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2. In which of the following reactions 15 a
positive 1on reduced?
A lodide ——>» 10dine
B Nickel(Il) —— mickel(I11)
¢ Cobalt(11l) ——3= cobalt(11)
D Sulphate —» sulphite
3. Which of the following elements s mosrt Likely
to have a covalent network structure?
Melting | Boiling | Density/ | Conduction
(] 1 2 o
- point/°C | point/°C gcmx when solid
A +4 280 1-82 No
B 660 2467 2-70 Yes
C 1410 2355 2:33 No
B 114 184 493 No

Ratel l/t)/s-'

The graph shows how the rate of a reaction
varies with the concentration of one of the
reactants,
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Whar was the reaction time, in seconds, when
the  concentration  of  the  reactant  was

0-50 mol 1”2

A 02
B 03
C 20
D50



A reaction was carried out with and without a
catalvst as shown in the energy diagram.

250) -
200 uncatalysed
reaction
Potential 1304 ~ catalysed
cnergy/ reaction
k] mol™ 100) =
5() =
{)

10.

Reaction path

What is the enthalpy change, in k) mol™, for
the catalvsed reaction?

A -100
B =50
¢ +30
D 4100

Ethanol (C,H;OH) has a different enthalpy of
combustion from dimethyl ether (CH,OCH,).
T'his 1s because the compounds have different

A boiling points
B molecular masses
C  products of combustion

D bonds within the molecules.

Which of the following compounds has the
greatest onic character?

A Caesium fluoride
B Caesium iodide
O Sodium fluonde

D Sodium wodide

Which line in the table 1s likely to be correct
for the element francium?

State at 30°C :’::tgi;/r':;sz:zl_)l
A sohid less than 382
B liquid less than 382
@< solid greater than 382
D liquid greater than 382

A

11.

12.

13.

Which of the following cquations represents
the first 1onisation energy of fluorine?

A Flg)—= Flg)+¢
B Flg) —=iF(g+e
C Flg)—= Fig)+c¢

D {F(g) = Fg)+¢

The two hvdrogen atoms i a molecule of
hvdrogen are held together by

A ahvdrogen bond
B a polar covalent bond
C  anon-polar covalent bond

D a van der Waals' force.

In which of the following compounds would
hvdrogen bonding not occur?

H H H
I
A  H—C—C—N—H
(.
H H

B H—-C—C—0—H
(.
H H

H H H
.

C H—-C—N—C—H
I I
H H

H H
I I
D H—-—C—0O0—C—H
I I
H H



15. What type of bonding and structure is found
in a fullerene?

A lonie latrice
B Metallic lattice
C  Covalent network

D Covalent molecular

16. Some covalent compounds are made up of

molecules that contain polar bonds but the 21. Which of the following compounds does not
molecules are overall non-polar. have 1someric structures?
Which of the following covalent compounds is A CHCL

made up of non-polar molecules? B C,H,CL

A Ammonia

B Warer

C  Propene

D Propan-1-ol

C  Carbon tetrachlonde

D Hyvdrogen fluonide o ) : ) .

b aid et 22. Which of the following compounds is an
alkanone?

(8]
l
A CHy— CH,—C—H

O

I

)
18. Which of the following gas samples has the I
same volume as 7 g of carbon monoxide? C CH; — C—CH,
(All volumes are measured at the same
temperature and pressure.) (8]
A | gof hvdrogen ; “.
ydrol D CH, —C—OH

B 3:5¢ of nitrogen
C  10g of argon

23. What organic compound is produced by the
D> 35-5g of chlorine dehydration of ethanol?

A Ethane

19. What volume of oxygen (in litres) would be B FEthene

required for the complete combustion of a Qe
LTt ; . ' : ¢ Ethanal
gaseous mixture containing | litre of carbon

monoxide and 3 hitres of hvdrogen? D Ethanoic acid

(All volumes are measured at the same
temperature and pressure.)

Al
B 2
¢ 3
D 4

IXO12/301] Pave five [Turn over



25.

28.

32.

Compound X reacted with hot copper(11)
oxide and the organic product did not give a
colour change when heated with Fehling's
solution.

Compound X could be
A burtan-1-ol

B butan-2-ol

C  butanone

D) butanoic acid.

