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SECTION A
PART 1

Check that the answer sheet provided is for Chemizstry Higher (Section A7,

Fill in the details required on the answer sheer.

In questions 1 to 30 of this part of the paper, an answer is given by indicating the choice A, B, Cor D
by a siroke made in INK in the appropriate place in Part 1 of the answer sheet—see the sample
gquestion below.

For each guesiion there is only ONE correct answer,

Bough weorking, if required, should be done only on this question paper, or on the rough working sheet
provided—naot on the answer sheer

At the end of the exnmination the answer sheet for Section A must be placed ingide this answer boalk.
This pari of the paper is worth 3) marks.

SAMPLE QUESTION
To show that the ink i a ball-pen consists of & mixre of dyes, the method of separation would be
A fractionul distillation
B chromaography
i fractional crystallisation
D fleration
The correct answer is B—chromatography. A heavy vertical line should be drawn joining the two dots in
the appropriate box in the column headed B & shown in the example on the answer sheet.

If, after you have recorded your answer, you decide that you have made an error and wish to make a change,
vou should cancel the onginal answer and put o vertical stroke in the box you now consider to be correct.
"Thss, if vou want to change an answer D to an answer B, vour answer sheet would ook like this;

& B G D
If vou want to change back to an enswer which has already been scored out, vou should enter a tick () 1o
the RIGHT of the box of vour chobee, thus: '

B C o

0E00-0@00
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A negatively charged particles with elecironic
configuration 2, 8 could be

A a fvoride ion

B asodium atom

T an aluminiuem ion
1]

a neon atorm,

Which gas would dissolve in water to form an
alkali?

A HB:

B NH,
C OB
B

CH,

2em’ of -3 mol I sodium hydroxide solution
can be exactly neutralised by

A 20cm’ of 03 mal ™ sulphuric acid
B Z0em® of 06 mol ™ sulphuric acid
¢ 10em®of 06 mal ™ sulphuric ucid
3 10em’ of 0-3 moll™ sulphurie acid.

A mixtere of sodium bromide snd sodiuem
sulphate is known to contuin 5 mol of =odiam
and 2 ol of bromede ions.

How many moles of sulphate wons are present?
A 15
B 24
C 25
D 30

Fage three

Excess marble chips (calcium carbonaie) were
added to 2icm® of hydrochloric  acid

concentration 2 moll™,

»

Which mensurement, taken at regular intervals
and plotted against tme, would give the graph
shown below?

Measurement
taken
Time
A Temperature
B WVaolume of gos produced
T pH of solution
I Mazs of the beaker nnd contents

The following petentia] energy dingram s for
an uneatalyaed reacton.

-r___"- F50

1640

Potential
energy k] mol”!

Repction pathway

When a caralyst = used the activation enecgy
of the f[orward reaction i8 reduced 1o

35k mot™.

What s the activation n:nm.ig'_l,r of the catalysed
reverse reaction, in k] mel ™}

A 35
B 65
C 1325
¥ 155

The En'l:hnlp:,r of neutralisation in an m‘:.id,."u]]-:u!:i
repction is dl'hrl].'k the ETIETEY released in

A the neutralization of one mole of acid

B the neatralizstion of one male of alkal
C rthe fermation of one mole of water
D

the formation of one mole of salt,

[Turn over
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Which entry m the mble shows the trends n 13.
the electronegativity values of the elements n
the Periodic Table?
Across a period | Down a group
& | decresse decrease
£ dﬁu‘usz T resises
3 14,

i INCTE R -di.‘:i::l'l.‘.ﬁdi.‘-

I} | inecrease ha ey LT
Which type of structure 15 found In a
fullerene?
A Tonic lacdos
B Metallic lattios -
T Covalent netwark ’
D Covalent maolecubar
Which type of bonding ¢an be described 3=
intermiolecular?
A Covalent bonding
B Hydrogen bonding
i lonic bonding 16,
¥ Metallic boading
An element melts at about mom empersture
und forms an oxide which reacts with water to
form e solution with o pH less than 7,
Which staternent is most likely to be frue?
A  The clement conducts electricity, -
B The sxide contains covelent bands.
L T'he oxide hos s high melting point,
I} The elerment has & covalent netwaork

BrPLICTLTS,
Which pas cccupies the largest volume? 3
{Assurne all messurersenis @re made at the :
sdme emperaiure and pressure.)
A [F3Zgof oxygen
B 04 g of corbon diozide
C 020g of hydrogen
I DEL g aFagsa
Page four

In which reaction s the volume of products
lzss than the volurne of reactants?

