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Section A

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

1 (a) (i) Draw the ‘dot-and-cross’ diagram for a molecule of ammonia, NH,.

XX
chbjon
H
(1]
(i) State the bond angle in a molecule of ammonia and the name of the shape of the

molecule.

Explain your answers using the Valence Shell Electron Pair Repulsion theory.

(iii) Deduce whether ammonia is a polar molecule.

Explain your answer.

(b) (i) Draw a ‘'dot-and-cross’ diagram for a molecule of nitrogen dioxide, NO.,,.

Assume that each molecule contains a N-O single bond and a N=0O double bond and
that each oxygen atom has 8 electrons in its outer shell.

N,
O 0:

[1]
(i) Suggest a value for the bond angle in a molecule of NO,. Explain your answer.

electron pairs, giving an angle larger than the ideal 120° for a trigonal planar. ........ [1]
[Total: 7]
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2 (a) Electron affinity is a measure of the attraction of the nucleus for an incoming electron.

The factors which affect the attraction between the nucleus and the incoming electron are the
same as those which affect ionisation energy: the charge on the nucleus, shielding by inner
electrons and the distance of the outer electron sheli from the nucleus.

The first electron affinity is defined as the amount of energy released when one mole of
gaseous atoms gains one mole of electrons to form one mole of gaseous 1- ions.

X(g) + e —> X(g)
A stronger attraction between the nucleus and the electron releases more energy.

(iy Suggest what happens to the magnitude of the first electron affinity across Period 3
elements from sodium to chlorine. Explain your answer.

(i) Suggest an equation to represent the second electron affinity of X.

K)o R D) 1]

(b) The charge on an electron is —1.60 x 10~"° coulombs.

Magnesium reacts with chlorine to form magnesium chloride, MgCl,,.
Calculate the charge removed from one mole of magnesium atoms as they form one mole of
magnesium chloride, MgC/,,. Show your working.

Mg(g) — Mg?(g) + 2e
amount of electrons removed = 2 x amount of Mg
=2 mol
charge of 1 mole of electrons = -1.60x107"° x6.02x10*
=-96320 coulombs
charge removed from 1 mole of Mg atoms =2 x -96320
| = -192640 coulombs

charge removed = ............... =192640. . .. . coulombs [2]

[Total: 6]
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Soaps and detergents are both used to clean many surfaces including skin.

The ions present in some water samples make it difficult for soap to work effectively because the
ions in the water react with the soap. Detergents are not affected by these ions.

Hair shampoo contains detergent and anionic surfactant molecules.

After a few days of not washing hair, it feels greasy and looks dull. This is because the skin
produces a covalently-bonded oily substance which coats and protects the hair and gives it a
natural shine. But when the oily substance builds up it causes strands of hair to stick together and
particles, such as dust and pollen, stick to it.

Detergent and anionic surfactant molecules in the shampoo have two distinct parts. Each moiecule
has a hydrophilic head which bonds to water molecules and a hydrophobic tail which bonds to the
oily substance, as shown in Fig. 3.1.

hydrophilic head,
bonds to water

hydrophobic tail, bonds to oily
substance

Fig. 3.1

The anionic surfactant molecules contain a negative charge at the hydrophilic head. This increases
the solubility of the oily substance and so it does not bond to the hair. The oily substance, detergent
and surfactants can be rinsed out of the hair with water.

To give the hair back its shiny look and soft feel, conditioners are often used after shampoo.
Conditioners often contain cationic surfactant molecules which have a positive charge at the
hydrophilic head. These cationic surfactant molecules bond to individual hair strands and do not
rinse off the hair.

(a) One type of solid soap is called sodium stearate, C,gH,;0,Na.

A solution of sodium stearate in water reacts with dissolved calcium and magnesium ions in
water to form a solid scum.

Write an equation including state symbols for the reaction of sodium stearate with dissolved
calcium ions.

(b) (i) Detergents are often made from chemicals found in crude oil (petroleum).

Suggest which elements are in the organic hydrophobic part of the detergent molecule.

(i) Suggest what type of bonding is within the hydrophobic part of the detergent molecule.

Explain your answer.

| © UCLES & MOE 2022 i 8873/02/0/N/22 I
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(iii) Suggest the forces of attraction that exist between the hydrophobic parts of the detergent
molecule and the oily substance.

R

(c) Suggest the forces of attraction that exist between the hydrophilic parts of the detergent
molecule and water. :

(d) Suggest the forces of attraction that exist between the cationic surfactant molecules in
conditioners and hair.

(e) Suggest why the cationic surfactants in conditioner cannot be rinsed off the hair and the
anionic surfactants in shampoo can be rinsed off the hair.

