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1. Replacements for Natural Products
· Identify data, gather and process information to identify and discuss the issues associated with the increased need for a named natural resource that is not a fossil fuel and evaluate the progress currently being made to solve the problems identified.
· Discuss the issues associated with shrinking world resources with regard to one identified natural product that is not a fossil fuel, identifying the replacement materials used and/or current research in place to find a replacement for the named material.
These two outcomes can be considered together. When you have gathered and processed the required information, you will be able to discuss the issues.

Background information
In the HSC core module Production of Materials you will already have gathered information and discussed problems associated with possible replacement of fossil fuels with materials from biomass.

In this Industrial Chemistry option you must consider a natural resource and product that is extracted from it, that is not a fossil fuel.  Consider a natural product that has been (or is being) replaced by synthetic materials e.g) natural rubber (replaced by synthetic rubber), medication extracted from plants or animals (replaced by synthesised drugs), natural insecticides (replaced by synthetic insecticides), timber (replaced by artificial timbers), ivory (replaced by synthetic polymers) or guano deposits (replaced by artificial fertilisers).

· Listing information under headings such as those shown below could help you to process the gathered information efficiently and identify key issues. 

Example: Natural Rubber

	Uses of the resource 
	 Tyres, rubber seals etc

	Changes in its usage over time 
	 Vulcanization allowed for different properties to be achieved broadening its usage.

	Sources and reserves (amount of the resource available from different sources) 
	Rubber plantations in South America, Malaysia, Indonesia, Thailand and the Philippines.

	Problems that would be experienced if this resource became limited or unavailable 
	 High reliance in the automotive industry  would mean the need of synthetic substitutes.

	Any replacement materials currently available 
	 Styrene-butadiene rubber

	Research into possible future replacement materials 
	 




2. Equilibrium Reactions in Industrial Processes
Background: Many reactions are reversible reactions, a forward and a reverse reaction will proceed at the same time. If left undisturbed in a closed system, these two reactions will eventually proceed at the same rate.  The reaction is said to have reached equilibrium.

At equilibrium, the concentration of all reactants and products stays constant. It seems as if nothing is happening, because the macroscopic properties, those you can see (e.g. colour and temperature), do not change. However, at the microscopic level there is continual change.

	[image: image2.jpg]Equilibrium
|

i
Concentration| 1
(melji) L nts

Time




	When the concentration of products stays constant and the concentration of reactants stays constant, the system is at equilibrium. 


At equilibrium, the rates of the forward and reverse reactions will be equal.
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	Equilibrium occurs when the rate of the forward reaction is equal to the rate of the reverse reaction. 


We can summarise the characteristics of a chemical system in equilibrium as the following:

1. It is a closed system - no matter or energy enters or leaves the system. 

2. Macroscopic properties are constant e.g. state, colour, temperature, pressure and concentration. 

3. Concentrations of reactants and products stay constant 

4. Continual microscopic change occurs between reactants and products. 

5. Rate of forward reaction = rate of backward reaction. 

Note: constant does not mean equal.

At equilibrium, rates of reactions are equal, concentrations are constant - but not necessarily equal.

Whenever an equilibrium position is disturbed, the system tries to reduce the amount of change. This is called Le Chatelier's Principle.

You should be able to predict the effects of changes in concentration, adding or removing of chemicals, temperature changes and, when gases are involved, the effects of changes in pressure and volume.

· Identify data,  plan and perform a first-hand investigation to model an  equilibrium reaction.
· The background information given will help you to identify data to perform the investigation. 

· An investigation you could perform is given below: 

The example of people dancing at a party can be used to model equilibrium.

People around the room represent reactants, they come together to form products (they join to dance). Sometimes products decompose and form reactants again (dancing partners break up and become single again).

Equilibrium is reached when the doors are closed, so no-one else can enter or leave the room, and the number of couples dancing is constant. At any time, a couple may sit down, as long as another couple replaces them. This represents microscopic changes. Changes are occurring, but the concentration stays constant.

If the doors are opened briefly and people are allowed in or out, (perhaps the footy match is over and more people arrive to celebrate) this change in concentration disturbs the equilibrium and a new equilibrium position is eventually established (with different numbers of people sitting and dancing).

Closing off part of the room, decreasing volume and thus increasing pressure, will disturb the equilibrium and push more people together to make couples and a new equilibrium is established.

· Choose equipment and perform a first-hand investigation to gather information and qualitatively analyse an equilibrium reaction.
· There are many possible experiments you could investigate. One example is the equilibrium between nitrogen dioxide and dinitrogen tetroxide. 

Background information
Nitrogen dioxide can be produced by the reaction of concentrated nitric acid on copper.

Cu(s)   +   4HNO3(aq) [image: image4.png]


   Cu(NO3)2(aq)   +   2NO2(g)   +   2H2O(l)

Some nitrogen dioxide immediately changes to dinitrogen tetroxide and, if placed in a closed flask, an equilibrium is established between these two substances.

2NO2(g)  [image: image5.png]


  N2O4 (g)

This reaction is exothermic, so you should be able to predict the effect of heating or cooling the equilibrium mixture.

Nitrogen dioxide is dark brown, whereas dinitrogen tetroxide is colourless, so the colour of the gas mixture provides an indication of the concentration of each substance present at equilibrium.

· Another equilibrium reaction you could investigate is the equilibrium between chromate and dichromate ions in aqueous solution. 

If you start with about 20 mL of 0.1 molL​1 potassium chromate solution in a container, it forms the following equilibrium:

2CrO42-​(aq)   +   2H+(aq)  [image: image6.png]


  Cr2O7 2​-(aq)   +   H2O(l) 
Chromate ions are yellow, dichromate ions are orange.

Adding a few drops of 2 molL​1 sulfuric acid or 2 molL​1 sodium hydroxide will affect the concentration of the hydrogen ions and thus affect the equilibrium.

Choose your equipment, write up your method and analyse your results as described above.

Do not forget the risk assessment - potassium chromate and dichromate can irritate the eyes, skin and respiratory system. They are also carcinogenic (cancer producing) and can sensitise skin, producing an allergic reaction.

· Explain the effect of changing the following factors on identified equilibrium reactions. 
​ concentration 
​ pressure 
​ volume 
​ temperature
· In the following examples, the equilibrium is moving to counter the change in the factors, as predicted by Le Chatelier's Principle. 
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	Change
	Effect

	Increase concentration  of a reactant e.g.[CH4] increases.
	Shifts right to use methane, increasing yield of CO and H2.

	Decrease concentration of a product e.g. remove CO.
	Shifts right to make more.

	Increase pressure (decrease volume).
	Shifts left (fewer particles) to drop pressure again.

	Increase temperature.
	Endothermic reaction ([image: image8.png]


 is positive) so equilibrium shifts right to absorb added heat.


· For the effect of temperature changes, it may help if you re-write the equation as follows and just think of heat as another "substance" in the equation. 

CH4(g)   +  H2O(l) + heat  [image: image9.png]


  CO(g)  +   3H2(g)

· Adding a chemical that reacts with a reactant or product removes the substance it reacts with and so affects equilibrium. 

· CH3COO-​(aq)   +   H2O(l)  [image: image10.png]


  CH3COOH(aq)  +   OH​(aq)

· Adding hydrochloric acid provides hydrogen ions that react with the hydroxide ions (OH​), removing them as water. This makes the equilibrium move to the right to make more OH​. 

Adding sodium acetate will also affect the equilibrium. Sodium acetate will ionise, forming acetate ions (CH3COO​), so the equilibrium moves to the right to use up these extra ions. 

· Process and present information from secondary sources to calculate K from equilibrium conditions.
· For any equilibrium reaction we can calculate a constant, called the equilibrium constant (K). 

      We can write a general equilibrium equation as:

      aA   +   bB  [image: image11.png]


  cC   +  dD

      Where a, b, c, d are the number of moles of substances A, B, C and D. Then:

        [image: image12.png]The equibrum constant K





where [ ] means the concentration (in mol L-1), at equilibrium, of each substance.

Note: When you calculate K values, you must use the number of moles per litre present at equilibrium.

We can start with A and B, or C and D, and any concentration we like of these reactants and products, and this relationship will still hold. K will not change as long as we do not change the temperature.

For the reaction, 2NO2(g)  [image: image13.png]


  N2O4 (g), we can use brown circles to represent NO2 and white circles to represent N2O4.

If we start with NO2, we can show the equilibrium being reached as:
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The system is at equilibrium in diagrams 4, 5 and 6.

If we start with N2O4, at the same temperature, we can show equilibrium being reached as:
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The system is at equilibrium in diagrams 10, 11 and 12.

