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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) 25003000

APW/0203/CHM6/W



Multiple choice questions

Each of Questions 1 to 20 consists of a question or an incomplete statement followed by four
suggested answers or completions. You are to select the most appropriate answer in each case.

Questions 1 to 3

The ester methyl ethanoate is hydrolysed as shown in the following equation.

CH;COOCH;(1) + H,O(1) == CH;COOH(l) + CH;OH(l) AH®= +3kJmol!

1 The equilibrium yield of ethanoic acid could be increased by

A

B
C
D

lowering the temperature.
adding a catalyst.
adding more water to the reaction mixture.

adding more methanol to the reaction mixture.

2 A 3mol sample of methyl ethanoate was mixed with 3mol of water and left to reach equilibrium
at 298 K. The equilibrium yield of ethanoic acid was 2mol.
The value of K for this reaction at 298K is

A

B

[ONT\S]

Ol

3  Which one of the following compounds from the reaction mixture has no hydrogen bonding
between its molecules when pure?

A

B

CH;COOCH;(1)
H,0(1)
CH;COOH(1)

CH;0H(l)

Turn over p
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Questions 4 and 5
Using the information below, answer Questions 4 and 5.

Fe,05(s) + 3Ha(g) — 2Fe(s) + 3H,O(g) AH®=+96 kI mol™, AS®=+138JK 'mol™

Fe,05(s) H,(g) Fe(s)
AHE [kYmol ! -822.0 0 0
S®/JK 'mol™ 90.0 131.0 27.0

4 The standard enthalpy of formation of steam is
A +286kImol”
B +242kJmol™
~242kJmol™

D —286kJmol™

5 The standard entropy value for steam is
A +332JK 'mol™
B +189JK 'mol™
C  +145JK 'mol™

D +85JK 'mol™

6 Ions of the two most common isotopes of the transition metal nickel are shown below.
58 \1: 2+ 60 n7- 2+
g N1 2g N1
Which one of the following statements is true?
2+ 1629291622207 1642
A The electron arrangement of both these Ni~ ions is 1s72s2p~3s“3p~3d 4s".

60 \1: 2+ . . .. 58 n1s 2t -
B The g Ni~ ion will have more protons in its nucleus than the 53 Ni ™ ion.

e 2+ . .
C  In the same strength magnetic field, the Sg Ni~ " ion will be deflected more than
2+
the ;2 Ni~ ion.

2+ . .
D Both of these Ni_ ions have the same number of electrons but a different number of
neutrons.
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7 Which one of the following statements about carbon monoxide is not true?
A It has a positive enthalpy of combustion.
B Itis formed during the incomplete combustion of alkanes.
C  Itis oxidised to carbon dioxide when heated strongly with iron(III) oxide.

D  Compared with an oxygen molecule, it can form a stronger co-ordinate bond with iron(II)
in haemoglobin.

8 Which one of the following is not a redox reaction?
A  TiO, +2ClL + C — TiCly + CO,
B MnO, + 4HClI — MnCl, + 2H,0 + Cl,
MgO + 2HCl — MgCl, + H,O

D 3MnOj +4H" — 2MnOj + MnO, + 2H,0

9 Which one of the following could net act as a ligand?

A F
B  CH;CH;
C NH,NH,

D CH;0CH;

10 In which one of the following reactions is H,O, behaving as a reducing agent?
A  HO,+21"+2H" — I, + 2H,0
B H,0, + 2[Co(NH;3)]*" — 2[Co(NH;)e]** + 20H~
C  5H,0, +2MnOj7 + 6H" — 2Mn** + 8H,0 + 50,

D  3H,0, + 2[Cr(OH)¢]>~ — 2CrO3 + 8H,O + 20H"

Turn over p
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11 In which one of the following reactions is there a decrease in entropy?