[Total: 9]
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4 (a) A farmer finds that the shells of several eggs from his hens crack when they are picked
up. He sends some eggs to a chemist to find the percentage of calcium carbonate in the
eggshell. The eggshells of hens should be a minimum of 88% calcium carbonate so that they
do not crack. If it is less than 88% then the feed given to the hens will need to be changed.

The chemist grinds the eggshells into a powder and then adds 3.62g of the eggshell powder
to 100 cm?3 of 0.500 moldm™2 hydrochloric acid. The acid reacts with the calcium carbonate in
the eggshell powder.

CaCO,4(s) + 2HCl(ag) —> CaCl,y(aq) + CO,(g) + H,O(l)

The acid is in excess.

When the reaction stops, the chemist transfers the mixture to a volumetric flask and dilutes
the solution to 250cm?3 with deionised water.

25.0cm3 of this diluted solution requires 20.40cm?® of 0.0500moldm=3 aqueous sodium
hydroxide for complete reaction.

(i) Suggest how the chemist knows when the reaction between the eggshell powder and
dilute hydrochloric acid is complete.

(ii) Explain why the chemist does not use sulfuric acid to react with the calcium carbonate in
the eggshell powder.

CaCO,4(s) + H,SO,(aq) —> CaSO,(s) + CO,(g) + H,O(l)

I © UCLES & MOE 2022 Eﬁ% 8873/02/0/N/22 I
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(iii) Table 4.1 shows some data on six indicators.

\l

T

Table 4.1
indicator colour in colour in pH range of
acid alkali colour change
methyl orange red yellow 3.2-44
methyl red red yellow 48-6.0
bromocresol purple yellow purple 52-6.6
bromothymol blue yellow biue 6.0-7.6
phenolphthaiein colourless pink 8.2-10.0
thymolphthalein colourless blue 8.8-10.5

The volume of sodium hydroxide used to neutralise the hydrochloric acid is determined
by titration.

State and explain which indicator is the most suitable for the neutralisation of hydrochloric
acid by aqueous sodium hydroxide.

The pH when the strong acid, hydrochloric acid, is just neutralised by the strong base,

(iv) Calculate the number of moles of calcium carbonate in the eggshell powder.

amount of NaOH used = % x0.0500=1.02x10"% mol

NaOH + HC! — NaCl! + H.0O
amount of HCI in 25.0 cm of diluted solution = amount of NaOH used =1.02x10 mol

amount of HCI in 250 cm?® of diluted solution = 25% x1.02x107°% =1.02x102 mol

initial amount of HCI present = 10000 %x0.500 =0.0500 mol

amount of HCI reacted with eggshell =0.0500 —1.02x 1072 = 0.0398 mol

amount of CaCO, present in eggshell = % x amount of HC! reacted

_ % «0.0398 = 0.0199 mol

(5]

(v) Calculate the percentage of calcium carbonate in the eggshell. State if the farmer needs
to change the feed.

mass of CaCO, in the eggshell =0.0199 x(40.1+12.0+16.0x3)=1.992 g

percentage by mass of CaCO, in eggshell = %MOO =55.0%

Since the percentage of calcium carbonate in the eggshell is less than 88%, the
farmer needs to change the feed.

—

2]
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(b) (i) The percentage of calcium carbonate in the eggshell can also be calculated by heating
the eggshell.

When the reaction is carried out in a closed system, an equilibrium is set up.
CaCO,(s) == CaO(s) + CO,(g)
Deduce the effect of increasing the pressure on this equilibrium reaction.

Explain your answer.

(i) Calcium oxide reacts with water to produce a solution.
The solution forms a white precipitate on reaction with carbon dioxide gas.

Suggest the equation for the reaction of calcium oxide with water. Include state symbols.

[Total: 14]
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5 Geosmin is one of the chemicals responsible for the earthy smell after rain.

geosmin

CH,

HO
CH,

(a) Deduce the molecular formula of geosmin.

C12l0200 et et er e ee e 1]
(b) Geosmin reacts with concentrated sulfuric acid at 170°C.
(i) State the type of reaction which occurs.
I O ettt ettt ettt ee e 1]
(ii) Suggest the structure of the product formed.
CHj;
CH;
(1]
(c) Geosmin reacts with ethanoic acid in the presence of concentrated sulfuric acid.
(i) State the type of reaction which occurs.
CONAENSANION et en e M
(if) Suggest the structure of the product formed.
CH;
HsC (o)
DL
o 1]
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(d) When grass is cut it releases chemicals which give the characteristic freshly-cut grass smell.

One of these chemicals is CH3CHZCHZCH=CHCH20H.

(i) Draw and identify the cis and trans isomers of CH,CH,CH,CH=CHCH,OH.

