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

I~ - "

Section A

1 The element platinum can be used as a heterogeneous catalyst in the removal of oxides of
nitrogen from car exhaust gases.

Using platinum in the form of nanoparticles increases its efficiency as a catalyst.

When the pressure of a gas is increased, the molecules move closer together.

(a) (i) State the meaning of the term heterogeneous catalyst.

(ii)

(iii)

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

State which feature of platinum nanoparticles explains the increase in platinum’s
efficiency as a catalyst.

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

The size of nanoparticles can make them hazardous to health.

Give an example of how nanoparticles can cause a potential health hazard.

particles of the same chemical composition.
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(b) (i) Catalytic converters remove NO and CO from car exhaust gases.

2C0(g) + 2NO(g) — N,(g) + 2CO,(9)
Explain why this is a redox reaction. Include oxidation numbers in your answer.
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Vinegar contains ethanoic acid dissolved in water.

If the concentration of ethanoic acid is greater than 5% by mass then the vinegar has an unpleasant
taste.

A student determines the concentration of ethanoic acid in a sample of vinegar by titrating it with
aqueous sodium hydroxide.

CH,COOH + NaOH —> CH,COONa + H,0O

A 25.0cm? portion of the sample of vinegar is transferred into a 250cm?3 volumetric flask. The
solution is made up to 250 cm? with deionised water.

Several 25.0cm® portions of this diluted vinegar are fitrated against 0.0320moldm™3
sodium hydroxide, using thymolphthalein indicator. The mean volume of aqueous sodium hydroxide
added is 16.20cm?.

(a) Calculate the concentration, in moldm=3, of ethanoic acid in the original sample of vinegar.

_16.20 x0.0320 =5.184x10™* mol

NaOH —

n in 25.0 cm?® of diluted vinegar = n =5.184x10"* mol
NaOH

CH,CO,H

Newco,n IN 250 cm® of diluted vinegar = 25(()) x5.184x10* mol =5.184x10"° mol

Newcopn IN 25.0 cm® of sample = ng, o, in 250 cm® of diluted vinegar
=5.184x10"° mol

3
[CH,CO,H] in original sample = 5'184;;% Mol _6.20736
1000

~0.207 moldm™

(b) Calculate the percentage by mass of ethanoic acid in the original sample of vinegar.

State whether the vinegar would taste pleasant or unpleasant.
Assume the density of vinegar to be 1gcem=3,

[CH,CO,H]=0.20736 mol dm"®
=0.20736 molx(2x12.0+4><1.0+2x16.0 g mol™*)dm"®
~12.44 g dm™

Assuming a density of 1 g cm=, this translates to 12.44 g of CH3;CO.H in 1000 g of vinegar [2]

% by mass of ethanoic acid = 12.44 9
1000

x100% =1.24%

Since the % by mass of ethanoic acid is below 5%, the vinegar would taste pleasant.
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(c) The student repeats the experiment using a different indicator. Using this indicator the mean
volume of aqueous sodium hydroxide used in the titration is lower.

Explain how titrating using a different indicator can give a smaller mean volume of aqueous
sodium hydroxide than when thymolphthalein indicator is used.

increase, it will change colour before the end-point, leading to a smaller mean titre volume. 1]
(d) Ethanoic acid is a weak acid.
CH,COOH == CH,COO~ + H*
It can be mixed with aqueous sodium ethanoate to make a buffer solution.

(i) Explain what is meant by the term buffer solution.

(e) 1.02g of metal X reacts with excess ethanoic acid forming 0.912dm? of hydrogen gas.
X +2CH,COOH —> (CH,CO0),X + H,
Identify metal X.

The gas volume is measured at r.t.p.

n, = 0.912 _ 0.0380 mol
¢ 240
ny =n, =0.0380 mol
1.02 (2]
X) = =26.84
A (X) 0.0380

[Total: 12]
Since X is divalent, it is likely to be magnesium.

A
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Polystyrene, nylon 6, Terylene (poly(ethylene terephthalate) (PET)) and neoprene are all polymers.

(a) Complete the boxes in Table 3.1. [8]

(b) Suggest why Terylene is used to make shirts.

l l
C \ /H C \ /CHZ
Cc=C Cc=C
/ \ / \
CH, CHs CH, H
cis trans

(11
(ii) Explain why the neoprene repeat unit is able to exist as cis and frans isomers.

This is because there is restriction rotation about the C=C and each of the double bond

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

(d) A student tries to remove a stain from a Terylene shirt using sodium hydroxide. Explain, in
terms of the structure of Terylene, why this is unwise.

[Total: 13]
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4 (a) A mixture of gaseous reactants and products was allowed to reach equilibrium.

The effects on the equilibrium yield of the products caused by changes in the pressure and in
the temperature of the gaseous mixiure are shown in the graph.

S 550°C
yield .
T 260°C
R 45°C
,’1 '/./
s K
l’ ,'/
s
S
¢/
/l/'
A7
o/
I.l"
.
pressure

(i) Deduce whether the forward reaction is exothermic or endothermic.

