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SECTION A

Answer all questions in the spaces provided.

1.	 Calcium	and	magnesium	are	essential	elements	in	living	things.	Give	one	use	of	each	element	
in	biological	systems. [1]

 Magnesium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 Calcium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. Give	the	systematic	name	of	the	molecule	shown	below.	 [1]
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OH

 

3. The	electronegativity	values	of	the	halogens	are	listed	below.

Atom F Cl Br I At

Electronegativity	value 4.0 3.0 2.9 2.6 2.2

 (a) Define the term electronegativity. [1]

 

 

 (b) Use	the	data	in	the	table	to	identify	any	dipoles	present	in	the	following	bonds,	marking	
their	polarity	clearly.	 [1]

F Cl At ClF Cl At Cl
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4. Cyclohexane	is	an	example	of	a	hydrocarbon	containing	a	ring	of	carbon	atoms.	Its	structure	

is shown below.

© WJEC CBAC Ltd.
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 Give	the	empirical formula	of	this	compound.	 [1]

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5. (a)	 Write	the	letter	corresponding	to	the	correct	electronic	structure	of	an	atom	that	is	a	
member of the d-block	in	the	box	below.	 [1]

 A 1s22s22p63s23p63d104s24p1

 B 1s22s22p63s23p63d6

 C 1s22s22p63s23p63d64s2

 D 1s22s22p63s23p64s2

 (b) Write	the	letter	corresponding	to	the	electronic	structure	of	the	atom	with	the	highest	
first	ionisation	energy	in	the	box	below.	 [1]

 A 1s22s22p63s23p6

 B 1s22s22p6

 C 1s22s22p63s2

 D 1s22s22p63s23p4
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6. The	gas	oxygen,	O2,	is	converted	into	ozone,	O3, in the upper atmosphere. The equation for 
this	process	is:

3O2                 2O3

 Use	oxidation	states	to	explain	why	this	is	not	a	redox	reaction.	 [2]

 

 

 

7. Recent	advances	in	chemistry	have	produced	a	range	of	smart	materials.

	 Give	the	meaning	of	the	term	smart material. [1]

 

 

 

 Total Section A [10]
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SECTION B

Answer all questions in the spaces provided.

8. Barium	chloride	is	a	highly	toxic	compound	that	is	frequently	used	in	the	laboratory.

 (a)	 Aqueous	barium	chloride	can	be	used	to	test	for	sulfate	ions	in	solution.

	 (i)	 Write	an	ionic	equation	for	the	reaction	that	occurs	when	aqueous	barium	chloride	
is	added	to	a	solution	containing	sulfate	ions.	 [1]

 

	 (ii)	 Give	the	observation	expected	for	a	positive	result	in	this	chemical	test.	 [1]

 

 (b) A	solution	of	barium	chloride	can	be	identified	using	separate	tests	for	barium	ions	and	
chloride	ions.

	 (i)	 A	flame	test	can	be	used	to	prove	that	the	solution	contains	barium	ions.	State	the	
flame	colour	that	would	be	seen.	 [1]

 

	 (ii)	 Give	a	chemical	test	to	show	that	the	solution	contains	chloride	ions.	Your	answer	
should	include	the	reagent(s)	and	expected	observation(s).	 [2]

  Reagent(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Observation(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (c) The	 solubility	 of	 barium	 chloride	 at	 two	different	 temperatures	 is	 given	 in	 the	 table	
below.

© WJEC CBAC Ltd.

Temperature / °C Solubility of BaCl2	/	g	dm–3

0 312

20 358

	 	 Calculate	the	mass	of	solid	barium	chloride	that	would	be	obtained	by	cooling	200	cm3 
of	a	saturated	solution	of	barium	chloride	from	20	°C	to	0	°C.	 [2]

 Mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
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 (d)	 When	 solid	 barium	 chloride	 is	 crystallised	 from	 solution,	 it	 produces	 the	 hydrate	 
BaCl2 . xH2O.	The	 relative	molecular	mass	 (Mr )	of	 this	hydrate	was	 found	 to	be	244.	
Calculate	the	value	of	x in this formula. [2]

 x = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (e)	 Jack	wishes	to	prepare	a	solution	of	barium	chloride	starting	with	the	insoluble	solid	
barium	carbonate	and	dilute	hydrochloric	acid.

	 (i)	 Write	the	equation	for	this	reaction.	 [1]

 

	 (ii)	 Jack	measured	50.0	cm3	of	hydrochloric	acid	of	concentration	0.500	mol	dm–3.
 
