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

M

1 (a) Define the term isotopes.

Isotopes. are.atoms .of the. same. element. with the. same. number of protons.hut. different

number of neutrons. [1]

(b) Compared to the isotope 4He, a species has

. 8 times as many neutrons,
. 9 times as many electrons,
. 13 more protons.

Deduce the symbol of this species and include its charge, if any, and its atomic and mass
numbers.

31 p3-
A5 e Note: atomic number, mass.number and charge must all. be.included.in.one single. symbol .[3]

Working:
Number of protons =2 + 13 = 15
Hence, the unknown species is P.

Number of electrons = 9(2) = 18 Hence,
charge of unknown species = 3=

Number of nucleons = 8(4-2) + 15 = 31
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(c) The relative atomic mass of an element depends on the percentage abundance of each
isotope present.

(i) A sample of sulfur contains four isotopes, as shown in Table 1.1.

Table 1.1
isotope _ rele_ltive percentageo
isotopic mass abundance /%
323 31.972 95.02
33 32.971 0.75
343 33.968 4.21
363 35.967 0.02

Calculate the relative atomic mass of sulfur in this sample, giving your answer to
two decimal places.

A =Z relating isotopic mass x

percentage abundanceJ
100

A =31972x 2292 35 671, 97° , 33 968 421 | 35,967 202
100 100 100

100

=32.06 (2d.p.)

Note: answer must be in 2 d.p. (as stated in the question) or no credit will be given

(ii) Suggest why the relative atomic mass in the Periodic Table for nickel is lower than that
for cobalt.

A sample of cobalt contains. primarily. of the. isatope . 3°Cao,. while.in.a sample.of .nickel..

(d) Nickel reacts with sulfur to form nickel(lI) sulfide, NiS.
State the electronic configurations of the nickel ion, NiZ*, and the sulfide ion, S2-.

NiZt 182, 282 218 392 BP0 B0 e

S2-  1g2..2s?2pS8 3s2 3p°

[Total: 9]
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Airbags in cars help to protect the driver and passengers during a coliision.

Early airbags contained a mixture of sodium azide, NaN,, potassium nitrate, KNO,, and
silicon(IV) oxide, SiO,,.

A heavy collision completes an electrical circuit which ignites a pellet of sodium azide.
The sodium azide decomposes and the nitrogen fills the airbag very quickly. This is shown in
reaction 1.

The remaining chemicals then undergo a series of reactions, 2, 3 and 4.

reaction1 - 2NaN,(s) —> 2Na(s) + 3N,(g)

reaction 2 2KNO;(s) + 10Na(s) — 5Na,0(s) + K,O(s) + N,(9)
reaction 3 K,O(s) + SiO,(s) —> K,Si0,(s)

reaction 4 Na,O(s) + SiO,(s) —> Na,SiO,(s)

(a) (i) Write half-equations to show the oxidation and reduction processes that occur in
reaction 2. ‘

OXidation (N8 2 N, b 8 e

Note: species such as H,O, H* and O, should not appear in the half equations [2]
as they are not present in reaction 2.
(ii) ldentify the species which is being oxidised and the species which is being reduced.
Explain your answers using oxidation numbers.

[2]
(iif) Suggest the type of reaction occurring in reactions 3 and 4.

ACIADAse 1eaCtON e [1]

{(b) The mass of sodium azide needed to produce just enough nitrogen gas from reaction 1 to
inflate the airbag to a pressure of 1.00atm is calculated {o be 40.04.

Explain why using this mass of sodium azide would result in the pressure in the airbag being
greater than 1.00 atm. No calculations are required.

[Assume that the temperature remains constant.}
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(c) Reaction 1 produces enough nitrogen gas to inflate the airbag to a pressure sufficient to
protect the people in the car.

Suggest why KNO; and SiO, are present in the mixture in the airbag.

(d) Sodium azide is ionically bonded.
Azide ions, N5~ contain two double bonds.

Draw a ‘dot-and-cross’ diagram to show the bonding in an azide ion.

@0 @0 - @0

oN:NzeNsl = [eN&NxN:

[1]

(e) Sodium azide is toxic and undergoes an acid-base reaction with strong acids to give a toxic
product, hydrazoic acid.

Sodium azide can be made safe by reacting it with the weak acid nitrous acid, HNO,,.
Nitrogen, nitrogen monoxide and an alkali are formed in this reaction.

(i) Suggest a formula for hydrazoic acid.
(ii) Write a balanced equation for the reaction of sodium azide with nitrous acid.

