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	An introduction to industrial chemistry
	



Questions 

1
Access to raw materials, plentiful supply of energy and labour, transport facilities such as railways and a deep sea port to both bring in raw materials and transport manufactured goods, environmental considerations (not too close to major population centres, if possible).
2
The major issue is the geographical isolation of the ore bodies. The climate in the Kimberley is extremely harsh (average summer temperatures are well into the 40s) and there is limited access to appropriate power and labour needs. Much of the domestic demand for steel is centred across the eastern seaboard cities of Sydney, Melbourne and Brisbane.

3
The main consideration for industry is what is the most cost-effective and safest way to produce the desired material. The use of large amounts of concentrated sulfuric acid is potentially dangerous and is difficult to handle. Treatment of waste materials and recycling of unused reactants are also important factors to take into consideration.

4 
In batch processing, a chemical manufacturing process is carried out in a linear path from initial raw materials to finished product. A single ‘batch’ is made at a time. On completion of the reaction, the whole process must be repeated from the starting point. In continuous processing, reactants are added and products generated in a continuous manner. This technique allows for greater control over reaction conditions and for more product to be generated.

5
For example: 

•
Appropriate and ongoing training in Occupational Health and Safety procedures. 

•
The wearing of appropriate safety clothing such as helmets, heavy boots and safety jackets.

•
Safety valves and warning devices on equipment as necessary. 

•
Limiting access to sites to only those people with the appropriate training and a need to be there.

•
Provision of appropriate first-aid personnel and equipment such as smoke alarms, fire extinguishers and blankets, emergency showers etc.
6
Research

7
a
The particles in solids and liquids are packed close to one another, with only limited movement available, particularly in the solid state. In the gaseous state, particles are separated from each other by much greater distances and so it is relatively easy to force them closer to each other.

b
Gas cylinders contain gaseous hydrocarbons, such as propane and butane, under pressure. When the cylinder is left exposed to direct sunlight it will heat up, causing the particles to have greater kinetic energy and so exert more pressure on the sides of the cylinder. This is potentially dangerous.

c
When a balloon is being filled, more gas is being added to it. As the amount of gas increases within the balloon, so does the internal pressure, to the point that the balloon may burst.

d
As incense burns it releases gaseous fragrance particles that swiftly disperse to fill the space in which they are confined. All gases do this, as their constituent particles have high kinetic energy and significant freedom of movement.

8
See figure 9.4.4 for an example.

9
a
The spark supplies the energy required to overcome the activation energy of the reaction and so initiate the combustion process.

b
Covalent bonds between the atoms of hydrogen and oxygen are broken.

c
Covalent bonds in water molecules are generated.

d
The reaction is exothermic, as the reaction was ‘explosive’, indicating that considerable amounts of energy were released.

10
a
The total enthalpy of the products is greater as energy was absorbed from the surroundings.

b
Endothermic
c
Ionic bonds between ammonium cations and nitrate anions were broken. 

11
a
Activation energy is 1100 kJ mol–1
b
Change in enthalpy, (H, is –900 kJ mol–1
12
Sketch required. 

13
a
See text for energy profile diagrams.
b
Exothermic
c
(H = HP – HR = –90 – 80 = –170 kJ mol–1
d
290 kJ mol–1
e
+290 kJ mol–1
14
In addition to colliding with sufficient energy to break the bonds in the reactants and so overcome the activation energy, particles must also collide with the correct orientation if a reaction is to occur

15
a
Increasing temperature increases the kinetic energy of the particles and so makes it more likely that they will collide with sufficient energy to overcome the activation energy.

b
An increase in concentration  means there are more particles present in any given volume and so there is a greater likelihood of collisions occurring.

c
An increase in the surface area of a solid ensures that there are more reactant particles available at the surface of the solid to take part in reaction, thus increasing the likelihood of collision.

