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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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1. Which equation represents sublimation?

 A. 2Al (s) + 3I2 (g) → 2AlI3 (s)

 B. HgCl2 (s) → HgCl2 (g)

 C. I2 (g) → I2 (s)

 D. CaCO3 (s) + 2HCl (aq) → CaCl2 (aq) + CO2 (g) + H2O (l)

2. In which mixture is NaOH the limiting reagent?

 A. 0.20 mol NaOH + 0.10 mol H2SO4

 B. 0.10 mol NaOH + 0.10 mol H2SO4

 C. 0.20 mol NaOH + 0.10 mol HNO3

 D. 0.10 mol NaOH + 0.10 mol HNO3

3. Why do gases deviate from the ideal gas law at high pressures?

	 A.	 Molecules	have	finite	volume.

 B. Cohesive forces increase the volume from the ideal.

 C. Increasing pressure increases the temperature of the gas.

 D. Collisions between molecules occur more frequently as pressure increases.

4. Which is correct for the chromium isotope 24
53Cr?

 A. 24 neutrons and 53 nucleons

 B. 24 protons and 29 nucleons

 C. 24 protons and 29 neutrons

 D. 24 electrons and 53 neutrons
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5.	 Which	electron	configuration	is	correct	for	the	selenide	ion,	Se2−?

 A. 1s2 2s2 2p6 3s2 3p6 4s2 4d10 4p4

 B. 1s2 2s2 2p6 3s2 3p6 4s2 4d10 4p6

 C. 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p4

 D. 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6

6.	 The	diagram	shows	the	first	ionization	energies	of	four	consecutive	elements	in	the	periodic	table.
 Which element is in Group 14?

1s
t	i
on
iz
at
io
n	
en
er
gy

A

B
C

D

Increasing atomic number

7. Which element is a metalloid?

 A. Co

 B. As

 C. Cs

 D. Es
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8. Which periodic trend is described correctly?

Trend in Down the group
(top to bottom)

Across the period
(left to right)

A. atomic radius increases increases

B. ionic radius decreases increases

C. first	ionization	energy decreases decreases

D. electronegativity decreases increases

9. Which does not affect the colour of the complex ion formed by a particular transition metal?

 A. Oxidation state of the metal

 B. Number of ligands in the complex

 C. Identity of ligands in the complex

 D. Isotope of the metal

10. Which best explains why transition metal complexes are coloured?

	 A.	 As	electrons	return	to	lower	energy	levels,	light	of	a	certain	colour	is	emitted,	and	the	
complementary colour is observed.

	 B.	 As	electrons	return	to	lower	energy	levels,	light	of	a	certain	colour	is	emitted,	so	the	complex	
appears to have the same colour.

	 C.	 As	electrons	are	promoted	to	higher	energy	levels,	light	of	a	certain	colour	is	absorbed,	and	
the complementary colour is observed.

	 D.	 As	electrons	are	promoted	to	higher	energy	levels,	light	of	a	certain	colour	is	absorbed,	so	
the complex appears to have the same colour.

11. Which species breaks the octet rule?

 A. PCl3

 B. BF4
−

 C. SCl4

 D. NH4
+
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12. Which compound contains both ionic and covalent bonds?

 A. SiH4

 B. NaNO3

 C. H2CO

 D. Na2S

13. Which of the following are van der Waals’ forces?

  I. Dipole-dipole forces
  II. Hydrogen bonds
  III. London (dispersion) forces

 A. I and II only

 B. I and III only

 C. II and III only

	 D.	 I,	II	and	III

14.	 In	which	group	do	both	compounds	contain	delocalized	electrons?

 A. C6H10,	C5H10

 B. Na2CO3,	NaOH

 C. NaHCO3,	C6H6

 D. NaHCO3,	C6H12

15. Which of the following is correct?

Atom Number of electron 
domains Molecular geometry Hybridization

A. C in C2H2 2 linear sp

B. C in C2H6 4 square planar sp3

C. N in NH3 3 trigonal pyramidal sp3

D. O in H2O 4 bent sp2
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16. The equation for the formation of ethyne is:

2C (s) + H2 (g) → C2H2 (g)

What	is	the	enthalpy	change,	in	kJ,	for	this	reaction	using	the	enthalpy	of	combustion	data	below?

