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Section A
Answer all the questions in this section in the spaces provided.

MR

1 (@) Write an equation to represent the second ionisation energy of lead.

(b) Lead(IV) carbonate, Pb(CO;),, decomposes on heating.

A student believes that when Pb(CO,), is heated strongly either lead(I) oxide, PbO, or
lead(IV) oxide, PbO,, is made as the final solid product.

Equation 1 represents the reaction if PbO is the final product.

Equation 2 represents the reaction if PbO, is the final product.
equation 1 2Pb(CO;),(s) — 2PbO(s) + 4CO,(g) + O,(9)
equation 2 Pb(CO,),(s) — PbO,(s) + 2C0,(g)

A student heats 14.43g of lead(IV) carbonate until it is fully decomposed. 2600cm? of gas
measured at room temperature and pressure is collected.

Determine, using the data provided, whether lead(Il) oxide or lead(IV) oxide is the final solid
product obtained by the student. Show your working and explain your choice.

. - 14.43
Pb(COs),  207.2+2(12.0+3%x16.0)
1443
327.2
=0.04410 mol
= 2896 1083 mo
g 24000

. =0.04410:0.1083~1:2.5=2:5

Noy(co,), - Mg

The molar ratio of Pb(COs), to the gases follows the stoichiometry of equation 1.
Hence lead(II) oxide is the final solid produced obtained.

3]
[Total: 4]
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Ethanol is manufactured by reacting ethene with steam as shown in the equation.

C,Hy(9) + Hy0(g) == C,H;OH(g)  AH =-45kJmol™"

(a) Suggest and explain three changes which will increase the percentage yield of ethanol in the
reaction.

(b) State and explain the effect that each of the three changes identified in (a) has on the rate of
the reaction.

(c) Write the expression for K, for this reaction and give its units.
[C,H,OH]
K= ta o
[C.H,][H.0]

(d) State and explain the effect on K, of increasing the temperature of the reaction mixture.

[C2HsOH]. decreases while [CoH,] and [H,0] increases at equilibrium, hence lowering Kc{2]

[Total: 10]
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Potassium fluoride is a white crystalline solid with a melting point of 860 °C. It dissolves in water to
form a solution which conducts electricity.

Naphthalene, C,,Hg, is a white crystalline solid with a melting point of 80°C. It does not conduct
electricity in the solid state nor in the liquid state. It is insoluble in water.

Silicon dioxide is a white crystalline solid with a melting point of 1715°C. It does not conduct
electricity in the solid state nor in the liquid state. It is insoluble in water.

Iron is a grey solid which melts at 1535°C. Iron conducts electricity in both the solid and liquid
states.

Name the type of structure and describe the bonding in the solids potassium fluoride, naphthalene,
silicon dioxide and iron. You may wish to include diagrams to illustrate your answer. [8]
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[Total: 8]
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Aspartame is used as an artificial sweetener.

secondary
amide

carboxylic
acid

primary
amine

Fig. 4.1

(a) Deduce the molecular formula of aspartame.

(b) Draw a circle around each functional group present in the aspartame molecule in Fig. 4.1.
Do not include the benzene ring.

Label each circle with the name of the functional group it contains. [4]

(c) Sodium metal reacts with the carboxylic acid functional group in aspartame in the same way
as sodium metal does with a strong acid.

Write an equation for the reaction of this functional group with sodium. Use R to represent the
rest of the carboxylic acid molecule.

2RCOH+2Na > 2RCONGT +H, e eeee e [1]
(d) Aspartame can be hydrolysed.

(i) Draw lines on Fig. 4.2 through all the bonds which are broken during the complete
hydrolysis of aspartame.

0O
O O—CHj,4
N
|
_0 N H O
H H H
Fig. 4.2

[1]
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(ii) Draw the structure of the hydrolysis product with the smallest M.

CH;0H

[1]
[Total: 8]
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Disposable (‘one-use’) coffee cups are proving to be a problem in the environment.

The outer layer of most of these cups is made from paper, which is biodegradable (can be broken
down by the environment). The inside of the cups are often lined with low-density poly(ethene).
The poly(ethene) layer makes the cup waterproof and so is able to hold a hot drink. Recycling this
type of disposable coffee cup requires the use of a specialised recycling method.

PLA is a biodegradable polymer. It is a thermoplastic often made from sugar cane or corn starch.
It has the structure shown.

