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Instructions to candidates

	y Do not open this examination paper until instructed to do so.
	y Answer all the questions.
	y For each question, choose the answer you consider to be the best and indicate your choice on 

the answer sheet provided.
	y The periodic table is provided for reference on page 2 of this examination paper.
	y The maximum mark for this examination paper is [40 marks].
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1. Which contains the most atoms of oxygen?

A. 64 g of O2

B. 1.2  1024 molecules of O2

C. 64 g of C3H5O3

D. 1.2  1024 molecules of C3H5O3

2. A sample of a compound contains approximately 24.0 g C, 3.0 g H, and 1.6 g O. What is the 
empirical formula of the compound?

A. C20H30O

B. C84H10O6

C. C2H3O

D. C24H30O2

3. What volume of oxygen, in dm3 at STP, is needed when 5.8 g of butane undergoes 
complete combustion?

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

A. 5.82 13 22.7
12.01 4 1.01 10

× × ×
× + ×

B. 5.8 13 22.7
12.01 4 1.01 10 2

× ×
× + ×

C. 5.8 2 22.7
12.01 4 1.01 10 13

× ×
× + ×

D. 
5.8 13 22.7

12.01 4 1.01 10 2 1000
× ×

× + ×

Turn over
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4. What is the relative molecular mass of bromine, according to the following mass spectrum?

100

100 120
m / z

R
el
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e 
in

te
ns

ity

140 160 1808060

80

60

40

20

0

A. 158 52 160 100 162 48
52 100 48

× + × + ×
+ +

B. 158 52 160 100 162 48
158 160 162

× + × + ×
+ +

C. 79 11 81 11 158 52 160 100 162 48
11 11 52 100 48

× + × + × + × + ×
+ + + +

D. 79 11 81 11
11 11

× + ×
+
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5. Which represents a p orbital?

A. C.

B. D.

6. The diagram shows the first ionisation energies of consecutive elements in the same period 
of the periodic table.

Atomic number

Fi
rs

t i
on

is
at

io
n 

en
er

gy

X

Y

Which factor explains why element X has a higher first ionisation energy than element Y?

A. Element Y loses an electron from a different sub-level.

B. Element Y has a smaller atomic radius.

C. Element X has a full octet.

D. Element Y has a greater nuclear charge.

Turn over
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7. Which species has the same electron configuration as argon?

A. Br-

B. Ca2+

C. Al3+

D. Si4+

8. Which trend is correct, going down group 1?

A. Melting point increases

B. Reactivity decreases

C. First ionisation energy increases

D. Electronegativity decreases

9. What is the overall charge, x, of the chromium (III) complex?

[Cr(H2O)4Cl2]x

A. 0

B. 1+

C. 2-

D. 3+

10. Which compound contains both ionic and covalent bonds?

A. MgO

B. CH2Cl2

C. CH3COOH

D. NaOH
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11. Which substance is most likely to be ionic?

Melting point Solubility in hexane Electrical conductivity of solid

A. High Low High

B. Low Low Low

C. Low High Low

D. High Low Low

12. Which contain delocalised electrons?

I. C6H5OH

II. CH3COO-

III. CO3
2-

A. I and II only

B. I and III only

C. II and III only

D. I, II and III

13. In which series are all carbon atoms sp2 hybridized?

A. C2H2 H2CO HCOOH

B. C2H4 H2CO HCOOH

C. C2H2 CO HCN

D. C2H6 CH3OH CH3OCH3

14. What is the enthalpy change, in J, when 5 g of water is heated from 10°C to 18°C?

Specific heat capacity of water: 4.18 kJ kg-1 K-1

A. 5  4.18  8

B. 5  10-3  4.18  8

C. 5  4.18  (273 + 8)

D. 5  10-3  4.18  (273 + 8)

Turn over
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15. What is the enthalpy change of the reaction, in kJ?

