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Instructions

Use a black ball-point pen. Do not use pencil.

Fill in the boxes at the top of this page.

Answer all 40 questions.

For each item there are four responses. When you have selected the response which you think is the

best answer to a question, mark this response on your answer sheet.

e Mark all responses as instructed on your answer sheet. If you wish to change your answer to a
question, follow the instructions on your answer sheet.

e Do all rough work in this book, not on your answer sheet.

e Make sure that you hand in both your answer sheet and this answer book at the end of this
examination.

e The Periodic Table/Data Sheet is provided on pages 3 and 4. Detach this perforated sheet at the start

of the examination.

Information

e Each correct answer will score one mark. No deductions will be made for wrong answers.
e Graph paper is available from the Invigilator.

Advice

e Do not spend too long on any question. If you have time at the end, go back and answer any
question you missed out.
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Gas constant R = 8.31 J K~ mol™

Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-3.9
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 2500-3000
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Multiple choice questions

Each of Questions 1 to 21 consists of a question or an incomplete statement followed by four
suggested answers or completions. You are asked to select the most appropriate answer in each case.

1 Which one of the following is the electron arrangement of the strongest reducing agent?

A 18?282 2p°

1s? 252 2p6 357

B
C 1s? 2¢° 2p6 3¢? 3p°
D

1s? 2¢° 2p6 3s? 3p6 4s?

2 The table below shows data for the four hydrocarbons ethyne, propyne, propene and propane.
AH¢ is the standard enthalpy of combustion of these hydrocarbons.

Compound Name | M, | -AHS/kJmol™
HC=CH ethyne 26 1300
HC=CCHj; propyne 40 1940
H,C=CHCHj; propene 42 2060
CH;CH,CHj; propane 44 2220

The complete combustion of 2.0 g of one of the above hydrocarbons releases exactly 100kJ of

heat energy.

This hydrocarbon is
A ethyne

B  propyne

C  propene

D  propane

3 Which one of the equations below represents a reaction that is feasible at all temperatures?

A P(s) = Q@) +R(g)

B 2L(g) + M(g) — 2N(g)

C S — 2T(g

D A(g) +B(g) — C(g)

APW/Jun06/CHM6/W

endothermic
exothermic
exothermic
endothermic
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Questions 4 to 6

The removal of silicon dioxide with limestone in the Blast Furnace can be represented by the
following equation.

CaCOs(s) + SiOy(s) —> CaSiOs(1) + COx(g)
4 Which one of the following statements is not correct?
A There is an increase in entropy during this reaction.
B The calcium silicate formed floats on the surface of the molten iron.
C  The calcium silicate formed can be used in the construction industry.

D Silicon dioxide is a basic oxide.

5 The minimum mass of calcium carbonate needed to remove 1.00 tonne (1000 kg) of silicon

dioxide is

A 0.46 tonne
B 0.60 tonne
C 1.67 tonne
D  2.18 tonne

6 The volume of carbon dioxide, measured at 298 K and 1.01 x 10° Pa, formed in this reaction
during the removal of 1.00 tonne (1000kg) of silicon dioxide is

A 245 dm’
B 408 dm®
C 245m’
D 408 m’
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7 In which one of the following species is the shape influenced by the presence of one or more
lone pairs of electrons?

A NH;
B NHj
C [CH3;NH;]"

D [Co(NH3)s)*"

8 Which one of the following statements is not correct?
A In the production of steel, sulphur impurities are removed by reaction with magnesium.
B The equation VO3+2H" — VO3 + H,O represents a redox reaction.
C  If an aqueous solution of chlorine is added to aqueous potassium iodide, iodine is formed.
D  The first ionisation energy of sulphur is lower than that of phosphorus because there is
repulsion between paired electrons in the 3p sub-level.
9 Which one of the following statements is not correct?
A The atomic radii of Period 3 elements decrease from sodium to chlorine.
B The hydroxides of Group II metals increase in solubility as the group is descended.
C  In water, aluminium chloride is hydrolysed more than magnesium chloride.

D  SiO; has a higher melting point than P4O;o because of stronger van der Waals’ forces.

10 Which one of the following is not a redox reaction?
A Br;+80,+2H0 — SO7 +4H" +2Br
B SnCl, + HgCl, — Hg + SnCly
C CuO+HySO4 — CuSO4 + Cu + HyO

D 2CrOf +2H" — Cr0% + H,0

Turn over p>
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11  Which one of the following reactions in aqueous solution has the most positive change in
entropy?

A [Cu(H0)s]*" +4NH3 — [Cu(NH3)s(H20)2]*" + 4H;0

B [Cu(Hy0)s]* +4CI" — [CuCly]* + 6H,0

C  [Cu(H,0)]*" + EDTA* — [Cu(EDTA)]* + 6H,0

D  [Cu(Hy0)s]*" + 2H,NCH,CH,NH, —> [Cu(H,NCH,CHoNH,)2(H20),)7" + 4H,0
12 The standard enthalpy of formation, AH{ for O3(g) is +142 kJ mol™'. In which one of the

following would both the changes shown increase the amount of O, gas in an equilibrium

mixture containing only O,(g) and O3(g)?

