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(¢) Diamond, C, and gold, Au, are both used frequently in jewellery making, but their properties are
very different.

Diamond is very hard and can only be scratched by a substance equally as hard as itself. Gold,
however, is malleable and ductile, and is used to craft intricate shapes and patterns.

Explain how the structure and bonding of each substance results in these properties.
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(d) The development of the Haber-Bosch process, shown in the reaction below, is historically
significant.
N,(g) + 3H,(g) — 2NH,(g) AH =-93.0 kJ mol!

Calculate the average bond energy of the N=N bond in N,, using the average bond energies
listed in the table below for this reaction between nitrogen, N,, and hydrogen, H,, that produces

ammonia, NH,.

Bond Bond energy (kJ mol ™) dr
H-H 436 N=N b |
N-H 391 "
)
Ny C2xN) A= 930 kf rol’
By (H:L‘L) =

Foko H-HZ W36 3x(W36xT) 26l

e

N-H = 34| kj !

)NH3

2x( 34l %) :&?)‘__Jr_(?

26\~ 2346 = 270

230 - 13 = 41§

177 iv mol”!

N, (NZN) borl = 177 k) mol”
v
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(¢c) Draw the Lewis structure (electron dot diagram) for each of the following molecules, and give
their shapes.
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(d) The table gives information relating to the shape of each molecular substance.

Solid name Methane Ammonia

H

I N
Shape diagram c Tl e

Tl H

H
Bond angle 109.5° 109.5°
Molecular shape Tetrahedral Trigonal pyramid

Compare the two shapes and explain the factors that contribute to:
. arrangement around the central atom

e molecular shape.
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Extra space if required.
Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

A4

The candidate was awarded A4 as they calculated moles from a
given mass and identified types of solids when given data. They
recognised the relationship between melting point and forces
between particles, but were unable to describe particle types and
lacked detail when describing the hardness of diamond or
malleability of gold. Two incorrect calculations in bonds broken
and a subtraction led to an achieved grade being awarded for part
(d).

Two

A4

The candidate was awarded A4 as they were able to identify most
exothermic and endothermic statements, correctly identified that
bonds were made, and that condensation is an exothermic
reaction with energy is released. They were awarded a merit point
for part (a). In part (b), tetrachloromethane is correctly identified
as a non-polar molecule and electronegativity is explained
appropriately. However, the discussion in part (b)(iii) lacked any
mention of bond dipole cancellation. Two of three solubility options
were selected correctly in part (c), and in part (d) they recognised
that attractions (or lack of them) were required for a solute to
dissolve in water and failed to draw a diagram.

Three

A3

The candidate was awarded A3. There was no achievement for
part (a) as they failed to describe the basic structure of either
allotrope or identify that mobile charged particles are needed for
conductivity. An achieved point was awarded for part (b) as they
correctly calculated moles from the second calculation. One Lewis
diagram was correct in part (c), and the shapes were incorrect, so
no point was awarded here. In part (d), the shape and bond angle
of methane is correctly discussed using VSEPR theory. Ammonia
lacks the parent shape; a merit point was awarded here.