Explain your answer using references to the graph and to the equilibrium position.

(ii) Deduce whether the forward reaction involves an increase or decrease in the total
number of molecules in the gaseous mixture.

Explain your answer using references to the graph and to the equilibrium position.

(b) (i) When the temperature of a reaction mixture is increased, the reaction rate increases.

Explain this in terms of the Boltzmann distribution.

molecules increases,.increasing. the. frequency.of collision. Bath.leads to.an increase [2]

in the frequency of effective collsion and hence the rate of reaction.
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(ii) State the effect that increasing the temperature has on the rate constant for a reaction.

I

Explain your answer.

(c) Hydrogen is produced in industry from methane, CH,, and steam, H,0.
CH,(g) + 2H,0(g) == COL(g) + 4H,(9)
This reaction occurs in two stages.
Stage 1
CH,(g) + H,0(g) == CO(g) + 3H,(9) AH = +210kJ mol™"
Stage 2
CO(g) + H,0(g) == CO,(g) + Hy(g) AH = —42kJ mot-!

Complete and label the reaction pathway diagram for the overall reaction between CH 4 and
H,O showing both of these stages.

A

energy

:(-:b--: -3H2 1-|‘T2b )
AR=-42100 N\ CO, + 4H,
AH = +210 kJ
CHs+2HOC /|
-
reaction progress
[4]
[Total: 11]
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5 (a) (i) Complete the electronic configurations of the species K*, O and Fe.

O 12 282 2D e,

(i) The magnetic properties of a substance depend on how its electrons are arranged.

Diamagnetic substances have all of their electrons paired. A diamagnetic substance is
slightly repelled by a magnetic field.

Paramagnetic substances contain unpaired electrons. A paramagnetic substance is
slightly attracted by a magnetic field.

Using this information and your electronic configurations in (a)(i), predict whether each
of the species K*, O and Fe is expected to be diamagnetic or paramagnetic.

| © UCLES & MOE 2021 g’% 8873/02/0/N/21 I
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(b) Name the shape and state the bond angles in a molecule of water, H,0, and in an oxonium
ion, H,O™.
T3

Explain your answers using the Valence Shell Electron Pair Repulsion (VSEPR) theory. You
may draw diagrams to illustrate your answers.

H,0

[Total: 11]
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A chemical company is planning to manufacture a new drug to sell worldwide.

The new drug can be manufactured using one of three different processes, which are labelled A,
B and C in Table 6.1.

The chemical company must decide which of these three processes fo use.

Atom economy is a measure of the amount of starting materials which are in the final product and
is one of the factors which is considered for drug manufacturing processes. The atom economy of
a process can be calculated using the formula:

mass of atoms in the drug
mass of all atoms in the reactants

atom economy =

The chemical company wants to make the drug in large quantities and as cheaply as possible.
However, they must also consider the effect the process might have on the environment.

None of these processes is perfect, each has problems associated with it.

Table 6.1
process A B C
number of stages 4 5 3
made to order by a
. N company 200km readily available | made to order by a
raw material availability
away from the locally company overseas
factory
raw material cost high medium very high
overall energy input at 150kJ mol-" 250kJ mol-" 750kJ mol-"
the factory
high boiling point, volatile,
solvents used _ relatively water
toxic
harmless
atom economy 60% 90% 80%
overall yield 90% 60% 60%
waste toxic harmless toxic

I © UCLES & MOE 2021 ir 8873/02/0/N/21 I
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Consider each of the properties in Table 6.1.

13 .

Suggest which process, A, B or C, would be the most suitable for manufacturing the new drug.

Explain your answer in terms of cost, environmental issues and the need to produce large amounts
of the drug. You should make reference to each of the properties listed in Table 6.1.

The solvent used, atom economy, overall yield and toxicity of waste, taken together all  [Total: 5]
renders process A highly undesirable, while process B will be substantially favoured over
process C, particularly if large amounts of the drug is to be made.

All'in all, weighing all the different factors, process B will be the most suitable for manufacturing

the new drug.
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Section B
Answer one question from this section in the spaces provided.

NI

7 (a) State and explain the difference in the radii of each of the pairs of species in (a)(i) and (a)(ii).
The radii can be found in the Data Booklet.

(i) Atomic radii of a sulfur atom and a chlorine atom.

(ii) lonic radii of a sodium ion and a sulfide ion.

(i) State how the bonding in the oxides of the elements sodium to sulfur changes across
Period 3.

Explain this change in terms of the electronegativities of these elements.

elements increases across Period 3.

I © UCLES & MOE 2021 % 8873/02/0/N/21 I
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(c) Deduce whether SF is a polar molecule. Explain your answer.

i

(d)

|

I

|

The properties of methylamine, CH;NH,, are affected by the strong intermolecular forces
present between methylamine molecules.

Draw a labelled diagram to name and show the strongest intermolecular force present.

Your diagram should include two methylamine molecules.