A [Fe(H,0)l*(aq) + 3C;05(aq) — [Fe(C204)3]* (aq) + 6H,0(1)

B [Cu(H,0)¢*"(aq) + EDTA* (aq) — [Cu(EDTA)]*(aq) + 6H,O(1)
C [CoCL]*(aq) + 6H,0(1) — [Co(H,0)e]*"(aq) + 4CI(aq)
D

Na,COs(s) + 2H'(aq) — 2Na‘(aq) + CO,(g) + H,O(1)

12 When aqueous sodium hydroxide was added to an aqueous solution of X, a green precipitate,
insoluble in an excess of aqueous sodium hydroxide, was formed. When aqueous barium nitrate
was added to a second sample of aqueous X, a white precipitate was obtained. Which one of the

following could be X?
A FeCl,

B FeSOy4

C CCh

D Cry(SOy)s

13 In the table below, which one of the following complex ions has a correct shape, co-ordination
number and oxidation state?

Complex Shape Co-ordination | Oxidation state of

number central cation
A | [Ag(CN),] Linear 2 -1
B | [CuClL]” Tetrahedral 4 2
C | [Cr(C04)5] Octahedral 3 +3
D | [Cu(NH3)4(H,0),]** | Octahedral 6 +2

14 Which one of the following will not reduce an acidified solution of potassium dichromate(VI)?
A (CHj;),C(OH)CH;
B FeSOy4
C  CH;CH,CH(OH)CH;

D Zn
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15 Butan-1-ol was converted into butyl propanoate by reaction with an excess of propanoic acid. In
the reaction, 6.0 g of the alcohol gave 7.4 g of the ester. The percentage yield of ester was

A 57
B 70
C 75
D 81

Questions 16 to 20

Questions 16 to 20 are about the reaction between propanone and an excess of ethane-1,2-diol, the
equation for which is given below.

/O_ CH2
CH;COCH; + HOCH,CH,0H =—= (CH3),C_ |~ +H,0
O—CH,
Y

In a typical procedure, a mixture of 1.00g of propanone, 5.00g of ethane-1,2-diol and 0.100 g of
benzenesulphonic acid, C¢HsSO3H, is heated under reflux in an inert solvent. Benzenesulphonic acid is
a strong acid.

16 The products would net have an absorption in the infra-red at

A 1050cm™
B  1720cm™
C  2950cm™
D  3400cm™

17 1£0.100g of the strong monoprotic acid, benzenesulphonic acid, was dissolved in 100cm® of water,
the pH of the solution would be

A 020
B 1.20
C 220
D 320

Turn over p
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18 If 1.00g of propanone was vapourised at 100 °C and 100kPa pressure, the volume in m> of gas
formed would be

A 310
B 8.31
C 0.534

D 534 %1074

19 When the concentration of benzenesulphonic acid is doubled, the rate of the reaction doubles. It
can be deduced that

A the reaction is first order overall.
the reaction is third order overall.

units for the rate constant, k, are mol2dm®sL.

B
C the reaction is acid-catalysed.
D
20 Which one of the following statements is not true?
A FEthane-1,2-diol and water can form hydrogen bonds.
B Ethane-1,2-diol is soluble in water.
C Propane has a higher boiling point than ethane-1,2-diol.
D

Y and water are polar molecules.

APW/0203/CHM6/W
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Multiple completion questions
For each of Questions 21 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 summarised

B if (1) and (3) only are correct. A B C D

C if (2) and (4) only are correct. (1),(2) and (3)| (1) and (3) | (2) and (4) (4) only
D if (4) alone is correct. only correct | only correct | only correct correct
Questions 21 and 22

The following information concerns the gas-phase formation of nitrogen monoxide.
INy(2) +30,5(g) == NO(p) AH® = +91kJmol™
A series of experiments was carried out in a reaction vessel at constant temperature.
When the initial pressure of both gases was increased by a factor of 2, the initial rate of reaction
increased by a factor of 8.
When the initial pressure of N, was doubled while that of O, remained constant, the initial rate of
reaction increased by a factor of 2.
21 Which of the following statements is/are true?
(1) The reaction is first order with respect to nitrogen.
(2) The yield increases if the pressure is increased.

(3) The rate increases if the pressure is increased.

(4) The equilibrium constant decreases if the temperature is increased.