2NaN; + 2HNO; —» 3N, + 2NO + NaOH 1]

[Total: 11]
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Butane undergoes complete combustion to form carbon dioxide and water.

Bond energies can be used to calculate a value for the enthalpy change of combustion of butane
using the energy cycle shown in Fig. 3.1.

2C H 4(9) + 130,(g)——— 8CO,(g) + 10H,0(q)

N/

8C(g) + 20H(g) + 260(g)

Fig. 3.1
(a) Define the term standard enthalpy change of combustion.

(b) Use the energy cycle shown in Fig. 3.1, the bond energy values given in Table 3.1 and those
in the Data Booklet to calculate a value for the enthalpy change of combustion of butane.

Table 3.1
bond bond energy/kJ mol~"
C-H 410
C=0 805
O-H 460

AM, _EAH, > BE(bonds broken) 2ZBE (bonds formed)
_ [2x10xBE(C —H) +2x3xBE(C - C) +13xBE(O = 0)] - [8x 2x BE(C = 0) + 10x 2xBE(O — H)]
- 2
 [20x410+6x 350 +13x496] - [16x 805 + 20x 460]
- 2

=-2670kJ mol

[5]
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(c) The accepted value for the standard enthalpy change of combustion of butane is different
from the value calculated in (b).

One reason is that the bond energy values are only average values.

(i) State another reason why the accepted value for the enthalpy change of combustion of
butane obtained under standard conditions is different from the value calculated in (b).

(i) Suggest how the standard enthalpy change of combustion of butane would differ from

that calculated in (b). Explain your answer.
Note: not higher or lower

(d) State how the magnitude of the lattice energy of sodium chloride compares to that of
magnesium oxide. Explain your answer.

9. *q.
ror

|AH|an| *

[Total: 12]
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A new underground deposit of iron ore has been discovered which contains both Fe?* and Fe3*
ions, as well as impurities. A 20.0g sample of this iron ore is analysed.

This sample is dissolved in an excess of sulfuric acid. The impurities in the ore are insoluble and
do not react with sulfuric acid. The solution is filtered into a 250 cm3 graduated flask. Deionised
water is added so that the total volume of the solution is 250 cm?3. This is solution X.

25.0cm3 of solution X requires 15.60 cm? of 0.060 moldm™2 of potassium manganate(VII) solution
for complete reaction.

100cm? of solution X is heated with an excess of zinc to reduce the Fe3* ions to Fe2" ions. The
solution is filtered-to remove excess zinc. The filtrate is solution Y.

A sample of solution Y is titrated against potassium manganate(VII) solution.
The equation for the reaction of Fe2* ions and manganate(VII) ions is shown.
MnO,~ + 5Fe?* + 8H' —> Mn2?* + 5Fe®" + 4H,0

(a) (i) Calculate the number of moles of Fe2* ions present in 250 cm? of solution X.

Amount of KMnO, reacted = % 0.060 =0.000936 mol

Amount of Fe?* in 250 cm® of solution X = 5x 0.000936 x 22:%

=0.0468 mol

(ii) Calculate the percentage by mass of Fe?" ions in the sample of ore.

Mass of Fe** =0.0468x55.8=2.611g
x100% =13.1%

% by mass = 223101
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(b) Write an ionic equation for the reaction between Fe®* ions and zinc.

2 el o AT 1 SO ORY 1]

(c) The number of moles of Fe2* in 100cm? of solution Y is calculated to be 0.0560 mol.

Calculate the number of moles of Fe?" ions in 250cm?® of solution Y and, hence, determine
the number of moles of Fe3* ions in 250 cm?3 of solution X.

250

Amount of Fe?" in 250 cm® of Y = 700 % 0.0560 = 0.140 mol

Amount of Fe** in 250 cm® of Y =0.140 — 0.0468
=0.0932 mol

(d) The ore is an oxide containing both Fe?* and Fe3* ions.

Suggest the Fe: O mole ratio for this oxide. Explain your suggestion, using your knowledge of
oxidation numbers and your answers to (a)(i) and (c).

(e) In this experiment there are potential sources of error, including

« error 1. incomplete reaction of the sample of iron ore with the sulfuric acid,
« error 2: incomplete reduction of the Fe3* ions to Fe?* ions.

Explain the effect, if any, that each error will have on the amount, in moles, of Fe?* calculated
in (a)(i) and of Fe3* calculated in (c).