A CHyg) + 20yz) - COg)
INH;(g) = Nylg) + 3Hg)
Hym  + Clig) — 2HClg)
WCOE) + Oyfg) — 200,)

+ 2H,0ig)

L - - |

=

The Avogesdre Constant 1z the same a5 the
number of

A molecules im 1 6g of oxygen
B electrons m 1 g of hydrogen
C  atoms in 24 g of carbon

2 ionsin 1 litre of sedium chleride soluton,
concentration 1 mol T,

Bicgas is produced under anaerobic conditions
by the fermentation of biological materials.

What is the main constituent of hiogas?

A Butane

B Ethane
C Methane
I Propane

Which equation represents o resction which
takes place during reforming?

A CH,— CH, +4H,
B CH,+H,—CH,

C CH,OH —» CH,+H,0
D CH— CH, + CH,

Which compound has isomieric forms?

-

Methanol
Propans
C,HCI,
CH, O,

U oo

What iz the product when one mole of ethyne
reacts with one mole of chlorine?

A 1,1-dichlorocthene
B 1,l-dichloroethane
¢ 1,2 dichloreethiéne
D 1.2-dichlosoethand
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Wheeh structural formuls represents s primary
alcohaol?

& CH,—CH,—OH,—C—CH,
OH

I

B CHy=—CH,=—C — CH,—CH,
I
OH

CH,

C H,—C=CH,—CH,
|

OH

CH,
|

|

CH,

An ester has the struoemaral formalas

0 CH,
I |
C&—E&-C—ﬂ~?—ﬂ
CH,

O hydrolyzis, the ester would produce
A ethanoic acid and propan-1-ol

B ethanoic acid and propan=2-ol

C propanois acid and propan-1-ol

D propanoic acid and propan-2-al,

The debydraton of butan-Z-ol can produce
o isomernc  Cdlkenex,  but-l-ene  and
bui-2-ene.

Which alkenal can similarly produce, on
debydration, & pair of isomeric alkenes?

A Propan-2-ol
B Pentan-3-of
C Hexan-3-ol

D Heptan-4-ol

22,

Page froe

Creone has an important role in the upper
stmosphere because it

reflects ultravinlet radintion
teflects certain CFCa
absorhs ultraviolet radiation

nhsorhs certain CFCs.

g n =2 -

Which statemnent can be spplied to polymenc
Eaters?

A They are used for Aavounings, perfuomes
and solvetits.

B They are condensation polymers made by
the hnking up of amino acids,

C  They are manufactured for use as rextile
fafwics and resins,

O They are cross-linked addition polyrmers.

In g-amino acids the aminoe group s on the
carbon atem adjacent 1o the acid group.

Whach of the following 15 an a-aminge acid?
A CH,— 'Iil.”!I-I — COOH

CH, — NH,

B Illl'i, — (|2H — COOH

SH  NH,
C NH,
COOH
0. NH,
COOH

[Turn over



25, Which compound 15 not o raw material in the M. The concentration of H*Ijuq] iot th o saluton