22 Which of the following statements is/are true?
(1) The equilibrium constant has the units mol™ dm®.
(2) Increasing the pressure of both gases by a factor of 3 increases the rate by a factor of 27.
(3) The equilibrium constant increases if the pressure is decreased.

(4) The rate constant has the units mol>dm®s™.

Turn over p
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23 This question concerns the cell

The standard electrode potential of calcium is more negative than that of magnesium.

Directions summarised

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

Mg(s) | Mg** (aq) || Ca®" (aq) | Ca(s)

Which of the following statements is/are true?

(1) The cell has a negative potential.

(2) Calcium is a stronger reducing agent than magnesium.

(3) Electrons flow from calcium to magnesium.

(4) Magnesium is more readily oxidised than calcium.

24  Which of the following do/does not involve a redox reaction?

(1) FeyO5 +3CO —> 2Fe + 3CO,

(2)  [V(Hy0)4CL]" + 2H,0 — [V(H,0)e]** + 2C1°

(3) TiCly + 4Na — Ti + 4NaCl

(4) CaCO3 + SlOz —> Ca8103 + CO,

APW/0203/CHM6/W
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Directions summarised

Fe**(aq) + e~ — Fe®*(aq)

V3+(aq) +e — V2+(aq)

A B C D
(1),(2)and (3)| (1) and (3) | (2) and (4) (4) only
only correct | only correct | only correct correct
25 Use the information to deduce the true statement(s) below.

Half-equation E°IV
VOj3(aq) + 2H"(aq) + e — VO?*(aq) + H,0(1) +1.00
+0.77
VO?*(aq) + 2H*(aq) + e~ — V**(aq) + HO(1) +0.34
-0.26
-0.76

Zn**(aq) + 2e~ —> Zn(s)

True statements include

(1) there are four different oxidation states of vanadium shown in the table above.

(2) Zn**(aq) ions will oxidise V>*(aq) ions to V>*(aq) ions.

an excess of zinc is capable of reducing VO,(aq) to aq) in acidic conditions.
3 f zinc 1 ble of reducing VO3 %A i idi diti

(4) Fe’*(aq) is capable of oxidising V**(aq) to VO3(aq) in acidic conditions.

26 Boron trifluoride can form a co-ordinate bond with
(1) CH3CH,CHj;
(2) CH3CH,CH,NH,
(3)  (CH3)4Si

(4) CH;COCH;

APW/0203/CHM6/W
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Directions summarised

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

Questions 27 and 28

Consider the following equations.

Na(s) + 3 Cly(g) — NaCl(s) AH,
Na(g) — Na'(g) + e AH,
Cl(g) +e= — CI'(g) AH;
Cly(g) — 2Cl(g) AH,
CHy(g) — CHs(g) + H(g) AH;s
Na(s) — Na(g) AHg
Na'(g) + Cl'(g) — NaCl(s) AH;
Na'(g) — Na'(aq) AHg
Cl (g) — CI'(aq) AHq
NaCl(s) — Na“(aq) + Cl(aq) AH,q

27 Enthalpy changes which represent enthalpies of formation, enthalpies of bond dissociation or
enthalpies of hydration include

(1) AHl, AH5 and AHlO
(2) AH4, AH6, AH7 and AHQ
(3) AH4, AHS, AH7 and AHg

(4) AH;,AH4, AHsand AHjg

28 In the calculation of the lattice enthalpy of NaCl using the Born—Haber cycle, the following are
among the enthalpy values that are used.

(1) AHz, AH3, AH4 and AH]()
(2) AHl, AHz, AH3 and AH4
(3) AHl, AHz, AH3 and AH7

(4) AH,,AHs;,AH, and AHj

APW/0203/CHM6/W
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Directions summarised

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

29 The indicated element increases its oxidation state from left to right in the series

(1)
)
©)
(4)

vanadium in VO3, VO**, v+
chlorine in CIO, ClO3, ClOy4
chromium in [Cr(H,0)e]*", CrO; , Cr,0%"

manganese in MnO,, MnOi_, MnOy,

30 Which of the following is/are correct statements?

(1)

)

©)
(4)

The reaction between iodide ions and concentrated sulphuric acid can result in the
oxidation state of sulphur being decreased from +6 to —2.

