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Answer all questions in the spaces provided.
Write your answers clearly. Show all working.
The total marks allocated to the paper are 40 marks (Section A 10 marks, Section B 30 marks)

The time allocated to the paper is 30 minutes.

SECTION A General chemistry knowledge

NOTE In general don’t penalise spellings unless specifically indicated.

1.

Circle all of the following elements that exist as diatomic molecules. (1 mark)
2 mark for each correct answer; 2 mark deducted for each incorrect answer down to zero.

helium sulfur

Calculate the relative formula mass of Mg(OH).. (1 mark)
(Relative atomic masses: Mg =24,0=16and H=1)

DA 4+ (2% 16) # (2 X 1) 2 58.voreeeeeeeeeeseeeeeeeeseeeeeeeseseeseseeesseseseeeseeseseesseeseseseseses s seseses e seseeeseesesens

State the charge (i.e. +1, +2, -1, -2 etc.) on each of these complex ions; (3 marks)
Ammonium, NHs? +1 .
Sulfate, SO47 2.
Carbonate, CO37 -2 .ooiiiiieeieeeeeeeeeeee.

The process of fracking is associated with the extraction of which gas from natural resources?

Methane / CHa/ natural gas .......ccoooeieeiiiei i (1 mark)

Balance the following equation for the decomposition of the explosive TNT. (1 mark)
.......... C7HsN3Os — .....7/2.C + .7/2..CO + .52 H0 + ...3/2.. N2
or...2..C7HsN3Os — ... 7.C+ . 7.CO + 5H0 + .. 3...N2

Complete the dot and cross diagram to represent the bonding in hydrogen peroxide, H20x.

(1 mark just for correct number
of electrons in correct places)

Name the scientist who discovered that electrons orbit the nucleus of an atom in distinct energy

levels or shells. (1 mark)
1= 3 = To] o PSP P PP PP RPPPPPPPPPPPPP
Which of the following is not a consequence of global warming. (1 mark)
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Hole in the ozone layer Sea levels rising Increase in the global mean temperature

Total: 10 marks
SECTION B Questions linked to this year’s theme of Materials

9. This question is about metals, their properties and uses.
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The diagram below shows the bonding in a metal.

metal atom
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(a) State one property of a metal.

Use an understanding of the bonding in the metal to explain why the metal has this

property. (2 marks)
Property High melting point Conduct electricity Malleable
(1 mark)
Explanation | Strong metallic bonds / strong | Delocalised electrons | Layers of atoms can
(1 mark) attraction between positive are free to move to slide over each other
metal centre and negative carry the charge
electrons

(b) Metals are held together by metallic bonds. This is the electrostatic attraction between
the positive metal centre and the negative delocalised electrons.

Predict which of the two metals lithium and sodium will have the higher melting point.

Explain your answer. (3 marks)
Metal with higher melting point Lithium (1 Mark) ...........couueeeiiieieieeeeee e
Explanation Lithium atom is smaller / smaller atomic radius (1 mark) .........cccceeevrvvvvrvvvnnnnn.

Therefore there is a stronger attraction between the +ive metal centre and —ive electron.
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(c) The table below provides some
information about the materials used
to make the Olympic medals for the
recent 2018 Winter Olympics in

PyeongChang.
© By Vytautas Kielaitis / Shutterstock

Medal Composition Overall massing
Gold A silver medal with a purity of 99.9% 586

plated with 6 g of gold
Silver Solid silver medal with a purity of 99.9% 580
Bronze An alloy made of 90% copper and 10% 493

zinc by mass

What is the mass of copper in a bronze medal? (1 mark)

0.9 %493 g =443.7 G Or 444 g ccoiieii e

What is the mass of silver in a gold medal? (1 mark)

586 G — 6 0 = 580 guuiieeeiiiiiiiiii e e a e e e r e e e e e ra s

If silver sells at £4.52 for 10 g and gold at £342 for 10 g, calculate the cost of a gold
medal. (3 marks)

Cost of silver =580 g x (£4.52 /10 ) = £262.16 (1 mark) (allow ecf from part ii)..........
Costof gold =6 g x (£342/10 ) = £205.20 (1 MaArk).....ccevereeemeeeeiiiiiiieeeeee e

Total = £467.36 or £467 (1 mark; correct answer with no working = 3 marks).............
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10.

This question is about polymers.

Polymers are very large molecules
formed by joining together lots of
small molecules called monomers.

One common polymer is polyethene.

This is formed by joining together lots of ethene molecules in a process called addition
polymerisation.

The diagram below shows the process.

oA Y.
\ /
C=C ——> —C-C-C-C-C—-C—-C—-C—C—C-
! \ I I I I I I I I I I
H H HHHHHHHHHH
ethene polyethene
(a) State the chemical formula for a molecule of ethene. (1 mark)
C2H4 .....................................................................................................................................

Instead of drawing out the whole polymer, you can draw a small part of it, called the repeating
unit. The polymer is made up of this unit repeated over and over again.

(b)  Which diagram correctly shows the repeating unit of polyethene? (1 mark)
i g i G
o~ ¢
H HJp HH Jn
H - H H H
1
i 1
H CNJ, HHJ,

Another type of polymer is a polyester.
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This is formed when a dicarboxylic acid reacts with a diol. The diagram below shows the
reaction.

O O
n Ho— —on + n ., R R
/C_ _C\ O—- —O—C- 'C + 2I7 Hzo
HO OH
n
diol dicarboxylic acid polyester
(c) i. Why is this type of polymerisation known as condensation polymerisation?
Water or a small molecule is lost or produced in the reaction ........................ (1 mark)

ii. Draw the repeating unit of the polyester formed when ethanediol reacts with
propanedioic acid.