  Calculations of K
The simplest type of question gives you the concentrations of reactants and products at equilibrium, as follows:

An equilibrium mixture for the reaction,

H2(g)  +   I2(g)  [image: image16.png]


  2HI(g)

contains the following concentrations of gases:

[H2] = 2.9070 x 10-​3 molL-1,  [I2] = 1.7069 x 10​-3 molL-1,  
[HI] = 16.482 x 10​-3 molL-1
a. Write the equilibrium expression for this equation. 

b. Determine the value of the equilibrium constant for the reaction at this temperature. 
A slightly harder problem might ask you to work out the concentrations at equilibrium so you can calculate K.

Consider the   H2(g)   +   I2(g)  [image: image17.png]


  2HI(g)   equilibrium.

2. 5 mol of HI is placed in an empty 1.0 L container and allowed to come to equilibrium. At equilibrium there is 1 mol of HI present. Calculate the value of K. 

2. You need to find the concentrations, at equilibrium, of HI, I2 and H2. 

If you start with 5 mol of HI in a 1 L container, then its initial concentration is 5 molL-1.

You start with 5 mol HI and end up with 1 mol HI, so 4 mol HI has changed to H2 and I2.

Looking at the mole ratio in the equation, we can see that:

1 mol HI would produce 0.5 mol H2 and 0.5 mol I2.

So 4 mol HI would produce 2.0 mol H2 and 2.0 mol I2.

It helps to draw up a reaction table, sometimes called an ICE (initial, change, equilibrium) table as shown below.

	Equation
	H2(g)    +     I2(g)   [image: image18.png]


   2HI(g)

	Initial concentration
	       0                    0
	  5

	Change in concentration
	     +2.0              +2.0
	 -4

	Equilibrium concentration 
         molL-1
	       2.0                2.0
	  1


Now we can calculate K
Note: K value is different from K calculated in question1b) because the temperature is different.

You may also be required to find the concentrations at equilibrium from a graph. 

2 mol of hydrogen and 3 mol of iodine gas were placed in a 1 L container and kept at a constant temperature. The graph below shows changes that occurred in the concentration of hydrogen and hydrogen iodide as equilibrium was reached. 

H2(g)  +   I2(g)  [image: image19.png]


  2HI(g) 
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a. What do graphs A and B show? 

b. When does equilibrium occur? 

c. Complete the following reaction table: 

	Equation
	       H2(g)   +     I2(g)       [image: image21.png]


          2HI(g) 

	Initial concentration
	 2molL-1 + 3molL-1
	 0

	Change in concentration
	 -0.5molL-1 +  -0.5
	 1.0molL

	Equilibrium concentration molL-1
	        
	  


d. Calculate K. 

· Interpret the equilibrium constant expression (no units required) from the chemical equation of equilibrium reactions.
· If K is large (e.g. >10-3) the equilibrium lies to the right so the concentration of products is high. This means the reaction goes almost to completion. 

· If K is small (e.g. <10​-3) the equilibrium lies to the left so the concentration of reactants is high.  This means there is very little reaction. 

· The size of K values can indicate the relative strength of acids or the solubility of substances. 

     For example, the following table shows K values for 3 acids, at the same temperature.

	acetic acid
	phosphoric acid
	boric acid

	1.8 x 10​-5
	7.1 x 10​-3
	7.3 x 10​-16


· From this information we can tell that the strongest of these three acids is phosphoric acid as it has the largest K value. This means that, at the same temperature, more phosphoric acid will ionise than either acetic or boric acid. 

· Identify that temperature is the only factor that changes the value of the equilibrium constant (K) for a given equation.
· The value of K for a given equation is not affected by: 
​ changes in concentration or pressure or the addition of a catalyst. Adding a catalyst only reduces the time taken to reach equilibrium. 

· The value of K for a given equation is affected by temperature. When temperature changes, the effect on K depends on whether the reaction is endothermic or exothermic. 
· For example, the Haber process for producing ammonia is exothermic, and the equilibrium reaction can be written as:

N2(g) + 3H2(g) [image: image22.png]


2NH3(g) + heat

K for this given equation = [image: image23.png][NH, I
AR





Heating for the reaction vessel pushes the equilibrium left to absorb the extra heat. This will decrease [NH3] and increase [N2] and [H2]. These changes will make K smaller.

· K decreases when exothermic reactions are heated and endothermic reactions are cooled. 

· K increases when exothermic reactions are cooled and endothermic reactions are heated. 

3. Sulfuric acid
· Outline three uses of sulfuric acid in industry.
Uses of sulfuric acid include:

· Manufacture of ammonium sulfate fertiliser and phosphate fertiliser 

Sulfuric acid removes ammonia from the mixture of gases produced in a coke oven. 

2NH3(g)  +   H2SO4(aq)  [image: image24.png]


  (NH4)2SO4(aq) 

Sulfuric acid converts insoluble calcium phosphate, in phosphate rock, to mixtures that are soluble in water and therefore available for plants.  The mixtures are crushed and used as superphosphate fertilisers. 

· Dehydrating agent 

Sulfuric acid is used to dry the chlorine gas produced by the electrolysis of sodium chloride solution. It is also used as a drying agent in the manufacture of explosives, dyes and detergents and it brings about condensation reactions in the production of polymers, and esters. 



· Cleaning iron and steel 

To galvanise or plate iron or steel any oxide that has formed on its surface and any grease or dirt must first be removed. This is done by treating with acid such as sulfuric acid. 

· Describe the processes used to extract sulfur from mineral deposits, identifying the properties of sulfur which allow its extraction and analysing potential environmental issues associated with its extraction.
Background information - Occurrence of Sulfur
Sulfur occurs as the element in deposits near volcanoes and hot springs and also underground. Sulfur also occurs in ores such as galena (PbS), as hydrogen sulfide in natural gas and petroleum and as sulfates in the ocean.

[image: image26.png]



Extraction of Sulfur
1. Some sulfur is recovered from underground deposits of the element by the Frasch Process. 

· Three concentric pipes are drilled down into the sulfur deposit. 

· Superheated water (180°C, under pressure) is pumped down the outside pipe. This melts the sulfur (melting point 113°C). 

· Air under pressure is pumped down the inside pipe, pushing the molten sulfur and steam up the middle pipe to the surface. 
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2. Sulfur is also obtained from hydrogen sulfide in natural gas and petroleum. Incomplete combustion of H2S in a furnace produces SO2 and S. 

3H2S(g)   +   O2(g)   [image: image28.png]


   2H2S(g)   +   3S(g)   +   SO2(g)  

This mixture is cooled to condense the sulfur. The gases are then passed over a heated catalyst.

 2H2S(g)   +   SO2(g)   [image: image29.png]


   2H2O(g)   +   3S(g)  

Cooling condenses the remaining sulfur (boiling point 445°C).

3. Sulfur is also released as sulfur dioxide when metal sulfide ores are smelted. A general equation for this reaction, using M to represent a metal (such as copper, zinc or iron), can be written as: 

MS   +   O2(g)   [image: image30.png]


   M(s)   +   SO2(g)

The metal M often forms metal oxide MO.

Environmental issues
· Release of sulfur dioxide from metal sulfide smelters.  Most SO2 gas emitted is used to make sulfuric acid. 

· SO2 emission into the atmosphere by industry is now strictly controlled by government regulations. 

· SO2 contributes to the formation of acid rain.

· Gather, process and present information from secondary sources to describe the steps and chemistry involved in the industrial production of H2SO4 and use available evidence to analyse the process to predict ways in which the output of sulfuric acid can be maximised.
· Outline the steps and conditions necessary for the industrial production of H2SO4 from its raw materials.
· Describe the reaction conditions for the production of SO2 and SO3.
Manufacture of Sulfuric Acid (H2SO4)

Most of the sulfuric acid manufactured is produced using the Contact Process. 

	Combustion Chamber
(combustion of sulfur)
	-->
	Converter
(conversion of sulfur dioxide)
	-->
	Absorption Tower
(sulfur trioxide absorbed 
into the sulfuric acid mist
	-->
	Hydration of Oleum
to produce sulfuric acid


The Contact Process is a process involving the catalytic oxidation of sulfur dioxide, SO2, to sulfur trioxide, SO3. 

. Solid sulfur, S(s), is burned in air to form sulfur dioxide gas, SO2 

S(s) + O2(g) → SO2(g)

The production of SO3 from SO2 takes place in a catalytic converter. It is an equilibrium reaction and involves a compromise between reaction rate, equilibrium yield and economic factors. 
· At room temperature, the yield would be very high, but the reaction would occur at an uneconomically slow rate. Increasing the temperature increases the rate of reaction, however, the forward reaction is exothermic, so increasing the temperature pushes the equilibrium to the left to absorb the heat, thus decreasing the yield. A high temperature could also damage the catalyst, making it less efficient. 