Error 1 will result in lower amounts of both Fe?* and Fe?* in solution X and hence less Fe?

value in the second titration, leading to a lower amount of Fe3* calculated in (c)[TotaI' 9]
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The polymer poly(ethylene terephthalate) is also known as PET.

It is made from the two monomers shown.
H
OQC@\ HOCH,CH,OH
CO,H

PET is a thermoplastic polymer which can be used for making bottles.

(a) (i) Name the two monomers used to make PET.

....................................................................................................................................... [2]
(ii) Draw one repeat unit of PET.
0) (0] H H
1] 1] 1
Ot
H H
[1]

(iii) State the type of polymerisation that produces PET and name the bond formed during
this polymerisation.

(b) Explain why PET should not be used for storing alkaline cleaning materials.

The ester linkage will undergo alkaline hydrolysis, causing degradation of PET.

(i) Suggest why a medicine bottle made of PET should not be reused for storing drinks such
as water.
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(d) A polymer is to be used to make a part in a machine.

The polymer has to be strong and a little flexible.

Samples of various polymers are made into sheets. These sheets are supported at opposite
ends and masses are added to the centre of the sheets.

As the masses are added, the amount the polymer bends, in degrees, is measured until the
polymer breaks.

The results are shown in Fig. 5.1.

A

amount
of
bend/°

mass

Fig. 5.1

(i) Identify three variables which must be controlled during this test.

variable 1..Thickness of sheets

(ii) Suggest which polymer should be chosen in preference to the other four for use in the
machine.

Explain your choice.
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(iii) Polymers C and D are made from the same hydrocarbon monomer.

I

Suggest and explain the difference in the structures of polymers C and D.

Explain how this causes the difference in their properties shown in Fig. 5.1.

(e) Poly(vinyl alcohol), PVA, is a polymer which is soluble in water.
Explain how PVA dissolves in water.

Include a diagram in your answer.

H H ';' 'i'

e-¢ c—C

I s | P

H O /n H O/n
H

\HS | OR \I:|5+
- £ ;
O— 5
H/ ';L ,O-H
H o+
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f) The gecko is able to climb vertical walls and is possibly the largest animal that can hang from
the ceiling with its feet above its head.

It is only recently that scientists have been able to understand how the gecko is able to do
this and as a consequence design materials which can mimic this behaviour.

One such material that scientists have invented is a tape which can stick to many surfaces
but which is easily removed.

Suggest and explain the feature of this tape which enables it to stick to a surface in a similar
way to that of a gecko hanging on the ceiling.

[Total: 19]

i
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Section B

Answer one question from this section in the spaces provided.
6 (a) Propanoic acid is a weak acid.

(i) Explain the meaning of the term weak acid.

....................................................................................................................................... [2]
(i) Write an equation for the equilibrium between propanoic acid and water.

Label the conjugate acid and the conjugate base in your equétion.

.CH,CH,COOH(aq) + H,O(l) T CHiCH,COO(aq) + HsO%(aq) . .. . . . . ..

acid base conjugate base conjugate acid

....................................................................................................................................... [2]
(iii) Define pH.

BH S T I ] e [1]

(iv) Calculate the pH of 0.015moldm™ sulfuric acid. Assume that all the hydrogen ions in
sulfuric acid are fully dissociated.

H,SO; — 2H* + 8042_

pH = -Ig (2 x 0.015) = 1.52

[2]

(b) When sodium iodide reacts with concentrated sulfuric acid, iodine is formed as one of the
products.

When sodium chloride reacts with concentrated sulfuric acid, chlorine is not formed as a
product.

Explain why, when concentrated sulfuric acid is reacted with these halide salts, iodine is
formed but chlorine is not.

Chloride is.less. easily. oxidised.as.it.has.a.smaller. ionic radius. than .iodide,.and. hence.a..

iy
Lk =

I © UCLES & MOE 2019 8873/02/0/N/19 |
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ii} Explain why solid iodine turns into a vapour when it is heated gently, but solid sodium
iodide does not.

i

(d) The reaction between the reagents F, G and H is studied at constant temperature.
The rate equation is found to be

rate = k [F]°[G]'[H]?