CH, |

PLA

It is possible to develop disposable coffee cups made from PLA.

(a) (i) Suggest how the properties of LDPE make it more suitable than HDPE for coating the
cups.

(ii) Describe how the structure of LDPE gives it the properties described in (a)(i).

(iii) Suggest why a specialised method is needed to recycle these cups.
(b) (i) Explain the meaning of the term thermoplastic.

(ii) Name the functional group present in the thermoplastic polymer PLA and classify the
type of polymerisation used to make it.

l © UCLES & MOE 2020 "v‘%: 8873/02/0/N/20 |
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(iii) Use the table of characteristic infra-red absorption frequencies in the Data Booklet to
answer this question.

PLA absorbs ultraviolet radiation which causes it to degrade.

The part of the PLA molecule responsible for absorbing the ultraviolet radiation also
absorbs infra-red radiation in the region 1710-1750cm™".

State which bond in the PLA molecule is responsible for it being degradable.
C=0 bond [1]

[Total: 6]
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Carbon can exist in a number of different forms including graphite, diamond and graphene.

Graphene is a nanomaterial. It is a 2-dimensional layer of carbon atoms which is one atom thick.
The C-C bonds are very strong. Graphene is a good conductor of electricity.

In the nanomaterial fluorographene, the fourth electron of each carbon atom is bonded to a fluorine
atom. The C-F bond is very strong. Fluorographene has high thermal stability and excellent
non-stick properties.

Whilst producing graphene, scientists have made sheets of graphene oxide. Graphene oxide sheets
can be made with holes between 0.8 and 1.6nm in size. It is hoped that these graphene oxide
sheets with holes could be developed into filters for the desalination of water (removal of the
hydrated ions of salt shown in Fig. 6.1). Such a filtration process would be much faster and
cheaper than those used today.

sodium ions and chloride ions hydrated by water molecules
Fig. 6.1

(a) Explain the difference between a nanoparticle and a nanomaterial.

[1]

.....................................................................................................................................
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(c) (i) Suggest a value for the C-C-F bond angle in fluorographene.

Explain your answer.

109.5°. Since each carbon is bonded to three other carbon atoms and one fluorine

(ii) Deduce the empirical formula for fluorographene.

(iii) Suggest why fluorographene could be suitable to use as a coating for self-cleaning
windows.

(iv) Suggest a property of fluorographene not mentioned in the information given on page 10.
State the feature of the fluorographene molecule which led you to choose this property.

would also expect quor%graphene to be an insulator due to the absence of mobile electrons.)
(d) Suggest how graphene oxide sheets with holes are able to desalinate salt water.

[Total: 10]
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7 (a) Define the term relative atomic mass of an element.

(b) A sample of pure sulfur which contains only 32S and 34S has a relative atomic mass of 32.11.

Calculate the percentage abundances of both 32S and 34S in this sample of sulfur.

Let the % abundance of *S be x %.
% abundance of *S =(100- x)%

X 30, 100X o4 3011
100 100
3400 - 2x = 3211

X=94.5

% abundance of **S is 94.5%, % abundance of **S is 5.50%.

(2]

(c) Sulfur(IV) oxide is a common pollutant in the air. It is formed when sulfur-containing fuels are
burned. Sulfur(IV) oxide can be oxidised to sulfur(VI) oxide which reacts with water to form
acid rain.

Nitrogen(IV) oxide is also a common pollutant in the air. It is formed in internal combustion
engines when nitrogen in air reacts with oxygen in air at high temperature. It is more stable
than nitrogen(Il) oxide. Nitrogen(ll) oxide oxidises to nitrogen(IV) oxide in air.

When nitrogen(I'V) oxide reacts with sulfur(IV) oxide, it is reduced to nitrogen(Il) oxide. During
the reaction 42kJmol~" of energy is released.

(i) Write an equation for the reaction of sulfur(IV) oxide with nitrogen(I'V) oxide.

S0 N0, S0 N e [1]

(i) Write an equation to show what happens to the nitrogen(II) oxide formed in (c)(i).

2N 4 0, 2 2N O, e 1]

I © UCLES & MOE 2020 &"’% 8873/02/0/N/20 I
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(iii) Show how the equations in (c)(i) and (c)(ii) can be used to write the overall equation for
the oxidation of sulfur(I'V) oxide.

(c)(i)x2: 2S0, + 2NQ, — 2SO0, + 2NQ

...........................................................................................................................................