Reaction ∆H À / kJ
C (s) + O2 (g) → CO2 (g) −394
2H2 (g) + O2 (g) → 2H2O (l) −572
2C2H2 (g) + 5O2 (g) → 4CO2 (g) + 2H2O (l) −2602

 A. 2 × (−394) + 1
2

(−572) − 1
2

(−2602)

 B. 2 × (−394) + (−572) − (−2602)

 C. 2 × (−394) + 1
2

(−572) + 1
2

(−2602)

 D. 2 × (−394) + (−572) + (−2602)

17. Which equation represents the average bond enthalpy of the Si−H bond in SiH4?

 A. SiH4 (g) → SiH3 (g) + H (g)

 B. 
1
4

SiH4 (g) → 
1
4

Si (g) + H (g)

 C. SiH4 (g) → SiH3 (g) + 1
2

H2 (g)

 D. SiH4 (g) → Si (g) + 4H (g)

18. Which transition represents an enthalpy of hydration?

 A. 2H2O (l) → H3O
+ (aq) + OH− (aq)

 B. NaCl (s) → Na+ (aq) + Cl− (aq)

 C. K+ (s) → K+ (aq)

 D. K+ (g) → K+ (aq)
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19. What are the signs for the entropy changes associated with this reaction?

H2O (g) → H2O (l)

∆Ssurroundings ∆Ssystem

A. + −

B. + +

C. − −

D. − +

20. Graph 1 shows a plot of volume of CO2 (g) against time for the reaction of CaCO3 (s) with 
1.00 mol dm−3 HCl (aq).  The acid is the limiting reagent and entirely covers the lumps of CaCO3 (s).

Which set of conditions is most likely to give the data plotted in graph 2 when the same mass of 
CaCO3 (s) is reacted with the same volume of HCl (aq) at the same temperature?

graph 1

Time

graph 2

Vo
lu

m
e 

of
 C

O
2 (

g)

Size of lumps Concentration of acid / mol dm−3

A. larger 1.00

B. smaller 0.05

C. smaller 1.00

D. larger 0.05
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21. The data shows the effect of changing reactant concentrations on the rate of the following reaction 
at 25 °C.

F2 (g) + 2ClO2 (g) → 2FClO2 (g)

Initial [F2 (g)] /
mol dm−3

Initial [ClO2 (g)] /
mol dm−3

Initial rate of reaction /
mol dm−3 s−1

0.100 0.010 1.20 × 10−3

0.100 0.030 3.60 × 10−3

0.150 0.010 1.80 × 10−3

Which	is	correct	for	the	order	of	reaction	with	respect	to	the	fluorine	concentration	and	the	overall	
order of reaction?

Order with respect to [F2 (g)] Overall order

A. 2 1

B. 2 2

C. 1 1

D. 1 2
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22. Which pair of graphs represents the same order of reaction?

A.

Concentration  
of reactant Rate

Time Concentration  
of reactant

B.

Concentration  
of reactant Rate

Time Concentration  
of reactant

C.

Concentration  
of reactant Rate

Time Concentration  
of reactant

D.

Concentration  
of reactant Rate

Time Concentration  
of reactant
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23. Which of the terms in the Arrhenius equation takes into account the orientation of the molecules?

k = Ae
E

RT
- a

 A. A

 B. Ea

 C. R

 D. T

24. What is the effect of increasing temperature on the equilibrium?

ClNO2 (g) + NO (g)  ClNO (g) + NO2	(g)		 ∆H À = −18.4	kJ

Position of equilibrium Kc

A. moves to left decreases

B. moves to left no change

C. moves to right no change

D. moves to right increases

25. Which is correct for an isolated system in equilibrium?

Gibbs free energy Entropy

A. maximum maximum

B. maximum minimum

C. minimum maximum

D. minimum minimum
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26. Which is a conjugate Brønsted–Lowry acid-base pair?

