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2
SECTION A
You should spend a maximum of 25 minutes on this section.
Answer all the questions.
1 Which statement describes the trends of electronegativity values in the Periodic Table?

A Increase across a period and increase down a group.

B Increase across a period and decrease down a group.
C Decrease across a period and increase down a group.
D

Decrease across a period and decrease down a group.

Your answer

[1]
2 Which statement explains why ammonia, NHz, is a gas at room temperature and pressure?
A The bonds between the nitrogen and hydrogen atoms in ammonia are weak.
B Nitrogen and hydrogen have very low boiling points.
C The bonds between the ammonia molecules are weak.
D Ammonia is covalently bonded.
Your answer
[1]
3 Which statement correctly describes the boiling points of fluoroethane and iodoethane?
A Fluoroethane has the higher boiling point because it forms hydrogen bonds.
B Fluoroethane has the higher boiling point because the C—F bond is stronger than C—I.
C lodoethane has the higher boiling point because it forms the stronger instantaneous
dipole—induced dipole bonds.
D lodoethane has the higher boiling point because the C-I bond is less polar than C-F.
Your answer
[1]
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4 Which compound could be formed by a one-step reaction from 1-chloropropane?
A CH3CHOHCHs
B CH3CHNHCH;s
C CH3CH2CH0OH
D

(CH3)2CHNH:

Your answer

[1]
5  Achemist wants to accurately determine the aspirin content of an aspirin tablet.
Which of the following techniques should the chemist use?
A thin layer chromatography
B melting point determination
C addition of a neutral solution of iron(I11) chloride
D titration with sodium hydroxide solution
Your answer
[1]
6  The reaction below occurs in the manufacture of iodine.
Cl + 2Nal — 2NaCl + 1>
Which of the following statements about this reaction is correct?
A lodine is oxidised by chlorine.
B Chloride is reduced.
C lodide ions lose electrons.
D Chlorine is a weaker oxidising agent than iodide.
Your answer
[1]
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7 Inatest on some liquid fuels, decane is completely burnt in air.
2CioH22 + 3102 — 20CO; + 22H.0

What mass of oxygen would combine with 1 mol of decane?

A 155g
B  248¢g
C 496 g
D 6729

Your answer

[1]

8  What volume of 0.250 mol dm=2 sodium hydroxide solution should be diluted to 2000 cm? to make
a 0.0100 mol dm™2 solution?

A 40cm?
B 50 cm?
C 80 cm?
D 160 cm?®

Your answer

[1]

9 A student carries out a titration. Sodium hydroxide solution is transferred to a conical flask using a
pipette. Methyl orange indicator is added to the flask. Hydrochloric acid is added from a burette
until the indicator changes colour.

Which of the following would lead to the titre being larger than it should be?

Rinsing the conical flask with water before adding the sodium hydroxide solution.
Rinsing the burette with water before filling it with hydrochloric acid.

Rinsing the pipette with water before filling it with sodium hydroxide solution.

o O W >

Adding extra drops of indicator.

Your answer

[1]

© OCR 2016 HO033/01



10 Approximate values of the equilibrium constant for the Haber process reaction are given in the
table.

(@)

(b)

© OCR 2016

N2 + 3H2, = 2NH3

5

Temperature/K Ke
298 10
1100 10°®

Which of the following statements about this reaction is correct?

A

Your answer

At 298 K the equilibrium position is towards the reactants.
There will be no temperature between 298 and 1100 where K¢ = 1.
As the temperature is raised, more ammonia is formed.

At 1100 K the position of equilibrium lies to the left.

[1]

In a pilot plant making ammonia, NHs, 200 cm? of nitrogen are mixed with 300 cm® of
hydrogen.

What would be the final volume (at the same temperature and pressure) if complete

reaction occurs?

A

B
C
D

Your answer D

200 cm®
250 cm®
300 cm®

400 cm®

HO033/01
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11 The first reaction that occurs when an airbag is set off is:
2NaNs(s) — 2Na(l) + 3N2(q)

6.5 g of NaNs completely decomposes.

(@) Which of the following statements is correct?
A 2.3 g of products are formed.
B 3.6 dm?® of gas are formed (at RTP).
C 4.6 g of sodium is formed.
D

The volume of nitrogen formed is 1.5 times the volume of sodium formed.

