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Answer ALL questions.

MODULE 1: FUNDAMENTALS OF CHEMISTRY

1. Figure 1 shows the wavelengths of the most

prominent lines in the visible region of the atomic
hydrogen spectrum.

| [
400 nm T 700 nm

Figure 1. Wavelengths of the most prominent lines in the visible region of the atomic
hydrogen spectrum

(a) () Lxplain how the atomic emission spectrum of hydrogen is produced.

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

(i) Identify the series of lines in Figure 1.

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

GO ON TO THE NEXT PAGE
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{1} Assess how the series of lines in Figure 1 provides evidence for discrete energy
levels in hydrogen.

[4 marks]

(iv)  InFigure 2. draw the electron transitions occurring between energy levels associated
with the origin of the lines in the visible region of the hydrogen spectrum.

LV I A |

n=1
Energy level

Figure 2. Electron transitions associated with visible region
in the hydrogen spectrum
[4 marks]

GO ON TO THE NEXT PAGE
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(b) Hydrogen combines with oxygen to form the compound water. H,0, and is also present
in the hydronium ion, H,G".

(i)  Write the electronic configuration of oxygen in its ground state using s, p notation.

[i mark]
{ii) Draw the shapes of the s and p orbitals:
s orbital
. p orbital
[2 marks]

GO ON TO THE NEXT PAGE
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(iv)

7. _—I

Use the VSEPR theory to deduce the arrangement of the orbitals and the shape
or bond angles around each of the following hydronium ion.

+  The oxygen atom in a molecule of water (H,0)

*  The hydronium ion (H.O7)

Explain why the density of ice is lower than expected.

[3 marks]

GO ON TO THE NEXT PAGE

02112020/MJ/CAPE 2019

BRI A |



I - l
(c) Nitrogen combines with hydrogen to form ammonia.
N(g +3H(g — 2 NH.(g) AH,
Using the bond energies from Table 1, determine the enthalpy of reaction, AH_.

TABLE I: BOND ENERGY VALUE

Bond Bond Energy kJ/mol
N-N ia:
N=N Qi3
H-H 236
N-H 560

|3 marks]

GO ON TO THE NEXT PAGE
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(d) Outline an experiment to determine the heat of solution of ammonium nitrate. In your
response include

+ a labelled diagram of the apparatus
+ data to be collected

how data to be collected can be used to determine the heat of solution.

[5 marks]

Total 30 marks

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

2. (a) (i)  Using the Bronsted-Lowry theory, differentiate between a ‘strong acid’ and a
‘weak acid’.

[2 marks]

(i) Carbonic acid forms a weak acidic solution in warer.

Write an equation to represent the change when carbenic :073 's dissolved in water.

[2 marks]

(i) State TWO weak acids other than carbonic acid.

() (i) Define EACH of the following terms:

pH

GO ON TO THE NEXT PAGE
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‘_aiculate the pH of a 0.100 mol dm™ aqueous solution of carbonic acid
‘& o7 carbonic acid = 4.5 X 10-7) at the experimental temperature.

|2 marks]

(1ii) Determine the pK of carbenic acid and compare its strength with an aqueous solution of
hydrogen sulfide. (K_of hydrogen sulfide = 8.9 x 10%)

[3 marks|

GO ON TO THE NEXT PAGE
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(iv) Sketch a labelled graph to show the pH changes which occur during the titration of
25 em’ of 0.10 mol dm™ carbonic acid with 0.10 mol dm= of sodium hydroxide solution.

{3 marks]

(¢) There are several buflers in the blood which have a pHrange ;7725 _7 25

(1) Define the term ‘buffer solution’.

{ii) State the components of TWO buffer systems in the blos

GO ON TO THE NEXT PAGE
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(iii)  Explain, using an equation, how ONE of the buffer systems in {c) (ii) operates to
maintain the pH of blood when acid is added.

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

[2 marks]
(d) Calcium hydroxide preparations are used in restorative dentistry as a therapeutic oral cavity
liner.
(1) Write the expression for the solubility product of calcium hydroxide.
[T mark]
(i1) Calculate the solubility of calcium hydroxide in g dm™,
(K, Ca(OH), = 5.5 X 10" mol® dm™)
[3 marks]

GO ON TO THE NEXT PAGE
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(i)  Outline the experimental steps required to determine the solubility product of
calcium hydroxide.

[8 marks]

Total 30 marks

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

3 ta Figure 3 shows the first ionization energies of the Period 3 elements, sodium to argon.
1600
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0
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Figure 3. First ionization energies of the Period 3 elements

(1) Write the equation, including state symbols, for the first ionization energy of
magnesium.

(i)  Explain why there is a general increase in the first ionization energies across the
peried from sodium to argon.

GO ONTO THE NEXT PAGE
02112020/MECAPE 2019
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(b)

(c)

s 16 » __I

(iii}y  Explain why the first ionization energs of maznesium is greater than that of
aluminiom.

© meir zeid-base character as
evidenced by their reactions with water, Write a balanced ec.z270 20 o show the reaction

The oxides of the Period 3 elements exhibit variaticn i
between water and EACH of the following Period 3 oxides.

g Na,0
. SO,

[4 marks]
(1) Describe an experimental method with expected resuits o7 Zere e The acid-base

nature of the following three Period 3 chlorides.

« NaCl
= MgCl,
» Bi€l,

[S marksj

GO ONTO THE NEXT PAGE

2112020 MI'CAPE 2019

L

O N

R HE R R R R

h
:
B
¥
—h
B
2
o
=k
F
5
4
3
-4
&
=
g
3

:
L
;
L.
I
g




- 7

(ii)  Write a balanced equation to show the reaction between water and EACII of the
following Period 3 chlorides.

+  MeCl
«  SiCl,
|4 marks]
3 (i}  Define the term “transition element’
[1 mark]
(i) List THREE characteristic properties ol transition elements other than forming
coloured compounds.

|3 marks]

(i) A sequence of reactions invelving compounds of cobalt, with ions A, B and C is
shown below.

A B C
H.O NH,
[Co(OH), I (aq) = [Co(H,0) }F(aq) = [Co(NH,) ] (aq)
Blue

State the colour of the following ions:

[2 marks]

GO ON TO THE NEXT PAGE
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(iv)  The electronic configurations of Zn* and Cu’™ are given below

o Zn?-[Ar] 3dw
e Cu[Ar] 3d°

Account for the fact that unlike Cu*” compounds. Zn™™ compounds are normally

colourless.

[5 marks]

Total 30 marks

END OF TEST

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