5.7.2 The hydrosphere

Content

_ The air-water interface.

_ Some cations and anions in natural waters.
_ Potable water.
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The water cycle

Candidates should be able to:

(a) describe the effects of water temperature and gas pressure on the solubility of gases in water.
(c) describe and explain the importance of dissolved oxygen in

(i) the support of aquatic life;

(ii) the decomposition of organic material.

_ A qualitative treatment only is required. Henry’s Law will not be tested.
· The survival of aquatic life depends upon dissolved gases such as CO2 and O2.
· Decaying organic matter uses up dissolved oxygen.

· [CH2O] (aq) + O2(aq) 
 CO2(aq) + H2O(l)

· The amount of dissolved gas can be calculated by working out partial pressures.

· At constant temperature, the mass of gas dissolved by a solvent is proportional to the pressure of the gas. 

(b) explain the natural acidity of rainwater from dissolved carbon dioxide.
· Substances such as CO2 and oxides of Nitrogen and Sulphur can dissolve in the water cycle (rain). 

· The acidic oxides dissolved in rain give it a pH of between 5 and 6.
· Rain-water will dissolve CaCO3 based rocks and some silicate rocks;

CaCO3(s) + H2O(l) + CO2(aq)
 Ca2+(aq) + 2HCO3-(aq)

· The resulting water is slightly alkaline, pH=8.
(d) explain the role of dissolved carbon dioxide in the formation of temporary hardness in water, containing aqueous magnesium and calcium ions.
(e) describe the removal of temporary hardness from water by boiling and ion exchange, and explain the chemistry involved.

· Hard water is due to dissolved calcium and magnesium ions.
· The calcium and magnesium comes from rocks. (reaction with dissolved CO2)
· Ca2+ and Mg2+ can be removed by boiling the water, adding washing soda or adding slaked lime.
(f) outline the steps taken to produce potable water including the use of aluminium ions in the removal of very fine suspended solids (colloids).
· A colloid is very fine particles suspended in a liquid. The particles are too small to be seen by a microscope.
· Al3+ ions hydrolyse to give a jelly like precipitate. This precipitate mops up other ions and solid particles as it settles.
(g) outline the removal of bacteria from water supplies by oxidation, using chlorine or ozone.
· When chlorine is added to water it forms chloric(I)acid, this has a further reaction with water to give chlorate(I) ions.
· HClO(aq) and ClO-(aq) kill bacteria by oxidation.
· Some Chlorine is left in the water, it reacts with organic matter to form haloforms (pollutants).

· Ozone is used as an effective alternative.

3. Hard water is a significant problem to industries that require the use of large quantities of hot

water. The deposits in pipes carrying the water could substantially increase costs.

(a) Explain how temporary hardness occurs in water that has flowed over limestone beds.

[2]

(b) Write an equation, including state symbols, for the process you have described in (a).

[2]

(c) Suggest two factors that might control the extent of the hardness in such water.

[2]
(d) How does a deposit form in hot water pipes?

[2]

(e) What method would be used to soften water on a large scale?

[1]

[Total: 9]
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