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B9

Section B
Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be
attempted.

The pH scale

The pH scale was developed in 1909 by Sgren Sgrensen to express the concentration of
hydrogen ions.

The scale is important for a wide range of areas in everyday life, such as treating soil, reducing
tooth decay, medicine, and monitoring the acidity of water.

The term ‘pH’ means ‘potential of hydrogen’, and the scale is the negative base 10 logarithm
of the concentration of hydrogen ions in a solution.

pH=-log,,[H"]
where [H*] represents the concentration of hydrogen ions in a solution

The concentration of hydrogen ions, which are also known as ‘protons’, in a solution
determines how acidic or basic the solution is. Since this concentration can vary drastically, a
logarithmic scale is used. And since the scale is negative, the smaller the pH value, the higher
the concentration of the ‘protons’.

The Universal Indicator
A Universal Indicator is a mixture of different types of indicators that displays several colour
changes at various pH levels across the pH scale. It is used to detect the acidic or basic nature

of a substance or a solution. It can be in the form of a paper strip or a solution.

The main components of a Universal Indicator, in the form of a solution, are thymol blue,
methyl red, bromothymol blue and phenolphthalein.

Table 9.1
indicator colour in pH range in which it colour in
lower pH range changes colour upper pH range
red 1.2t02.8 yellow
thymol blue

yellow 8.0t0 9.6 blue

methyl red red 4.2106.3 yellow
bromothymol blue yellow 6.0t0 7.6 blue
phenolphthalein colourless 8.0to0 10.5 pink




(@) Using ideas about sub-atomic particles, explain why a hydrogen ion is also known as a
‘proton’.

................................................................................................................. [1]
(b) Table 9.2 shows the pH value of a solution given the concentration of hydrogen ions.
Table 9.2
pH value s 1 soluton in moliam’
1.3 0.0500
1.6 0.0250
19 0.0125
2.0 0.0100

(1) Determine the pH of a sample of 0.0250 mol/dm? of sulfuric acid.

[2]

(i) A student claims that the pH value of a solution is inversely proportional to the
concentration of hydrogen ions in a solution.

By means of a calculation, determine if the student’s claim is true or false.

[3]

[Turn Over



(c) Secondary colours such as purple, orange and green can be made by mixing primary
colours which are red, blue and yellow.

Red and blue make purple, red and yellow make orange, and yellow and blue make
green.

(1) Using relevant information, explain why a solution of pH 3 turns the Universal
Indicator orange.

(i) A student performed a titration experiment using dilute hydrochloric acid and
agueous sodium hydroxide.

The graph in Fig. 9.1 shows how the pH changes during his titration experiment.

The graph shows an equivalence point which occurs at pH 7.

The equivalence point is the point in a titration experiment at which the volume of
titrant added from a burette is just enough to completely neutralise the solution in

the conical flask.

14
. o~ seoessss? 00000000000
10 ‘ there is a definite ‘step’
‘ in the pH change
8 ‘i
pH T\
6 . .
‘ equivalence point
|
4 {
)|
2 4'-’.-&-.;,01(.:._7/7 o
0
0 10 20 30 40 0 !

volume of NaOH added / cm?

Fig. 9.1



An indicator is suitable to be used in a titration experiment if it fulfils the criteria
below.

These include:

e has a narrow pH range in which it changes colour
e has a distinctive colour at lower pH and a different colour at higher pH
e changes colour only once during the titration

e pH range of indicator in which indicator changes colour falls within the
definite ‘step’ of the reaction

Explain whether the Universal Indicator fulfils each of these criteria for the titration
experiment above.

[Total: 12]
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B10 (a)

(b)

Transition elements have variable oxidation states.

State two other properties typical of transition elements.

Figs. 10.1 to 10.3 show the ‘dot-and-cross’ diagrams of the compounds formed when an
unidentified element J (not its actual chemical symbol) bonds with various elements.

006
p

Fig. 10.1
o

Fig. 10.2

Fig. 10.3



(i)

(i)

Determine the oxidation state of J in the various compounds.

chemical

oxidation state of J
formula

JoF4

JCl3

JHs

[2]

A student claims that since element J has variable oxidation states, J must be a
transition element.

Give two pieces of evidence from Figs. 10.1 to 10.3 and your answer in (b)(i) which
suggest that the student’s claim is false.

Explain your reasoning.

LS1YZ 0 1= o7 =

[Total: 8]
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EITHER

B11 Haematite, limestone and coke are heated together in a blast furnace in the manufacture
of iron.

(a) Explain why each of the substances below are needed in a blast furnace.

limestone

(b) Scrap high carbon steel can be recycled to make pure iron. To remove the carbon
impurities, oxygen is blown on the molten scrap high carbon steel in a large vessel
known as a converter. The carbon impurities are removed as carbon dioxide.

oxygen

\

/1

N

converter — | ~H— molten scrap

high carbon steel
1700 °C

) N

Fig. 11.1

) Write the chemical equation to show how carbon impurities from molten scrap
high carbon steel are removed as carbon dioxide.

(i) The temperature of the molten scrap high carbon steel increases as oxygen is
blown onto it. Explain why.



(iii) Fig. 11.2 shows the arrangement of atoms in pure iron.

\

Fig. 11.2

Describe what changes to the diagram are necessary to show the arrangement
of atoms in molten scrap high carbon steel as it was blown with oxygen.

(c) Metals in the middle of the reactivity series such as iron and lead are extracted from
their oxides by ‘reduction reactions’.

Carbon or carbon monoxide can be used as reducing agents in the ‘reduction
reactions’.

Iron can be extracted by reacting its oxide with carbon monoxide in the blast furnace
while lead can be extracted by reacting its oxide with carbon.

Fe,O3(s) + 3CO(g) — 2Fe(l) + 3CO2(q)
PbO(s) + C(s) — Pb(l) + CO(g)

(i) Explain, in terms of oxygen atoms, why the extraction of iron and lead from
their oxides are known as ‘reduction reactions’.

[Turn Over



10

(i)  Describe an advantage of carbon monoxide as a reducing agent compared to
carbon in ‘reduction reactions’.

[Total: 10]



OR

11

B11 Many carbonates thermally decompose to form carbon dioxide and an oxide.

Six 2.00 g samples of carbonates are heated strongly until there is no further change in mass.

Table 11.1 shows the mass of solid remaining at the end of the reaction.

Table 11.1
carbonate mass before heating/g | mass remaining atthe end / g

calcium carbonate 2.00 1.12
copper(ll) carbonate 2.00 1.29
iron(ll) carbonate 2.00 1.24
1 2.00 0.95

2 2.00 2.00

3 2.00 1.30

(@) Using relevant information, determine which carbonate is the most thermally stable.

Explain your answer.

(b) The metal in carbonate 3 has an ionic charge of 2+.

By means of a calculation, identify carbonate 3.

[3]
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(c) Explain why the mass remaining at the end of the reaction is different for each carbonate.

(d) The carbonates of mercury and silver decompose to the metal on heating.

(i)

(i)

2HgCO; — 2Hg + 2CO, + O

Write the chemical equation to show the thermal decomposition of silver carbonate.

Suggest the position of mercury relative to copper in the reactivity series.

Explain your reasoning.

[Total: 10]

- End of Paper -
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