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Higher level
Paper 1

8 May 2024

Zone A afternoon | Zone B afternoon | Zone C afternoon

1 hour

Instructions to candidates

Do not open this examination paper until instructed to do so.

Answer all the questions.

For each question, choose the answer you consider to be the best and indicate your choice on
the answer sheet provided.

The periodic table is provided for reference on page 2 of this examination paper.

The maximum mark for this examination paper is [40 marks].
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Which of the following are homogeneous mixtures?

l. An aqueous solution of sodium chloride
Il. A mixture of pentane and hexane

[ll. A mixture of ethanol and water
A. landll only
B. landlll only
C. lland lll only

D. I llandlll

Which compound has the highest percentage of carbon by mass?

A. CH,
B. C,H,
C. CO

D. CO,

6.00 mol of copper, Cu, are mixed with 12.00 mol of dilute nitric acid, HNO,(aq). The equation for
the reaction that occurs is shown below.

3Cu(s) + 8HNO, (aq) — 3Cu(NO,),(aq) + 2NO(g) + 4H,0 (1)

What is the amount, in mol, of nitrogen(ll) oxide, NO, produced assuming that the reaction goes
to completion?

A.  3.00
B. 4.00
C. 8.00
D. 18.00

What is the maximum number of electrons that can occupy the fourth shell in the atom (n = 4)?

A. 8

B. 18
Cc. 32
D. 36

Turn over
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How are the lines in the emission spectrum of hydrogen produced?

A.

B.

C.

D.

Electrons move to higher energy levels absorbing photons.
Electrons move to lower energy levels releasing photons.
Electrons move to higher energy levels releasing photons.

Electrons move to lower energy levels absorbing photons.

2224-6207

Which graph shows the correct trend in the first ionization energies of the first twelve elements in
the periodic table?

A

»
»
L

A B.

First ionization energy
First ionization energy

v

v

N
L
o
»
L4

First ionization energy
First ionization energy

v

v

Which set of ions shows increasing ionic radii?

A.

B.

P¥<Cl <K'<Ca*
Cl<P*<Ca*<K'
K'<Ca*<P¥*<Cl

Ca®'<K'<Cl < P*
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When the same amount of each oxide is added to an equal volume of water, which oxide produces
the solution with the highest pH?

A.  MgO
B. ALO,
C. Sio,
D. SO,

In which diagram are the 4s and 3d orbitals of the Co*" ion correctly filled with electrons?

A. 10110111 1
4s 3d

B. 110111 1 1 1
4s 3d

C. 11 1 1 1 1 1
4s 3d

D. 11 (R 1
4s 3d

In which species is the oxidation state of chromium different?
A. [Cr(H,0),CL]

B. [Cr(H,0),(OH),]

C. [Cr(NH,)I*

D. CrO,

What is the geometry around a carbon atom in graphene?
A. Hexagonal

B. Pyramidal

C. Tetrahedral

D. Trigonal planar

Turn over



12.

13.

14.

15.
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What is the correct number of bonding pairs of electrons in ethanedioic acid, (COOH),?

A 7
B. 8
C. 9
D 18

Which best explains the malleability of metals?

A. Delocalized electrons can move throughout the anion lattice.

B. Layers of anions are held together by delocalized electrons.

C. Non-directional bonds allow layers of cations to slide over each other.

D. The attraction between the cations and the delocalized electrons is strong.

What are the numbers of sigma and pi bonds in propanenitrile, CH,CH,CN?

Sigma Pi
A 6 2
B. 7 3
C 8 2
D 9 1

Which molecule is non-polar?

A.  XeF,
B. IF,
C. SF,

D. PF,

2224-6207
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17.

-7- 2224-6207

A student determined the enthalpy change of combustion of a fuel by burning it in a spirit burner
placed under a metal can containing 100cm? of water.