Use the example above for guidance. (2 marks)
o
N HO—CH,CH,—OH + N C__cH—C
Ho” ? "SoH
ethanediol propanedioic acid

0
] 1]
O—CHLH,—0—C—CH,—C

.......................................................................................... + 2n H>O

1 mark correct ester linkage in middle
1 mark correct remainder
NOTE ‘O’ can be either on left or right hand edge of repeating unit

Brackets and ‘n’ not required

(d) Kevlar® is another example of a condensation polymer.
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It is extremely strong and is used for protective clothing such as bullet proof vests and
cut resistant gloves.

Kevlar® is formed from the reaction of a diamine with a diacyl chloride. In this case 2n
molecules of HCI are eliminated.

Draw the repeating unit of Kevlar®. (2 marks)
O\ /O
n H2N NH2 + n \C C/
/ \
Cl Cl
diamine diacyl chloride

........................................................................................... + 2n HCI

1 mark correct amide link in middle
1 mark correct remainder of structure
NOTE ‘NH’ can be either in the right or left hand edge of the repeating unit

Brackets and ‘n’ not required

This resource was downloaded from rsc.li/3gug5PK Top of the Bench 2019


https://royalsocietychemistry-my.sharepoint.com/personal/runcimanc_rsc_org/Documents/Home/Projects,%20products%20and%20services/Top%20of%20the%20Bench/Past%20papers/rsc.li/3gug5PK

1.

This question is about allotropes of carbon.

Allotropes are different forms of the same element.

Diamond

(@) The image shows the structure of one allotrope of carbon, diamond.

Use an understanding of the bonding in diamond to explain why it has a high melting
point. (2 marks)

Need to break covalent bonds to melt it. (1 Mark) ......coooeviiiiiiiiiiiiiiieeeeeeeee e

This requires a lot of energy / bonds are strong (1 mark).........cceveevviiiin e,

or You need to break many strong covalent bonds (2 marks) ......ccoeeeveeiieeiiienieeeeeeee

(b)  Another allotrope of carbon is a carbon nanotube.

i. (1 mark)
SR SRSRSR
ii. Predict if carbon nanotubes conduct electricity.
Use an understanding of the bonding to explain why / why not. (2 marks)

Yes they conduct electricity (1 mark; must be correct to gain explanation mark)....
Only 3 electrons per carbon are used in bonding so each carbon atom

has 1 free electron to carry the charge (not just it has free electrons) (1 mark)......
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(c) In 1985 Sir Harry Kroto and his co-workers
discovered that Ceo molecules could form
spontaneously from a condensing carbon
vapour.

The Cgo molecules were named Buckminster
fullerene.

The image shows a molecule of Buckminster
fullerene.

This is often referred to as a bucky ball owing
to the molecule having the same symmetry
pattern as a football.

i. A bucky ball has a diameter of 1.01 nm.

Express this diameter in units of metres using standard form. (1 mark)
IO Tt O o PSSR PSN

ii. Bucky balls are often used as a catalysts because they have a large surface area
to volume ratio.
Calculate the surface area to volume ratio of a bucky ball. (4 marks)
The surface area of a sphere = 4nr?
The volume of a sphere = % mr3
n=3.14

Show all working.

r=1.01nm/2=0.505NM (1T MaArK).cccooiieiieeiieee e,
Surface area =4 x  x (0.505 nm)? = 3.205 NnM? (1 Mark)......cccoocereeeecveeeeecieeeeenns
Volume = 4/3 x 1 x (0.505 nm)3=0.5395 nm3 (1 Mark) .....cccceecererierencineeiieeeeen.

Surface area : volume ratio = 3.205: 0.5395=5.94 : 1 or 1:0.168 (1 mark)......

WOrKing MUST DB SNOWIN ..ieiiiiiieeee ettt ettt et et e e e et e et e e e s e s et reareanns

or if calculations completed in UNItS OF M..........uuueuuueeeeeeeiieecsessesssessseeeaens
r=1.01x10°m/2=5.05%107"2mM (1 Mark) .....ccoovrrreeiirmreeeeciiee e
Surface area =4 x 1t x (5.05 x 10" m)? = 3.205 x 10" m? (1 mark).........c...........
Volume =4/3 x 1 x (5.05 x 1019 m)3=5.395 x 102 m3 (1 mark).....ccccceerrcrererunenn.
Surface area : volume ratio = 3.205 x 108: 5.395 x 10-28

=5.94 x 10% 1 or 1:1.68 X 10719 (1 Mark) ....ceeeeecueeeeeeeieee e
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(d) Scientists at the University of Manchester received the Nobel Prize for Physics in 2010
for experiments they had carried out on a third allotrope of carbon, graphene.

Graphene is a single layer of carbon atoms joined together in hexagons.

If the C-C bond length in graphene is 0.142 nm, calculate the distance across a single
hexagon, labelled distance AB on the image. (3 marks)

There are a number of ways to complete this calculation;

1. USING PYIN@GOIaS; .. . it e e e e e e e e e e e e
(1 mark for diagram) .........ccccvvvveevverivenineninnnennn,
< (0.284 nm)? = AB? + (0.142 nm)? (1 mark) .........
e
¥ AB? = 0.080492 NMZ.......cooeeveeeeeseeeeeseseeeeees
+ 0.142 nm
g
0O AB = 0.246 nm (correct answer = 3 marks) .......
Al B
2. USING trigONOMEIIY; ...
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(1 mark diagram) .........oeeeeeeeeeeieeeiiiiiieiinienieeenes
tan 30°=0.142 nm/AB (1 mark) ....ccc...eeeuueeee

AB = 0.246 nm (correct answer = 3 marks) .....

0.142 nm

\ 30°
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