The magnitude of the lattice enthalpy of three Group I halides decreases in the order
NaF > NaCl > KCI.

Solid PCls contains a tetrahedral ion and an octahedral ion.

The strength of the metallic bonding in a Group in the Periodic Table increases as the size
of the atoms increases.

TURN OVER FOR THE NEXT QUESTION

Turn over p
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Directions summarised

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

Questions 31 and 32

Consider the following elements, all in the same row of the Periodic Table.

Ca Ti Co Ge As Se

Use your knowledge of Period 3 and transition metals to answer the questions.

31 Which of the following has/have only two unpaired electrons in an uncombined atom?

(1)
)
©)
(4)

Ca

Ti

As

Se

32 Which of the following has/have a maximum oxidation state of +4?

(1)
)
©)
(4)

Ti

Co

Ge

Se

33 True statements about 1,2-diaminoethane, H,NCH,CH,NH,, include

(1)

)
©)
(4)

it reacts with aqueous chromium(III) chloride to produce the complex ion
[Cr(H,NCH,CH,NH,);]**

it reacts with dilute hydrochloric acid to form the salt [H3NCH,CH,NH;]**(CI),
it reacts with ethanoyl chloride to form CH;CONHCH,CH,NHCOCHj;

it reacts with benzene-1,4-dicarboxylic acid to form an addition polymer.

APW/0203/CHM6/W



17

Directions summarised

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

34 Viagra has the following structure.

O CH,
C,H, N/
o] HN \
| Wi
AN Y
N
CH,CH,CH,

True statements about Viagra include

(1) it can undergo Friedel-Crafts reactions.

(2) it can undergo condensation polymerisation.
(3) itis soluble in dilute hydrochloric acid.

(4) it exhibits optical isomerism.

Turn over p
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Directions summarised

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

Questions 35 and 36

Questions 35 and 36 refer to the following reaction sequence.

COCH,CHj CH(OH)CH,CH;
0—0—0
CH(NH,)CH,CH;  CHBrCH,CH; CH=CHCH;

0—0—0

35 Types of reaction involved in the above sequence include
(1) acylation
(2) dehydration
(3) reduction

(4) hydrolysis

36 Types of mechanism involved in the above sequence include
(1) electrophilic substitution
(2) electrophilic addition
(3) nucleophilic substitution

(4) nucleophilic addition—elimination

APW/0203/CHM6/W
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37

Directions summarised

A

B

C D

(1), (2) and (3)
only correct

(1) and (3)
only correct

(2) and (4) (4) only
only correct correct

products of these reactions is/are correct?

(1)

)

©)

Reagents

sulphuric acid

(4)

38
(1)
)
©)
(4)

39
(1)
)
©)
(4)

APW/0203/CHM6/W

Ethanoyl chloride and methanol
Epoxyethane and methanol
Propan-2-ol and concentrated

Ethanal and Tollens’ reagent

Correct statements about nitriles include

it forms an addition polymer.

it exists as two optical isomers.

it is a structural isomer of O
O

Four pairs of reagents are listed below. Which of the statements about the spectra of the organic

Statement about the spectrum of
the organic product

The proton n.m.r. spectrum consists of two
singlets only

The proton n.m.r. spectrum contains a doublet
at o 2.5ppm

The i.r. spectrum contains an absorption
at 1650cm™

The 1.r. spectrum contains an absorption
at 3340cm™

they are formed by reaction of a haloalkane with KCN.
they react with hydrogen in the presence of a nickel catalyst to form primary amines.
they react with aqueous sulphuric acid to form carboxylic acids.

they react with an excess of ammonia to form quaternary ammonium salts.

Correct statements about CH;CH,CH=CHCOOH include

it can be formed by oxidation of pent-3-en-1-ol.

Turn over p
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Directions summarised

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

40 The compound LiCHj is a useful reagent in organic chemistry. It can be considered to act as a
source of CHj ions.

Predict which of the following organic compounds would be attacked by a CHj ion.
(1) bromoethane

(2) ethene

(3) propanone

(4) benzene

END OF QUESTIONS
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