CH3CHZCH\2_ /CHZOH H _ /CHZOH
H/C C\H CH3CH2CHIS C\H
or OH or
\/J NN
cis trans

[2]
(iiy State what feature of the double bond allows this molecule to show cis-trans isomerism.

Restricted rotation about the carbon-carbon double bond.,

(iii) Suggest a chemical test to confirm the presence of the alkene functional group in
CH,CH,CH,CH=CHCH,OH.

(iv) For the chemical test suggested in (iii), state the observation that confirms the presence
of the alkene functional group.

[Total: 10}
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6 (a) When magnesium reacts with dilute hydrochloric acid, the rate of reaction changes with time.
The concentration versus time graph for this reaction is shown in Fig. 6.1.

A

concentration of HCI(aq)

time
Fig. 6.1

Explain in term of particles why the rate of this reaction decreases with time.

I © UCLES & MOE 2022 @f{é 8873/02/0/N/22 [Turn over
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(b) Some transition metals and their cations can act as catalysts in reactions.

When aqueous ethanedioic acid, (COOH),, reacts with acidified manganate(V1I) ions, a
different curve is obtained. This curve is shown in Fig. 6.2.

A

concentration of (COOH),(aq)

time

Fig. 6.2
The reaction starts slowly, speeds up and then slows down.
(i) An exothermic reaction can produce a curve of this shape.

Explain in terms of particles why an increase in rate may be seen during an exothermic
reaction.

frequency of effective collision too. When the frequency of effective collision increases,

the rate is seen to increase.

I © UCLES & MOE 2022 B 8873/02/0/N/22 l
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This reaction is done in a water bath with a constant temperature of 60°C.

The equation for this reaction is shown.
5(COOH),(aq) + 2MnO, (aq) + 6H*(aq) —> 2Mn2*(aqg) + 10CO,(g) + 8H,0(l)

Suggest why the rate of this reaction is low at the beginning and increases during the
reaction.

or.equals to this lower activation energy to.increase, henge.increasing.the.rate..............
[2]

Suggest what causes this reaction to stop.

This reaction stops when at least one of the reactant is completely used up. . .. .. . .

..................................................................................................................................... [1]

[Total: 7]
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7 (a) Hydrogen has three isotopes, |H, H and ®H.

Explain the meaning of the term isotope. Use the three isotopes of hydrogen as examples to
explain your answer.

(b) Boron has only two naturally occurring stable isotopes, °B and 1'B.

The relative atomic mass of a sample of boron which contains only these two isotopes is
10.8.

Calculate the relative abundance of each of the two stable isotopes.

Show your working.
Let the percentage abundance of '°B be x%. Hence the percentage abundance of "B is
(100-x)%.

X 104190 -X 41108

100 100
10x + 1100 —11x = 1080

x =20.0
Hence, percentage abundance of '°B is 20.0%, while that of "'B is 80.0%.

[2]
(c) Complete the electronic configuration of each species.

2g2- 152 257 2p° 3s” 3p° .

0Co  1s? 2s2 2pb 3s? 3pb 3d” 4s2

[Total: 7]
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Section B

N

Answer one question from this section in the spaces provided.
8 (a) State whatis meant by each of the terms ionic bond, covalent bond and metallic bond.

Include electrostatic attraction in each of your answers.

metallic bond ..Electrostatic forces of attraction between.the sea.of delocalised electrons

and the residual cations.

(b) Explain why diamond has a melting point of approximately 4000 °C and methane has a lower
melting point of —182°C.

Include the bonding and structure of each substance in your answer.
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(c) Bonds in a carbon dioxide molecule are made using s orbitals and p orbitals.

Draw labelled diagrams to show the ways in which these two orbitals can be used to make a

o bond and a & bond.  bond 7 bond

side-on overlap

s( >

head-on overlap

[2]
(d) The expression for K, for an equilibrium reaction is shown.
_ [ARB]
°” [CIDP
(i) Deduce the equation which represents this equilibrium.
o 3D a2 B et et [1]
(i) Deduce the units of K.
2
_ (mol dm’3) (mol dm’s) 1
units of K, = = =mol™" dm’
(mol dm‘3)(mol dm™ s
units of K, = covveerveeeennnns! mol~"dm® ... [1]

(iii) When the equilibrium is established at a lower temperature, the value of K_ increases.

State and explain what can be deduced about this equilibrium reaction.

(e) KMnO, reacts with sodium sulfite and water. The reaction can be represented by the equation
shown.

3Na,S0, + 2KMnO, + H,0 — 3Na,SO, + 2MnO, + 2KOH

Identify the species being oxidised and the species being reduced in this reaction. Include the
oxidation numbers in your answer.