Which of the following reactions takes place
during the ‘hardening’ of vegetable oil?

A Addition
B Hydrolysis
C  Dehvdration

D Oxidation

S(s) + Hy(g) = H,5(g)
AH=a
Hyg) + 30,0 = H,0)
AH=b
Sis) + Osfg) = 50,(g)
AH=¢
H,S(2) 4+ 130,(g) — H,O0 + S0,(g)
All=d

What is the relationship between a, b, ¢ and df
A a=b+c-d
B a=d-b-c¢
C a=b=-c¢c-d

D a=sd+c-0b

33.

37.

A catalyst is added to a reaction at equilibrium.
Which of the following does not apply?

A The rate of the forward reaction increases.
B 'T'he rate of the reverse reaction mcreases,

C The position of equilibrium
unchanged.

remains

D T'he position of cquihbrium shifts to the
right.

lodide 1ons can be oxidised using acidified
potassium permanganate solution.,

The equations are:

21 (aq) = 1h(aq) + 2¢

MnO (aq) + SH (aq) + 5¢” — )ltlz"(aq) + 4113()(()

How many moles of 1odide 1ons are oxidised
by one mole of permanganate 10ns?

A 10
B 2.0
C 25
D 50



SECTION B

All answers must be written clearly and legibly in ink.

1. (a) Lathium starts the second period of the Periodic Table.

-4

i | Be | B C N |1 O I

What 1s the trend in electronegativity values across this period from Lito F?

(b) Graph 1 shows the first four ionisation energies for aluminium,

Graph 1

lonisation
encrgy/k] mol™

Ist 2nd 3rd 4th

Why s the fourth tonisation energy of aluminium so much higher than the
third 1onisation e¢nergy?

(¢) Graph 2 shows the boiling points of the elements in Group 7 of the Periodic
Table.

Graph 2

Boiling
pomt/°C

FCl Br 1

Why do the boiling points increase down Group 77
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Marks
3. Alkanols can be oxidised to alkanoic acids.
CH,CH,CH,OH Stepl  CH CH,CHO Step2  CH,CH,COOH
propan-1-ol propanal propanoic acid
{a) (1) Why can Step 1 be described as an oxidation reaction?
1
() Aadified potassium dichromate solution can be used to oxidise propanal
mn Step 2.
What colour change would be observed in this reaction?
1
(b) Propan-1-ol and propanoic acid react to form an ester.
The mixture of excess reactants and ester product is poured onto sodium
hvdrogencarbonate solution.
(1) What evidence would show thar an ester 1s formed?
1

(1) Draw a structural formula for this ester.

DO NoT
WRITE IN
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MARGIN




Marks
5. Polymers can be classified as natural or synthetic.
(a) Keranun, a natural polymer, is a protem found n hair,
The hydrolysis of keratin produces different monomers of the type shown.
H 0 H 0O H O
H\ | & H\ | V4 H\ | 74
/.\"-—C——C\ /N——L'——C\ /.\'-—C—C\
|
H g OH H |. OH H |‘ OH
H— LI —H H— (I —H
H SH
glycine alanine cysteine
(1) What name 1s given to monomers like glveine, alanine and cysteine?
1

(1) What is meant by a hydrolysis reaction?

Do No
WRITE IN
THIS
MARGIN




A student used the simple laboratory
apparatus shown to determine the
enthalpy of combustion of methanol.

copper can

draught
shield

methanol

thermometer

water

spirit
burner

(a) (1) What measurements are needed to calculate the energy released by the

burning methanol?

(1) The student found that burning 0-370 g of methanol produces 3-86 k] of

energy.

Use this resulr to caleulate the enthalpy of combustion of methanol.

(h) A morc accurate value clectrical thermometer
can be obtamned using a supply to
bomb calorimerter. ignite the
methanol
‘ P oxvgen gas
i L1
thick walled
methanol —_ | ‘homb’
platinum ' contaner
dish water
R

One reason for the more accurate value s that less heat 1s lost to the

surroundings than in the simple laboratory meth

od.

Give one other reason for the value being more accurate in the bomb

calorimeter method.