Your answer D

[1]
(b)  Which of the following statements is correct?
A Nitrogen has an oxidation state of +4 in the reactant.
B Sodium ions are reduced.
C Nitrogen has an oxidation state of -3 in a product.
D  Sodium has an oxidation state of +9 in the reactant.
Your answer
[1]

© OCR 2016 HO033/01
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12 The diagram below shows a molecule of cyclohexene, with a bond angle indicated.

Which letter correctly describes the bond angle and shape around the bond?
A 120°, trigonal planar

B 107°, pyramidal

C 109.5°, tetrahedral
D

120°, pyramidal

Your answer

[1]
13  Alcoholic drinks are solutions of ethanol in water. Ethanol is soluble in water due to hydrogen
bonding.
Which diagram best illustrates hydrogen bonding between a molecule of ethanol and a molecule
of water?
H H
5 o+ - ||
A O—H:IIIIIIIIIII H—C—C—0—H
| ||
H H H
H H
| &+ 5 o+
B ]]—(|_1—(|‘—()—H w3 (F—[[
H H H
H H
R
C (l)—H:IIIIIIIIIII H—T—C—()—H
H H H
H H
o- o+ -
H—C—C—QOQ—H nimmmn; O—H

x || |
H H H

Your answer

[1]
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14 Four solutions, W, X, Y, Z, are known to contain ethanol, phenol, ethanoic acid and sodium
carbonate. It is not known which solution is which.

When solution X is mixed with solution Z, bubbles of gas are seen.

Drops of universal indicator solution are added to separate samples of each solution. The results of
this test are shown below.

Solution W

Solution X

Solution Y

Solution Z

Universal
indicator solution

red solution

blue solution

green solution

red solution

Which solution contains phenol?

A Solution W
B Solution X
C Solution Y
D

Solution Z

Your answer

© OCR 2016
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15 A chemist has four solutions, labelled A, B, C and D. Each contain one of salicylic acid
(HOCgH4COOH), ethanoic acid, phenol, ethanol or aspirin (HOOCCsH4sOCOCH:j).

It is not known which solution is which.

Neutral iron(I11) chloride solution and sodium carbonate solution are added separately to samples

of A, B, C and D. The results of the tests are shown below.

Solution A

Solution B

Solution C

Solution D

Neutral iron(l11)
chloride solution

purple colour

yellow colour

purple colour

yellow colour

Sodium carbonate
solution

gas evolved

gas evolved

no change
observed

no change
observed

Which solution contains salicylic acid?
A Solution A

B Solution B
C Solution C
D

Solution D

Your answer

© OCR 2016
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16  Exhaust gases from vehicle engines contain potential pollutants.

Which substance(s) could be present in the exhaust gases from a vehicle engine as a result of the
incomplete combustion of a hydrocarbon?

1: Carbon monoxide
2: Particulates

3:  Unburnt hydrocarbons

A 1,2and 3

B Only 1 and 2
C Only 2 and 3
D Only 1

Your answer

[1]

17 Which of the following gases is/are produced when hydrogen burns in air at high temperature?

1:  Water vapour
2:  NOx

3: Carbon dioxide

1,2and 3
Only 1 and 2

Only 2 and 3

o O W >

Only 1

Your answer

[1]

© OCR 2016 HO033/01
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18 Chorine reacts with water to produce a solution that acts as a bleach.

Cl, + H,O = HCIO + HCI

Which of the following statements is/are correct about the forward reaction:
Statement 1:  Chlorine is oxidised
Statement 2:  Chlorine is reduced

Statement 3: Chloric(l) acid is a product

A 1,2and 3

B Only 1 and 2
C Only 2 and 3
D Only 1

Your answer

[1]

© OCR 2016 HO033/01 Turn over
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SECTION B
Answer all the questions.

19 A student has some lumps of limestone and is told that they consist of impure calcium carbonate, CaCOa.

(@) The student carries out a flame test on the limestone.

Describe the procedure the student uses and give the colour of the flame that calcium produces.