chemical industry? is 1% 107 mall™,
A Henzene What Liz. the concentrabion of OH Tag) tons, in
B Water ot 3 o
C Tron cxide e L
D Sodium chioride E I8l
¢ 1x107"
14
26, Whach of the follening is produced by o bateh Sl
process!
A Sulphuric acid from sulphur and oxygen 22, Equal volumes of solutions of ethanoic
o, g T pctd  and. hwdrochlope  acid, of  equal
% T it Wl romcentrations, are compared.
C Iron from iron ore . In which of the following cases does the
[ Ammonia from nitrogen and hvdrogen ethanoic acid give the higher value?
A pH of solution
v B Conductivity of solution
Clatg)+ HaOl £) == C1" (aq) +CID " [ag) + 2H (ng) C Rare of reaction with magnesium
The addition af which substance would raove D Vl:rlumr:-, of sodium  hydroxide solution
the above equilibrium to the right? neutralised
A Hydrogen F
B Hydrogen chloride 3. Two 1gsemples of rm:lmm .md redivm n.:.:ide
: both contam the same cadisisotope of radmm.
C  Sodium chlorde The ntensity of radistion and half-life of the
D Sodium bvdrasids radicisomope in each sample are compared.
Which entry in the table is a correct
comparison?
Intensity of Half-life
radiation
A | same different
B | same R T
C | different same
[ | different different

[X012/301] Page six



SECTION A
FART 2

In questions 31 to 35 of this part of the paper, an answer is given by circling the appropriate letter
{or letters) in the answer grids provided on Part 2 of the answer sheel

In some questions, two letters are required for full marks.,

If more than the correct aumber of answers s given, marks may be deducted.
In some cases the number of correct responses is NOT identified in the question.
This part of the paper is worth 10 marks.

SAMPLE QUESTION
| A B C
. CH, =3 H, =2 CoO,
D E F
co CH, N M,

fal  Ddentify the digiomic eompound(s).

& | B |
@ E F

The one corcect answer topart (a] is D, Thiz should be circled.
(b Identify the two substances which burn to prodoce both carbon dioxide and water,

@l e | ¢
o |@®

—_—

As mdicated in this question, there are two correct answers to part (). These are A and E,
Both answers are arcled,
(e} Identify the substance(s) which can not be uaed a8 a fuel,

A B @
| ] E @

There are two correct answers to port (¢}, Thesears C and F.
Both smswers are circled.

If, after you have recorded vour answer, you decide that you have made an error and wish to make s change,
vou should cancel the original answer and drode the angwer you now consider to be correct, Thus, in part (al,
if wou want to change an anewer I to an answer A, your angwer sheet would look like this:

@ B c
& s | F

If you want to change back to an answer which has already been scored cut, vou should enter o vek {#) 10 the
box of the enswer of your choee, thus:
AR

& e | F

[ROL2/30 ] Prge seven [Turn over




d.  The properties of substances depend on their structures and bonding,

hydrogen phosphorus padiurm

B | E F

lithium hydroxide hvdrogen fluoride hydrogen iodide

{a)  Tdentily the substance with hydrogen bonding hetween the molecules.
{#1  Identify the two substances with pure covalent bonding in the molecules,

32, The grid shows the possible effect of temperaturs change on reaction Tane,

e Rage Hate

Temperatare Temperature Temperature

Hare Rate Rate

Temperanare Temperature Temperature

Identify the graph which shows how the rate of reaction varies with temperature in

(@)} the decomposition of hydrogen peroxide solution using catalase, an enzyme found in potatees,

{8y the radioactive decay of phosphorus=32.

X1 2/301] Page sight



33. Propan-2-ol can be prepared from propane & follows.

Brep | Erap 2
CH; - CHy —-CHy ——a CH;—-CH=CH; —®»- CH,-'L'l:H—I:I'!,
OH
A B C
condensation cracking dehwdration
D E F
hydration hvdralysis oxtdatinn

{a) Identify the name of the type of reaction taking place at Step 1.
(4 Tdentify the name of the Type of reaction taking place at Swp 2.

3.  ldentify the statementis) which can be appliad to the role of a catalyst in a reversible reaction.

A It decreases the enthalpy change for the reaction.

B | It decreases the time required for equilibrium to be established.

C It alters the equilibrium position,

D | Itlowers the activation energy of the backward reaction.

E It incresses the rate of the forward reaction mwre than the backward reaction.

[Turn owver
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35. BSodium sulphite iz a salt of sulphurous acid, 3 weak acid.
Identify the statement(s) which can be spplied tn sodmm solphite,
You may wish to refer to the deta boolklet.

A e can be prepared by & precipitation reaction,

B It can be prepared by the reaction of sulphurous scid with sodium carbonate.