Marks
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7. An cexperiment was carried out to determine the rate of the reaction between
hydrochloric acid and calcium carbonate chips,  The rate of this reaction was
followed by measuring the volume of gas released over a certain time.

M

gas syringe to collect
carbon dioxide

calcium carbonate chips
+
hydrochloric acid

(a) Describe a different way of measuring volume in order to follow the rate of this
reaction.

(h) Whart other variable could be measured to follow the rate of this reaction?

8. Ammonia is produced in industry by the Haber Process.

(¢) Under certain conditions, 500 kg of nitrogen reacts with excess hydrogen to
produce 405 kg of ammonia.

Calculate the percentage vield of ammonia under these conditions.

Show your working clearly.

Marks
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9. Primary, sccondary and tertiary alkanols can be prepared by the reaction of
carbonyl compounds with Grignard reagents,

Step 1

The Grignard reagent reacts with the carbonyl compound.

o ONgCl
V. I
CH,—CH,—CH,—C_ +  CH,MgCl  — L’H,—CHZ—CHI—(l_‘.—H
H
CH,
butanal Grignard reagent

Step 2

T'he reaction of the product of Step 1 with dilute acid produces the alkanol.

(I),\lgcl (|)H
CH,—CH,—CH,—C—H  —»>  CH,—CH,—CH,—C—H
CH, CH,

+  HCI +  MgCl,

(a) Describe the difference berween a primary, a secondary and a tertiary alkanol,
You may wish to include labelled structures in vour answer.

(h) Suggest a name for the type of reaction that takes place in Step 1.

(¢) 'T'he same Grignard reagent can be used to produce the alkanol below.

OH
I

CH,—CH,— C —CH,—CH,
I
CH,

Name the carbonyl compound used in this reaction.

Marks
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10. Sherbet contains a mixture of sodium hvdrogencarbonate and tartaric acid. T'he
fizzing sensation in the mouth 1s due to the carbon dioxide produced i the
following rcaction.

INaHCO, +  CHO, - Na(CHO0,) + 2H0 + 200,

sodium tartaric acid sodium tartrate
hvdrogencarbonate

(a) Name the type of reaction taking place.

(h) The chemical name for tartaric acid 1s 2, 3-dihydroxybutanediorc acid.

Draw a structural formula for tartaric acid.

(¢) In an expermment, a student found that adding water to 20 sherbet sweets
produced 105 cm® of carbon dioxide.

Assuming that sodium hyvdrogencarbonate 1s in excess, calculate the average
mass of tartaric acid, in grams, in one sweet,

(‘Take the molar volume of carbon dioxide to be 24 litre mol™ )

Show your working clearly.




Marks
11.  T'he following answers were taken from a student’s examination paper.
The two answers are incorrect.
For each question, give the correct explanation.
(a) Question As a rough guide, the rate of a reaction tends to double for
every 10°C rise in temperature.
Why does a small increase in temperature produce a large
INCTease in reaction rate?
Student Because rising temperature increases the activation energy
#Ewer which increases the number of collisions which speeds up
the reaction greatly.
Correct
explanation
1
(h) Question Explain the difference in atomic size between potassium and
chlorine atoms.
Student A potassium nucleus has 19 protons but a chlorine nucleus
answer has only 17 protons. The greater pull on the outer electron
in the potassium atom means the atomic size of potassium
is less than that of chlorine.
Correct
explanation

DO NOT
WRITE IN
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MARGIN




15. (a)

(h)

Marks
Methane 1s produced in the reaction of aluminium carbide with water.
ALC, + H,O — Al(OH), + CH,
Balance the above equation.
1

Silane, silicon hydride, 1s formed in the reaction of silicon with hydrogen.

Sis) + 2H,g) — SiH,g)
silane
T'he enthalpy change for this reaction 1s called the enthalpy of formation of
silane.
I'he combustion of silane gives silicon dioxide and water.
SiH(g) + 204g) =  SiOfs) + 2H,0() AH=-1517k) mol™
T'he enthalpy of combustion of silicon is =911 k] mol™.

Use this information and the enthalpy of combustion of hydrogen in the data
booklet to calculate the enthalpy of formation of silane, in k) mol™.