[2]

(b) The student adds a lump of limestone with mass 0.13 g to 25.00 cm?® of 0.100 mol dm hydrochloric
acid and stirs until the reaction is finished. The solution is then filtered.

The excess acid in the filtered solution reacts with 7.00 cm?® of 0.100 mol dm= sodium hydroxide.

The equations for the reactions are:
CaCOs + 2HCI — CaCl; + CO2 + H20
HCI + NaOH — NaCl + H,O

Calculate the percentage of calcium carbonate in the limestone.

percentage of calcium carbonate = ........................ % [3]

© OCR 2016 HO033/01
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(c) The student realises that the percentage of calcium carbonate should be given to two significant
figures.

Suggest how the student might vary the method, using the same apparatus, to get a result that could
be accurately reported to three significant figures.

[2]
(d) The student suggests that an impurity in the limestone might be iron(111) chloride.

How could the student set out to show the presence of iron(l111) chloride in the limestone?

[2]

© OCR 2016 HO033/01 Turn over
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20 Hydrogen chloride is made industrially by the direct combination of its elements.
In the laboratory, hydrogen chloride can be prepared by reacting sodium chloride with concentrated
sulfuric acid.

Some students try to prepare hydrogen iodide by reacting sodium iodide with concentrated sulfuric acid.
Their hydrogen iodide is contaminated with a purple vapour and another gas.

Possible equations for the reactions are given below.
Nal + HxSOs — HI + NaHSO, Equation 20.1
8HI + HSOs — HS + 4H,O + 4l;  Equation 20.2
Large quantities of hydrogen chloride are used to make “vinyl chloride’, H,C=CHCI, a monomer for PVVC.

(@) (i) Write an equation for the formation of ‘polyvinyl chloride’ from vinyl chloride, using
structural formulae.

[1]

(if) Name the reagent that would react with sodium iodide to produce purer hydrogen iodide.

[1]

© OCR 2016 HO033/01 Turn over
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(b) Hydrogen iodide reacts with a solution of barium hydroxide.
2HI + Ba(OH), — Bal> + 2H20 Equation 20.3

A student places 20.0 cm?® of 2.0 mol dm= HI (aqg) (an excess) in a polystyrene cup. The temperature
is measured every minute. 2.0 g of barium hydroxide powder is added after two minutes. The student
obtains the following results.

Time / min Temperature /°C

23.5
23.5
29.0
355
37.0
36.5
35.8
34.8
34.7
33.7

O|oNOO|UOI|B|WFL|O

[N
o

(i) Plot a graph of these results to determine an accurate value for the temperature rise.

© OCR 2016 HO033/01
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temperature rise = .....c.vvvvviiiiin e, °C [4]

(if) Calculate the enthalpy change of neutralisation, AneitH, for the reaction in Equation 20.3.

Assume that the density and specific heat capacity of the solution are the same as those for the
water.

(iii) The volume of HI is measured using a burette that can be read to +0.05 cm®.

Calculate the uncertainty in this measurement.

uncertainty = ..o % [1]

© OCR 2016 HO033/01 Turn over
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21 Ozone is an essential gas in the stratosphere but harmful in the troposphere.

@ ()

(i)

(b)

© OCR 2016

Ozone absorbs high-frequency UV radiation in the stratosphere.
Give the equation for the reaction that occurs.

Explain why this absorption is important for human life.

[2]
One frequency absorbed by ozone is 1.25 x 10® Hz.
Calculate the enthalpy of the strongest bond that can be broken by this frequency.
bond enthalpy = .............ccoeeiienn.l. kImol? [4]

Chloroalkanes produce chlorine radicals that act as catalysts in the breakdown of stratospheric
0zone.

Give the equations for an initiation step and then the equations for two reactions involved in the
catalytic breakdown of ozone.

Give the equation for a termination reaction.

Use the formula RCI to represent a chloroalkane.

[4]

HO033/01
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(c) Chloroalkanes do not deplete ozone in the troposphere in the same way as in the stratosphere
resulting in harmful tropospheric ozone.

Explain this statement and discuss the impact this has on the environment.