450 - 600°C allows a fairly fast reaction rate plus good yield.

· A catalyst, vanadium pentoxide, is used to increase the reaction rate. This reaction is called the Contact Process because sulfur dioxide and oxygen molecules react in contact with the surface of the catalyst, which is arranged in layers in towers. 

· Increasing pressure pushes the equilibrium to the right (fewer particles), but the equipment required is expensive, so a low pressure of only 1-2 atmospheres is used. This pressure is sufficient to move gases through the catalyst chamber. 

· Excess oxygen is also used to push the equilibrium to the right and increase yield. The stoichiometric mole ratio for the reaction shows the O2:SO2 ratio needed is 1:2. In the industrial process, twice as much oxygen is used, the O2:SO2 ratio used is 1:1. 

These conditions produce a yield of about 99% sulfur trioxide.

The energy released from these exothermic reactions is used in the plant for melting the sulfur or producing steam to generate electricity.

I. The gases are mixed with more air then cleaned by electrostatic precipitation to remove any particulate matter 

II. The mixture of sulfur dioxide and air is heated to 450oC and subjected to a pressure of 101.3 - 202.6 kPa (1 -2 atmospheres) in the presence of a vanadium catalyst (vanadium (V) oxide) to produce sulfur trioxide, SO3(g), with a yield of 98%.

2SO2(g) + O2(g) → 2SO3(g)
III. Any unreacted gases from the above reaction are recylced back into the above reaction 

IV. Sulfur trioxide, SO3(g) is dissolved in 98% (18M) sulfuric acid, H2SO4, to produce disulfuric acid or pyrosulfuric acid, also known as fuming sulfuric acid or oleum, H2S2O7.

SO3(g) + H2SO4 → H2S2O7
This is done because when water is added directly to sulfur trioxide to produce sulfuric acid 

SO3(g) + H2O(l) → H2SO4(l)

the reaction is slow and tends to form a mist in which the particles refuse to coalesce. 

V. Water is added to the disulfuric acid, H2S2O7, to produce sulfuric acid, H2SO4
H2S2O7(l) + H2O(l) → 2H2SO4(l)

The oxidation of sulfur dioxide to sulfur trioxide in step III above is an exothermic reaction (energy is released), so by Le Chatelier's Principle, higher temperatures will force the equilibrium position to shift to the left hand side of the equation favouring the production of sulfur dioxide. 
Lower temperatures would favour the production of the product sulfur trioxide and result in a higher yield. 
However, the rate of reaching equilibrium at the lower temperatures is extremely low. 
A higher temperature means equilibrium is established more rapidly but the yield of sulfur trioxide is lower. 
A temperature of 450oC is a compromise whereby a faster reaction rate results in a slightly lower yield. 

Similarly, at higher pressures, the equilibrium position shifts to the side of the equation in which there are the least numbers of gaseous molecules. 

2SO2(g) + O2(g) → 2SO3
On the left hand side of the reaction there are 3 moles of gaseous reactants, and the right hand side there are 2 moles of gaseous products, so higher pressure favours the right hand side, by Le Chatelier's Principle. 
Higher pressure results in a higher yield of sulfur trioxide. 

A vanadium catalyst (vanadium (V) oxide) is also used in this reaction in order to speed up the rate of the reaction. 
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· Apply the relationship between rates of reaction and equilibrium conditions to the production of SO2 and SO3.
· The reaction to produce SO2 goes to completion. 

However, the reaction to produce SO3 is an equilibrium reaction and  involves a compromise between reaction rate, equilibrium yield and economic factors. You should be able to show how conditions will affect the rate of reaction and the equilibrium yield and the necessity for compromise in order to obtain an economic yield. Try using a table like the one below to summarise these ideas.

	Conditions
	Increase rate of reaction
	Increase equilibrium yield
	Economic factors
	Conditions used

	temperature
	high temperature
	 
	 
	 

	pressure
	 
	 
	high pressure production is more expensive & dangerous
	 

	concentration of reactants
	 
	 
	 
	 

	other
	 
	removal of product
	 
	 


· Perform first-hand investigations to observe the reactions of sulfuric acid acting as:
· an oxidising agent 

· a dehydrating agent 

Safety considerations
Concentrated sulfuric acid from the school laboratory is best for investigating these reactions. 

Always do a risk assessment before you start any experiment.
Sulfuric acid is toxic and corrosive so wear protective goggles.

Have sodium bicarbonate (sodium hydrogen carbonate) available to add to any acid spills.

If acid contacts your skin or eyes, wash under cool, running water for at least 15 minutes.

· Sulfuric acid as an oxidising agent 

To perform the investigation
1. Place a small piece of magnesium, zinc and iron (e.g. a nail) in separate beakers or test tubes. 

2. Add 3 drops of the sulfuric acid to each metal and observe. 

3. Record all observations in a table. 

4. Write equations to show any reactions observed. 

· Sulfuric acid as a dehydrating agent 

To perform the investigation
1. Place about 10 sugar crystals on a piece of flat, dry wood. (A paddle pop stick will do.) 

2. Add 1 drop of sulfuric acid to the sugar and another to the wood. 

3. Observe and record any reactions. 

4. Write an equation for the reaction. 

C12H22O11    [image: image32.png]


  12C   +   11H2O

· Describe, using examples, the reactions of sulfuric acid acting as:
· an oxidising agent 

· a dehydrating agent 

· Acts as a moderately strong oxidising agent 

Hot, concentrated sulfuric acid oxidises:

-bromide and iodide ions to the elements bromine and iodine, while the sulfuric acid is reduced to sulfur dioxide. Sulfur in sulfuric acid has an oxidation number of +6.

2I–(aq)  +   3H2SO4(aq)  [image: image33.png]


  I2(aq)   +   SO2(aq)   +   2H2O(l)   +  2HSO4–(aq)

-unreactive metals such as copper, mercury and lead to produce the metal sulfate, sulfur dioxide and water.

Cu(s)  +  2H2SO4(aq)  [image: image34.png]


  Cu 2+(aq)  +  SO42–(aq)  +  2H2O(l)  +  SO2(aq)
· Acts as a dehydrating agent 

Removes water from carbohydrates and other organic substances - leaving black carbon. It will char wood, cotton, sugar or paper.

C12H22O11   +   11H2SO4 (aq)   [image: image35.png]


   12C   +   11H2SO4.H2O 
sucrose

Removes water from alkanols e.g. converts ethanol to ethene.

2CH3-CH2-OH(l)  +  H2SO4(aq)  [image: image36.png]


  2CH2=CH2(g)  +  2H3O+(aq)  +  SO42–(aq)

Dries gases that do not react with it e.g. O2, N2, Cl2 and CO2.

Helps produce esters by removing a molecule of water when an alkanol reacts with an alkanoic acid (esterification).
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· Describe and explain the exothermic nature of sulfuric acid ionisation.
· The ionisation of sulfuric acid is exothermic, releasing lots of heat. 

H2SO4(aq)  [image: image38.png]


  H+(aq)    +      HSO4–(aq)   +   heat

· Sulfuric acid dissociates in two steps. 

Notice that sulfuric acid is a strong acid in its first dissociation, but the HSO4– ion is a weak acid and only dissociates slightly.

H2SO4(aq)  [image: image39.png]


  H+(aq)    +      H SO4–(aq)           K is very large

HSO4– (aq) [image: image40.png]


  H+(aq)      +   SO42–(aq)           K= 1.2 x 10-2
· Identify and describe safety precautions that must be taken when using and diluting concentrated sulfuric acid.
· Refer to notes downlowded from assessment task.
The dilution of sulfuric acid is potentially hazardous because of its vigorous, exothermic reaction as it ionises.
· Wear protective clothing, including safety glasses. 

· ALWAYS ADD ACID TO WATER.  Add a small amount at a time, constantly stirring. This will produce a dilute solution, releasing only a small amount of heat and any splatters that do occur are more likely to be water or dilute acid rather than concentrated acid. If acid is spilt, wash with lots of water and use sodium bicarbonate to neutralise the acid. 

· If water is accidentally added to concentrated sulfuric acid, the heat released will make the water boil violently, often splattering droplets of concentrated acid out of the container. There may be enough heat generated to crack the container. 

· Use available evidence to relate the properties of sulfuric acid to safety precautions necessary for its transport and storage.
Research
4. Sodium hydroxide
Background: Make sure you can define the following terms from module 9.2.4: oxidation, reduction, redox, reductant, oxidant, electrolyte, galvanic cell, electrode, cathode, anode. 