CH3COOH (aq) + H2O (l)  CH3COO− (aq) + H3O
+ (aq)

 A. CH3COO− / H3O
+

 B. H2O / CH3COO−

 C. H2O / H3O
+

 D. CH3COOH / H2O

27. Aqueous solutions of a weak acid and a strong acid of equal concentration are compared.  
Which statements are correct?

  I. The weak acid is less dissociated than the strong acid.
  II. The strong acid reacts with a metal oxide but the weak acid does not.
  III. The strong acid has greater conductivity than the weak acid.

 A. I and II only

 B. I and III only

 C. II and III only

	 D.	 I,	II	and	III

28. The diagram represents the bonding in aluminium chloride.

Cl

Al Al

Cl

Cl

ClCl

Cl

Which statement is correct?

 A. The aluminium atoms behave as Lewis acids.

 B. The aluminium atoms behave as Lewis bases.

 C. One aluminium atom is a Lewis base and the other a Lewis acid.

 D. One chlorine atom is a Lewis base and the other a Lewis acid.
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29. Which titration curve would occur when a weak acid is added to a strong base?

A.
14

pH 7

Volume of weak acid

B.

pH

14

7

Volume of weak acid

C.

pH

14

7

Volume of weak acid

D.

pH

14

7

Volume of weak acid

30.	 Applying	IUPAC	rules,	what	is	the	name	of	MnO2?

 A. Magnesium(II) oxide

 B. Manganese(II) oxide

 C. Magnesium(IV) oxide

 D. Manganese(IV) oxide

31. Which statement is correct for a voltaic but not for an electrolytic cell?

 A. An electrolyte is required.

 B. The anode is where oxidation occurs.

 C. Ions move in the electrolyte.

	 D.	 Electrons	flow	from	the	negative	electrode	to	the	positive	electrode.
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32. Which compound forms both hydrogen and oxygen at the electrodes when a concentrated 
aqueous	solution	is	electrolyzed?

 A. KI

 B. NaCl

 C. H2SO4

 D. AgNO3

33. z mol of copper is deposited from CuSO4	(aq)	by	a	current,	I,	in	time	t.		What	is	the	amount	of	silver,	
in	mol,	deposited	by	electrolysis	from	AgNO3	(aq)	by	a	current,	

l
2,	in	time	2t?

 A. z
4

 B. z
2

 C. z

 D. 2z

34. What is the general formula of the alkyne series?

 A. CnHn

 B. CnH2n−2

 C. CnH2n

 D. CnH2n+2

35. Which	statement	is	correct	about	the	major	reaction	between	1-chloropropane,	CH3CH2CH2Cl, 
and	dilute	sodium	hydroxide	solution,	NaOH	(aq)?

 A. The rate equation is second order.

 B. The hydroxide ion acts as a Brønsted–Lowry base.

 C. The reaction has two distinct steps.

 D. Water is a product.
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36.	 Which	molecule	can	be	both	reduced	by	sodium	borohydride,	NaBH4,	and	oxidized	by	warm	
acidified	potassium	dichromate(VI)?

 A. CH3CHOHCH2CH3

 B. (CH3)3CCHO

 C. (CH3)3COH

 D. (CH3)3CCOC(CH3)3

37. Which molecule contains a chiral carbon?

 A. CH3CHOHCH2CH3

 B. (CH3)3CCHO

 C. (CH3)3COH

 D. (CH3)3COC(CH3)3

38. A measuring cylinder was used to obtain a known volume of a liquid.  The volume was read from 
the	top	of	the	meniscus	and	the	liquid	completely	emptied	into	a	flask.		The	exact	same	process	
was then repeated.  Which statement is correct about the overall described procedure and the 
volumes measured?

 A. There is a systematic error and the volumes measured are accurate.

 B. There is a random error and the volumes measured are accurate.

 C. There is a random error and the volumes measured are inaccurate.

 D. There is a systematic error and the volumes measured are inaccurate.

39.	 Which	molecule	has	an	index	of	hydrogen	deficiency	(IHD)	= 1?

 A. C6H6

 B. C2Cl2

 C. C4H9N

 D. C2H6O
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40. Which analytical technique is used to measure bond lengths in solid compounds?

 A. IR spectroscopy

 B. Mass spectroscopy

 C. NMR spectroscopy

 D. X-ray crystallography
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