2C (graphite) + O2 (g)  2CO (g)

Substance ∆H ÖÖcombustion / kJ mol-1

C (graphite) -394

CO (g) -283

A. -394 - 283

B. 2 (-394) + 2 (-283)

C. -394 + 283

D. 2 (-394) + 2 (283)

16. The table shows the variation of standard Gibbs energy with temperature for a reversible reaction.

∆G Ö = ∆H Ö - T∆S Ö 
∆G Ö = - RT lnK

Temperature / K ∆G ÖÖ / kJ mol-1

298 5.4

350 -3.9

400 -12.9

What can be concluded about the reaction?

A. Equilibrium shifts left as temperature increases.

B. The forward reaction is more spontaneous below 300 K.

C. Entropy is higher in the products than in the reactants.

D. Kc decreases as temperature increases.

17. Which substance has the highest lattice enthalpy?

A. KCl

B. CaCl2

C. KF

D. CaF2
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18. Curve 1 shows the mass change when marble chips are added to excess hydrochloric acid 
in an open beaker.

Time / min

M
as

s 
of

 b
ea

ke
r /

 g

Curve 1

Curve 2

Which changes would produce curve 2?

A. Powdering the marble chips and heating

B. Powdering the marble chips and doubling their mass

C. Doubling the volume of acid and heating

D. Doubling the acid concentration and powdering the marble chips

Turn over
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19. On the following Maxwell-Boltzmann distribution, which letter represents activation energy?

Kinetic energy

Pr
ob

ab
ilit

y 
of

 th
is

 e
ne

rg
y

A

D

B

C

A. A

B. B

C. C

D. D

20. A reaction proceeds by the following mechanism:

step 1: A + A  B 
step 2: B + C  D

Which rate equation is consistent with this mechanism?

A. Rate = k [B]2[C]

B. Rate = k [A]2[B][C]

C. Rate = k [A]2

D. Rate = k [A][C]
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21. Which graphs show a first order reaction?
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A. V and X

B. V and Y

C. W and X

D. W and Y

Turn over
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22. Which changes produce the greatest increase in the percentage conversion of methane?

CH4 (g) + H2O (g)  CO (g) + 3H2 (g)

Pressure Proportion of H2O (g)

A. Doubled Halved

B. Doubled Doubled

C. Halved Doubled

D. Halved Halved

23. 1.0 mol each of sulfur dioxide, oxygen, and sulfur trioxide are in equilibrium.

2SO2 (g) + O2 (g)  2SO3 (g)

Which change in the molar ratio of reactants will cause the greatest increase in the amount 
of sulfur trioxide?

Assume volume and temperature of the reaction mixture remain constant.

Moles of SO2 (g)  
changed from 1.0 to…

Moles of O2 (g)  
changed from 1.0 to…

A. 0.8 1.2

B. 0.9 1.1

C. 1.1 0.9

D. 1.2 0.8

24. Which is amphiprotic?

A. NH4
+

B. PO4
3-

C. H2O

D. H3O+
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25. Which solution has a pH of 9?

A. 1.0  10-9 mol dm-3 HCl (aq)

B. 1.0  10-5 mol dm-3 KOH (aq)

C. 1.0  10-9 mol dm-3 KOH (aq)

D. 1.0  10-5 mol dm-3 HCl (aq)

26. Which is a Lewis acid, but not a Brønsted-Lowry acid?

A. BF3

B. H3O+

C. NH3

D. Cl-

27. Which combination will produce an alkaline buffer in water?

A. 0.10 mol NH3 and 0.05 mol H2SO4

B. 0.50 mol NH3 and 0.10 mol H2SO4

C. 0.10 mol CH3COOH and 0.05 mol NaOH

D. 0.10 mol CH3COOH and 0.50 mol NaOH

28. A student performed displacement reactions using metals W and X and solutions of salts of 
metals W, X, Y and Z. The results are summarized in the table.

Salt solution

W2+ X2+ Y2+ Z2+

M
et

al W No reaction No reaction No reaction

X Reaction Reaction No reaction

Which of the four metals is most reactive?