This summary table may help:

	reductant 
(reducing agent) 
causes reduction
	 
	oxidant 
(oxidising agent) 
causes oxidation

	e.g. metals, 
non-metal ions
	electrons (e–) 
[image: image41.png]



	e.g. metal ions, 
non-metals

	gets oxidized at 
the anode
	 
	gets reduced at 
the cathode


Know how to use the redox table.

Remember that the standard reduction potential for each equation shown in the redox table, is a measure of the relative tendency of a substance to gain one or more electrons compared to the standard hydrogen half cell.
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oxidised





· Explain the difference between galvanic cells and electrolytic cells in terms of energy requirements.
· There are two types of electrochemical cells, galvanic and electrolytic cells. 

1. A galvanic cell is one in which a redox reaction takes place spontaneously to produce electricity. Chemical energy is changed to electrical energy. 
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2. An electrolytic cell is one in which electrolysis occurs, a compound is decomposed by passing electricity through it. The reaction occurring is not spontaneous, it is forced by applying a voltage. 

An electrolytic cell is used to refine copper.
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· The differences between galvanic and electrolytic cells can be summarised in a table.

	Galvanic/Voltaic Cells
	Electrolytic Cells

	chemical energy [image: image45.png]


electrical energy
	electrical energy [image: image46.png]


 chemical energy

	two half-cells with separate electrolytes and a salt bridge (or porous barrier).
	electrodes usually in the same electrolyte

	chemical reaction is spontaneous 
Eo total is positive
	chemical reaction is forced by applying a voltage - it is not spontaneous 
Eo total is negative

	anode - negative terminal 
cathode - positive terminal 
oxidation always occurs at the anode the galvanic cell is a battery, releasing electrons into the circuit from the anode so the anode is the negative terminal of the battery 

as it gives up electrons, the anode becomes more positive and attracts negative ions from the solution 

[image: image47.jpg]



	anode - positive electrode 
Cathode - negative electrode 
oxidation occurs at the anode 

[image: image48.jpg]




	electrons flow from the negative terminal to the positive terminal
	electrons flow from the negative battery terminal to the negative cathode

	uses 

· batteries 
	· uses extract  Al from Al2O3;                - electroplating 

· - purifying copper 


· Identify data, plan and perform a first-hand investigation to identify the products of the electrolysis of sodium chloride.
· The results you get will be affected by the concentration of the sodium chloride solution, so you might like to try this experiment using a dilute solution and then repeat it with a more concentrated solution. 

· Suitable solutions can be made as follows: 

· dilute solution - add crystals about the size of 2 or 3 grains of rice to 100 mL of water and dissolve. 

· concentrated solution - add 4 or 5 heaped teaspoonsful of sodium chloride to 100 mL of water and dissolve. 

· Think about what you expect might happen. The solutions will contain Na+ ions, Cl– ions and H2O molecules. You would not expect any significant number of hydrogen or hydroxide ions to be present as water is neutral (pH=7). 

· So, reactions taking place at the electrodes might include: 

2H2O(l)  +  2e–  [image: image49.png]


  H2(g)  +  2OH–(aq) 
Na+(aq)  + e–    [image: image50.png]


   Na(s) 
2Cl–(aq)  [image: image51.png]


  Cl2(g)  +   2e– 
2H2O(l)      [image: image52.png]


   O2(g)    +    4H+(aq)   +    4e–      

· Look at the possible products. Think about tests you could use to detect oxygen, hydrogen, chlorine and sodium hydroxide. Decide how you can use these tests to identify which reaction is happening at each electrode. 

· Outline the steps in the industrial production of sodium hydroxide from sodium chloride solution and describe the reaction in terms of net ionic and full formulae equations
· Analyse information from secondary sources to predict and explain the different products of the electrolysis of aqueous and molten sodium chloride.
Information about the products formed by the electrolysis of sodium chloride, both molten and aqueous, is available in text books and on the Internet. Compare this information with the results from your first hand investigation.

· Electrolysis of molten sodium chloride 

The only ions present are sodium and chloride ions.  Work out which electrode these ions will move towards when molten and predict what will happen to them. Will they gain or lose electrons? 

· Electrolysis of an aqueous sodium chloride solution 

When a solution is placed in an electrolytic cell, a number of reactions is possible. A sodium chloride solution contains sodium ions, chloride ions and also water, so there is more than one possible reaction at each electrode. Remember that the higher the reduction potential, the more easily the substance is reduced (and thus the greater its oxidising power). The reduction potential of water is higher than the reduction potential of the ions of active metals, so water is often reduced rather than the active metal. 

Electrolytic Cells

· Voltaic cells use a spontaneous chemical reaction to drive an electric current through an external circuit. These cells are important because they are the basis for the batteries that fuel modern society. But they aren't the only kind of electrochemical cell. It is also possible to construct a cell that does work on a chemical system by driving an electric current through the system. These cells are called electrolytic cells. Electrolysis is used to drive an oxidation-reduction reaction in a direction in which it does not occur spontaneously.

The Electrolysis of Molten NaCl 
· An idealized cell for the electrolysis of sodium chloride is shown in the figure below. A source of direct current is connected to a pair of inert electrodes immersed in molten sodium chloride. Because the salt has been heated until it melts, the Na+ ions flow toward the negative electrode and the Cl- ions flow toward the positive electrode. 

· [image: image53.png]Inert
Electrode Inert

Electrode




· When Na+ ions collide with the negative electrode, the battery carries a large enough potential to force these ions to pick up electrons to form sodium metal. 

	Negative electrode (cathode):
	 
	Na+ + e- [image: image54.png]


Na 


· Cl- ions that collide with the positive electrode are oxidized to Cl2 gas, which bubbles off at this electrode.

	Positive electrode (anode):
	 
	2 Cl- [image: image55.png]


Cl2 + 2 e-


· The net effect of passing an electric current through the molten salt in this cell is to decompose sodium chloride into its elements, sodium metal and chlorine gas.

	Electrolysis of NaCl:
	 
	 
	 

	 
	Cathode (-):
	 
	Na+ + e- [image: image56.png]


Na

	 
	Anode (+):
	 
	2 Cl- [image: image57.png]


Cl2 + 2 e-


· The potential required to oxidize Cl- ions to Cl2 is -1.36 volts and the potential needed to reduce Na+ ions to sodium metal is -2.71 volts. The battery used to drive this reaction must therefore have a potential of at least 4.07 volts.

· This example explains why the process is called electrolysis. The suffix -lysis comes from the Greek stem meaning to loosen or split up. Electrolysis literally uses an electric current to split a compound into its elements.

	 
	electrolysis
	

	2 NaCl(l)
	[image: image58.png]



	2 Na(l) + Cl2(g)


· This example also illustrates the difference between voltaic cells and electrolytic cells. Voltaic cells use the energy given off in a spontaneous reaction to do electrical work. Electrolytic cells use electrical work as source of energy to drive the reaction in the opposite direction.

· The dotted vertical line in the center of the above figure represents a diaphragm that keeps the Cl2 gas produced at the anode from coming into contact with the sodium metal generated at the cathode. The function of this diaphragm can be understood by turning to a more realistic drawing of the commercial Downs cell used to electrolyze sodium chloride shown in the figure below. 
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· Chlorine gas that forms on the graphite anode inserted into the bottom of this cell bubbles through the molten sodium chloride into a funnel at the top of the cell. Sodium metal that forms at the cathode floats up through the molten sodium chloride into a sodium-collecting ring, from which it is periodically drained. The diaphragm that separates the two electrodes is a screen of iron gauze, which prevents the explosive reaction that would occur if the products of the electrolysis reaction came in contact.

· The feed-stock for the Downs cell is a 3:2 mixture by mass of CaCl2 and NaCl. This mixture is used because it has a melting point of 580oC, whereas pure sodium chloride has to be heated to more than 800oC before it melts.

The Electrolysis of Aqueous NaCl 
· The figure below shows an idealized drawing of a cell in which an aqueous solution of sodium chloride is electrolyzed. 
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· Once again, the Na+ ions migrate toward the negative electrode and the Cl- ions migrate toward the positive electrode. But, now there are two substances that can be reduced at the cathode: Na+ ions and water molecules.

	Cathode (-):
	 
	 
	 

	 
	Na+ + e- [image: image61.png]


Na
	 
	Eored = -2.71 V

	 
	2 H2O + 2 e- [image: image62.png]


H2 + 2 OH- 
	 
	Eored = -0.83 V


· Because it is much easier to reduce water than Na+ ions, the only product formed at the cathode is hydrogen gas.