L Im solution, the pH 15 lower than s solution of sodinm sulphate.

n In redox renctions in solution, the sulphite fon acts a8 8 reducing agent,

E In redox reactions in soluton, the sedivm ions are oxidised,

Candidates are reminded that the answer sheet MUST be returned INSIDE this answer book.

[X012,/301] Page ten
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SECTION B
1. Technetium-9%, which has a long half-life, i8 produced as a radioactive waste
product in nuclear reactors. One way of reducing the danger of this isotope is to
change it into technetium-100 by bombardment with particles, as shown by the
nuclear equation.
4 L]
“_Ti.' ol R S
() Identify particle X.
1
(#) Techmetium-100 decays by beta-emission.
Write a balanced nuclear equation for this reaction.
I S
(e} Technenum-100 has a half-life of 165,
If a sample of technetivm-100 is lefe for 48s, what fraction of the sample would
remain?
1
{3)
[Turn aver
[HO12/301] Page eleven




Marks
2. Steam reforming of coal produces a mixture of carbon monoxide and hydrogen.
(@) What name is given to this mixture of carbon monoxide and hydrogent
1
{61 This mixture could be used to produce methane, as shown by the following
equilibrium,
CO{g) + 3IHg) = CH/(g + H,0g) AH =-2061%] mol”
Give two reasons why the yield of methane can be increased by cooling the
reaction mixture From 400 °C to 807C,
2
&)

[Xi112/301]
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3. The effect of temperature changes on reaction rate can be studied using the reaction
between an organie acid solution and acidified potassium permanganate solution,

S{COOH)(ag) + 6H'sg) + ZMnO,(ag) —= 2Mn™ag) + 10CO04 ) + SHLOF)

The apparatus requured is shown in the disgram.

organic poid
solution

acidified potassium
permanganate solution

(a) ™ame the organic acid.

1
b} Describe how the reaction time can be measured.
1
(e} The headings for a set of resulte are shown below
|Tampurabn1: of reaction/*C| Reaction time/s | Reaction rate/
Complete the headings by entering the correct unit in the third column. 1
(3
[Turn over
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4. A student heated a compound which gave off carbon dioxide and water vapour.

Lumps of calaum chloride were used to absorb the water vapour first, and the
carben dioxide was then collected in such a way that its volume could be

measured.

(e} Complete the diagram below to show the absorption of water vapour and
collection of carbon dioxide.

Label the diagram clearly,

heat

(&) The volume of carbon dioxide collected was 240 cm’.
Caleulate the number of molecules in this volume.
iTake the molar volume of carbon dioxide to be 24 litres mal™}

(3)

[X0H2/301] Page fourtaen
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5. Vinvl acetate is the monomer for the preparation of palyvinylacetate (PVA) which is
widely used in the building industry,

Vinyl acetate has the structural formula:
O

I
CH,—C—0—CH=CH,

{a) « Draw part of the structure of polyvinylacetate, showing thtes monomer unts
joined together.

1
(b) Vinyl acetate and hexane have the same relative formula mass.
Explain why vou would expect vinyl acetate to have a higher boiling pont than
hexane.
2
(3)
[Turn over
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6. Aluminium is extracted from bauxite. This ore contains aluminium oxide along
with iron(IIT) oxide and other impurities. The process is shown in the flow

diagram.

solution

[ sodium hvdrexide

W
gndium hydroxide ‘ I
[ solution & .

l bauxite |

Stage 1 _..[

ITLpALTE
iren{ 1T} oxide

|

impure sodium
aluminate solution

L

i

aluminium

hydrexide

—
L

’

Siage 3

i

aluminium
oxide

cryolite

(2) Add an arrow to the flow disggram to show how the process could be made

more ecomormical,

[X012/301]

nE
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w
Stage 4
rmelt arnd

electrolyse

1

alumanim ]
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6. (continued)
i#) In Sitage 1 of the process, aluminium oxide reacts with sodium hydroxide
solution.
Stute whether aluminium oxide is behaving as an acidic oxide or as a bazic
oxide in this reaction,
1
(e}  What type of reaction takes place during Stage 37
1
{d) During 3tage 4, aluminium is manufactured in cells by the electrolysis of
sluminium oxide disgolved in molten cryolite,
What mass of aluminium is produced each hour, if the current passing through
the liquid is 180000 A?
Show your working clearly.
3
(#] In Stage 4, the carbon blocks that are used oe positive electrodes must be
regularly repluced.
Suggest a reason for this.
1
(7