A increasing the temperature and increasing the pressure

B increasing the temperature and decreasing the pressure

C  decreasing the temperature and increasing the pressure

D  decreasing the temperature and decreasing the pressure

13 Which one of the following processes is carried out for environmental reasons only?
A the fermentation of glucose
B the recycling of aluminium
C the catalytic reduction of nitrogen monoxide

D the combustion of methane

14 In which one of the following reactions is a heterogeneous catalyst not used?
A N>+ 3H, — 2NH;
B CO+NO — CO,+ 3N,
C CO,+C — 2CO

D SO;+30, — SO;
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15 Which one of the following can exhibit both geometrical and optical isomerism?
A (CHj3),C=CHCH(CH3)CH,CHj3
B  CH3;CH;CH=CHCH(CH;3;)CH,CH3
C  (CH;),C=C(CH,CHz3)
D  CH3;CH,CH(CH3)CH(CH3)C=CH,

16 How many different alkenes are formed when 2-bromo-3-methylbutane reacts with ethanolic
potassium hydroxide?

A 2
B 3
C 4
D 5

17 Ethanoyl chloride reacts with methylbenzene forming compound X according to the equation

below.
CH;
+ CH;COCl ——— @ + HCI

COCH;
X

CH;

If the experimental yield is 40.0 %, the mass in grams of X (M, = 134.0) formed
from 18.4 g of methylbenzene (M; = 92.0) is

A 2638
B 16.1
C 107
D 74

Turn over p>
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18 Which one of the following statements explains best why fluoroalkanes are the least reactive
haloalkanes?

A Fluorine is much more electronegative than carbon.
B  The F™ ion is the most stable halide ion.
C  The C—F bond is the most polar carbon—halogen bond.
D  The C—F bond is the strongest carbon—halogen bond.
19 Which one of the following pairs of reagents reacts to form an organic product that shows only
2 peaks in its proton n.m.r. spectrum?
A butan-2-ol and acidified potassium dichromate(VI)
B  ethanoyl chloride and methanol
C  propanoic acid and ethanol in the presence of concentrated sulphuric acid

D  ethene and hydrogen in the presence of nickel

APW/Jun06/CHM6/W
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Questions 20 and 21

Questions 20 and 21 are based on the reactions and compounds shown in the scheme below.

CH, CH, COOH
@ @ 0,N NO, O,N NO,
_ — > _
NO, NO,
X

20  Which one of the following types of reaction is not shown in the reaction scheme?
A reduction
B  oxidation
C  alkylation

D nitration

21 A 0.100mol dm™ solution of X is found to have a pH of 2.50. The value of K, in mol dm™ is
A 3.16x107
B 3.16x107°
C 1.00x10™*

D 1.00x107

Turn over p>
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Multiple completion questions
For each of Questions 22 to 40, one or more of the options given may be correct. Select your
answer by means of the following code.

A if 1, 2 and 3 only are correct. Directions summatised

B if 1 and 3 only are correct. A B C D
C if 2 and 4 only are correct. 1,2 and 3 1and 3 2 and 4 4 only
D if 4 only is correct. only correct only correct | only correct correct

22 The value of the standard enthalpy of formation, AH{", for nitrogen monoxide,
NO(g), is +90 kI mol .

Which of the following changes would favour the formation of nitrogen monoxide gas in an
equilibrium mixture containing nitrogen monoxide, nitrogen and oxygen?

1 increasing the temperature
2 decreasing the pressure
3 adding nitrogen gas to the mixture

4 adding a catalyst to the mixture

23 Molecules with a permanent dipole include

1 NH;
2 PChL
3 SCh
4 SiCl

APW/Jun06/CHM6/W
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

24 The following information concerns the gas-phase reaction of nitrogen monoxide with

hydrogen.

2NO(g) + 2Ha(g) == Ny(g) + 2H,0(g)

A series of experiments was carried out in a reaction vessel at constant temperature.
The initial rate of reaction increased by a factor of 2 when the initial pressure of NO was
doubled and that of H, was halved.

When both pressures were halved, the initial rate decreased by a factor of 8.

Correct statements include

1 the overall order of reaction is 2.

2 the reaction is first order with respect to hydrogen.

3 the reaction is first order with respect to nitrogen monoxide.

4 the overall order of reaction is 3.

25 Molecules or ions that contain an element with an oxidation state of +5 include
1 H,SO;3

2 NOj

3 [Cr(Hy0)4Cl]"

4 ClO3

APW/Jun06/CHM6/W
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

26 The e.m.f. of the cell Zn(s)|Zn>*(aq)||Cu*’(aq)|Cu(s), is +1.10V

When the cell is in operation, correct statements include

1 oxidation occurs at the copper electrode.