)

< Thermometer

[ ]4— Clamp

<4— Metal can

— — 4— Water

<4—  Spirit burner

Fuel
Which modification can improve the accuracy of the experiment?
A. Placing a lid on the metal can containing water
B. Covering the spirit burner with aluminium foil
C. Increasing the distance between the metal can and the spirit burner

D. Using warm water instead of water at room temperature in the metal can

Standard enthalpy changes of reaction are provided for the following reactions.

C(s)+0O,(g) = CO,(9) AH® = -394kJ
H,(g) + %oz (@) = H,0() AH® = 286K/
C,H.OH (1) + 30, (g) — 2CO,(g) + 3H,0 (1) AH® = ~1367kJ

What is the standard enthalpy change, in kJ, of the following reaction?
2C(s)+ 3H,(g) + %Oz (g9) > C,H,OH(l)

A (=394 x 2) — (286 x 3) — 1367
B. (394 x 2) + (286 x 3) + 1367
C. (394 x 2)+ (286 x 3) — 1367

D. (-394 x 2) — (286 x 3) + 1367

Turn over
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19.

20.
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Which compound has the smallest lattice enthalpy?

A.  RbBr
B. SrO
C. MgBr,
D. Na,O

Which equation represents the enthalpy of hydration of bromide ions?

A. Br,(g) > 2Br (aq)

B. Br,(l) > 2Br (aq)

C. Br(g)—Br(aq)

D. Br(s)—Br(aq)

Which best explains the low rate of a reaction between two gases occurring at high temperature
and high pressure?

A.  The frequency of collisions is low.

B. The bonds in the reactants are strong.

C. Ahigh fraction of reactant molecules collides with the correct orientation.

D. The activation energy of the reaction is low.
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21. The mass of a flask containing excess calcium carbonate, CaCO,(s), reacting with 100 cm® of
0.50moldm™ hydrochloric acid, HCl(aq), was monitored with time at 25°C.
Dilute hydrochloric acid

z % Calcium carbonate

Cotton wool

Curve I was obtained under these conditions.
Which curve corresponds to the experiment when it was repeated at the same temperature

using the same mass of same sized pieces of calcium carbonate and 50 cm® of 0.50 moldm™
hydrochloric acid?

0.00 ..

Balance reading / g

Turn over



22. The graphs below show a plot of In k against % for reactions X and Y.

23.

A

lIn k

—10 -

Considering the Arrhenius equation

X
Y
1
T
Ink =lnA - £,
RT

which combination is correct for reactions X and Y?

Value of E, Value of A
A. X>Y X>Y
B. X>Y Y>X
C. Y > X X>Y
D. Y > X Y>X

A reaction proceeds by the following mechanism.

N+P—>Q

Step2: Q+P—>R+N

Which statement is correct about the reaction?

A.  The overall equation for the reaction is 2P - R + Q.

B. Q is an intermediate.

C. The overall order of the reaction is three.

D. The rate constant has the units s™.

slow
fast

2224-6207
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24. Which graph is correct for a first order reaction?

A. 4 B.

<
<

>
>

[reactant]
[reactant]

v

v

0,0 0,0
(0.0) Time (0.0 Time

[reactant]
[reactant]

v

v

(0.0) Time (0.0) Time

25. Which pair of changes will both shift the position of equilibrium to the left?

2H,(g) + CO(g) = CH,0OH(g) AH =-92kJ
Temperature Pressure

A. increase increase

B. decrease decrease

C. increase decrease

D. decrease increase

Turn over
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26. 1.2mol of X are mixed with 0.6 mol of Y and allowed to reach equilibrium in a 1.0dm?® container at a
certain temperature.

2X(9) +Y(9) =2Z(9)
There was 1.0mol of Z present in the container at equilibrium.

What is the value of K, at this temperature?

