation safer.

Os.o. wal.. Yall oefond oo Beunsen dowinor .
(GMOCM@OWW) ............................................................................. [M]

© OCR 2024
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(i) The student wants to record the boiling point of the pure liquid that is collected in the collection

flask.

Suggest an improvement the student could make to the apparatus so that they can record the

boiling point.

W Cundtic b Ou b dh O Uk cadaining. ...

O omockete o

(c) The pure liquid collected has the molecular formula (C,H;),0 and a boiling point of 35°C.

Which statements about the pure liquid are correct?

Tick (v) two boxes.

The empirical formula is CH,. Mo 0 .’ 4

The melting point is lower than 35°C. v v

The pure liquid contains two corﬁcpounds.

The pure liquid is an element. ¥

“
The pure liquid will be a gas at above 35°C. v

[2]

(d) Calculate the relative formula mass of a (C,H;),0 molecule.

Relative atomic mass (A): C=12.0 H=1.0 O0=16.0

((12-0x2)+(|x5))x2 4+ 160
(au +5)xd * 160

29x2  * 16
58 16

Relative formula mass =

© OCR 2024

................. 7 L[’ [3]
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(@)

(i)

(ii)

12

A scientist is studying two chemical reactions.
One reaction is exothermic, and one reaction is endothermic.

The reaction profile for the exothermic reaction is shown.

A

Energy

Reactants

Products

Progress of reaction

Explain how you can tell the reaction profile is for an exothermic reaction.

Describe one difference and one similarity the scientist will see in the reaction profile for the
endothermic reaction.

Difference ... M fb ..... 6’1r ..... (C'MIQM’@NJ‘ ..... ‘&WU\W@W

.................... oo .. parducke o
Similarity ...... @l pm &1(93 ...... \al&u ..... \\Q.M ...... ... “dmim@mgy

© OCR 2024



(b) One of the reactions the scientist is studying is the combustion of propane.

13

This is the balanced symbol equation for the reaction.

C,4Hg + 50, - 3CO, + 4H,0

The equation can be written using the following formulas.

H H H

H—C==C=C—H + 5 0=0

3 O=C=0 + 4

O

N

H H H :
9C-Il 2¢-c 500 6 C=0 8 0-u
The table shows the bond energies.

Bond c-C C-H 0=0 C=0 O=H
Bond energy (kJ/mol) 347 412 498 799 465

(i) Calculate the energy transferred when all the bonds form in the products.

Uiy 1coaged W\J}mwgtnwh

Energy transferred =

= (€x799) + ($xu4ss)
= 3Oy

(ii) The energy transferred when all the bonds break in the reactants is 6480kJ/mol.

Use your answer to part (b)(i) to calculate the energy change for this reaction.

@““jj ook o ts break bwds = (gxai2) +(2x247) + (Sx499)

o o o

© OCR 2024

= 6430

= —2034

Energy change =

- G‘l'%o - %6!4

............................................. kd/mol [3]

Turn over
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(c) A student studies a different reaction.

(i)

They want to find out if it is exothermic or endothermic.

Some possible steps for a method are given in the list.

Write five steps from the list in the correct order to describe the method the student should use.

A

B

Cc

G

Add the solid to the solution.

Cover the top of the reaction with a lid.

Cover the top of the reaction with cotton wool.
Put on safety goggles.

Put the solution into a beaker and use a thermometer to record the
temperature before the reaction starts.

Put the solution into a polystyrene cup and use a thermometer to record
the temperature before the reaction starts.

Use a thermometer to record the temperature as the reaction progresses.

D

F A 6 &

Step 1 Step 2 Step 3 Step 4 Step 5

© OCR 2024
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(i) The student plots their results on a graph.

26

25

24 2

23 x

Temperature
(°C) 22 1

21

20

19

X
0 50 100 150 200 250 300 350 400
Time (seconds)

18

The student concludes that the reaction is exothermic.

Explain why the student is correct.

© OCR 2024 Turn over
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(a)

(b)

(ii)

(iif)

16

Many scientists were involved in the development of the atomic model.

Describe two ways Rutherford’s atomic model was an improvement on Thomson’s “plum
pudding” atomic model.

1 Beluclords... ek shovs. Quak.an..abow. Yo posbiehy........
NGB A .
» Qublfords madedshaws Qiak m?ah ....... dochiavs.....acock ...

[2]
Atoms are either oxidised or reduced to form ions. 0 IL QIG
Complete the sentences about how atoms form ions.
Atoms are ....... ()Dﬁ&lﬁed .................. to form positive ions. Atoms ........... [QSQ ..........................
electrons to form positive ions.
Atoms are ...... 1@.&!‘(221 ..................... to form negative ions. Atoms ......... 304}0 .........................
electrons to form negative ions.
[2]
The table shows information about three different ions.
Complete the table.
lon Number of Number of Number of Mass number
protons neutrons electrons
Mg?* 2L 1. 10 24
F- 9 o M 10 19
L 3 4 2 1.
[2]
The element lithium exists as isotopes.
State one difference and one similarity between the Li* ions formed from different isotopes of
lithium.
Difference ....... ?(%Aﬂll(\(ﬂhﬂkﬂ/(ﬂ ...... LQML R
Similarity ........ SQW ....... 0 &W&Mcff ...... WW/MM ..........................................
...................................................................................................................................................... [2]

© OCR 2024
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Estimate how many Mg?* ions would fit across the width of the sample of magnesium metal.

17

(iv) A sample of magnesium metal is 5.2cm wide.

Use your knowledge of the typical radius of atoms in your calculation.

