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SECTION A

Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X. If you change
your mind, put a line through the box ¢ and then mark your new answer with a cross [X.

What colour is the solution that forms when iodine dissolves in a
hydrocarbon solvent?

N

(|
(|
(|

A
B
C
D

brown
grey
purple

yellow

(Total for Question 1 = 1 mark)

Which row shows the correct trends down Group 2?

o N w >

Reactivity of element | Solubility of hydroxides = Solubility of sulfates

increases increases
increases decreases
decreases increases
decreases decreases

(Total for Question 2 = 1 mark)

decreases
increases
decreases

increases

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 The gas nitrogen dioxide, NO,, exists in equilibrium with another gas,
dinitrogen tetroxide, N,O,.

2NO,(g) = N,04(9)

brown colourless

What happens to the colour of the equilibrium mixture when a catalyst is added?

N

0
0
0

A

B
C
D

becomes darker

becomes paler

becomes darker, then becomes paler
no change

(Total for Question 3 = 1 mark)

4 Which isomer has the lowest boiling temperature?

N

0
0
0

A

B
C
D

2,3-dimethylpentane
3,3-dimethylpentane
2,2,3-trimethylbutane
heptane

(Total for Question 4 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 Sodium chloride dissolves in water.

(@) Which diagram shows the arrangement of water molecules around a sodium ion
and a chloride ion in solution?

O
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(b) What is the name of the attraction between water molecules and the sodium ions
and chloride ions?

6 Which line on the sketch graph best shows the trend in boiling temperature for the

O 0O oo

O n w >

instantaneous dipole-induced dipole
permanent dipole-permanent dipole
hydrogen bonds

ion—permanent dipole

(Total for Question 5 = 2 marks)

hydrides of elements in Group 6?

Boiling temperature
of hydride

O o oo

O n w >

/°C

w W O ©

P

(Total for Question 6 = 1 mark)

7 A mixture contains 36 g of water and 46 g of ethanol.

What is the approximate percentage of water in the mixture by moles?

N

0
0
0

O]

A

B
C
D

67%
56%
44%

33%

(Total for Question 7 = 1 mark)

p 7 8 8 2 8 A 0 5 2 8
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8 Hydrogen peroxide decomposes as shown.

2H,0,(aq) — 2H,0(l) + 0O,(9)

20cm’ of 2.00moldm™ hydrogen peroxide solution completely decomposes at
room temperature and pressure (r.t.p.).

What volume of oxygen is produced?

[Data: Molar volume of an ideal gas at r.t.p. = 24.0dm’>mol™']
0O A 1.92dm’
0 B 0.96dm’
[0 C 048dm’
[0 D 0.24dm’

(Total for Question 8 = 1 mark)

But-1-ene burns in oxygen as shown, in a closed system.
CHs(g) + 60,(g) — 4COy(g) + 4H,0(l)

What volume of gas remains in the system when 20 cm® of but-1-ene burns
completely in 200 cm’ of oxygen?

Assume all volumes are measured at r.t.p.

0 A 80cm’
0 B 160cm’
0 C 240cm’
[0 D 280cm’

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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10 Ethanol can be oxidised by acidified dichromate ions as shown.
3CHsOH + 16H" + 2Cr,0;7 — 3CH;COOH + 4Cr’* + 11H,0

(@) What is the change in oxidation number for each chromium atom?

decrease by 12
decrease by 6

decrease by 3

O o oo
O N @ »

increase by 5

(b) 23 g of ethanol is oxidised by a solution of 0.100 moldm™ Cr,0; ions.
Which expression shows the minimum volume, indm?, of this solution needed to

oxidise all the ethanol as shown in the equation?

L0 A 0.5><§><10
2
2

[l C 0.5><%+10

[l D 0.5><§+10

(Total for Question 10 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11 A student studies a graph of rate against time for both forward and backward
reactions in a reversible reaction.

Rate

/" backward

1
!

Time /s

The student makes these statements.
1. the reaction reaches equilibrium

2. the forward reaction is fast initially because the concentration of reactants is at
its highest

3. the rate of both the reactions at equilibrium is 0.00 moldm™s™
How many of the statements made by the student are correct?