A. W

B. X

C. Y

D. Z

Turn over
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29. What is correct for this redox reaction?

MnO2 (s) + 2I- (aq) + 4H+ (aq)  Mn2+ (aq) + I2 (aq) + 2H2O (l)

Reduced Reducing agent

A. MnO2 (s) I- (aq)

B. I- (aq) H+ (aq)

C. I- (aq) MnO2 (s)

D. H+ (aq) I- (aq)

30. Which gives the equation and cell potential of the spontaneous reaction?

E ÖÖ / V

Mn2+ (aq) + 2e-  Mn (s) -1.18

Ag+ (aq) + e-  Ag (s) +0.80

E ÖÖ / V

A. Mn2+ (aq) + 2Ag (s)  Mn (s) + 2Ag+ (aq) -1.98

B. Mn2+ (aq) + 2Ag (s)  Mn (s) + 2Ag+ (aq) +0.38

C. Mn (s) + 2Ag+ (aq)  Mn2+ (aq) + 2Ag (s) -0.38

D. Mn (s) + 2Ag+ (aq)  Mn2+ (aq) + 2Ag (s) +1.98

31. What are the products when concentrated aqueous copper (II) chloride is electrolysed using 
platinum electrodes?

Anode (positive electrode) Cathode (negative electrode)

A. O2 (g) Cu (s)

B. Cl2 (g) H2 (g)

C. Cl2 (g) Cu (s)

D. O2 (g) H2 (g)
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32. Which series is in order of increasing boiling point?

A. CH2CH2CH3OH CH3COCH3 CH3CH2CH3

B. CH3CH2CH3 CH3COCH3 CH2CH2CH3OH

C. CH3COCH3 CH2CH2CH3OH CH3CH2CH3

D. CH3CH2CH3 CH2CH2CH3OH CH3COCH3

33. What is the name of this compound, applying IUPAC rules?

A. 4-methylhex-2-ene

B. 4-ethylpent-2-ene

C. 2-ethylpent-3-ene

D. 3-methylhex-4-ene

34. What is formed in a propagation step of the substitution reaction between bromine and ethane?

A. CH3CH2•

B. CH3CH2CH2CH3

C. H•

D. Br-

35. Which is most likely to hydrolyse via a SN1 mechanism?

A. CH3CHBrCH2CH3

B. (CH3)2CHBr

C. (CH3)3CBr

D. CH3CH2CH2CH2Br

Turn over
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36. What is the product of the reaction of benzene with a mixture of concentrated nitric and 
sulfuric acids?

A. C.

B. D.

37. How many chiral centres are there in the following molecule?

A. 2

B. 3

C. 4

D. 6
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38. The enthalpy of combustion of a fuel was determined using the calorimeter shown. The final 
result was lower than the literature value.

Temperature probe

Insulator

Copper calorimeter

Spirit burner

Which factors could have contributed to this error?

I. Not all heat from the combustion was transferred to the calorimeter.

II. Incomplete combustion occurred.

III. The temperature probe touched the bottom of the calorimeter.

A. I and II only

B. I and III only

C. II and III only

D. I, II and III

Turn over

M21/4/CHEMI/HPM/ENG/TZ1/XX

– 17 – 2221 – 6107



39. Burette readings for a titration are shown.

Burette readings / cm3 ± 0.05 cm3 Trial 1 Trial 2 Trial 3

Final 11.35 24.60 11.70

Initial 0.20 13.50 0.50

What is the mean titre?

A. 11.1 cm3 ± 0.1 cm3

B. 11.15 cm3 ± 0.05 cm3

C. 11.2 cm3 ± 0.05 cm3

D. 11.2 cm3 ± 0.1 cm3

40. Which compound produces the following 1H NMR spectrum?

Chemical shift / ppm
23 156 48910 7 0

A. Propane

B. Propanone

C. Propanal

D. 2,2-dimethylpropane
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