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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

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
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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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5.	 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 value.� [1]
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6.	 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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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

6.	 An expanded view of the NaCl lattice is given in the figure.

Na+

Cl-

Which statement is correct for the lattice structure of NaCl?

A.	 The ions are held together in the lattice by covalent bonds.

B.	 The forces of attraction in the lattice are very weak.

C.	 Each sodium ion is surrounded by four chloride ions.

D.	 The structure breaks apart when dissolved in water.
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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
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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 geometry and molecular geometry of sulfur dichloride, SCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Linear

B. Tetrahedral Bent

C. Linear Linear

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3
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Section A

1.	 Which technique is used to purify a solid obtained from a chemical reaction?

A.	 distillation

B.	 evaporation

C.	 recrystallization

D.	 filtration

2.	 Ice containing only the isotope 2H sinks and does not melt when dropped into ordinary 
distilled water maintained at 3 C.

Which statement is correct?

A.	 The isotope 2H has a high natural abundance.

B.	 2H2O (s) has a higher melting point than normal ice.

C.	 2H2O (s) has a lower density than normal ice-cold water.

D.	 2H2O has different chemical properties from normal water.

3.	 Which electron transition in the hydrogen atom emits radiation with the highest energy?

A.	 n = 1 to n = 2

B.	 n = 2 to n = 3

C.	 n = 2 to n = 1

D.	 n = 3 to n = 2

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
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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.	 Which species contains a coordination bond?

A.	 CO2

B.	 HCN

C.	 NO2
+

D.	 NO3
−

8.	 Which properties depend on the movement of the delocalized electrons in a metal?

I.	 Electrical conductivity

II.	 Thermal conductivity

III.	 Density

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 A monoprotic acid, HX, is found to have the following composition by mass:

C = 39.99 % H = 6.73 % O = 53.28 %

(a)	 Determine the empirical formula of the compound HX.� [2]
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(b)	 25.00 cm3 of a solution, containing 1.51 g of HX is titrated with a 0.750 mol dm-3 
solution of NaOH (aq). The HX (aq) solution is exactly neutralized by 22.30 cm3 of the 
NaOH (aq) solution. Determine the molar mass (M) of HX.� [2]
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(c)	 State the molecular formula of HX.� [1]
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(d)	 HX reacts with aqueous sodium hydroxide according to the equation:

HX (aq) + NaOH (aq) → NaX (aq) + H2O (l)

Identify a functional group present in HX.� [1]
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2.	 Scientific models are used to explain the structure of matter.

(a)	 An α-particle is a helium-4 nucleus. In an experiment, α-particles are accelerated 
towards a thin sheet of gold and their resulting paths are detected, giving evidence of 
the positive charge of the nucleus.

Thin sheet of gold

Path IIα-particles

Accelerated
Path I

Angle of detection θ increase from 0° to 180°

θ

The number of α-particles detected at different angles of deflection θ are shown.

180° 180°90° 0° 90°

Path II Path II

Path I

θ

Number of α-particles detected

Key:
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