The sulfite ion SO52- is oxidised as the oxidation number of sulfur increases from +4 in

I © UCLES & MOE 2022 %}E 8873/02/0/N/22 |
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(i) Define the standard enthalpy change of formation.

(i) A scientist made glucose from carbon, hydrogen and oxygen.
6C(s) + 6H,(g) + 30,(g) — C4H,,04(s)
The enthalpy change of formation of this reaction is difficult to measure directly.

Calculate the standard enthalpy change of formation of glucose using the data in
Table 8.1 and the energy cycle in Fig. 8.1.

Table 8.1
AH g(glucose(s)) / kJ mol~" —-2801
AHZ(H,O(1)) / kJ mol~" —286
AH¥(CO,(g)) / kd mol™ -393.5

6C(s) + BH,(g) + 30,(g) ——» C4H,,04(s
9)

)
+ 602\ /302@
)

6CO,(g) + 6H,0

Fig. 8.1

AH? (glucose(s)) = 6AH, (CO, (g)) + 6AH. (H,0(1)) - AHZ (glucose(s))
~6x(~393.5) + 6 x (~286) - (~2801)
=-1276kIJmol™

(3]
[Total: 20]
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9 (a) State and explain the trend in volatility down Group 17.

(b) Reactivity decreases down Group 17.

(i) Write an ionic equation for the reaction of chiorine gas with aqueous potassium iodide.

(ii) State which substance in this reaction is the reducing agent.

Explain your answer.

(c) State and explain the trend in thermal stability of the hydrides of Group 17.

Include data from the Data Booklet in your answer.

(d) Hydrogen chloride dissolves in water to form hydrochloric acid.
Hydrochloric acid is a strong Bronsted-Lowry acid.

(i) Explain the meaning of the term strong Bransted-Lowry acid.

(ii) Calculate the pH of 0.0124 moldm=2 hydrechloric acid.
Give your answer to three significant figures.

pH=—Ig[H' (aq) | =—Ig(0.0124)
=1.91

[1]
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(e) Sodium and sulfur are both in Period 3 of the Periodic Table.

The melting point of sodium oxide is 1275 °C and of sulfur trioxide is 17 °C.

(i) Explain how the electronegativity of these elements influences the bonding in each
oxide.

bonding, while S with a moderate electronegativity. results.in polar covalent bonding. [1]

(ii) Explain the difference in melting points of the two oxides. Include the structure of each
oxide in your answer.

lower melting point of 17 °C.
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(f) Astudent does an experiment to find the enthalpy change of combustion of ethanol.

20

The apparatus is shown in Fig. 9.1.

M thermometer
///
| beaker
|l water
______ S S I
spirit burner
ethanol
Fig. 9.1
The student burns the ethanol for 10 minutes.
Table 9.1 shows the data recorded by the student.
Table 9.1
mass of water /g 150
initial temperature of water /°C 22.5
final temperature of water /°C 44.0
initial mass of spirit burner and ethanol /g 49.63
final mass of spirit burner and ethanol /g 48.98

The specific heat capacity of water is 4.18Jg~'K~'.
(i) Calculate the energy given out by the ethanol. Use the data in Table 9.1.
energy given out by ethanol=mcAT =150x4.18 x (44.0 - 22.5)

=13480.5J .
~ 13500 J

I © UCLES & MOE 2022 %?% 8873/02/0/N/22
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(i) Calculate the enthalpy change of combustion of the ethanol, AH (C,H;OH).
mass of ethanol used =49.63-48.98=0.65 g

0.65

12.0x2+1.0x6+16.0
=0.01413 mol

i

amount of ethanol used =

ethalpy change of combustion of ethanol = _13480.5 J mol”
. 0.01413

=-954034 J mol™ [2]
~-954 kJ mol™
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(g) The enthalpy change of combustion of four alcohols are shown on the graph in Fig. 9.2.

number of carbon atoms in the alcohol
0 1 2 3 4 5

~500

~1000 \

enthalpy change
of combustion 1500
/kJmol~!

-2000 XY

-2500

-3000

-3500

Fig. 9.2
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(i) On the grid, plot the value for the enthalpy change of combustion calculated in (f)(ii).

i

If you were unable to obtain a value in f(ii), please use the value of —14690.3 J.
This is not the correct answer.
Draw the best-fit straight line. [1]

(i) Describe the relationship between the enthalpy change of combustion and the number
of carbon atoms in the alcohol.

(h) The value the student obtained for the enthalpy change of combustion in (f)(ii) is less negative
than the actual value.

Suggest what might have caused this value to be less negative than expected. Do not include
errors in measurement.

[Total: 20]
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