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Answer ALL questions.

MODULE 1: FUNDAMENTALS IN CHEMISTRY

1. (a) State Hess’ law.

(b) The standard enthalpy of formation for potassium fluoride is —562.6 kJ mol~'. Figure 1

shows the energy level diagram for determining the lattice encrgy of potassium fluoride
from experimental data.

A

K'(g) +e + F(g)

T k@+FE
AH,
K(g) + F(g)
E
AH.__, AH5
K(g) + 1/2F (g)
AH,
K(s) + 1/2F (g)
A~ KF(s) Y

Figure 1. Energy level diagram for determining
the lattice energy of potassium fluoride

GO ON TO THE NEXT PAGE
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(i} Statethe type of enthalpy changes represented by AH , AH,, AH, and AH, in Figure

[4 marks]

(i)  Calculate the lattice energy of potassium fluoride, given the [ollowing information:

AH, = +89.6 kJ mol! AH, = +419.0 kJ mol !
AH, =+79.1 kJ mol"! AH, =-332.6 k] mol”!

{4 marks]

(iii)  Comment on the nature of the bonding in potassium fluoride based on the theoretical
lattice energy value of —801.35 kJ mol . compared with the experimental value
obtained in (b) (i1).

[2 marks]

GO ON TO THE NEXT PAGE
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tel A plueent [h ankesl e weltd (He steps Lo Be ellawed 10 determiinling the snthalpy of
neutralization of 50 cm’ of 1.0 M hydrochloric acid and 50 cm® of 1.0 M of potassium

hydroxide. Outline the experimental steps (including calculations) required in the
determination.

[Assume that the densities of the solutions of acid and base. and their heat capacitics are
lgemand 4.18 J g °C respectively.]

[4 marks]

Total 15 marks

GO ON TO THE NEXT PAGLE
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MODULE 2: KINETICS AND EQUILIBRIA

2 (a) State TWO factors which affect the rate of a reaction,

2 marks]

(b) The data in Table 1 were obtained for the reaction between hydrogen and nitrogen oxide
at 800 °C.

‘ I_ _8- _I

2H,(g) + 2NO(g) — 2H.O(g)+ N,(g)

| TABLE 1: DATA FOR THE REACTION BETWEEN HYDROGEN AND NITROGEN OXIDE

: e : Initial Concentration of ] Initial Rate of
Experiment | Initial Concentration - : | ; :
= Nitrogen Oxide/ . Production of Nitrogen/
Number | of Hydrogen/mol dm™ s : o
! mol dm mol dm™s
| _ 1% iD? 6> 10° 310"
3 2% 107 6x10° 6x10°
3 3% 107 6x10° 9x10°
4 6% 107 (Bl E 0.5 %10°
5 6x10° 2% 107 | 20 107
] 6x 107 3x 103 45x%10°
(i)  Define the ‘reaction rate’ in terms of the production of nitrogen.

GO ON TO THE NEXT PAGE
02112020/CAPE 2018

A O O R

0211202008




§ 5

tl From the data, determine the order of the reaction with respect to

hydrogen

[1 mark]
nitrogen oxide.
[1 mark]|
(iii)  Write the rate law for the reaction.
[1 mark]

(iv)  Calculate the value of the rate constant, k. stating the appropriate units.

{3 marks]|

GO ONTO THE NEXT PAGE
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(c) (iy  Suggest another experimental technique which would be suitable to investigate
the rate of reaction between hydrogen and nitrogen oxide.

(i)  The investigation of the effect of concentration on the rate of reaction between
aqueous bromine and methanoic acid (in large excess) is catalysed by acid. Outline
the experimental steps required.

Br(aq) + HCOOH(aq) — 2Br(aq) + 2H7(aq) + CO,(g)

[4 marks]

Total 15 marks

GO ON TO THE NEXT PAGE
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MODULE 3: CHEMISTRY OF THE ELEMENTS

Table 2 provides data on two properties of the oxides of some Group IV elements.
(a) Complete Table 2 by describing the thermal stability of the oxides. [4 marks]
TABLE 2: TWO PROPERTIES OF THE OXIDES OF SOME GROUP IV ELEMENTS
_ Group IV Element Group IV Element
+2 Oxidation State +4 Oxidation State
Property
CcO Si0 PbO Co, Si0, PbO,
Thermal Readil Stable even
stability oxidized to at high
dioxide temperatures
* ?
Melting point _56 1610 200 |
of XO, or
dioxide/°C
GO ON TO THE NEXT PAGE
02112020/CAPE 2018
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(b) Account for the type of structure and bonding of the oxides of the elements C, Si and Pb
in the +4 oxidation state described in Table 2. Use the melting point data provided in the
table to aid your response.