(i) Complete Table 6.1 for this reaction. [3]
Table 6.1
initial initial initial
exoeriment concentration concentration of concentration initial rate
P of F G of H /moldm~3h~"1
/moldm=3 /moldm™3 /moldm™3
1 0.1 0.2 0.2 1.92 x 107
2 0.2 0.4 0.4 1.54 x 1075
3 0.4 0.4 0.1 9.60 x 1077
4 0.3 0.6 0.2 571 x 1076

(ii) Use the data from experiment 1 to calculate a value for the rate constant k.

rate =1.92x107°
=k x 0.2 x (0.2
k = 2.40 x 10~* mol~2 dmS® h™"

value of k..2:40 X 10 ] [1]
(ili) Deduce the units of k.

units of k...mol72. dm® h’! [1]
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(iv) Complete Fig. 6.1 to show how the rate constant varies with the concentration of H, at
constant temperature.

A

[H]
Fig. 6.1
(1]

(v) State and explain the effect on the rate of this reaction when only the [G] is increased at
constant temperature.

(e) There are four isomeric alcohols with the formula C,H,,0.

Name and draw the structure of the isomer which does not react with acidified
potassium dichromate(Vl).

CH,
H3C—(:3—CH3
OH
2-methylpropan-2-ol [2]
[Total: 20]

| © UCLES & MOE 2019 E% 8873/02/O/N/19 I


S8500981H
Stamp

S8500981H
Stamp


* 0011376599419 *

NHVREATERn, -~ - -

7 (a) Pure samples of ethanol and ethanoic acid are mixed, and equilibrium is established, as
shown.

C,H,OH(l) + CH,CO,H(l) = CH,CO,C,H(l) + H,O(l)

(i) Write an equilibrium expression, K, for this reaction.

_[CH,CO,C,H; |[H,0]

K. =
[C,H;OH][CH,CO,H]

[1]
(i) The reaction mixture is allowed to reach equilibrium at constant temperature.

In this equilibrium mixture the concentrations are:

« ethanol, 0.56 moldm=3
ethanoic acid, 0.94 moldm=3

The KC value is 3.98.

Calculate the equilibrium concentration of ethyl ethanoate.

_ [CH,CO,CH,][H,0]
* "~ [C,H,OH][CH,CO,H]

X2

~ 0.56x0.94
[CH,CO,C,H, ]| = x =/3.98x0.56 x 0.94

—1.45moldm™

3.98

(1]

(iii) State and explain the immediate effect on the equilibrium of adding a few drops of
aqueous sodium hydroxide to the mixture.

....................................................................................................................................... [2]
(b) Calculate the pH of a 0.400 moldm~2 solution of sodium hydroxide.
[OH"] =0.400 mol dm™3
pOH =-Ig(0.400)
pH =14 - (-lg(0.400))
=13.6
[2]
I © UCLES & MOE 2019 % 8873/02/0/N/19 [Turn over
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¢} Sodium sulfide is a white solid with a melting point of 1176 °C.

(

(i) Explain why sodium sulfide has a high melting point, in terms of its structure and bonding.

(ii) Sodium sulfide dissolves in water.

Use your knowledge of the Periodic Table to predict a value for the pH of the solution
formed. Explain how you arrived at your answer. _

(i) Draw and label a Boltzmann distribution curve for the molecular energies of a sample of
a gaseous reaction mixture.

On your diagram, draw a line to represent the activation energy. Label this line £,.

Fraction of particles Uncatalysed reaction
Represents total no. of

A particles with energy greater
than or equal to E;

Catalysed reaction
Represents total no. of

particles with energy greater
than or equal to J
e

T 5 Epergy

0 J Ea

Note:
e Horizontal axis is in terms of energy, not time or progress of reaction

e The graph should not become a horizontal straight line at high energy levels
e Graph needs to start from origin [3]
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(iii) On the Boltzmann distribution curve in d(ii) show the change that would happen when a
catalyst is added to the reaction mixture. Temperature and pressure are kept constant.
Label the change J. 1]

(e) Ethene reacts with hydrogen in the presence of a nickel catalyst to form ethane.

(i) State what is meant by the term heterogeneous when it is applied to a nickel catalyst in
the reaction of ethene and hydrogen.

(ii) Outline, in three stages, the mode of action as nickel catalyses the reaction between
ethene and hydrogen to form ethane.

Stage 1: Ethene and hydrogen molecules physically adsorb onto the active sites of

surface and diffuse away from the nickel surface.
(f) There are four isomeric alcohols with the formula C,H,,0. They can all form alkenes when

undergoing elimination reactions.

Name and draw the structure of the isomer which forms an alkene that exhibits
cis-trans isomerism.

butan-2-ol
HHHH
1 1 1 1
G
H OHH H
[2]
[Total: 20]
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