(iv) Draw an energy profile diagram for the reaction of sulfur(IV) oxide with nitrogen(IV) oxide.
Label the activation energy E,, and the enthalpy of reaction AH.

energy i

AH = -45 kJ mol™

progress of reaction
[3]

(d) Chiorine dioxide, CIO,, contains two double bonds.

(i) State the total number of outer shell electrons in one molecule of C10, and explain why
this is an unusual number.

(i) ClO, forms the negative ion C1O,".

Draw a ‘dot-and-cross’ diagram for the ion CIO,".

‘cl”
[ ]
> ® X
X
0" O
X
o) X
| XX X X

[2]
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(e) Complete the electronic configuration of the chloride ion.

(f) Chlorine can react with aqueous sodium hydroxide as shown.
2NaOH(aq) + Cl,(g) —> NaCl(aq) + NaOCl(aq) + H,O(l)
Explain, in terms of oxidation numbers, what happens to the chlorine in this reaction.

oxidation number decreases from 0.in. CL to -1.in Cl, and oxidised, as the oxidationf1]

number increases from 0 in Cl, to +1 in NaClIO. [Total: 14]
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(i)

(b) (i)

(i)
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Section B

Answer one question from this section in the spaces provided.

Define what is meant by the terms acid and base using the Brgnsted—Lowry theory of
acids and bases.

Identify the acid, the base, the conjugate acid and the conjugate base in the equation
shown.

HSO, (aq) + OH(aq) — SO,%<(aq) + H,O()

[1]
The numerical value of K, is 5.48 x 10~'4 at 50°C.
Calculate the pH of pure water at 50 °C.
Since [H*]=[OH"] for pure water,
K, =[HT
[H]= K, =\5.48x10"
=2.341x107 mol dm™
pH = —Ig[H"] = -Ig(2.341x107)
=6.63
PH = oo 6.63 .
(2]
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(iii) A student suggests that pure water is neutral at 50 °C.

T

State whether or not you agree with the student.

Explain your answer.

(c) Describe and explain the variation in ionic radius across Period 3 of the Periodic Table for the
elements Na to CL

(d) (i) State the formulae of the oxides of the elements Na to S where the element is in its
highest oxidation state.

..................................................................................................................................... [1]
(ii) The oxides of sodium and sulfur given in (d)(i) react with water.

Write an equation for each reaction and state the expected pH of the products.

Na,0+HO—>2NaOH ... P e

SO, +H,0>H,SO, PH = e 2]

(e) The equation for the complete combustion of ethanol is shown.
C,HzOH(l) + 30,(g) —> 2C0,(g) + 3H,0() AH_=-1367kJ mol~!
Ethanol does not burn until a flame is applied to it.

(i) Define the term standard enthalpy change of combustion.

© UCLES & MOE 2020 % 8873/02/0/N/20
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(ii) Explain why ethanol does not burn until a flame is applied to it.

MR

(iii) Calculate the enthalpy change of combustion of ethanol using bond energy values from
the Data Booklet and the energy cycle shown.

AH,
CoH50H(g) + 30,(g) ——= 2C0,(g) + 3H,0(q)
)

N

+ 6H(g) + 70(g)
AH, = BE(bonds broken) — » BE (bonds formed)
=BE(C-C) + 5xBE(C-H)) + BE(C-0) +BE(O-H) + 3xBE(0=0)
~(4xBE(C=0in CO,)+6 xBE(O-H))
=350 +5x410 +360 + 460 + 3 x 496 — (4 x 805 + 6 x 460)
= 4708 - 5980
=-1272 kJ mol™

[2]

(iv) Suggest two reasons why the value of AH_ calculated in (e)(iii) is different from the
~1367 kJmol~" value quoted.

(f) Ethanol can undergo an elimination reaction.

Write an equation for the reaction. State the reagents and conditions needed for this reaction.

C,H,0H— C,H, +H,0

[Total: 20]

I © UCLES & MOE 2020 %f% 8873/02/0/N/20 [Turn over I



* 0012577731118 *

MMM -~ - .

9 (a) Define the term standard enthalpy change of neutralisation.

(b) In an experiment to determine the maximum change in temperature when sodium hydroxide
is added to hydrochloric acid, 25.0cm?® of 1.00moldm=3 hydrochloric acid is transferred to a
polystyrene cup.