	Cathode (-):
	 
	2 H2O(l) + 2 e- [image: image63.png]


H2(g) + 2 OH-(aq)


· There are also two substances that can be oxidized at the anode: Cl- ions and water molecules.

	Anode (+):
	 
	 
	 

	 
	2 Cl- [image: image64.png]


Cl2 + 2 e- 
	 
	Eoox = -1.36 V

	 
	2 H2O [image: image65.png]


O2 + 4 H+ + 4 e-
	 
	Eoox = -1.23 V


· The standard-state potentials for these half-reactions are so close to each other that we might expect to see a mixture of Cl2 and O2 gas collect at the anode. In practice, the only product of this reaction is Cl2.

	Anode (+):
	 
	2 Cl- [image: image66.png]


Cl2 + 2 e-

	
	
	


· At first glance, it would seem easier to oxidize water (Eoox = -1.23 volts) than Cl- ions (Eoox = -1.36 volts). It is worth noting, however, that the cell is never allowed to reach standard-state conditions. The solution is typically 25% NaCl by mass, which significantly decreases the potential required to oxidize the Cl- ion. The pH of the cell is also kept very high, which decreases the oxidation potential for water. The deciding factor is a phenomenon known as overvoltage, which is the extra voltage that must be applied to a reaction to get it to occur at the rate at which it would occur in an ideal system.

· Under ideal conditions, a potential of 1.23 volts is large enough to oxidize water to O2 gas. Under real conditions, however, it can take a much larger voltage to initiate this reaction. (The overvoltage for the oxidation of water can be as large as 1 volt.) By carefully choosing the electrode to maximize the overvoltage for the oxidation of water and then carefully controlling the potential at which the cell operates, we can ensure that only chlorine is produced in this reaction.

· In summary, electrolysis of aqueous solutions of sodium chloride doesn't give the same products as electrolysis of molten sodium chloride. Electrolysis of molten NaCl decomposes this compound into its elements.

	 
	electrolysis
	 

	2 NaCl(l)
	[image: image67.png]



	2 Na(l) + Cl2(g)


· Electrolysis of aqueous NaCl solutions gives a mixture of hydrogen and chlorine gas and an aqueous sodium hydroxide solution.

	 
	electrolysis
	 

	2 NaCl(aq) + 2 H2O(l)
	[image: image68.png]



	2 Na+(aq) + 2 OH-(aq) + H2(g) + Cl2(g)


· Because the demand for chlorine is much larger than the demand for sodium, electrolysis of aqueous sodium chloride is a more important process commercially. Electrolysis of an aqueous NaCl solution has two other advantages. It produces H2 gas at the cathode, which can be collected and sold. It also produces NaOH, which can be drained from the bottom of the electrolytic cell and sold.
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· The dotted vertical line in the above figure represents a diaphragm that prevents the Cl2 produced at the anode in this cell from coming into contact with the NaOH that accumulates at the cathode. When this diaphragm is removed from the cell, the products of the electrolysis of aqueous sodium chloride react to form sodium hypo-chlorite, which is the first step in the preparation of hypochlorite bleaches, such as Chlorox.

· Cl2(g) + 2 OH-(aq) [image: image70.png]


Cl-(aq) + OCl-(aq) + H2O(l)
Electrolysis of Water 
· A standard apparatus for the electrolysis of water is shown in the figure below.

[image: image71.png]



	 
	electrolysis
	 

	2 H2O(l)
	[image: image72.png]



	2 H2(g) + O2(g)


· A pair of inert electrodes are sealed in opposite ends of a container designed to collect the H2 and O2 gas given off in this reaction. The electrodes are then connected to a battery or another source of electric current.

· By itself, water is a very poor conductor of electricity. We therefore add an electrolyte to water to provide ions that can flow through the solution, thereby completing the electric circuit. The electrolyte must be soluble in water. It should also be relatively inexpensive. Most importantly, it must contain ions that are harder to oxidize or reduce than water.

	2 H2O + 2 e- [image: image73.png]


H2 + 2 OH-
	 
	 
	Eored = -0.83 V

	2 H2O[image: image74.png]


 O2 + 4 H+ + 4 e-
	 
	 
	Eoox = -1.23 V


· The following cations are harder to reduce than water: Li+, Rb+, K+, Cs+, Ba2+, Sr2+, Ca2+, Na+, and Mg2+. Two of these cations are more likely candidates than the others because they form inexpensive, soluble salts: Na+ and K+.

· The SO42- ion might be the best anion to use because it is the most difficult anion to oxidize. The potential for oxidation of this ion to the peroxydisulfate ion is -2.05 volts.

	2 SO42- [image: image75.png]


S2O82- + 2 e-
	 
	 
	Eoox = -2.05 V


· When an aqueous solution of either Na2SO4 or K2SO4 is electrolyzed in the apparatus shown in the above figure, H2 gas collects at one electrode and O2 gas collects at the other.
· What would happen if we added an indicator such as bromothymol blue to this apparatus? Bromothymol blue turns yellow in acidic solutions (pH < 6) and blue in basic solutions (pH > 7.6). According to the equations for the two half-reactions, the indicator should turn yellow at the anode and blue at the cathode.

	Cathode (-):
	 
	 
	2 H2O + 2 e- [image: image76.png]


H2 + 2 OH-

	Anode (+): 
	 
	 
	2 H2O [image: image77.png]


O2 + 4 H+ + 4 e-


· Outline the steps in industrial production of sodium hydroxide from sodium chloride solution and describe the reaction in terms of net ionic and full formula equations.
· The electrolysis of sodium chloride to produce sodium hydroxide and chlorine can be carried out in 3 types of electrolytic cells - mercury, diaphragm and membrane cells. The diaphragm cell is used most, but the membrane cell is becoming more common as it is used in most new plants. 

In all three cells, the steps involved are: 

1. A saturated brine (sodium chloride) solution has impurities removed by precipitation. Water used to dissolve the salt and make the brine must be purified and softened. 

· Calcium ions are removed by adding sodium carbonate - forming insoluble CaCO3. 

· Magnesium ions are removed by adding sodium hydroxide - forming insoluble Mg(OH)2. 

· Iron ions are removed by the sodium carbonate and sodium hydroxide - forming FeCO3 and Fe(OH)2. 

· Sulfate ions are removed by adding calcium chloride - forming CaSO4. 

You should be able to write equations for these reactions. 

These precipitates are removed as a sludge. 

An ion-exchange process may also be used to remove calcium ions. 

2. Electricity is passed through the brine solution. 

The electrolyte surrounding the cathode is called a catholyte, the electrolyte surrounding the anode is called an anolyte. 

3. Products are separated out - these include chlorine, sodium hydroxide, hydrogen and wastes. 
· Distinguish between  the three electrolysis methods used to extract sodium hydroxide:
· mercury process 
· diaphragm process 
· membrane process 

by describing  each process and analysing the technical and environmental difficulties involved in each process.
Mercury Cell
· A thin layer of mercury, flowing across steel, is the cathode. Sodium from the brine forms an amalgam with the mercury and is removed from the cell. The amalgam goes to a decomposer where it is decomposed by reaction with water.

2Na/Hg(l)   +   2H2O(l)   [image: image78.png]


    2NaOH(aq)   + H2(g)   +   2Hg(l)

This arrangement allows NaOH of high purity to be produced in a separate vessel, so brine hardly contaminates the NaOH. It also allows H2 and Cl2 to be produced in different areas of the plant. This allows for greater safety.

The mercury cell uses liquid mercury as the cathode. The sodium ions from the brine are reduced to sodium metal which is dissolved in the mercury (amalgam).

The Cathode: (-ve): Na+  + e-  → Na (dissolved in mercury)

The amalgam flows into another chamber containing pure water. The sodium reacts with the water to produce sodium and hydroxide ions.

2Na + 2H2O(l) → 2NaOH(aq)  +  H2(g)

[image: image79.emf]
	Manufacturing chlorine and  sodium hydroxide using a diaphragm and a membrane cell
Background chemistry
Chlorine is manufactured by electrolysing sodium chloride solution. In fact, the electrolysis of sodium chloride solution can be used to make three useful substances - chlorine, sodium hydroxide and hydrogen.

The chemistry of the electrolysis process
Sodium chloride solution contains:

· sodium ions,

· chloride ions,

· hydrogen ions (from the water),

· hydroxide ions (from the water).

The hydrogen and hydroxide ions come from the equilibrium:

[image: image80.png]
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	At any one time, the concentration of hydrogen ions or hydroxide ions will be very small - the position of equilibrium lies well to the left-hand side.