[3012,301] Page tenenteen [Turn over
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7. Potassium hydroxide can be used in experiments to verify Hess's Law. The
reactions concerned can be summarised as follows,
AH,
EOH{s) = KCl{aqg)
+HCHag)
AHL N +HO(f) AH,
KOHiaq)
(o) State Hess's Low.
1
(¥ Complete the list of measurements that would have to be made in order to
calculute AH,.
(1) Mass of potassium hyvdroxide
(i)
(i1}
(iv) 1
(¢} What solution must be added to the potassiom hydroxide solution in order to
calculate AH,?
1
3

[XO127301] Page sighteent
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8. Calchum hydroxvapatite makes up 5% of tooth enamel.
() Tooth decay is caused when tooth enamel is attacked by acid in the mouth.
(i} One of the acide which attacks tooth enamel iz 2-hedroxypropanoic acid,
which has the molecular formula C,H, O,
Diraw a structural formula for this acid.
1
(i) Calcium hydroxyapatite reacts with acid in the mouth as shown by the
following balanced equation.
CafPOO(OH); + BH —= 10Ca™ + ZH, 0 + GHPO,*
calciam byvdroxyvapatite
Whar i3 the value of xf
1
{11} The pH of 2 solution in the mouth 15 5.
Whar is the concentration of hydrogen ions, in mol T, in this solution?
1
15 Tooth enamel also contains a fibrous protein called collagen.
(i) Describe a difference between a fibrous and a globular protein.
1
(it} Mame the four elements present in all proteins.
1
(3)

[X12/30] Page ninetesn [Turn over
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(@) Keviar and Nomex are examples of recently manufactured polymers. Their
propertie: are different because they are made from different monomers,

The diamine monomer used to make Nomex is 1, 3-disminobenzene.
H

i
N
@ E‘H 1,3-diaminobenzene

H-—K
~
H

This reacts with the other monomer to form the repeating unat shown,

(1) Diraw a structural formula for the other monomer,

{11) The repeating unit in Kevlar 1s:
H H
H-"'-] q.-"'
4 @ A _@_ o
& s
o” Yo

Mame the diamine used to make Kevlar

{#] Another recently manufactured polvmer 15 polvvinyvlcarbazole.
Give the wrmsual property of polvvinylcarbazole which makes it suitable for

use in photocopiers.

(3

[X012/301] Page tavanty
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10. (a] Propanone and propanal both contain the same funcrional group.

(i) Mame this functional group.

(i) The diagram shows how to distinguish between propanone and propanal,

A‘f:;;:d rops of propanal

OT propanone

hot water ——

Tollen's reagent

Explain what is observed in the reaction between propanal and Tollen's
reagent.

(f) The equation for the enthalpy of formation of propanone is:
3CE) + 3Hig) + t00g) — CHOU)

Use the following information on enthalpies of combustion to caleulate the
enthalpy of formation of propanone,

Cis) + Oyig) — COg)  AH=-3MkJmol™
Hyigl + 10,z - HO#  AH=-286k] mol”
CHOUE) + 40.0g) = 3CO, g + 3,0 AH=-180M k] mol™

Show your working clearly.

(%)

[Xnza01] Page foemty-om: [Turn over
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11. {a) Mordenite is a porous, cryvstalline material with o surfsce area of over

5':|ﬂng'1.
It is used n an isomerisation reaction, part of a sequence which converts
pentane into 2-methylbutane for blending into petrol.

ISCITIEr IRALInT

2-methylbut-2-ene —»= I-methylbutane

pentane —» pent-2-ene

{x} Draw a structural formula for 2-methylbut-2-ene.

{ii) What role does mordenite play in the isomerisation reaction?

i} Why 15 2-methylbutane a more suitable component than pentane when
used in unleaded petrol?