 I	 Calculate	the	number	of	moles	of	hydrochloric	acid	in	this	solution.	 [2]

 Moles of hydrochloric acid = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol

	 II	 He	added	an	 excess	of	 solid	barium	carbonate	 to	 the	dilute	hydrochloric	
acid.	 Suggest	 how	 a	 pure	 solution	 of	 barium	 chloride	 could	 be	 obtained	
from	the	reaction	mixture.	 [1]

 

	 III	 Calculate	the	maximum	mass	of	hydrated	barium	chloride	(Mr	=	244)	that	
could	be	produced	in	this	reaction.	 [2]

 Maximum mass of hydrated barium chloride = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g

 Total [15]
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9. Chloromethane	can	be	produced	by	the	chlorination	of	methane	gas.

 (a) During	the	initiation	stage	of	this	process,	chlorine	free	radicals	are	produced.

	 (i)	 Give	the	condition(s)	required	for	this	initiation	stage.	 [1]

 

	 (ii)	 State	what	is	meant	by	a	free radical. [1]

 

 

 (b) Write	 the	 equation(s)	 for	 the	propagation	 stage(s)	 to	produce	 chloromethane	 starting	
with	methane	and	chlorine	free	radicals.	 [2]

 

 

 

 (c) Apart	from	chloromethane,	a	range	of	other	compounds	are	produced	in	small	amounts	
during	the	reaction.

	 (i)	 One	of	the	compounds	produced	in	the	reaction	is	ethane.	Show	how	this	compound	
is	produced.	 [1]

 

 

	 (ii)	 Another	of	the	compounds	produced	contains	24.3	%	carbon,	4.1	%	hydrogen	and	
71.6	%	chlorine	by	mass.	Calculate	the	empirical formula	of	this	compound.	 [2]

  Empirical formula  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

© WJEC CBAC Ltd.
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 (d) Chloromethane	can	be	converted	into	methanol	by	reaction	with	hydroxide	ions.

	 (i)	 Classify	the	mechanism	of	this	reaction.	 [1]

 

	 (ii)	 The	boiling	temperatures	of	chloromethane	and	methanol	are	given	in	the	table	
below.

© WJEC CBAC Ltd.

Compound Boiling	temperature	/	K

chloromethane,	CH3Cl 249

methanol, CH3OH 338

 	 Explain	 why	 the	 boiling	 temperature	 of	 methanol	 is	 higher	 than	 the	 boiling	
temperature	of	chloromethane.	 [3]

 

 

 

 

 

 

	 (iii)	 Methanol	 can	 then	 be	 converted	 to	 methanoic	 acid.	 Give	 the	 reagent(s)	 and	
condition(s)	required	for	this	reaction.	 [2]

  Reagent(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Condition(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
10
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 (e) CFCs	 are	 another	 class	 of	 organic	 compounds.	 They	 contain	 chlorine,	 fluorine	 and	
carbon.	These	compounds	once	had	a	range	of	uses,	however	their	use	is	now	avoided	
due	to	their	effect	on	the	ozone	layer	which	is	part	of	the	upper atmosphere.

	 	 The	 table	 shows	 the	 lifetime	 of	 some	 compounds	 in	 the	 lower atmosphere and their 
relative	ozone	depletion	potential	(RODP),	taking	CCl3F	as	having	a	value	of	1.0.	The	
RODP	is	measured	by	mixing	a	compound	with	ozone	in	a	laboratory	experiment.

© WJEC CBAC Ltd.

Compound Formula Lifetime in the lower
atmosphere

Relative	ozone	depletion
potential	(RODP)

A CHF3 243	years 0.01

B CCl2F2 20 years 0.86

C CCl3F 75	years 1.00

D CBrClF2 120 days 10.00

 	 By	 referring	 to	 this	 table,	 explain	 why	 CFCs	 B and C are far more harmful than 
compounds	A and D.

	 	 Your	answer	should	explain	how	and	why	CFCs	affect	the	ozone	layer.	 [3]

 

 

 

 

 

 

 

 

  Total [16]
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10. Aluminium,	boron	and	nitrogen	all	form	chlorides	containing	three	chlorine	atoms,	XCl3.

 (a)	 Molecules	 of	 boron	 chloride,	 BCl3,	 and	 molecules	 of	 nitrogen	 chloride,	 NCl3,	 have	
different shapes.