16
a
A decrease in temperature lowers the rate of reaction by decreasing the average kinetic energy of the particles.
b
Wheat carries with it a great deal of fine dust. It is this dust, with its associated huge surface area, that makes it susceptible to ignition and explosion. A filled wheat silo has little air space available for the dust to suspend in the air.

c
When pure oxygen is used, the concentration of one of the reactants is significantly increased, ensuring that the rate of reaction will also increase.

d
Small pieces of wood, or kindling, catch alight far more easily as they have a substantial surface area of wood that is exposed to air to allow for the combustion reaction to take place.

17
a
This was the period of time when the concentration of this reactant was at its greatest. As the reaction proceeds and the N2O5 is consumed, the rate at which it is converted to product must decrease.

b
If a lower temperature was used it would be expected that the rate of reaction would decrease; it would take a longer period for the initial quantity of N2O5 to decompose.

c
To increase rate a higher temperature could be employed or a catalyst introduced.

18
The lack of dissolved oxygen slows the decomposition process as the micro-organisms, such as bacteria, that initiate the process do not have oxygen available for respiration. In addition, the presence of organic acids lowers the pH and makes the environment far more toxic for the organisms responsible for decomposition.

19
Enzymes are biological catalysts that generally function over only a very narrow range of temperatures (around body temperature). If the temperature varies from this range too greatly the enzyme is denatured and can no longer function.

20
Industrial catalysts are able to function over a wide range of temperature, pressure and pH conditions, unlike enzymes. Enzymes are generally far more efficient than industrial catalysts, and can increase the rate of a reaction by a factor of up to 1010 times.

21
a
Heterogeneous

b
Homogeneous

c
Heterogeneous

22
a
The surface area of the catalyst is increased and so is far more effective.

b
Heterogeneous, as it is a solid for a gaseous reaction

c
The contact time of the catalyst with the reactant gases is increased.

d
Temperature could be increased and the concentration of reactant gases could be increased. 

Review Questions 

1
Availability of raw materials and the ability to transport them to your factory site are critical factors. You also need a suitable workforce of both skilled and unskilled people, and the means to distribute the product once it has been made. A reliable source of water and power is also necessary.

2
a
Continuous flow

b
Batch processing

c
Batch processing

d
Continuous flow

3 
a
It is in the solid state that particles are generally packed most closely together with the least available room for movement. In the liquid state, particles are a little more separated and can slide past one another. The greater the space between particles the less will be the density.

b
In the liquid state, particles are a little more separated than is the case for solids, though they are still close. In gases, particles are widely dispersed with significant distances separating them, ensuring that they can be readily compressed to a smaller volume.

c
The lighter may still contain gaseous hydrocarbons under pressure. When the lighter is heated, the particles gain kinetic energy and so exert more pressure on the sides of the lighter. This is potentially dangerous.

d
An increase in temperature increases the kinetic energy of particles and so makes it more likely that they will collide with sufficient energy to overcome the activation energy and initiate reaction.

4
Ashan was correct, as temperature is a measure of the average kinetic energy of particles at a particular temperature. Boltzmann showed that particles have a range of speeds, and hence energies, at any given temperature. If this were not the case, a chemical reaction would not take place at all until a certain ‘magic’ temperature had been reached at which every particle present would react instantaneously. We know from practical experience that this is not the case.

5
The particles must collide with sufficient energy to break the bonds in the reactants and so overcome the activation energy, and they must collide with the correct orientation if a reaction is to occur.
6
See figure 9.4.4 for an example.

7
a
Exothermic

b
Endothermic

c
Exothermic

d
Exothermic

e
Endothermic

8
a
Warmer

b
Cooler

c
Cooler

d
Warmer

9
The rate of disproportionation (the redox reaction of a substance with itself) is very slow in this case, and is decreased even further if the temperature is kept low.