At the anode
The negative ions, chloride and hydroxide, get attracted towards the positively charged anode. It is actually easier to liberate hydroxide ions (to give oxygen) than chloride ions (to give chlorine), but there are far, far more chloride ions arriving at the anode than hydroxide ions.

The major reaction at the anode is therefore:

[image: image82.png]
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Two chloride ions each give up an electron to the anode, and the atoms produced combine to give chlorine gas.The chlorine is, however, contaminated with small amounts of oxygen because of a reaction involving hydroxide ions giving up electrons as well.

[image: image84.png]
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The chlorine has to be purified to remove this oxygen. 

At the cathode
Sodium ions and hydrogen ions (from the water) are attracted to the negative cathode. It is much easier for a hydrogen ion to pick up an electron than for a sodium ion. So this reaction happens:

[image: image86.png]
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As the hydrogen ions are converted into hydrogen gas, the water equilibrium tips to the right to replace them.
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The net effect of this is that there is a build up of sodium ions and these newly-produced hydroxide ions around the cathode. In other words, sodium hydroxide solution is being formed around the cathode.

The need to keep all the products separate
If chlorine comes into contact with hydrogen, it produces a mixture which will explode violently on exposure to sunlight or heat. Hydrogen chloride gas would be produced. Obviously, the two gases need to be kept apart.

However, chlorine also reacts with sodium hydroxide solution to produce a mixture of sodium chloride and sodium chlorate(I) - also known as sodium hypochlorite. This mixture is commonly sold as bleach.

Therefore, if you are trying to manufacture chlorine and sodium hydroxide rather than bleach, you have to keep the chlorine and sodium hydroxide apart as well.

The diaphragm and membrane cells are designed so that all the products are kept separate.

The diaphragm cell
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	The diaphragm
The diaphragm is made of a porous mixture of asbestos and polymers. The solution can seep through it from the anode compartment into the cathode side.

Notice that there is a higher level of liquid on the anode side. That makes sure that the flow of liquid is always from left to right - preventing any of the sodium hydroxide solution formed finding its way back to where chlorine is being produced.

Production of the chlorine
Chlorine is produced at the titanium anode according to the equation:

[image: image90.png]
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It is contaminated with some oxygen because of the reaction:
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The chlorine is purified by liquifying it under pressure. The oxygen stays as a gas when it is compressed at ordinary temperatures.

Production of the hydrogen
The hydrogen is produced at the steel cathode:

[image: image94.png]
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Production of the sodium hydroxide
A dilute solution of sodium hydroxide solution is also produced at the cathode (see above for the explanation of what happens at the cathode). It is highly contaminated with unchanged sodium chloride solution.

The sodium hydroxide solution leaving the cell is concentrated by evaporation. During this process, most of the sodium chloride crystallises out as solid salt. The salt can be separated, dissolved in water, and passed through the cell again.

Even after concentration, the sodium hydroxide will still contain a small percentage of sodium chloride.

Additional Reading
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The membrane cell
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	The membrane
The membrane is made from a polymer which only allows positive ions to pass through it. That means that the only the sodium ions from the sodium chloride solution can pass through the membrane - and not the chloride ions.

The advantage of this is that the sodium hydroxide solution being formed in the right-hand compartment never gets contaminated with any sodium chloride solution.

The sodium chloride solution being used has to be pure. If it contained any other metal ions, these would also pass through the membrane and so contaminate the sodium hydroxide solution. 

Production of the chlorine
Chlorine is produced at the titanium anode according to the equation:

[image: image98.png]




 INCLUDEPICTURE "http://www.chemguide.co.uk/inorganic/group7/releasecl2.gif" \* MERGEFORMATINET [image: image99.png]Clafg)
2Cljag) - 287 —————m=




It is contaminated with some oxygen because of the reaction:
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The chlorine is purified by liquifying it under pressure. The oxygen stays as a gas when it is compressed at ordinary temperatures.

Production of the hydrogen
The hydrogen is produced at the nickel cathode:
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Production of the sodium hydroxide
An approximately 30% solution of sodium hydroxide solution is also produced at the cathode (see above - in the background chemistry section - for the explanation of what happens at the cathode).


Membrane Cell
· The electrolyte solutions in a membrane cell are separated by a cation exchange membrane. This is really an improved diaphragm, allowing Na+ ions to move across, but not allowing OH– ions to cross it. New membranes developed allow the electrodes to be very close to each other, on opposite sides of the membrane. This makes the cell very energy efficient, allowing considerable savings.

· The membrane process uses a polymer – polytetrafluoroehthylene (PTFE) which acts as an ion exchange. Sodium ions from the brine are allowed to pass through the membrane to the cathode where molecules of water have been electrolysed on an iron mesh cathode to form hydroxide ions and hydrogen gas.

Cathode: 2H2O(l)  +  2e-  →  2OH-(aq)  +  H2(g)

The sodium and hydroxide ions are removed to form the product.

· Both the Mercury and membrane processes us an inter platinum electrode for the anode where the chloride ions from the brine are oxidised to chlorine gas:

· Anode (-ve):  2Cl-(aq)  →  Cl2  +  2e-
· This gas is carefully removed from the reaction vessel.
· The following table compares the three types of electrolytic cells

	 
	Mercury Cell
	Diaphragm Cell
	Membrane Cell

	cathode
	mercury flowing over steel 

sodium ions reduced
	steel mesh 

water reduced
	stainless steel or Ni 

water reduced

	cathode product
	Na/Hg amalgam 

(Cl2 and brine are removed separately)
	NaOH, NaCl, H2 

(have to be separated)
	NaOH, H2    (membrane will not let Cl– or OH– through)

	decomposer
	NaOH & H2 made in a decomposer
	o
	o

	anode
	titanium
	titanium
	titanium

	anode product
	Cl2
	Cl2
	Cl2

	purity of NaOH
	[NaOH] is about 50 % 
(produces purest NaOH)
	[NaOH] is only about 11 %
	[NaOH] is 30-40 %

	electrical energy
	operating voltage 4-4.5 volts
	operating voltage 4-5 volts
	operating voltage 3-4 volts and may become lower

	cell temperature (°C)
	90-95
	75-85
	88-90

	environmental problems
	environmental problems with use of Hg & its disposal
	older cells contain asbestos
	o


· Technical difficulties/safety aspects
	Problem
	Implications

	chlorine is a toxic gas
	check for leaks, protective breathing apparatus must be carried at all times and showers easily accessible

	corrosive action of salt, chlorine and sodium hydroxide
	maintenance is expensive 

metal pipes, bricks and aluminium surfaces corrode

	hydrogen will react explosively with chlorine or oxygen
	check for leaks, especially in diaphragm and membrane cells

	mercury is toxic.
	check for leaks, safe disposal of waste

	uses lots of electricity
	electric currents create heat and magnetic effects. 

The size of the gap between electrodes must be controlled by means of computers. The smaller the gap, the lower the operating voltage and hence the lower the costs of production.

	quality control
	check: 

· concentration of NaOH (titration) 

· concentration of metal ions in brine (AAS) 

· moisture content of Cl2 (gravimetric analysis) 

· impurities such as H2 and O2 in the chlorine (gas chromatography). 


Part 5 – Saponification

Background information:

Glycerol is an alkanol with 3 hydroxy groups and the formula CH2OHCHOHCH2OH. Its systematic name is 1,2,3-propanetriol.

Esters are carbon compounds with the general formula RCOOR' where R and R' are alkyl groups. Esters can be made by the reaction of an alkanol and an alkanoic acid.

alkanol   +   alkanoic acid             [image: image104.png]


        ester   +    water 

Fats and oils are esters made from glycerol (1,2,3-propanetriol) and long chain fatty acids such as stearic acid (CH3(CH2)16COOH). Different acids combined with glycerol produce different fats and oils
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· Gather, process and present information from secondary sources to identify a range of fats and oils used for soap-making.
· Gather information by looking at web sites and in books and magazines. 

Most soap is made from vegetable oils, especially olive, palm and coconut oils. Some is made from animal fats, called tallows.

When you have enough raw information, you could organise it in a table such as:

	Fat/ oil 
	Type of soap made

	 
	 


Fig 19.1

· Perform a first-hand investigation to carry out saponification and test the product.
· Describe saponification as the conversion in basic solution of fats and oils to produce glycerol and salts of fatty acids.
· Saponification is the conversion in basic solution, of fats and oils to produce glycerol and salts of fatty acids. This is one way of making soap. 
Fat or oil+conc. NaOH[image: image106.png]


glycerol+sodium salt of a fatty acid (soap) 

Fat or oil+conc.KOH[image: image107.png]


 glycerol+potassium salt of a fatty acid (soap)
One naturally occurring fat is glycerol tristearate. When this is heated with a base such as sodium hydroxide, conversion occurs forming glycerol and a salt that is soap.
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Equations p343

· Describe the conditions under which saponification can be performed in the school laboratory and compare these with industrial preparation of soap.
· In the laboratory 

Soap is made by heating a mixture of an oil, such as olive oil, with sodium hydroxide solution.