[J A three of the statements
[J B two of the statements
[J € one of the statements
[J D none of the statements

(Total for Question 11 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 The graph shows the change in concentration against time for a reaction.

What is the best estimate for the value of the rate, in moldm>min™', at 4 minutes?

13 Which test would not enable a chemistry student to distinguish between ethanol

Concentration /
moldm™

A
B
C
D

2.0 5

1.6

1.2

0.8

0.4

0 T T T T T
0 2 4 6 8 10

Time / min

8.00
2.50
0.40
0.15

(Total for Question 12 = 1 mark)

and ethanal?

N

0
0
0

A

B
C
D

adding a very small piece of sodium metal to each liquid
adding sodium carbonate solution to each liquid
warming each liquid with Fehling’s solution

adding PCl; to each liquid

(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 Which of the statements about C=0 bonds, found in aldehydes and ketones,
are correct?

1 the C=0 bond is shorter than a C—O bond
2. the C=0 bond consists of two n-bonds

3. the C=0 bond consists of four shared electrons

statements 1 and 2
statements 1 and 3

statements 2 and 3

o N w >

statements 1, 2 and 3

(Total for Question 14 = 1 mark)

15 Which statement about these structures is correct?
Cl

Cl

cl
cl

Cl cl

Structure 1 Structure 2 Structure 3

all three structures show the same compound
structures 2 and 3 show the same compound

structures 1 and 3 show the same compound

o N W >

all three structures show different compounds

(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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16 Which reaction has a standard enthalpy change equal to the
standard enthalpy change of formation of strontium fluoride?

O o oo

A
B
C
D

Sr**(s) + 2F(g) — SrF,(s)
Sr’*(g) + 2F(g) — SrF,(s)
Sr(s) + F,(g) — SrF,(s)

Sr(g) + F,(g) — SrF,(s)

(Total for Question 16 = 1 mark)

17 A Hess cycle is shown which could be used to calculate the enthalpy change of
combustion of propane, A.H.

AH

GHg(g) + 50,(9)

3C(s) + 4H,(g) + 50.(q)

A

3C0O,(g) + 4H,0()

enthalpy change x

Which expression is equal to the enthalpy change x, shown on the diagram?

O o oo

A
B
C
D

-1 X AH=(H,O(L))
1 x AH=(H,0(1))
-4 x AH=(H,0(1))
4 x AH=(H,0(1))

(Total for Question 17 = 1 mark)

18 Which compound will produce a mass spectrum with a major peak at m/z =317

N

0
0
0

O]

A

B
C
D

propan-1-ol, CH;CH,CH,OH
propan-2-ol, CH;CHOHCH;
propanal, CH;CH,CHO

propanone, CH;COCH;

(Total for Question 18 = 1 mark)

TOTAL FOR SECTION A =20 MARKS

p 7 8 8 2 8 A o0 1 1 2 8

1
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

19 This question is about calcium and its compounds.
(@) A sample of calcium is burned in air, forming calcium oxide.

(i) Complete the equation for this reaction including state symbols.

(b) The calcium oxide formed is impure because during the reaction, calcium reacts
with another element in air, forming a compound.

Give the formula of the compound.

p 7 8 8 2 8 A 0 1 2 2 8
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(c)

O]

Another sample of impure calcium oxide, made from heating limestone, has a
mass of 5.12g.
The impurities do not react with hydrochloric acid.

The sample is added to 200 cm® of 1.00 moldm™ hydrochloric acid, forming a
solution. The hydrochloric acid is in excess.

CaO + 2HCl —» CacCl, + H,0

The solution containing excess acid is transferred to a volumetric flask and made
up to a volume of 250.0 cm’ using deionised water and then mixed.

A 25.0cm’ sample of this diluted solution is titrated with 0.150 moldm™
sodium hydroxide solution.
The mean titre is 23.70cm’.

HCl + NaOH — NaCl + H,0

Calculate the percentage purity of the calcium oxide sample.

p 7 8 8 2 8 A 0 1 3 2 8

13

Turn over



(d) Calcium nitrate is a white crystalline solid that decomposes when heated strongly
with a Bunsen burner.