Show your working clearly.
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17. Carbon-13 NMR is a technique used in chemistry to determine the structure of
organic compounds,

(a) Calculate the neutron to proton ratio in an atom of carbon-13.

(6) T'he techmque allows a carbon atom in a molecule to be idenafied by its
‘chemical shift’. This value depends on the other atoms bonded to the carbon

atom.,
Shift table
Carbon environment Chemical shift/ppm

C = 0O (in ketones) 205-220
C =0 (in aldchydes) 190 = 205
C = O (in acids and esters) 170 — 185
C = C (in alkenes) 115= 140
C=C (in alkynes) 70 =93
—CH 25 =50
—CH, 16— 40
~CH, 5-15

In a carbon-13 NMR spectrum, the number of lines correspond to the number
of chemically different carbon atoms and the position of the line (the value of
the chemical shifr) indicates the type of carbon atom.

Marks
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17. (b) (continued)

The spectrum for propanal is shown.

Spectrum 1

| 2 3,0
CH;,—CH,— C\
H
propanal

L LA
20 0

| e B FHE S LS ) B S R
140 120 100 80 60

Chemical shift/ppm

| RSN L)
200 180 160

T

40

(1) Use the table of chemical shifts to label cach of the peaks on the spectrum
with a number to match the carbon atom in propanal that 1s responsible
for the pc'.lk.

Hydrocarbon X has a relative formula mass of 54, Hydrocarbon X reacts
One of the products, hvdrocarbon Y, has a relative

(11)
with hvdrogen,
formula mass of 36,

The carbon-13 NNIR spectrum for hvdrocarbon Y i1s shown below.

Spectrum 2

B ey ey s N 2% 8 % W e W e B Y]

200 180 160 140 120 100 SO 60 40 20 0
Chemical shift/ppm

Name hyvdrocarbon Y.

Marks
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18.

Marks

T'he number of moles of carbon monoxide in a sample of air can be measured as
follows.
Step1 'I'he carbon monoxide reacts with iodine(V) oxide, producing 1odine.

5CO(g) + LOJs) — Iifs) + 5C0,(g)
Step2 T'he 1odine is then dissolved in potassium jodide solution and titrated

against sodium thiosulphate solution.
o O = 2- &

Laq) + 25,0,7(aq) = 5,0,7(aq) + 2l(aq)

(a) Write the 1on-clectron equation for the oxidation reaction in Step 2.
1

(b) Name a chemical that can be used to indicate when all of the 1odine has been
removed in the reaction tuking place in Step 2.

o ip -1 : . o . 5 .
(¢) 1f 530-4cem” of 0410 mol I sodium thiosulphate solution was used mn a titration,
caleulate the number of moles of carbon monoxide in the sample of air.

Show your working clearly.
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Marking Scheme
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3 D

7 B

8 D
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Mark Scheme

Worth *2

Worth 0

1

(a) 1increases (or gets bigger or rises)

(b)

more energy 1s needed to remove the electron from a full shell (or
complete shell or noble gas shell) or an electron is being removed
from an energy level closer to the nucleus or there 1s a greater nuclear
pull on the electron being removed or second energy level is nearer
the nucleus or second energy level is full (or complete), ete.

()

forces of attraction between molecules (or intermolecular forces or
van der Waals’ forces) increase or energy needed to separate the
molecules increases.

molecular size increases or
10dine molecules (or atoms) are
bigger then fluorine

bonding 1s stronger in 10dine
than fluorine or any mention
of stronger covalent bonds




Mark Scheme

Worth 2

Worth 0

3 (a) (i) ratio of oxygen:hydrogen atoms increased (or ratio of removal of hydrogen molecules | loss of electrons
hydrogen:oxygen atoms decreased) or removal of hydrogen
(ii) orange to green (or blue/green) goes green (or blue/green) or orange to mcorrect colour (or
orange colour is lost colourless) or incorrect
colour (or colourless) to green
(b) (i) Any mention of separate layer or any mention of (ester) smell
(i) O
|
CH, - CH,- C-O-CH, - CH, - CH,
(accept equivalent full or shortened structural formula)
Mark Scheme Worth 'z Worth 0
5 (a) (i) amuno acids
(ii) breaking up (bonds in) a molecule by the addition of (the breaking up (bonds in) a

elements from) water

molecule or addition of water
or reverse of condensation




Mark Scheme

Worth *2

Worth 0

(@)

use an (upturned) measuring cylinder (or graduated tube) filled with
water or collect gas over water or correct diagram

as for 1 mark but use of a non-
graduated tube or count the
number of bubbles produced
under water

use a measuring cylinder (or
graduated tube)