N
N=p
HSC 5+\H
hydrogen < % A
bond 6_/N\H
H3 o+

I © UCLES & MOE 2021 % 8873/02/Q/N/21 [Turn over I
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(e) Atoms use s and p orbitals to form o bonds and = bonds.

16

(i) Draw a labelled diagram to show how s and p orbitals form a ¢ bond.

head-on
overlap
(>

s orbital p orbital

(ii) Draw a labelled diagram to show the formation of a x bond.

sideway
overlap

g

p orbital p orbital

(iii) Draw the displayed formula of 3-methylbut-2-encic acid, (CH,),CCHCOOH.

Deduce the number of ¢ and x bonds in this molecule.

H H
\ /
H—C H
\ /
C=C H
/ \ /
H—C cC—0
/ \ /
H H O

14 ¢ and 2 &t bonds

I © UCLES & MOE 2021 %‘& 8873/02/0/N/21
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(f) Asample of element X contains three isotopes.

17

Data for two of the isotopes present in this sample of X are shown in Table 7.1.

Table 7.1
mass number abundance
54 36.24%
57 52.35%

The sample of X has a relative atomic mass, A, of 55.79.
Calculate the mass number of the third isotope.

Let the mass number of the third isotope be m.
54x36.24 +57 x52.35 + m x (100 -36.24 - 52.35)
100

=55.79

4940.91+11.41Im = 5579

m =55.92 ~ 56
The mas number of the third isotope is 56.

(g9) Calculate the pH of a sample of sulfuric acid of concentration 0.0125moldm=3.
You should assume that the sulfuric acid is completely dissociated into H* and SO 42‘ ions.

[H"]=2[H,S0,]=2x0.0125
= 0.0250 mol dm
pH=-Ig[H" | =-1g0.0250
=1.60
M

[Total: 20]
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8 (a) (i) Define the term first ionisation energy.

(ii) State the first ionisation energies of sodium and of phosphorus. Use data from the Data
Booklet.

Explain why they are different.

(iii) Explain why the first ionisation energy of phosphorus is greater than the first ionisation
energy of sulfur.

(iv) Suggest, by considering the electronic configurations of these elements, why the first
ionisation energies of the elements Sc to Zn are very similar.

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

the effective nuclear charge experienced by the 4s electrons are very similar, leading to

very similar first ionisation energy.

I © UCLES & MOE 2021 %‘E 8873/02/0/N/21 l



* 0013776982719 *

LT T =

(b) When oxidation and reduction occur there is a movement of electrons.

The unit of charge is the coulomb, C.
The charge on an electron, given to three significant figures, is —1.60 x 10719 coulombs.
(iy Calculate the charge, in coulombs, of 1 mole of electrons.

Use of the Data Booklet is required.
Charge of one mole of electrons =-1.60x10"° x 6.02 x10%
=-96320~-9.63x10* C [1]

(ii) Calculate the charge flowing, in coulombs, when 2.5 moles of bromine molecules are
formed in a displacement reaction between chlorine molecules and bromide ions.

2Br- — Br, + 2e- n_=2n, =50 mol
charge flowing=n_ x-96320 = 5.0 x -96320
— _481600 ~ —4.82x10° C [2]

(c) Use data from Table 8.1 and the energy cycle to calculate the standard enthalpy change of
formation of benzene, AH,®.

AH®
BC(s) + 3H,(g) —> CgH,()

+7%40,(g) +7720,(g)
2 2

6CO,(g) + 3H,0()

Table 8.1
standard enthalpy change of
substance combustion/kJ mol~!
CgHg(1) -3267
C(s) -394
H,(9) ~286

AH?® (CgH, (1)) =6AHZ (C(s)) +3AHZ (H,(g)) — AHZ (C4H, (1))
=(6x-394) +(3x-288) - (-3267)
=+39kJmol™

[2]
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(d) Compound X contains carbon, hydrogen and oxygen only.

X contains 53.3%, by mass, of carbon and 11.1%, by mass, of hydrogen.
The relative molecular mass, M, of X'is 90.

(i) Calculate the empirical formula of X.

In 100 g of X,
C H O
mass /g 53.3 111 35.6
amt/mol iz’—:;’ — 4.44 %:11.1 % ~2.23
mole ratio 2 5 1

Empirical formula of X is C;Hs0.

[3]
(ii) Deduce the molecular formula of X.
Let the molecular formula of X be (C2HsO)n.
n(2x12.0+5x1.0+16.0)=90
45n =90
n=2
Molecular formula of X is CaH1005. [1]
(e) Compound Y has the molecular formula C,H,,0.
Y reacts with ethanoic acid to produce a sweet smelling liquid.
One of the carbon atoms in Y has four different atoms or groups of atoms attached to it.
(i) Draw the displayed formula of Y.
HH Y
H—ij—?—O—H
H H C
H™ T H
H
(11
(ii) Draw the structure of the functional group present in the sweet smelling liquid.
0
— o [1]
[Total: 20]
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