[5]
(d) Ozone can be represented by the ‘dot-and-cross’ diagram shown below.
+ L ee ++
@ ¢ +
10200+
+ o + +
Give the shape of the molecule and bond angle around the central O atom.
Explain your answer.
[4]

© OCR 2016 HO033/01 Turn over
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22 ‘Isopropyl alcohol’ is used as a cleaning agent for electronic equipment.

OH

A

isopropyl alcohol

(a) Isopropyl alcohol can be made from the hydration of propene which requires the use of concentrated
phosphoric acid. AH —50 kJ mol

Bond Average bond
enthalpy kJ mol!

C=C 610
C-H 410
O-H 460
C-0
Cc-C

360
2

Use your knowledge of hydration and the information provided to calculate the average bond
enthalpy of a C—C bond.

average bond enthalpy of C-C bond .............ccooiviiii i, kdmol.  [4]

© OCR 2016 HO033/01
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(b) The action of isopropyl alcohol as a cleaning agent depends on the intermolecular bonds formed by
the compound. Isopropyl alcohol forms hydrogen bonds between its molecules.

(i) A student says that:

e isopropyl alcohol has a lower boiling point than ‘propyl alcohol’, CH3CH,CH>OH
o this is because isopropyl alcohol forms weaker hydrogen bonds.

Comment on the student’s statements.

(it) Propyl alcohol and isopropyl alcohol both have molecular formula CsHsO. There is one other
compound with this molecular formula.

Draw the structure of the other compound with this molecular formula and describe its
relationship to propyl alcohol and isopropyl alcohol.

© OCR 2016 HO033/01 Turn over
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(i)
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22
Isopropyl alcohol can be oxidised using acidified dichromate(V1).

Draw the skeletal formula of the organic compound formed and name the functional group it
contains.

name of fUNCLIONAl GroUP: ... ..o e

[2]
2.4 g of isopropyl alcohol give 1.2 g of the product in (i).
Calculate the percentage yield of this process.
percentage yield = ..., % [2]

END OF QUESTION PAPER

HO033/01
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SECTION B
Question Answer Marks Guidance
19 | (a) Nichrome wire dipped in sample and concentrated HCI 2

then placed in blue/roaring Bunsen flame

OR dissolve limestone in acid and put a splint soaked in
the solution into blue/roaring Bunsen flame

OR add the limestone to ethanol in a spray bottle and
spray the solution into blue/roaring Bunsen flame v/

(Brick) red v/

(b) n(HCI) = (25— 7) x 0.1/1000 = 1.80 x 10> (mol) v’ 3
n(CaCO;) = 1.80 x 107°%/2 = 9.0 x 107" mol
mass CaCO; = 9.0 x 10™*x 100.1 = 9.0 x 1072 (g) v The second mark is for the working or the answer
ALLOW ECF on any value for first mark smaller than
0.13
% = 0.09 x 100/0.13 = 69(.3) % v ALLOW any sig figs greater than 1
69% scores 2 without reference to the working
(c) Use a lump of calcium carbonate weighing more than 2
19V
more (or more concentrated) acid (and alkali) v/
(d) Test on filtrate (or solution in any acid): 2 No marks for tests alone without indication of what is
Fe(lll) gives brown ppt with NaOH v tested
ALLOW ‘purple/pink colour with phenol’ for first mark
Test on solution in HNOg: only

AgNOQO; gives white ppt with chloride v/

Total 9
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20 | (@) | () | nH,C=CHCI - {-CH,-CHCI-}, v 1 Formulae can be represented in any unambiguous
way but ‘end bonds’ must be shown for the
polymer.
Brackets (any type) and ‘n’s essential
(i) | phosphoric acid v/ 1 ALLOW phosphoric(V) acid and H;PO,
IGNORE adjectives implying ‘concentrated’ (e.g.
‘syrupy’) but ‘dilute’ contradicts mark
(b) | (i) | Choice and plotting of axes v/ 4 Correct labels including units; scales chosen so
that the plotted points occupy at least half the
graph grid in both the x and y directions
Accuracy of plotting points v/
Best straight line drawn (ignoring anomalous point) v
Extrapolation and reading off temperature at 2
minutes (15.9+0.1) v
(i) | Use of m x ¢ x AT and selection of appropriate data 3 ALLOW ECF between steps and answers to 2 or
from data sheet for c; assumption that mass of 1 cm® more sf
of HI=1g
20%x4.18 x 15.9=1329 (J) v
n(Ba(OH),) = 2/171.3 = 0.0117 (mol) v
1329/(1000 x 0.0117 x 2)
AneutH = =57 kd mol™" v/
(iii) | uncertainty = [(2 x 0.05)/20] x 100% = 0.5% 1
Total 10
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Answer