2Ca(NOs), —» 2Ca0 + 4NO, + O,

A student suggested an explanation for this decomposition.

"The calcium ion is polarised by the nitrate ion. This distorts the
electron cloud around the nitrate ion, and so weakens the bond between
the two ions."

Identify two errors in this suggestion and include corrections that give an
explanation of the decomposition.

Error 1

(Total for Question 19 = 14 marks)
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20 This question is about some reactions of the halogenoalkane,
1-bromopropane, CH;CH,CH,Br.

CH;CH,CH,0OH

N
S
\(\O\e\c{'\O(\

Qe®

A

KCN(ethanol)
Reaction 2

N,

ey,

ef’q,b cy’70//
73

CHsCH,CH,Br CH;CH,CH,CN

CH;CH,CH,NH,

(@) Draw the mechanism for Reaction 1.
Include curly arrows, and any relevant lone pairs and dipoles.

(b) Give the reason why chemists often use Reaction 2, the formation of a nitrile,
when synthesising organic compounds.

15
“mm NN O R
p 7 8 8 2 8 A 0 1 5 2 8 Turn over



(d) A different type of reaction occurs when the halogenoalkane
(1-chloro-2-methylbutyl)cyclohexane is heated with sodium hydroxide dissolved
in ethanol.

cl

(1-chloro-2-methylbutyl)cyclohexane

(i) Explain why anhydrous calcium chloride is added to ethanol before it is used
to dissolve the sodium hydroxide.

(ii) Draw the skeletal formulae of the three isomers formed in this reaction.

(Total for Question 20 = 9 marks) S
\ J \ :1 2%
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21 This question is about Group 7 elements and their compounds.

(@) The compound NaClO; is used in the paper industry to bleach wood pulp.
It is made by the reaction of hot sodium hydroxide solution with chlorine gas.

6NaOH(aq) + 3Cl,(g) — 5NaCl(agq) + NaClOs(ag) + 3H,0(l)

(i) Explain, in terms of oxidation numbers, what type of reaction occurs.

(ii) Calculate the percentage atom economy by mass for the formation of NaClO,
in this reaction.

17
“mm NN O O
p 7 8 8 2 8 A 0 1 7 2 8 Turn over



*(b) A student tests samples of the solids sodium chloride and sodium iodide with

concentrated sulfuric acid.

The following observations are made.

Name of halide Observations

sodium chloride

misty fumes seen, which form a white smoke with NH;(g)

« misty fumes seen, which form a white smoke with NH;(g)
sodium iodide « purple vapour
« asmell of rotten eggs

Evaluate these observations to decide which halide ion is the stronger
reducing agent.

Support your answer with
« the products formed, by referring to the observations

« the changes in oxidation number to justify your deduction of the stronger
reducing agent

+ anionic equation for the reaction that produces a smell of rotten eggs.
State symbols are not required.

p 7 8 8 2 8 A 06 1 8 2 8
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(Total for Question 21 = 11 marks)

DONOTWRITEINTHISAREA
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22 The Sabatier process uses carbon dioxide and hydrogen to produce methane
and water.

CO,(g) + 4H,(g) = CH.(9) + 2H,0(qg) AH=-165kJmol™

The process is carried out at a temperature of 400°C and a pressure of 30 atm, in the
presence of a nickel catalyst.

(a) Discuss the advantages and disadvantages of using such high temperatures and
pressures in the process.

(Total for Question 22 = 6 marks)

TOTAL FOR SECTION B = 40 MARKS
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SECTION C

Answer ALL the questions. Write your answers in the spaces provided.
23 This question is about alcohols and related compounds.

Propan-2-ol is a secondary alcohol. One of its uses is as a solvent to clean the
surfaces of vinyl records.

Propan-2-ol can be oxidised to form the ketone, propanone, in a laboratory.
However, most propanone produced in industry is made using the Cumene
process, where hydrocarbons from oil are used to synthesise cumene.

-1 —

benzene propene cumene

Cumene is then oxidised directly to form phenol and propanone.