A. 0.004
B. 0.02
C. 50

D. 250

27. What is the ratio of [H"] in ethanoic acid with a pH = 3 to [H"] in water at 298 K?

A 37
B. 73
c. 110
D. 10%1

28. What is the conjugate base of OH™?

A. O
B. H,0
C. H,0
D. H

29. Which combination is correct for a very weak acid and its conjugate base?

pK, of acid K, of conjugate base
A. low low
B. low high
C. high low
D. high high
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30. The pH curve below is produced when aqueous ammonia is titrated with hydrochloric acid.
14
12 A X

i

8_
pH

0 >
Volume of HCl (aq) added

Besides water, which species are the major components of the reaction mixture at point X of the

pH curve?
A.  NH;only
B. H only

C. NH,and NH,

D. H"andNH,’

Turn over
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32.
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Iron is @ more reactive metal than cobalt. Which statement is correct about the voltaic cell below?

Voltmeter

(V)
N
Salt bridge

Co Fe

Co*(aq) Fe* (aq)

A.  Electrons flow from cobalt to iron in the wire.
B. Negative ions flow through the salt bridge to the iron half-cell.
C. The mass of the cobalt electrode decreases.
D. Reduction occurs at the iron electrode.
Which of the following occurs during the Winkler test used to determine the concentration of
dissolved oxygen in water?
Step I: 2Mn*"(ag) + O, (g) + 40H (aq) — 2MnO,(s) + 2H,0(l)
Step Il: MnO,(s) + 21" (aq) + 4H" (aq) — Mn?*(aq) + l,(aq) + 2H,0(l)
Step lII: 28,0,% (aq) + I,(aq) — 21 (aq) + S,0,* (aq)
A. Manganese(ll) species is oxidized.
B. lodine is reduced by oxygen to iodide ions.
C. Oxygen is oxidized.

D. Thiosulfate ions are reduced.



33.

34.

35.
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The same current flows for the same length of time through two different electrolytic cells, one
containing molten sodium chloride and the other molten magnesium chloride. Which statement
is correct?
A.  The masses of sodium and magnesium metals produced are equal.
B. The amounts, in mol, of sodium and magnesium metals produced are equal.

C. The mass of sodium produced is larger than the mass of magnesium produced.

D. The amount, in mol, of magnesium produced is larger than the amount of sodium produced.

Which combination is correct for a spontaneous reaction?

E® AG®
A. positive positive
B. positive negative
C. negative positive
D. negative negative

What is the IUPAC name of this compound?

A.  Methyl ethanoate
B. Ethyl methanoate
C.  Methyl propanoate

D. Propyl methanoate

Turn over
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37.

38.
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What is the major product formed when Cl, is added to propene?

A.  2,2-dichloropropane
B. 1,2-dichloropropane
C. 1-chloroprop-2-ene

D.  2-chloropropane

Which combination labels the isomers correctly?

F\C _ /H HsCo o CsHy

Br/ \Cl H3C C4Hg
A. Z Z
B Z E
C E E
D E Z

2224-6207

Benzene, C,H,, can be converted to phenylamine, C;H,NH,, in a three-stage process. The organic
compounds involved in each stage are shown below.

Stage I: C,H;,— C,H,NO,

Stage Il: C;H,NO,— C,H,NH,"
Stage Ill: C;H,NH, — C,H,NH,

What are the correct reagents for stages I-I11?

Stage | Stage Il Stage il
A. H,SO, and HNO, HCl and Sn NaOH
B. H,SO, and HNO, NH, NaOH
C. HNO, HCl and Sn NaOH
D. HNO, NH, HCl
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39. Which graph shows the correct relationship between the volume and temperature of an ideal gas
at constant pressure?

A. A B. A
E E
N N
0.0 ! 0.0 !
00 T/ K 00 T/ K
C 4 D A
E E
N N
0,0 ’ 0.0 !
00) T/°C ©00) T/°C

40. What are the number of signals and the splitting of these signals in the '"H NMR spectrum
of propanone?

Number of signals Splitting of signals
A. 1 singlet
B. 1 quartet
C. 2 triplet
D. 2 quartet