(b)

mass (or weight) or pH or concentration of acid or conductivity

()

1molN, — 2 mol NH;
28¢g — 4g (%)

500kg —  500x28 = 607kg (%)

34
% yield = actual x 100 = 405 x 100 (*%2) = 66.7% (*2)
theoretical 607
or
no. of moles of N, = 500000 = 17860 mol
28

no. of moles of NH; = 35720mol (*:) = 607kg (%)




Mark Scheme

Worth 2

Worth 0

(a)
S S
-CI‘-OH C-CIT-C C«C=C
|
H H C
primary secondary tertiary
or
Primary:  hydroxyl group attached to C attached to two H atoms 2 out of 3 correct
(or hydroxyl group attached to C attached to one C atom)
Secondary: hydroxyl group attached to C attached to one H atom
(or hydroxyl group attached to C attached to two C atoms)
Tertiary:  hydroxyl group attached to C attached to no H atoms
(or hydroxyl group attached to C attached to three C
atoms)
or correct answer in terms of oxidation
(b) addition
(¢) pentan-3-one pentanone or pentan-2-one pentone or pentan-1-one




Mark Scheme

Worth 2

Worth 0

10 (a) neutralisation

titration

(b) O

I

C-OH

I
H-CI‘-OH

H-C-OH
I
C-OH

Il
@)

(accept equivalent full or
shortened structural formula)

(c) ImolCsHO; — 2molCO, = 481 ()
150g (*2) — 481

150 x0.105 g — 0.1051

48
= 033g () mass in 1 sweet = 0.0165g (%)
or mno.ofmolesofCO;, = 0.105 = 0.0044mol (*2)

24
no. of moles of C;HOg = 0.0022 mol (*2)
= 0.0022 x 150 = 033g (*2)
1/

mass in 1 sweet = 0.0165g (*2)

(no units required; deduct ¥2 mark for incorrect units)




Mark Scheme

Worth *2

Worth 0

11

(a)

more collisions with energy greater or equal to E, or more collisions
leading to an activated complex or correct energy distribution diagram

more successful collisions

just increases the number of

collisions

(b)

the outer electron in potassium 1s further from the nucleus or the outer
electron 1s mn a higher (or the fourth) energy level (%2) or the inner
shells screen (or shield) the outer electron from the (pull of the)
nucleus (¥2) or corresponding explanation based on chlorine

Mark Scheme

Worth ¥

Worth 0

(a)

AlLC; + 12H,0 — 4AlOH); + 3CH;

(b)

SiOy(s) + 2H,0(() — SiHy(g) + 20i(g) +1517kT (%)
Sis) + Oi(g) — S104(s) -911kI (*3)

2Hy(g) + Oxg) — 2H,0(g) -572Kk1 (%)

addition = 34 kJmol ™ (%)

(3 *sensible” numbers required for *: mark for addition based on
following through: no units required: deduct 2 mark for incorrect
units)




Mark Scheme

Worth *2

Worth 0

17

(a) 1.17 (or 7:6)

pn=6:7

(®) @)

(i)

left to rnight

but-2-ene

3,

2,1

butene or butan-2-ene




Mark Scheme

Worth ¥

Worth 0

18

(a)

28,05%(aq) — S;047(aq) + 26

(state symbols not required)

(b)

starch (solution)

(©)

no. of moles of $,05~ (aq) = 0.0504 x 0.10 = 0.00504 (*2)
mole ratio 2:5 (1)

no. of moles of CO = 0.0125 (%)

or

no. of moles oszOf'(aq) = 0.504 x 0.10 = 0.00504 (*2)
moles of 1odine : thiosulphate is 1:2

moles of iodine = 0.0025 (*2)

moles of CO : 1odine 1s 5:1 (%2)

moles of CO = 0.0125 (*2)

[END OF MARKING INSTRUCTIONS]