The initial temperature of the hydrochloric acid before sodium hydroxide is added is measured
and recorded.

5.0cm? portions of aqueous sodium hydroxide are added to the polystyrene cup. The
temperature of the solution in the cup is measured after each addition. The maximum
temperature occurs when complete neutralisation has been achieved.

The results are shown in Fig. 9.1.

30
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28.2 Y
temperature 70
o /
/°C ISE.
 manammy
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1 ]
b ‘ 235
20— 2

0 5 10 15 20 25 30 35 40 45 50 55

volume of aqueous sodium hydroxide /cm3

Fig. 9.1

| © UCLES & MOE 2020 % 8873/02/0/N/20 l



* 0012577731119~

MMM, -~ - .

(i) Draw two separate straight lines of best fit.

The first line should take into account the increasing temperatures.
The second line should take into account the decreasing temperatures.
Extend these lines until they intersect (cross).

Use your graph to determine the maximum temperature rise, AT, of the experiment.

Show your working.

ATnax =28.2-20.3=7.9°C

(i) Use your graph to determine the volume of sodium hydroxide, V\,qy required to
neutralise the acid.

Show on your graph how you determined this value.
(1]

(iii) Using your answers to (b)(i) and (b)(ii), calculate the energy, in kd, evolved during the
reaction.

You should assume that the specific heat capacity of the reaction mixture is 4.18Jg~1 K~
and the density of each solution is 1.00gcm™3.

energy evolved = mcAT,
=(25.0+23.5)x1.00x4.18 x 7.9

=1601.567
~1.60kJ

[1]
(iv) Using your answer to (b)(iii), calculate a value for the enthalpy change of neutralisation,
in kdmol™", for the reaction between hydrochloric acid and sodium hydroxide.

1.60 _ 1.60
n n

AH

neut —
H,0
1.60

250 0

1000
= —64.1kJ mol™

HCI

[2]
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(c) (i) Ethanoic acid dissociates in water as shown in the equation.

CH,COOH(aq) = CH,COO(aq) + H*(aq)

Write the expression for the acid dissociation constant, K, and give its units.
_ [cH,co0 ][H']
@~ [CH,COOH]

(ii) Fluorine and bromine are in Group 17 of the Periodic Table.
The K, value for hydrofluoric acid, HF, is 5.6 x 1074
The K, value for hydrobromic acid, HBr, is much greater than 5.6 x 1074,
Solutions of equal concentration of the two acids HF(aq) and HBr(aq) are prepared.

Suggest how the pH of these two solutions differ. Explain your answers in terms of the
K, values and the equilibrium positions in each solution.

(d) A buffer solution is prepared by dissolving ammonium chloride in aqueous ammonia.
NH,(aq) + H,0O(l) == NH,"(aq) + OH(aq)
NH,CI(s) + aqg — NH,*(aq) + Ci(aq)
(i) Explain what is meant by the term buffer solution.

(ii) Write an equation to show what happens when a small amount of aqueous sodium
hydroxide is added to the buffer solution.

N O o N O e 1]

(iii) Write an equation to show what happens when a small amount of dilute hydrochloric
acid is added to the buffer solution.

NH T o NH [1]

© UCLES & MOE 2020 % 8873/02/0/N/20
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(iv) Explain why it is necessary to add ammonium chloride to the aqueous ammonia to make
the buffer solution.

i

(e) State and explain the trend in oxidising ability of the Group 17 elements going down the
group.

(f) Write equations to show what happens when samples of sodium chloride, NaCl, and
silicon tetrachloride, SiCl,, are added separately to water. Suggest the expected pH of the

products.
NaCl+ag—Na’(aq)+Cl(aq).................. BH ST e
SiCl, +2H,0 > SiO, +4HCL ... PH = e, 2]

(g) Ethanoic acid undergoes a condensation reaction with propan-1-ol.

Name the product and state the conditions needed for the reaction.

[Total: 20]

I © UCLES & MOE 2020 5 8873/02/0/N/20 I



* 0012577731122 *

N~ =

BLANK PAGE

I

© UCLES & MOE 2020 @ 8873/02/0/N/20




* 0012577731123

LT TR

BLANK PAGE

I © UCLES & MOE 2020 % 8873/02/0/N/20



* 0012577731124 *

NIRRVRAAWOn ., = B

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

l © UCLES & MOE 2020 E% 8873/02/0/N/20 I





