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4.	 What is the group number of the element whose successive ionization energies are shown?
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A.	 1

B.	 2

C.	 13

D.	 14

5.	 What is the empirical formula of a compound with the following composition by mass?

C = 37.5 % H = 12.5 % O = 50.0 %

A.	 C4H12O5

B.	 C3H12O3

C.	 C3HO4

D.	 CH4O

– 4 – 2225 – 6213

6.	 What is the charge of the monatomic ion usually formed by the element with the following 
electron configuration?

[He] 2s22p3

A.	 3−

B.	 2+

C.	 3+

D.	 5+

7.	 Which molecule is polar?

A.	 CH4

B.	 C6H6

C.	 SO2

D.	 CO2

8.	 What is the retardation factor, RF, of compound X according to this paper chromatogram?

Solvent front

Origin

Position of compound X

21 mm

10 mm

12 mm

7 mm

A.	 0.55

B.	 0.75

C.	 0.82

D.	 1.33
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Section A

1.	 How many oxygen atoms are present in 0.0200 mol CuSO4• 5H2O?

A.	 1.20 × 1022

B.	 1.08 × 1022

C.	 6.02 × 1023

D.	 1.08 × 1023

2.	 What is a possible empirical formula for a substance with Mr = 58?

I.	 C2H5

II.	 C4H10

III.	 C3H6O

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

3.	 Which volume of butane gas, in cm3, will produce 40 cm3 of carbon dioxide gas when it is 
completely combusted in oxygen?

2C4H10 (g) + 13O2 (g) → 8CO2 (g) + 10H2O (g)

A.	 5

B.	 10

C.	 20

D.	 40
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Section A

1.	 How many oxygen atoms are present in 0.0200 mol CuSO4• 5H2O?

A.	 1.20 × 1022

B.	 1.08 × 1022

C.	 6.02 × 1023

D.	 1.08 × 1023

2.	 What is a possible empirical formula for a substance with Mr = 58?

I.	 C2H5

II.	 C4H10

III.	 C3H6O

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

3.	 Which volume of butane gas, in cm3, will produce 40 cm3 of carbon dioxide gas when it is 
completely combusted in oxygen?

2C4H10 (g) + 13O2 (g) → 8CO2 (g) + 10H2O (g)

A.	 5

B.	 10

C.	 20

D.	 40
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Section A

1.	 How many oxygen atoms are present in 0.0200 mol CuSO4• 5H2O?

A.	 1.20 × 1022

B.	 1.08 × 1022

C.	 6.02 × 1023

D.	 1.08 × 1023

2.	 What is a possible empirical formula for a substance with Mr = 58?

I.	 C2H5

II.	 C4H10

III.	 C3H6O

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

3.	 Which volume of butane gas, in cm3, will produce 40 cm3 of carbon dioxide gas when it is 
completely combusted in oxygen?

2C4H10 (g) + 13O2 (g) → 8CO2 (g) + 10H2O (g)

A.	 5

B.	 10

C.	 20

D.	 40
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4.	 What is the relative atomic mass of an element with the following mass spectrum?
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A.	 10.2

B.	 10.5

C.	 10.8

D.	 11.0

5.	 What is the maximum number of electrons that can occupy the fourth main energy level of 
an atom?

A.	 8

B.	 18

C.	 32

D.	 64

6.	 What is the formula of the compound formed by aluminium ions and sulfate(VI) ions?

A.	 AlSO3

B.	 Al2(SO3)3

C.	 AlSO4

D.	 Al2(SO4)3



Chemistry HL | Paper 2 | May 2025 TZ1 | Q7 | 6 marks

Apollo | Original source crop | 6

– 13 – 2225 – 6209

Turn over

24EP13

7.	 An unknown organic compound contains only carbon, hydrogen and oxygen.

(a)	 4.32 g of the compound was combusted completely in oxygen and produced 9.49 g of 
CO2 and 5.18 g of H2O. 
Determine the empirical formula of the compound, using sections 1 and 7 of the data 
booklet.� [3]
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(b)	 The same organic compound was vaporized completely at a controlled temperature 
and pressure.

(i)	 0.108 g of the vaporized compound was found to have a volume of 55.7 cm3 at 
100 oC and a pressure of 1.00 × 105 Pa. 
Calculate the amount, in moles, of the compound. Use sections 1, 2 and 4 of the 
data booklet.� [2]
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(ii)	 Determine the molar mass of the organic compound, using section 1 of the data 
booklet. 
If you did not get an answer to (i), use n = 0.00220 mol, although this is not the 
correct answer.� [1]
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8.	 Organic compounds have many industrial applications.

(a)	 A section of an addition polymer is shown.
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(i)	 Deduce the structure of the monomer that forms this polymer.� [1]

(ii)	 Describe one chemical property that makes this type of polymer a useful material.� [1]
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(b)	 The following organic compound, X, is used as a flavouring agent.

H3C
H3C

CH3 CH3

H

O

(i)	 State the name of the functional group present in X.� [1]
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(ii)	 Deduce the systematic name of X using IUPAC nomenclature.� [1]
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(This question continues on the following page)
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3.	 Which orbital diagram represents a correct ground state electron configuration based on 
the Pauli exclusion principle and Hund’s rule?

A.
1s 2s 2p

B.
1s 2s 2p

C.
1s 2s 2p

D.
1s 2s 2p

4.	 5.72 g of Na2CO3•10H2O (Mr = 286 gmol-1) is dissolved in water to prepare 0.4 dm3 of 
aqueous solution.

What is the concentration of sodium ions, in mol dm-3, in the resulting solution? 