The soap produced can be precipitated by adding concentrated sodium chloride solution, then washed to remove the glycerol and excess sodium hydroxide. Dilute hydrochloric acid may be used to neutralise the excess alkali.

· Industrial preparation of soap 

· Industrially, soap can be prepared in 1 stage (Kettle Boiled Batch Process) or 2 stages (hydrolysis then neutralisation). This can also occur in the school laboratory. The University of Sydney’s Key Centre for Polymer Colloids (KCPC) site [image: image109.png]


describes the industrial process and how it differs from school laboratory procedures.

· Perform a first-hand investigation to gather information and describe the properties of a named emulsion and relate these properties to its uses.
· An emulsion is a mixture of two liquids that are dispersed and suspended in one another. Neither liquid will dissolve in the other. The suspended particles are called colloids. For the emulsion to be stable and emulsifier must be added.

A colloid is: A system in which finely divided particles, which are dispersed within a continuous medium in a manner that prevents them from being filtered easily or settled rapidly.
· Examples of emulsions are: 

	Emulsion
	Contents - emulsions of:

	milk
	fat droplets in water. (Proteins are the natural emulsifiers in milk.  Additional emulsifiers can be added to milk to help keep the fat suspended and prevent it floating to the top as a cream layer.)

	mayonnaise
	oil, water and vinegar, with egg added to prevent it separating into layers.

	cosmetic creams
	oil and water (other chemicals added for perfume and colour).

	paints
	pigments, solvents and polymers.


· Perform a first-hand investigation to demonstrate the effect of soap as an emulsifier.
	 
	Method 1
	Method 2

	Method 
	Add 1 mL oil to 5 mL water in a test tube. 
Stopper the test tube. 
Shake for 10 seconds. 
Stand for 10 minutes.
	Add 1 mL oil to 5 mL water in a test tube. 
Stopper the test tube. 
Add 5 mL soap solution. 
Shake for 10 seconds. 
Stand for 10 minutes.

	Result 
	 
	 


Describe the effect of the soap. Did it help to keep the oil dispersed through the water?

· Account for the cleaning action of soap by describing its structure.
· Explain that soap, water and oil together form an emulsion with the soap acting as an emulsifier.
These two outcomes can be considered together.

The cleaning action of soap can be explained by its structure which allows it to act as an emulsifier. 

Most dirt is non-polar. Grease consists mostly of long chain, non-polar hydrocarbons. However, water is polar, so it will not dissolve this non-polar dirt and grease. 

· When soap dissolves in water, the ions making up the soap dissociate: 

RCOO–Na+ (s)      [image: image110.png]


     RCOO–(aq)   +   Na+ (aq)

The negative fatty acid ion is a surfactant (surface acting agent). The positive ion plays no part in cleaning.

· Surfactants lower the surface tension of water, by disrupting hydrogen bonds between water molecules, and thus increase its ability to wet a surface. 

	[image: image111.jpg]




Water does not wet grease very well.
	[image: image112.jpg]




Water with surfactants spreads out over the grease, wetting it.


· The fatty acid anions (surfactants) in soaps have a long, non-polar tail, consisting of a hydrocarbon chain, and a polar, anionic (negatively charged) head. 
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	The non-polar tail is hydrophobic, which means that it prefers to be away from water. The polar head is hydrophilic, which means that it is attracted to water.


· When surfactants are added to water, they do not spread evenly through the water, instead they clump together, with the negative heads pointing outwards. The negative ends interact with polar water molecules and the whole clump stays suspended in the water, forming an emulsion rather than a solution. 

	[image: image114.jpg]




Surfactants clump together and stay suspended in water.
	[image: image115.jpg]







Non-polar grease molecules are taken into the non-polar centre of the clump.


· Surfactants help to remove the dirt. 

	[image: image116.jpg]



	The tails dissolve in the greasy dirt and the heads dissolve in water, drawing water onto the dirt and fabric.

As the water is swirled around it pulls the grease out of the fabric.


· Surfactants keep the grease suspended in the water. 
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	Keeping the grease suspended means it can be carried away by the water.

Soap, water and grease together form an emulsion, with the soap acting as an emulsifier, suspending the normally incompatible grease in the water.


· Distinguish between  soaps and synthetic detergents in terms of:
· the structure of the molecule 
· chemical composition 
· effect in hard water 

The word detergent means a cleaning agent. Detergents, like soaps, contain surfactants(surface acting agents) which help to clean.

· Soaps and synthetic detergents both have water soluble and oil soluble ends and both clean in the same way (see above). They can be distinguished by the structure of their molecules, their chemical composition and their effect in hard water. 
	 
	Soaps
	Detergents

	Made from 
	fatty acids in animal and vegetable oils
	hydrocarbon chain from petroleum

	Composition 
	sodium or potassium salts of long chain (alkanoic) fatty acids
	usually hydrocarbons with a sulfate or sulfonate end

	Structure 
	ionic or polar head & long, non-polar hydrocarbon tail. 

anionic
	similar structure to soap - head & non-polar hydrocarbon tail 

may be anionic, cationic or non-ionic



	Manufacture 
	saponification 

- heating fats or oils (esters) with NaOH or KOH< 

- precipitation with sodium chloride
	alkanol from petroleum is reacted with H2SO4 to form sulfonic acid 

this is reacted with NaOH to form sodium sulfonate

	Reaction with hard water 
	do not lather well in hard water 

soap anions form precipitates with cations e.g. Ca2+ and Mg2+ in hard water This forms a scum in the water and on clothes, making clothes dull and grey
	lather in hard water 

do not precipitate mineral salts in hard water

	Biodegradability 
	biodegradable
	biodegradable if hydrocarbon chain is straight. 

non-biodegradable if branched chain.

	Phosphates 
	no phosphates
	may be mixed with phosphates that pollute the environment.

	Other 
	cheaper to make 

not very soluble 

deteriorate with age.
	more expensive 

soluble in water 

do not deteriorate with age, very stable.


· Distinguish between anionic, cationic and non-ionic synthetic detergents in terms of
· chemical composition 
· uses 

· Surfactant molecules in detergents can be anionic, cationic or non-ionic. 
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Anionic
	[image: image119.jpg]




Cationic
	[image: image120.jpg]




Non-ionic


· Anionic surfactants are the most widely used detergents. They are used in dishwashing liquids and laundry detergents. Their particles have a negatively charged head. The most common ones have a long hydrocarbon end, obtained from petroleum, and the ionic end is a sulfate (SO42–) ion or a sulfonate (SO3–) ion. The hydrocarbon end has a special ring structure made of 6 carbon atoms, called a benzene ring, so they are called alkyl benzene sulfonates or sulfates. Anionic surfactants are highly sudsing and have excellent cleaning properties, especially for fabrics that absorb water readily e.g. cotton, wool and silk.

· [image: image121.jpg]



· Cationic surfactants are detergents made of particles with a positively charged head. They are usually ammonium compounds. They are used as cleaners, fabric softeners (their positive charge adheres to fabrics that usually carry negative charges, reducing static) and as germicides (ammonium ions disrupt the cell walls of some pathogenic bacteria) in mouthwashes, nappy washes and antiseptic soaps. They are not used in dishwashers as glass has a negatively charged surface, which attracts the positive heads, leaving the tails to make the glass slippery.


[image: image122]
· Non-ionic surfactants have a hydrophilic end with many oxygen atoms that form hydrogen bonds with water. They do not ionise in water and are low sudsing. They are used as detergents for the laundry, for automatic dishwashers and for washing cars. They are also used in cosmetics and froth flotation.

· You might like to summarise this information in the form of a table.
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· Solve problems and use available evidence to discuss, using examples, the environmental impacts of the use of soaps and detergents.
Points you should mention in your discussion include:

· Biodegradability (soap most biodegradable, anionic detergents usually fairly biodegradable and can precipitate out with cations, non-ionic detergents are low-sudsing and usually biodegrade, anionic detergents can kill some of the microbes that biodegrade so the least biodegradable). 

· Presence of phosphates. 

· Entry into and effects on waterways including eutrophication. 

· Measures to overcome problems. 

· Summarise p 350 Text Non-ionic detergents
6. Solvay Process

Background: The Solvay process is a method of making sodium carbonate from the raw materials sodium chloride, ammonia and calcium carbonate (limestone). This process was first used by Ernest Solvay in Belgium in the 1860s in an attempt to find a use for ammonia.  Ammonia was being produced as a by-product in the coke industry. The successful manufacture of sodium carbonate also made the manufacture of soap and glass less expensive.