[3 marks]

(¢) Explain the relative stabilities of the oxides of the Group IV elements carbon, silicon and
lead, of oxidation states =2 and -4.

................................................................ o

GO ON TO THE NEXT PAGE
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({85) Buseribe the expected ebservations when
(i)  concentrated hydrochioric acid is added to solid lead(1V) oxide

[2 marks]

(i)  concentrated sodium hydroxide solution is added to solid lead(lV) oxide
|1 mark]|

(iii)  an aqueous solution of Fe?" ions is added to solid lead(1V}) oxide.
|1 mark]
Total 15 marks
GO ON TO THE NEXT PAGE
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SECTION B
Answer ALL questions.

MODULE 1: FUNDAMENTALS IN CHEMISTRY

4. (a) State FOL R basic assumptions of the kinetic theory. with reference to an ideal gas.

|4 marks]
(b) (i) Real gases deviate from ideal gas behaviour under certain conditions of temperature

and pressure. Outline TWO assumptions of the kinetic theory of gases which DO
NOT hold under these conditions of temperature and pressure.

[3 marks]

GO ON TO THE NEXT PAGE
02112020/CAPE 2018
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() Sketeh a graph of #) against £ 1o IHlustrate the deviation of ONE real gas Irom
ideal gas behaviour.

[3 marks]

GO ONTO THE NEX'T PAGE
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(c) (i) Describe the nature of the liquid state in terms of the motion and arrangement of

particles.

[2 marks]

(i) Agassyringe contains 18.4 cm® of air at 57 °C. When 0.187 g of a volatile liquid
is injected into the syringe. the volume of gas in the syringe increases to 54.6 cm?
at 37 °C and 1.01 x 10" Pa. Calculate the molar mass of the liquid.

[3 marks|

Total 15 marks

GO ON TO THE NEXT PAGE
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MODULE 2: KINETICS AND EQUILIBRIA
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5. (a) (i) Define the term “standard electrode potential of a halt-cell’.

|2 marks]

(il)  Draw a labelled diagram to illustrate how the standard electrode potential of the

\
\
.
| Fe'" /Fe* half-cell can be measured.
(ag) [aq )
\
\
]

[4 marks]|
(i)  State TWO uses of standard electrode potentials.

GO ON TO THE NEXT PAGE
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(b) Consider the cell represented below.
Cu(s) | Cu™(aq) || Ag'(aq) | Ag(s)
(i)  Write the cquation for the reaction between copper and silver ions.

[1 mark]
(i) Calculate the standard cell potential.

|12 marks]
(iti)  Assess the feasibilitv of the reaction.

[2 marks]

(iv)  Assess the effect of an increase in the concentration of silver ions on the standard
cell potential. '

Total 15 marks
GO ON TO THE NEXT PAGE
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Table 3 provides information on the properties of halogens.

TABLE 3: PROPERTIES OF SOME HALOGENS

Property Fluorine Chlorine Bromine lodine

State at 20 °C Gas Cias Liquid Solid
Colour Pale yellow Pale green Red brown Black

Melting point/°C ~220 -101 =7 113

Bond energy of the hydrides/ - 5
: t 2

kJ per mol of bonds < = e .

E®/V Hal,/2Hal (aq)/Pt +2.87 +1.36 el -0.54
{a) Explain the trend in volatility of the halogens down the group. s
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GO ONTO THE NEXT PAGE
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(c)

a0 _l

Use the B values and the sodium thiosulfate reagent to explain the relative reactivities of
the halogens as oxidizing agents. [Equations are not required.]

(i)

Describe the reactions of the halogens with hydrogen.

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

[4 marks]

GO ON TO THE NEXT PAGE
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¢y Explaln the trend in the relative stabllities of the hy drides.

(iii) Write a balanced equation for the reaction of ONL halogen with hydrogen.

Total 15 marks

END OF TEST

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.
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