A.	 0.02

B.	 0.04

C.	 0.05

D.	 0.10

5.	 In which of the following sets of conditions does the gas exhibit behaviour closest to an ideal gas ?

Gas Pressure / kPa Temperature / K

A. H2 100 273

B. NH3 50 473

C. H2 50 473

D. NH3 100 273
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24.	 Which reaction is predicted to occur with the largest decrease in entropy?

A.	 N2 (g) + 3H2 (g)  2NH3 (g)

B.	 N2 (g) + 2O2 (g)   2NO2 (g)

C.	 6CO2 (g) + 6H2O (g)  C6H12O6 (s) + 6O2 (g)

D.	 CO (g) + 2H2 (g)  CH3OH (l)

25.	 Equal volumes of X2 and Y2 gases are allowed to react in a sealed container to form XY3 gas. 
After completion of the reaction, the volume of XY3 is measured to be 40 cm3.

What was the volume, in cm3, of X2 gas at the beginning?

X2 (g) + 3Y 2(g)  2XY3 (g)

A.	 20

B.	 40

C.	 60

D.	 120

26.	 What is the volume of nitrogen dioxide, in cm3, produced at STP when 1.28 g of copper reacts with 
excess nitric acid?

Cu (s) + 4HNO3 (aq)  Cu(NO3)2 (aq) + 2NO2 (g) + 2H2O (l)

Molar volume of an ideal gas at STP is 22.7 dm3 mol-1

A.	 227

B.	 456

C.	 684

D.	 914
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24.	 Which reaction is predicted to occur with the largest decrease in entropy?

A.	 N2 (g) + 3H2 (g)  2NH3 (g)

B.	 N2 (g) + 2O2 (g)   2NO2 (g)

C.	 6CO2 (g) + 6H2O (g)  C6H12O6 (s) + 6O2 (g)

D.	 CO (g) + 2H2 (g)  CH3OH (l)

25.	 Equal volumes of X2 and Y2 gases are allowed to react in a sealed container to form XY3 gas. 
After completion of the reaction, the volume of XY3 is measured to be 40 cm3.

What was the volume, in cm3, of X2 gas at the beginning?

X2 (g) + 3Y 2(g)  2XY3 (g)

A.	 20

B.	 40

C.	 60

D.	 120

26.	 What is the volume of nitrogen dioxide, in cm3, produced at STP when 1.28 g of copper reacts with 
excess nitric acid?

Cu (s) + 4HNO3 (aq)  Cu(NO3)2 (aq) + 2NO2 (g) + 2H2O (l)

Molar volume of an ideal gas at STP is 22.7 dm3 mol-1

A.	 227

B.	 456

C.	 684

D.	 914

– 12 – 8825 – 6207

27.	 The dotted line represents the volume of carbon dioxide evolved when excess calcium carbonate 
is added into 100 cm3 of 1.0 mol dm-3 of hydrochloric acid.

Which graph represents the production of carbon dioxide when excess calcium carbonate is added 
to the 200 cm3 of 0.25 mol dm-3 of hydrochloric acid?
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28.	 Which reaction has the lowest activation energy?

A.	 Cl2 (g)  2Cl (g)

B.	 HCl (g)  H (g) + Cl (g)

C.	 HCl (g)  H+ (g) + Cl- (g)

D.	 2H (g)  H2 (g)
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Section A

1.	 What is the name of this change of state?

CO2 (g) → CO2 (s)

A.	 Condensation

B.	 Deposition

C.	 Sublimation

D.	 Freezing

2.	 What is the best evidence that energy levels are closer together as distance from the 
nucleus increases?

A.	 Hydrogen has a line emission spectrum in each of the UV, visible and IR regions.

B.	 First ionization energies decrease down a group.

C.	 Lines in an emission spectrum converge at higher energy.

D.	 First ionization energy generally increases across a period.

3.	 How many ions are present in 0.20 mol of (NH4)2SO4?

A.	 0.20 × 1 × 6 × 1023

B.	 0.20 × 2 × 6 × 1023

C.	 0.20 × 3 × 6 × 1023

D.	 0.20 × 7 × 6 × 1023

– 3 – 8825 – 6219
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain and molecular geometries of thionyl chloride, SOCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Tetrahedral

B. Tetrahedral Trigonal pyramidal

C. Trigonal planar Trigonal planar

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3
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4.	 A container holds 30 g of argon and 60 g of neon.

What is the ratio of number of atoms of argon to number of atoms of neon in the container?

A.	 0.25

B.	 0.50

C.	 2.0

D.	 4.0

5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 In which group of ions and molecules are electrons delocalized in all species?

A.	 CH3COOH, O3, C60

B.	 CH3COO−, NO2
−, C(graphite)

C.	 C2H2, (COOH)2, C(diamond)

D.	 C2H4, NO2
+, SiO2
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24.	 What is correct as a system approaches equilibrium?

A.	 Q remains constant.

B.	 Kc increases.

C.	 ΔGÖ becomes more negative.

D.	 ΔG approaches zero.

25.	 The complete combustion of 20.0 cm3 of a gaseous hydrocarbon, CxHy, produces 80.0 cm3 
of gaseous products. This volume reduces to 40.0 cm3 when the water vapour present 
condenses. All volumes are measured at the same temperature and pressure.

What is the molecular formula of the hydrocarbon?

A.	 CH4

B.	 C2H2

C.	 C2H4

D.	 C3H6

26.	 The diagram shows the energy profile of a reaction.
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Reaction coordinate 
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Which combination is correct?

Activation energy of
forward reaction

Activation energy of 
reverse reaction

A. X Z

B. Y − X Y − Z

C. Y Y

D. Y − X Z − X