About 70 Solvay process plants are still in operation, however, no new plants using this method are being built as it has been replaced by heating the mineral trona (Na2CO3.NaHCO3.2H2O) where this is available and by electrochemical methods. In Australia, commercial sodium carbonate production is carried out, using the Solvay process, by a company called Penrice in Osborne, South Australia. The Pacia website has a chemical fact sheet, Sodium Carbonate [image: image124.png]


, that describes the Solvay process.

The overall process can be shown by the equation,

CaCO3(s)   +   2NaCl (aq)   [image: image125.png]


   Na2CO3(aq)   +   CaCl2(aq)

However, this reaction cannot take place in one step as calcium carbonate will not react with sodium chloride. The reaction is carried out in a number of steps. Ammonia is involved, but is recovered again so does not appear in this summary equation.

· Identify the raw materials used in the Solvay process and name the products.
· Raw materials are sodium chloride, ammonia and calcium carbonate (limestone). 

· Products are sodium carbonate and calcium chloride. 

· Describe the uses of sodium carbonate.
· Uses of sodium carbonate include:

· manufacture of soap, glass, ceramics, paper, sodium hydroxide and sodium hydrogen carbonate (carb. soda) 

· petroleum refining 

· water softener 

· cleaner and degreaser in washing compounds 

· removing sulfur dioxide from waste gases in power stations. 

· Pick two of the above and describe how Na2CO3 is used.
· Perform a first-hand investigation to assess risk factors and then carry out, a chemical step involved in the Solvay process identifying any difficulties associated with the laboratory modelling of the step.
For any chemical step investigated in the Solvay process, identify any risk factors. You might like to list these in a table such as the one given below. Identify any potential hazards and suggest ways of dealing with them.
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· Identify,  given a flow chart, the sequence of steps used in the Solvay process and describe  the chemistry involved in:
· brine purification 
· hydrogen carbonate formation 
· formation of sodium carbonate 
· ammonia recovery. 
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Brine purification
Salt water (brine) is pumped into shallow ponds, where the water is evaporated by the sun leaving salt. This is a mixture of calcium and magnesium salts as well as sodium chloride. The Ca and Mg ions must be removed.

· Calcium salts are precipitated by the addition of sodium carbonate. 
Ca2+(aq)   +    CO32–(aq)   [image: image128.png]


   CaCO3(s)

· Magnesium salts are precipitated by the addition of sodium hydroxide. 
Mg2+(aq)   +    2OH–(aq)    [image: image129.png]


   Mg(OH)2(s)

· A flocculant is added and the precipitates are skimmed off the brine. 

Production of hydrogen carbonate and sodium carbonate
· Calcium carbonate is heated in a kiln to form carbon dioxide & calcium oxide 

[image: image130.png]oo cao(s
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The calcium oxide is removed, to be used in ammonia recovery.

Coke is also present in the kiln, producing more carbon dioxide when heated, as well as providing heat to decompose the calcium carbonate.

C(s)   +   O2(g)     [image: image131.png]


      CO2(g)

· Ammonia is dissolved in the purified brine (NaCl) and carbon dioxide is dissolved in this solution. 

NaCl(aq)  +  NH3(g)  +  H2O(l)  +  CO2(g)  [image: image132.png]


  NH4Cl(aq)  +  NaHCO3(aq)

Sodium and chloride ions are spectator ions, so this equation may be written as the following ionic equation:

NH3(g)   +   H2O(l)   +   CO2(g)   [image: image133.png]


   NH4+(aq)   +   HCO3–(aq)

This reaction is carried out at a low temperature (0°C) so that sodium hydrogen carbonate, which is relatively insoluble at low temperatures, precipitates out. The mixture is filtered. Sodium hydrogen carbonate is washed, dried and used to make sodium carbonate. The ammonium chloride filtrate is sent to the ammonia recovery plant so that ammonia can be recovered and reused.

· Sodium hydrogen carbonate is heated to about 300°C and decomposes into sodium carbonate and carbon dioxide. Sodium carbonate is removed and sold. Carbon dioxide is reused. 
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Ammonia Recovery
· Calcium oxide (from the first step) is dissolved in water to form calcium hydroxide. 

CaO(s)   +   H2O(l)    [image: image135.png]


   Ca(OH)2(aq)

Ammonium chloride is reacted with this calcium hydroxide forming calcium chloride and ammonia. The ammonia is reused, but calcium chloride is waste.

2NH4Cl(aq)  +  Ca(OH)2(s)  [image: image136.png]


  2NH3(g)  +  CaCl2(aq)  + 2H2O(l)

· Summarise by drawing up a flow chart to help you understand the steps involved in this process. 

On the flow chart, use a key to show: 

· raw materials 

· products sold 

· waste products. 

· Process information to solve problems and quantitatively analyse the relative quantities of reactants and products in each step of the process.
1. A company in South Australia, called Penrice Soda Products Pty Ltd, produces 325 000 tonnes per year of soda ash (sodium carbonate). How many tonnes of calcium carbonate are needed to produce this?  Take the overall equation as,

CaCO3(s)   +   2NaCl (aq)    [image: image137.png]


   Na2CO3(aq)   +   CaCl2(aq),

2. Evaporative basins at Dry Creek near Adelaide produce an average of 650 000 tonnes per year of salt.  This is purified, then dissolved to form a saturated brine solution that is pumped to the Solvay plant.

Ammonia is dissolved in the brine solution and then the ammoniated brine is reacted with carbon dioxide.

14. Write an equation for this reaction. 

14. If 50% of the original salt is sodium chloride, what mass of ammonia will be needed to react with it? 

· Use available evidence to determine the criteria used to locate a chemical industry using the Solvay process as an example.
	Some factors that influence the location of a chemical industry 
	Solvay process as an example - Australia's supplies come from Osborne, SA 

	proximity to supply of raw materials
	Osborne is on a 35 km strip of low-lying land along the Gulf of St Vincent. 

Coastal location allows easy access to sea water - pumped into ponds for purification & crystallisation. 

A limestone quarry in the Barossa Valley sends a trainload of limestone to Osborne each day.

	proximity to market
	Supplies the Australian region.

	availability of transport - for raw materials and finished product.
	Limestone is transported by train. 

48 000 tonnes of sodium bicarbonate and 325 000 tonnes of sodium carbonate transported annually throughout Australia by road, rail and sea.

	availability of housing, transport, schools & shops for workers & family
	Osborne is a western suburb of Adelaide which provides these facilities.

	facilities for waste disposal
	Until recently discharged into the Port River, uses are now being found e.g. for land-fill.


· Discuss environmental issues associated with the Solvay process and explain how these issues are addressed.
The Solvay process produces less pollution than previous methods of producing sodium carbonate. The reactions take place in a tower, designed by Solvay, and by-products such as ammonia, calcium oxide and carbon dioxide are re-used.

 Some environmental issues include:

· Calcium chloride
Calcium chloride is difficult to dispose of. Some uses have been developed, e.g. as a drying agent, as an additive for concrete and to melt ice on roads, but most is waste. The discharge of calcium chloride into rivers causes an unacceptable increase in calcium and chloride ion concentrations and affects local ecosystems.  At Osborne, it has been discharged into the ocean for many years.

· Solid waste
In 1997, the Solvay plant at Osborne was pumping 200 tonnes per day of waste (mainly unburnt calcium carbonate, sand and clays from the kiln) into the adjacent river, forming huge sludge deposits. Although this is not toxic, it is unsightly and a nuisance as it blocks shipping channels.

Solid wastes have now been reduced considerably at Osborne and the dumping of wastes in this way ceased by 2001. The company is researching ways to use this waste such as in fertilizer, landfill and brick manufacture.

· Dust control
Dust is a problem and this is being addressed by improved truck loading facilities, upgrading of dust suppression systems in the plant, keeping vehicles on the asphalt roadways, using a wetting solution to suppress dust in open areas, using bag filters to reduce dust in the bicarbonate plant and the installation of dust scrubbing systems.

· Noise suppression
Noise is being reduced by enclosure of noisy areas, using silencers to dampen noise and community monitoring to identify sources of noise.

· Heat
The Solvay process is exothermic, so waste water must be cooled before it is returned to rivers or ocean.

Uses of Sodium Carbonate
· manufacture of soap, glass, ceramics, paper, sodium hydroxide and sodium hydrogen carbonate
· petroleum refining
· water softener
· cleaner and degreaser in washing compounds
· removing sulfur dioxide from waste gases in power stations.
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