	 	 Use	VSEPR	(valence	shell	electron	pair	repulsion)	theory	to	state	and	explain	the	shapes	
of	these	molecules.	 [6]

 QWC [2]
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 (b)	 The	 boron	 atom	 in	 boron	 chloride,	 BCl3,	 is	 described	 as	 being	 electron	 deficient. 

Draw	a	dot	and	cross	diagram	for	BCl3 and use it to show what is meant by the term 
electron deficient. [2]

 

 

 (c) Nitrogen	chloride,	NCl3,	is	insoluble	in	cold	water	whilst	the	similar	compound	ammonia,	
NH3,	is	very	soluble.	Explain	this	difference	in	behaviour.	 [2]

 

 

 

 

 (d) Aluminium	 chloride,	 AlCl3,	 forms	 a	 dimer	 that	 contains	 both	 covalent	 bonds	 and	
coordinate	bonds.	Describe	what	 is	meant	by	 the	 terms	covalent bond and coordinate 
bond. [2]

 

 

 

 

  Total [14]
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11. (a)	 Both	sodium	chloride	and	caesium	chloride	have	giant	ionic	structures.

	 (i)	 Draw	a	labelled	diagram	to	show	the	arrangement	of	ions	in	a	crystal	of	caesium	
chloride.	 [2]

	 (ii)	 Give	a	reason	why	sodium	chloride	has	a	different	structure	from	caesium	chloride.
 [1]

 

 

© WJEC CBAC Ltd.
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 (b)	 Both	diamond	and	graphite	have	giant	covalent	structures.

	 (i)	 Describe	the	structure	and	bonding	in	graphite.	 [3]
 QWC [1]

 

 

 

 

 

	 (ii)	 Explain	why	graphite	can	conduct	electricity	whilst	diamond	cannot.	 [2]

 

 

 

	 (iii)	 Iodine,	I2,	also	contains	covalent	bonds.	Explain	why	solid	iodine	can	be	converted	
into	a	vapour	at	a	much	lower	temperature	than	diamond.	 [3]

 

 

 

 

  Total [12]
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12. But-2-ene	is	a	useful	starting	material	for	the	production	of	synthetic	rubber.

 (a) But-2-ene	can	be	produced	from	crude	oil	by	fractional	distillation	and	then	cracking.

	 (i)	 Explain	why	fractional	distillation	can	be	used	to	separate	molecules	with	different	
numbers	of	carbon	atoms.	 [1]

 

 

	 (ii)	 Write	the	equation	for	a	cracking	reaction	that	produces	but-2-ene	from	decane,	
C10H22. [1]

 

 

 (b) Bromine	solution	can	be	used	to	distinguish	between	but-2-ene	and	butane.

	 (i)	 Give	the	colour	change	that	would	be	expected	when	bromine	solution	is	added	to	
but-2-ene.	 [1]

 

	 (ii)	 In	a	similar	reaction	hydrogen	bromide	reacts	with	propene.

	 	 Draw	the	mechanism	of	the	reaction	of	propene	with	hydrogen	bromide	indicating	
clearly	all	charges	and	the	movement	of	electrons.	 [3]

© WJEC CBAC Ltd.
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	 (iii)	 Propene	can	be	produced	from	the	product	in	part	(ii)	by	using	sodium	hydroxide.
	 	 Give	the	condition(s)	required	for	this	reaction.	 [1]

 

 

 (c) But-2-ene	can	exist	as	E-	and	Z-isomers.
	 (i)	 Explain	why	 but-2-ene	 can	 form	E-	 and	Z-isomers	whilst	 propene	 and	 butane	

cannot.	 [2]

 

 

 

 

	 (ii)	 Draw	the	skeletal formula for Z-but-2-ene.	 [1]

 (d) In	industry,	butan-2-ol	can	be	produced	from	but-2-ene.	This	uses	the	same	reagent(s)	
and	condition(s)	as	the	production	of	ethanol	from	ethene.

	 (i)	 Give	the	reagent(s)	and	condition(s)	used	for	this	reaction.	 [2]

  Reagent(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Condition(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Explain	how	infrared	spectroscopy	can	be	used	to	distinguish	between	butan-2-ol	
and	but-2-ene.	 [1]

 

 

 

  Total	[13]

  Total Section B [70]

END OF PAPER
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Infrared Spectroscopy characteristic absorption values

 Bond Wavenumber / cm–1

500 to 600
650 to 800

1000 to 1300
1620 to 1670
1650 to 1750
2100 to 2250
2800 to 3100
2500 to 3550
3300 to 3500

C—Br
C—Cl
C—O
C     C
C     O
C     N
C—H
O—H
N—H

——

———

——
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