10
a
The UV radiation acts as a catalyst, supplying energy to help to overcome the activation energy barrier.
b
Covalent bonds within the methane and chlorine molecules are broken. 

c
Covalent bonds within the chloromethane and hydrogen chloride molecules are generated.
d
If the reaction was performed in a thermally insulated vessel, the temperature of the vessel could be measured both before and after chemical reaction has taken place. If the temperature increases the reaction is exothermic, and if it decreases the reaction is endothermic.

11
a
The total enthalpy of the products is greater. 

b
Endothermic

c
Covalent bonds within the carbon monoxide and ammonia molecules are broken.
d
It is a heterogeneous catalyst, as it is a solid and the reactants are gases.
12
For example:

•
The zinc could be used in powdered form to increase its surface area.

•
The temperature of the hydrochloric acid could be increased.
•
The concentration of the hydrochloric acid could be increased.
13
Exothermic with a small activation energy. See figure 9.3.6 for an example of such a graph.

14
Ethane reaction: (H = –3100 kJ mol–1, EA = +1100 kJ mol–1 

Zinc oxide reaction: (H = +900 kJ mol–1, EA = +1600 kJ mol–1
15
By definition, the activation energy is the energy required to initiate a chemical reaction. As the energy is required, it must be endothermic.

16
a
The covalent bonds in the reactant molecules must be broken.

b
It would be greater than 280 kJ mol–1 as a catalyst lowers the activation energy.

c
See text for an example of such a graph. 

d
The reverse reaction is endothermic, as the forward reaction was exothermic.

e
The catalyst lowers the activation energy by providing an alternative pathway for the reaction to proceed.

17
Sketch required.

18
a
Smaller pieces of wood have a larger surface area and so a greater availability of fuel for combustion with oxygen to take place.

b
Dust has a very large surface area, meaning that a relatively small amount of energy is enough to initiate a combustion reaction.

c
The low temperatures and the lack of water in the frozen tundra would cause the rate of decomposition of the woolly mammoth to decrease significantly.

d
Powdered zinc has a significantly greater surface area than large pieces and so will react far more quickly with the hydrochloric acid.

e
Manganese(IV) oxide acts as a catalyst for this reaction and so increases the rate of reaction.

19


	Industrial catalysts
	Enzymes

	Work over a wide range of temperature, pressure and pH conditions.
	Work over only a limited range of mild temperatures, pressures and pH conditions.

	One catalyst can function effectively for a wide range of reactions.
	Catalyse only one or two closely related chemical reactions.

	Efficient, but nowhere near as efficient as enzymes.
	Extremely efficient. Can increase the rate of reaction up to 1010 times.

	Examples include platinum, finely divided iron and vanadium(V) oxide.
	Examples include amylases, proteases and lipases. These three classes of enzyme catalyse the hydrolysis of carbohydrates, proteins and lipids respectively.


20
a
The alloy is woven into a mesh, as it provides a greater surface area of catalyst available to enhance reaction rate.

b
This material is used as it is the most cost-effective in terms of the overall economics of the industrial process.

Examination Questions 

Multiple choice

1
C

2
D

Extended response

1
a
Graph required. For 1.0 M the reaction is faster so the graph is steeper. For 0.1 M reaction is slower. For both, the same maximum mass of hydrogen is obtained.

b
Hydrochloric acid is in excess in all cases, and as such its concentration is irrelevant.
c
As time proceeds the rate of the forward reaction decreases. This is due to the fact that the amount of reactant present is decreasing.

d
A greater mass of hydrogen gas would be produced and the rate of reaction would be slightly greater as there would be a larger surface area of magnesium available for reaction.
2
a
A relatively small increase in temperature results in a significantly greater proportion of particles having a greater kinetic energy. The increased kinetic energy means that many more particles have sufficient energy to overcome the activation energy for the reaction.

b
For a chemical reaction to occur particles must have sufficient energy and must also collide with the correct orientation.

c
This increased their surface area and so their effectiveness.

d
Enzymes are rarely used to catalyse chemical reactions in industrial applications, as they only operate under mild conditions of temperature, pressure and pH. These mild conditions are often unsuitable in industrial applications.
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