OH
fo ©+Y
)

cumene oxygen phenol propanone

Propan-1-ol is also a solvent, and can be used as a fuel. The fuel biopropanol,
which is mainly propan-1-ol, is formed from glycerol, a waste product of
biodiesel production from plant oils.

The reaction used is called hydrogenolysis, and requires catalysts containing
nickel, tungsten and zirconium.

(a) State what is meant by the term ‘secondary alcohol.

21
“mm NN O R
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(b) The oxidising agent used to oxidise propan-2-ol in a laboratory is an acidified
solution containing Cr,O; ions.

(i) The reaction mixture is placed in a pear-shaped flask and heated for 30 minutes.

Give the name of the additional piece of equipment needed when heating the
reaction mixture for this length of time without any loss of the mixture.

(iii) Describe how the IR spectrum of the reaction mixture would change during
this reaction.
Your answer should consider only the organic reactant and product.
Use information from the Data Booklet to support your answer.

p 7 8 8 2 8 A 0 2 2 2 8
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(c)

O]

The Cumene process is shown using molecular formulae.

Step 1 CsHs + GHe - CoHy,
benzene + propene - cumene
Step 2 C9H12 + 02 - C6H6O + C3H6O
cumene + oxygen — phenol +  propanone

(i) Calculate the mass of benzene, in kg, needed to produce 2000 dm?® of
propanone using the Cumene process.
You should assume that the overall yield of the process is 85.0%.

[Data: Density of propanone = 0.784gcm™]

(i) Most chemists would say that Step 2 of the Cumene process has an overall
percentage atom economy by mass of 100%, even though there are
two products.

State what can be deduced from this comment.

p 7 8 8 2 8 A 0 2 3 2 8

23
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(d) Data about some physical properties of propan-2-ol and propanone are shown.

Compound Boiling temperature / °C Solubility in water
propan-2-ol 82.6 fully miscible
propanone 56.1 fully miscible

Compare and contrast these physical properties.
Justify your answer in terms of intermolecular forces.
Descriptions of how intermolecular forces form are not required.
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(e) A copper calorimeter containing 200 cm’ of water at 20°C is heated using a spirit
burner containing biopropanol.

thermometer \ stirrer
o

N

O il

screen to

3
200cm reduce draughts

of water T~

| __—spirit burner

A mass of 1.02 g of biopropanol is burned during the experiment.

biopropanol

(i) Calculate the maximum temperature, in °C, of the water at the end of
the experiment.
You should assume that there is complete combustion and that all energy
produced is transferred to the water.

[Data: Specific heat capacity of water = 4.18 JK™ ' mol™
AH<=(biopropanol) = -2021 kJmol™]

“mm NN O R
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(ii) Biopropanol has a higher octane number than bioethanol.

Name the process carried out on alkanes obtained from crude oil to increase
the octane number of a fuel.

(Total for Question 23 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 80 MARKS

J

P 7 8 8 2 8 A 0 2 6 2 8

EImm




BLANK PAGE

NN T D O 5

O]

