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QUESTION ONE

(a) Complete the following table.

Symbeol Electron configuration (use s, p, d notation) Charge | Atomic
of number
particle ‘ _
V3
¢l 1312512?“"3&1395% 0 s
2 z24 7 o 2 L +2 20
Ca [s"2s ZF 353 p
M 67257 2pb 8" 3p° X 345 €2 | 25

() (i) Define the term electronegativity.
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(i) Explain why the electronegativity of chlorine is greater than that of phosphorus.
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(¢) The following graph shows the first ionisation energies of the Group 2 elements from Be to Ba.

First ionisation energies of Group 2 elements
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(i)  Write an equation to show the first ionisation energy for the element calcium.

Ca@ — Ca'@\) ‘e

(i) Explain the trend shown of first ionisation energies of the Group 2 elements.
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QUESTION TWO
Molecule Boiling Point / °C M/ g mol!
Hydrazine, N,H, 114 32
lodomethane, CH,l 42.4 142
Decane, C,;H,, 174 142

Use the information in the table above to compare and contrast the boiling points of the substances
below.

In your answers, you should:
. list the types of intermolecular forces present for each substance

. explain the relative strength between the particles involved.

(a) (i) Hydrazine and iodomethane.
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(b) Explain why the solubility of hydrazine in water is greater than that of decane in water.
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(c) Carbon dioxide and water are formed when decane burns completely in oxygen. The reaction
is shown in the equation below.

CyoHap(d) + 1540,(g) ~ 10C0,(g) + 11H,0(0)
Calculate the enthalpy of combustion for decane, given the following data:
AH® (C) H,,(£)) =301 kI mol™!
AH° (C) —393 kJ nrol!
AH° (H,) =..286 kJ mol!
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(@
N,H,(£) + O,(g) — N,(g) + 2H,0(g)

'This is an exothermic reaction.

Explain the entropy changes associated with this reaction.
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The reaction for the complete combustion of hydrazine is shown in the equation below.
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Chlorine, Cl,, bromine, Br,, and iodine, L,, are all halogens.
Bromine is a liquid at room temperature.

QUESTION THREE

(@ () Inthe box below, tick the type(s) of intermolecular attractions in liquid bromine.

Intermolecular attraction Tick (v

Temporary dipole-dipole attractions v

Permanent dipole-dipole attractions

Hydrogen bonding

(if) Explain why bromine is a liquid at room temperature, whereas chlorine is a gas.
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(b) (i) Write an equation for the sublimation of iodine in the box below.

-I 2 {s) IL (cg)

(it}  Define the enthalpy of sublimation for iodine.
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Question Three continues
on the following page.
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(ili) Explain why the sublimation of iodine is spontaneous, even though the enthalpy of Astessng
sublimation is a positive value. :
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Iodine forms a linear I, ion.

(i) Draw the Lewis structure for the I,™ ion in the box below.
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(i) Explain why the I, ion has a linear shape.
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(iif) IF, has a square pyramidal shape. 2 ! ASSESSOR'S

Indicate whether the molecule IF, is polar or non-polar.

Circle your choice. non-polar

Justify vour choice.
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Grade
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Annotation

M6

The candidate understands the factors that affect electronegativity and
ionisation energy. However in order to get an excellence level answer for
electronegativity, the candidate needs to show understanding that
electronegativity involves the attraction of bonding electrons in order to form a
bond. In order to earn excellence for ionisation energy, the candidate should
recognise that moving down a group increases shielding due to more electron
shells, but there is not more electron-electron repulsion within a shell.

M5

The candidate shows some understanding of intermolecular forces. However,
they needed to recognise that even though iodomethane is a much larger
molecule with more temporary dipole attractions, hydrazine requires more
energy due to the strength of the hydrogen bonds. They also needed to realise
that although decane has the same molar mass, there are far more electrons
therefore far more temporary dipole attractions. Solubility in water is best
explained with reference to the strength of attractions between the solvent and
solute. The entropy of the reaction requires an explanation of entropy changes
in both the system and surroundings in order to be at excellence level.

A4

The candidate needed to refer to the larger molar mass with more electrons,
and hence stronger temporary dipole attractions of bromine compared to
chlorine. The spontaneity of the reaction of iodine needs reference to the idea
that the increase in entropy of the reaction offsets the decrease in enthalpy
despite the latter not being favoured. In order to improve the answer for the
polarity of IF5, there needs to be an explanation of why the molecule is not
symmetrical.