{8) Mordenite consists meinly of silicon dicxide,
MName the structure and type of bonding in silicon dioxide.

()

[(X2am] Page twenity-two
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12. On crossing the Periodic Table, there are trends in the sizes of atoms and ions.
{a) Why is the atomiec size of chlorine less than that of sedium?
1 :
i)
lon Ionic
radius/pm
53 42
P 198
Why is there a large increase in jonic radius on going from Si* to P37
1
(2)
[Tarn over
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13. Ammonium chloride {MH,Cl) is soluble in water.

() How does the pH of a solution of smmonium chloride compere with the pli of
wter]

1
i A smdent dissolved 100 of ammoenium chloride in 200em’ of water and
found that the temperature of the solution fell from 23-25C to 1987,
Calculate the enthalpy of selution of ammonium chloride.
Show your working clearly
2
(3

[012/301] Page tuoanty-four
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14, (a) Some carbon monozide detectors contain crystals of hydrated palladim(I1)
chioride. These form palladium in & redox reaction if expoded to carbon
rocxde:
CO{g) + PdC1,.2H,0s) —= CO,ig) + Pd{s) + IHCKg) + H, (1 1)
Write the ion-electron equation for the reduction step in this reaction.
1
{#) Another type of detector uses an electrochemical method to detect carbon
monoxide.
At the positive electrode;
CO{g) + HOU) —= COp + 2HYagq) + 2&
At the negative electrode:
OJdg) + #H(aq) + 4 —= ZH,OL6)
Combine the two ion-electron equations to give the overall redox equmtion.
1
(2)
[Turn over
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15, Sugars, such as glucose, are often used as sweeteners in soft drinks.

The glucose content of a soft drink can be estimated by titration aganst a
standardised solution of Benedict’s solution. The copper({ll) ions in Benedict's
solution react with glucose ag shown,

CH,;0,0aq) + 2Cu*{aq) + ZH,O({)— Cu,0(=) + 4H'(aq) + C,H,,0.(aqg)

(@) What change in the ratio of atoms present indicates that the conversion of
glucose into the compound with molecular formula C.H, .0, is an example of
oxidation?

1
() In one experiment, 25-0Ocm’ volumes of a soft drink were titrated with
Benedict’s solution in which the conceatration of copper(ll} ions was
0500 moll™. The following results were obtained.
Titration | Volume of Benedict’s
solution/em®
I 180
2 1741
17-3
Average volume of Renedict’s solution used = 17-2em’.
(i) Why was the first titration result not used in calculating the average
volume of Benedict’s solution?
1

[X012/301] Page tooen -
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15. (&) (continued)
{ii} Calculate the concentration of glucese in the soft drink, in mol 1™,
Show your working clearly
2
() Insome soft drinks, sucrose is used instead of glucose.
Why can the sucrose concentration of a soft drink maot be estimated by this
method?
1
(5)
[Turn over
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16. In experiments with four different gases, a syringe was held vertically as shown
with the weight of the syringe piston applying a downward pressure on the gas.
The times taken for 60cm’® of helium, methane, carbon dioxide and burane to
escape through the pinhole were measured and the graph shows the results plotted
againgt relative formula mass.
S¥TINgE
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16. (continued)
(@) Calculate the average rate of escape from the syringe of 60em’ of methane, in
emls
1
() Name a hydrocarhon gas which would take 56 = to escape.
1
ic) The error in a measurement decreases as the actual size of the measurement
increases,
Suggest one way of reducing the error in each of the time meassurements.
1
(3}
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17. Biodiesel is a mixture of esters which can be made by heating rapesecd oil with
methanol in the presence of a catalyst.
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CyHy—C—0—CH + 3CH,OH —= IC;H, ~C—-0-—CH, + X
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a triglyceride in a component
rapeseed oil B of biodiesel
{a) MName compound X
1
() A typical diesel molecule obtained from crude oil has the molecular formula
C,,H,;, (hexadecane).
Other than the ester group, name a functional group present in biodiesel
maolecules which is not present in hexadecans,
1
(] Vegetable oifs like rapesced oil are converted into fats for use in the food
industry,
What name 15 given to this process?
1
(3)
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