2 electrons pass from copper to zinc.

. + .
3 the concentration of Zn*" ions decreases.

4 the e.m.f. of the cell decreases.

27 Correct statements include

1 in the production of titanium, titanium(I'V) oxide is reduced by carbon at a high

temperature.

2 in the reduction of iron(IIl) oxide using carbon, there is a greater positive entropy change

than in the reduction using carbon monoxide.

3 the melting point of barium is higher than that of calcium.

4 silicon(I'V) chloride reacts with water to form a strongly acidic solution.

28 Lewis bases include

1 H0
2 NHj
3 CI

4 CyHg

APW/Jun06/CHM6/W
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

29 Correct statements about sulphuric acid include
1 concentrated sulphuric acid can be reduced to hydrogen sulphide by iodide ions.

2 1.713 g of barium hydroxide is neutralised exactly by 100 cm? of 0.100 mol dm™
sulphuric acid.

3 in sulphuric acid, the oxidation state of sulphur is +6.

4 the pH of 0.0200 mol dm > sulphuric acid is 1.70.

30 Consider the following reaction,
21" (aq) + $205 (aq) — 2507 (aq) + I2(aq)

Ions which could catalyse this reaction include

1 F62+(aq)
2 Zn*"(aq)
3 Fe? “(aq)
4 AP*(aq)

31 Correct statements about silver and its compounds include
1 silver bromide is insoluble in concentrated aqueous ammonia.
2 a silver-based catalyst is used in the oxidation of ethene to epoxyethane.
3 [Ag(NH3),]"(aq) is reduced to silver by propanone.

4 silver bromide dissolves in aqueous sodium thiosulphate to form a linear complex ion.

Turn over p>
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

32 The hydrolysis of a metal-aqua ion can be described by the general equation
[M(H20)6]" + H2O == [M(H20)s(OH)]" V" + H;0"
In this reaction
1 the solvent H,O is acting as a base by accepting a proton.

2 the pH of the solution will be lower if the value of n is 2 rather than 3.

W

the equilibrium position lies more to the right if the value of n is 3 rather than 2.

4 the oxidation state of the central metal cation has decreased from n to n—1.

33 Aqueous reagents that leave a precipitate after an excess has been added to separate samples of
aqueous copper(Il) sulphate include

1 NH3

2 Na,COs3
3 HCl

4  NaOH

34 Reactions which involve a free-radical intermediate include
1 the nitration of benzene.
2 the acylation of methylamine with ethanoyl chloride.
3 the reduction of butanal with NaBHy4

4 the thermal cracking of octane.

APW/Jun06/CHM6/W
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

35 Correct statements about ammonia, methylamine and phenylamine include

1

2

the order of base strength is phenylamine < methylamine < ammonia.
they all form amides with ethanoyl chloride.
they all form acidic buffers with a suitable amount of hydrochloric acid.

they all can act as nucleophiles and ligands using the lone pair on the nitrogen atom.

36 Compound X, CH3CH,CH=CHCH,CH,OH, is found in freshly cut grass.

Correct statements about X include

it has the systematic name hex-4-en-l-ol.
it has the empirical formula C3HgO
it has optical isomers.

it has geometrical isomers.

Turn over for the next question

Turn over p>
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

37 Refer to the following reaction scheme.

CH3 CHj; CH,Cl

O : :

NO, NO;
CH,CH,;NHCOCH; CH,CH,NH, CH,CN
NHCOCH; NH, NO,

Types of reaction involved in this scheme include
1 chlorination.

2 oxidation.

3 acylation.

4 alkylation.

38 Amine X, H,N(CH,)sNH,, and acid Y, HOOC(CH,);COOH, react to form polymer Z.
Correct statements include
1 polymer Z has a repeating unit with empirical formula CsHgNO
2 acid Y has the systematic name dibutanoic acid.
3 amine X has the systematic name pentane-1,5-diamine.

4 polymer Z is an addition polymer.

APW/Jun06/CHM6/W
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

39 Vanillin (artificial vanilla flavouring) has the following structure.

OCHj;
OH

Correct statements about vanillin include

1 it contains an ester functional group.

2 it will produce a silver precipitate with Tollens’ reagent.
3 it will undergo nucleophilic substitution.

4 it is able to undergo hydrogen bonding.

Turn over for the next question
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Directions summarised

A B C D
1,2 and 3 1and 3 2 and 4 4 only
only correct only correct | only correct correct

40 Levitra, an alternative to Viagra, has the following structure.

CH,CH,CHj3;

CH,CHj3;

Correct statements about Levitra include

1 it reacts with dilute hydrochloric acid.
2 it exhibits geometrical isomerism.

3 it can be nitrated.

4 it can undergo condensation polymerisation.

END OF QUESTIONS
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