- . -10
Nome tadius = |10 ©m > diowelye = 1% 10 m
Ol nm ‘2
SCWW w'\cl”l\ = 5dm = R 0-052m
0O-052 3
lN. 0‘ ‘NO:H 63 = 9x107'° = 2.6 x10

Estimated number of Mg2* ions = ...... QG"[O ............................... [3]

(c) lons are also formed when acids and alkalis dissolve in water.
(i) Which statements about acid solutions are correct?

Tick (V) two boxes.

A dilute solution has a low ratio of acid to volume of solution. v/ v

A dilute solution of acid contains more acid than a concentrated solution.x

A strong acid can be made into a concentrated solution or a dilute solution.v | v~

A strong acid partially ionises in solution.+

A weak acid can only be made into a dilute solution. %

[2]
(if) A student makes an acid solution with a pH of 3.
_ |  mow acidkc
Describe two things the student could do to make a solution with a lower pH.
1. 0dd e acid. So comtenk solwbiony ..
2 Reoe o v sdakion.with..a. gl acid:
...................................................................................................................................................... [2]

© OCR 2024 Turn over
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20
(@) The particle model can be used to show changes of state.

(i) Complete the diagram to show what happens to the particles as a solid changes to a liquid.

X OO O °
S| 1895%F
solid liquid
[2]
(ii) Which statements about changes of state are correct?
Tick (v) two boxes.
Boiling describes a gas turning into a liquid. ¥
Freezing is a chemical change. ¢
Melting is a physical change. v vd
The amount of energy needed to melt a substance depends on the strength of
the forces between particles. v~ v
The arrangement of particles becomes more random during condensing.x¢
[2]
(iii) The particle model has limitations when showing changes of state.
Explain two limitations of the particle model.
1 1 does. adh b (o Joices o] altsackion . bockwtemn..............
N
o\l does. gk ocomudk.. fox.. N0 5559, o podichs.solabine... ...
B space.... \eukoomm Sha
... spae... ehonn :

© OCR 2024
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(b) A scientist needs to choose a solid formulation that will be used at high temperatures.

The graphs show how the temperature changes as three different formulations, A, B and C, are
heated.

Formulation A Formulation B

A A

Temperature
(°C)

175+

150+
125+

Temperature
(°C)

1751

150
1251

751 757
50+ 501
251 251

0 > 0 .
Time Time

Formulation C

A
1751

1501

125+
Temperature

(°C) |
751
501
251

0 =
Time

Which formulation should the scientist choose?
Explain your answer.

Formulation % ..............

Explanation ...... F O(NMLGJQCHD ....... E) ....... ‘M% ...... U&l ........ ‘ﬂ:gw ....... mﬂ‘@ ..................
.......................... o oud... %5 did okt hdusk
.......................... wwalw

© OCR 2024 Turn over
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(a) The structures of diamond, chlorine, Cl,, and poly(ethene) are shown.

Bo

Diamond Chlorine, Cl, Poly(ethene)

All the substances contain covalent bonds between the atoms.
Explain which substance has the highest melting point.

Use your knowledge of structure and bonding.

Couofml Yids_ane e SN, alo(o{emr?? ..... o

Mote.. Qmu . noded (o bueak cwaﬂml ...... ods...Uhan.
" \&ww L6, Mowt. Inlotdoeador s
foppuine....NON.... Wﬁg ..... o, cwicome. oo
D iamad.. m\lb " cralond bouds - ‘mj\n LT b5 bicakr .
Chlodne.. a3, “wieak culacndoelar. Jas, . low. oty o brak
?o\bgm.o ‘le SUW/MQM adsondasla Iﬂ(crzs Mwemn

ul(Wﬁ ...... Jams. —.. WWWDQEM ...... &Ma .........
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(b)

(i) Magnesium chloride is an ionic compound.

Explain why ionic compounds can conduct electricity when dissolved in water, but not when
solid.

(i) Construct the dot and cross diagram for the ions in magnesium chloride, MgCL,.

Show the outer electron shells only. msa'f 2 a'—

Dot and cross diagram:

[2]

© OCR 2024 Turn over
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22 Astudent is making a sample of magnesium carbonate, MgCO,.

The table gives information about four different methods the student could use.

Methoa | Costofslaing | Massofiioc, | isthe Moo,
1 12.11 6.24 yes v~
2 11.37 16.90 no
3 15.23 15.34 v yes v
4 20.50 10.86 no

(@) Which method should the student use to make their sample?

Explain your answer.

(b) Ateacher shows the student how to purify magnesium carbonate.

(c) The student reacts the magnesium carbonate they have made with hydrochloric acid.

(i)

If the student knows how to purify magnesium carbonate, should they use the same method as
they used in part (a)?

Explain your answer.

Ve, .o oo, sme.. salleed... 520 posciicalan... (akos i ..

g

Complete the balanced equation.

Include state symbols.

MgCO,(s) + 2HCl(aq) — msﬂz....(.ay...) + H,0() +

© OCR 2024
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(i) The student uses 0.2mol of hydrochloric acid in the reaction. The hydrochloric acid is the limiting
reagent.

At the end of the reaction, 0.82g of magnesium carbonate is left unreacted.
Calculate the mass of magnesium carbonate that the student uses in the reaction.

Relative atomic mass (A): C=12.0 Mg=24.3 O=16.0 M( M5C05 = d4-3413+4

il t . e
M0, + 2 > Myl + D < o, P

0O 2wvol
0-2

02 md U wodd teged wilh "2 = 01 mal  Ng(0s
Vog of Olwd Mylog = %3 g/l x 0 mdl
- ?)'455
| O'ﬂﬁ (A, 5(0&&5 WMS\:J = 345+ 092
1.95,

Mass of magnesium carbonate = 4.259 ........................ g [4]

END OF QUESTION PAPER

© OCR 2024
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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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