Marks

Guidance

21

(@)

0)

03 e 02 +0Vv

(High freq radiation causes) skin cancer / damage to
DNA / damage to skin / damage to eyes / damage to
immune system / cell mutation / affects crops v/

2

ALLOW O3 +hv — O, + O (or hv over arrow)

(ii)

Recall and selection of appropriate constant from data
sheet for AE = 6.63 x 107 x 1.25 x 10" v/

=829 x 1079/ 8.2875x 107" (J) v

multiply by N, and divide by 1000

= 8.29x 107" x 6.02 x 10*/ 1000 v/

bond enthalpy = 499/500 (kJ mol™")v

ALLOW ECF

(b)

RCl — R + Cl (initiation) v/

O;+ Cl > CIO + O,V
ClO+ O > Cl+0, vV

Cl+Cl - CLOR
R+R —» RJ/R-ROR
2CI0 — CL + O, (termination) v/

IGNORE dots on radicals
ALLOW any chloroalkane formula

Third equation depends on second being correct

‘initiation’ etc need not be labelled, unless the
equations are given in a different order

()

Explanation

Fewer Cl atoms are formed in the troposphere than in the
stratosphere. v/

Radiation of high enough frequency is too low in the
troposphere (AW) v/

Ozone depletion can only occur in the troposphere when
suitable catalysts are present. v/

Impact

Tropospheric ozone contributes to photochemical
smog. v

Photochemical smog causes eye/nose irritation/
respiratory problems/ breathing difficulties/ damage to
animals/ damage to plants/ damage to materials. v/
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Question Answer Marks Guidance

(d) shape: bent OR V-shaped v 4 no ECF between marking points
angle 120° (£3) v/
3 groups of electrons / 3 areas of electron density v/

(electrons) repel and get as far away from each other as
possible v Mark 4™ mpt separately

must be in terms of the words allowed for the 3™ mpt
or ‘electrons’ or ‘pairs of electrons’ NOT ‘bonds’
ALLOW ‘minimise repulsion’ (in context of electrons
or other appropriate wording)

NOT ‘maximum repulsion’

Total 19

10
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Question Answer Marks Guidance
22 | (a) CH3;CHCH, + H,O - CH3CH(OH)CH; v 4 ALLOW Structural formula for 1MP
ALLOW ECF
Bonds broken 610 + (6x410) +(460x2)+ (C—C)
AND
Bonds made 460 + (7x410) + 360 + 2(C-C) v
[3990 + (C-C)] —[3690 + 2(C-C)] =-50 v
300 — (C-C) =-50
Average bond enthalpy of C—C bond = 350 (kJ mol'1) 4
(b) | (i) | Student is correct (about lower bpt) (AW) but reason is 2 Assume isopropyl alcohol is being described unless
fewer/weaker instantaneous dipole—induced dipole otherwise stated. If so, allow ORA
bonds (in isopropyl alcohol) v/
(due to) more branched/ fewer points of contact v/
(i) | CH3CH,OCH; v 2 ALLOW any unambiguous formula
structural isomers v/ ALLOW functional group isomers
@] © 2
)J\ . IGNORE ‘carbony!
ketone v/
(i) | n(isopropyl alcohol) = 2.4/60 = 0.040 (mol) 2 ALLOW working OR answer for 1% mpt
AND maximum mass propanone = 0.040 x 58 = 2.32 (g)
OR n(propanone) = 1.2/58 = 0.0207 (mol)v’
(=1.2x100/2.32) OR (=0.0207 x 100/0.04) ALLOW 2 sig figs or more
ALLOW answers between 51.7 and 52.1 to allow for
percentage yield = 52% v rounding
Correct answer with no working scores 2 marks
Total 12

11
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Version
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January 2019

2.0

Addition to the rubric clarifying the general rule that working should be shown for any calculation questions
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