2 8 A0 2 7 2 8

8

8

P 7



DO NOTWRITE IN THIS AREA

DO NOTWRITE INTHIS AREA

DONOT WRITE IN THIS AREA

€0l 701 L0l 00l 66 86 16 9 g6 6 €6 6 16 06
WINDUSIME] | WNLSGoU wniasppusl [ WNIWUS) | WNUISULS (wintutojied| wnipyaq wnun wnpuswe |wniuoind |wnunidsu| wnwein |wnwpoejosd| wnoy)
n ON Pw | w4 s3 0 g | w) | wy | nd dN n ed ylL
[zs7] | [psadd | [ogz] | [esad | [psdd | Dwedd | [svdd | [evdl | [evdd | [zvdd | €7 8¢€z [1€7] [A%4
Lz 0L 69 89 19 99 G9 9 £9 9 19 09 65 86 soLI5S 3D
wnpaIn) |wniquanA | wnynyy wniqsd | wnuoy |wnisosdsAp| wniqiay |wniwunopes | wnidoins [ wnuewes jwniyiswold|wniwAposu |wnwikposserd|  wintiad ; POV .
n7 qA wl 43 OH ¢ qL PO n3 ws wd PN id 9) $9L13S apluBLUET ,
G/l €Ll 691 191 a9l €91 6G1 YA} 61 0S1L [z¥1] <4 Il ovl
[ oLt 601 801 101 901 GOl 01 68 88 18
pajediiuayine Aj)nj jou Ing wnUSBIUSOI| wnppelsuwep | WinUsUlsW|  wnissey [ wnuyoq |wniBiogess| wniugnp |wnipioyawpni wntutlde | wnipes | wnpouedy
pa3J0dal uasq aAeY 9| -7 |} SJOQWINU DLWOIR YIIM SJUSWa)3 mﬂ_ sd W SH ygd mm qa Fhe| =V ey 44
[zzad] | Lizd | [897) | [zz2] | v9Wd | [99A | [zodl | [woddl  [zzadd | [9zal | [gzzd
98 [of ¥8 €8 8 18 08 6L 8L LL 97 GL Ve €L U LS 96 ol
uope. auneise | wnwojod | ynwsiq pes) wnieyy | Anossw p1o8 wnueyd | wniput wniwso | wnways | usssuny | wnejuel | wniujey wnueyjue)| wniieq wnisaed
uy W Od 3¢ qd 1L 8H ny id II SO Yy M e JH Mg eg s)
[zzel | [ovzl | [e0z]l | 0607 | Z°20Z | ¥'¥0Z | 9°00C | O°Z6L | L'G6L | Z'T6) | T0O6L | T98L | 8°€8L | 6°08L | G'8ZL  6°8EL | €461 | 6°CEL
¥G €6 49 1S 0s (34 214 YA 9 1% 44 134 w I ov 6€ 8¢ L€
uouax aupot | wnuny3 | Auownue uny wniput | wniwped J9AYS | wnipejjed [ wnipoyt |wniusying |wnisuyda) (wnuspghlow| wnigotu | wnuoduiz | wnunA | wniuoays | wnipignu
=) ¢ 1 ol qs us uj PD 8y Pd U ny 31 oW dN 17 A AS Q
€LEL | 697 | 92Ty | 81Ty | £°8LL | 8L | vTUL | 6°£0L | #7901 | 6°T0L | L°LOL [86] 6°G6 6°76 rAY) 6°88 9°/8 G'G8
9¢ G € €€ 143 Le (1] 67 8z LT 97 Gz 44 4 44 ¥4 07 6l
uoyd/Auy aulwouq | wniuajes oluasie (wnuewuss| wnies oulz 1addoo 121U Jjeqod uoJt asaueBuew [ winwolyd | wnipeueA | wniuelry | wnipueds | wnjed | wnisseyod
N Bl | oS sy =) en uz nj IN 0D 94 uw D A Ll JS e) A
8°¢8 66/ 06 6L 9L 1769 ¥°G9 G'€9 1786 686 8°6G 6'1S 06 6°05 6'Ly 0°Si (14 1°6€
8l Ll 91 Gl 47 €l (z1) (1) (o1) (6) (8) (2) (9) () ¥ (€) [4° 3
uoBie aulolyd anyins  |snuoydsoyd| uodlis  [wniuiwnye wnisausew | wnLpos
Iy 1D S d IS v 8W | ©eN
6°6€ G'GE (A4S 0°LE 1'87 042 €9 0°€T
0L 6 8 L 9 S Jaquinu (uojoud) s1woje 14 €
uoau auon)y uaAxo uadoijlu | uogled uoloq aweu wnmAiag [ wniyy
SN 4 0] N ) d Joquwis drwoze og 1
(414 06l 091 0¥l 0zl 8'0) SSeW DWOle dALR)3) 0'6 6'9
z (Z1) (91) (st) (1) (€1) ] Aoy (2) (1)
uniay uaBoJpAy
9H
h H
0'v 0’1
(81)
(8o L 9 S 14 € [4 I

SJUSWS)3 JO 3)qel JIPoLIdd dYL

EImm

8 8 2 8 A 0 2 8 2 8

P 7

28



