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Introduction



Calculations are an important part of the Higher Chemistry course. Being able to handle calculations with confidence is an essential skill, not only to achieve a good result in the Higher exam but to help you understand chemical processes. This book takes you through worked examples and then allows you to practise with lots of relevant questions. You can check your progress as you go using the answers provided at the end of the book.


This book is based on the original title Test Your Higher Chemistry Calculations which was written to support Higher Chemistry students prior to the introduction of the Curriculum for Excellence Higher. This title was highly successful as it presented calculations in an easy-to-understand style, provided relevant worked examples and gave students plenty of opportunity to refine their skills as each chapter contained several problems to solve, with answers provided.


This new book has retained the best features of the original title but the content has been updated to reflect the current Higher Chemistry curriculum. In addition, each chapter has been fully revised to bring examples up to date. Key features of this new book include:





•  worked examples



•  questions at the end of each chapter presented in order of increasing challenge



•  new chapters on potential energy graphs, atom economy and bond enthalpy



•  a chapter on numeracy to help students refine their numeracy skills



•  answers to all problems.





This book complements the other study guides for Higher Chemistry published by Hodder Gibson. Further help, guidance and necessary explanations for the whole course can be gathered from these excellent textbooks:


Higher Chemistry with Answers by John Anderson, Eric Allan and John Harris


Revision Notes and Questions for Higher Chemistry by John Anderson


How to Pass Higher Chemistry by John Anderson





1 Rates of reaction



Being able to control a chemical reaction is an essential skill for a chemist. Reactions which are too slow are usually unprofitable. Reactions which are too fast can be dangerous! Thus, chemists have discovered methods for controlling the rate of chemical reactions by, for example, changing the concentration of reactants or by adding a catalyst. In order to assess how effective these methods are at changing the rate, chemists need to know how to measure the rate of a chemical reaction.


Measuring the rate of reaction


In previous work, you will have learned that chemists can measure the change in a reaction. For example, for a reaction producing a gas, it is common to measure the volume of gas produced or record the change in mass as the gas is ‘lost’ to the surroundings. Alternatively, since all chemical reactions involve reactants being changed into products, chemists can measure the change in the concentration of reactants or products.


Overall, the reaction rate can be calculated using the equation:


[image: ]


The relationship between rate and time


In Higher Chemistry, we are interested in the relationship between rate and time.





•  A reaction which is over in a short time will have a high rate.



•  A reaction which takes a long time to reach completion will have a low rate.





Mathematically, we say that the rate is inversely proportional to the time. This simply means that as the rate increases, the time will decrease. This can be expressed using the following equation:


[image: ]


This is useful for measuring reactions where there is a visible sign that the reaction has ended. For example, in some reactions there is an obvious colour change when the reaction is complete. The rate can be measured by starting a timer as soon as the reactants are added and stopping the timer as soon as the colour change is observed.


Using rate and time


The table below illustrates the numerical relationship between rate and time.






	Experiment

	Time taken

	Rate






	1

	20 s

	0.05 s−1







	2

	100 s

	0.01 s−1







	3

	2 min

	0.5 min−1







	4

	50 min

	0.02 min−1








Points to note:





•  The rate is calculated using the equation [image: ].



•  The time is calculated using the equation [image: ].



•  The units for rate are taken from the units for time. To show the inverse relationship, a superscript ‘−1’ is added: s−1, min−1, etc.



•  The standard unit of time is seconds so the standard unit for rate is s−1. If you are given time in mixed units (e.g. 5 min 25 s) you should convert the time into seconds and calculate the rate using the unit s−1. This is illustrated in the following worked examples.
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Worked example 1.1


Copy and complete the following table by calculating the rate of reaction for each experiment.


(Note that the reaction rate units are s−1 so you will need to convert the time into seconds.)






	Experiment

	Time taken

	Rate of reaction/s−1






	1

	10.2 s

	a)






	2

	303 s

	b)






	3

	8 min 35 s

	c)






	4

	12 min 24 s

	d)






	5

	1 hour 28 min 2 s

	e)







Solution





a)  [image: ]




b)  [image: ]




c)  [image: ]




d)  [image: ]




e)  [image: ]
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Worked example 1.2


Copy and complete the following table by calculating the time taken for each reaction.






	Experiment

	Rate of reaction/s−1

	Time/s






	1

	0.0039

	a)






	2

	0.12

	b)






	3

	2.3 × 10−4


	c)






	4

	5.54 × 10−5


	d)






	5

	1.39 × 10−6


	e)







Solution





a)  [image: ]




b)  [image: ]




c)  [image: ]




d)  [image: ]




e)  [image: ]
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Calculations from reaction rate graphs



In the Higher Chemistry exam, you are likely to encounter reaction rate calculations where the data are shown graphically. Tackling these questions is straightforward.





•  Read the graph and extract the data.



•  Apply the relevant equation: [image: ] or [image: ].



•  Remember to show the correct units.







[image: ]


Worked example 1.3


Look at Figure 1.1.





a)  State the time taken when the concentration was







     (i)  0.03 mol l−1



     (ii)  0.06 mol l−1.








b)  Calculate the concentration when the time taken was







     (i)  500 s


     (ii)  86.2 s.





Solution





a)  (i)  From the graph, at a concentration of 0.03 mol l−1, the rate of reaction is 0.004 s−1. [image: ]



     (ii) From the graph, at a concentration of 0.06 mol l−1, the rate of reaction is 0.008 s−1. [image: ]









b)  (i)  The rate of reaction can be calculated using [image: ].
From the graph, this value for the rate of reaction occurs at a concentration of 0.015 mol l−1.


     (ii) The rate of reaction can be calculated using [image: ].
From the graph, this value for the rate of reaction occurs at a concentration of 0.086 mol l−1.
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Worked example 1.4


Figure 1.2 was obtained from carrying out an experiment at different temperatures and recording the time taken for a colour change to appear.





a)  State the time taken when the reaction was carried out at (i) 20 °C (ii) 29 °C.



b)  State the temperature of the experiment which took (i) 10 s (ii) 14.7 s.





Solution





a)  (i)  From the graph, at a temperature of 20 °C, the rate of reaction is 0.04 s−1.
[image: ]



     (ii) From the graph, at a temperature of 29 °C, the rate of reaction is 0.08 s−1.
[image: ]









b)  (i)  The rate of reaction can be calculated using [image: ].
From the graph, this value for the rate of reaction occurs at 31 °C.


     (ii) The rate of reaction can be calculated using [image: ].
From the graph, this value for the rate of reaction occurs at 27 °C.
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Questions





1  Find out the values of a)−e) by calculating the rate, in s−1, for each experiment.






	Experiment

	Time

	Rate/s−1






	1

	23 s

	a)






	2

	380 s

	b)






	3

	585 s

	c)






	4

	2 min

	d)






	5

	4 min 20 s

	e)













2  Find out the values of a)−e) by calculating the time, in seconds, for each experiment.






	Experiment

	Rate/s−1

	Time/s






	1

	0.012

	a)






	2

	0.049

	b)






	3

	1.1 × 10−3


	c)






	4

	5.65 × 10−4


	d)






	5

	6.75 × 10−4


	e)













3  Figure 1.3 shows how the rate of a reaction varies with concentration.







    a)  State the concentration when the time taken was 20 s.


    b)  State the time taken if the experiment was carried out using a concentration of 0.15 mol l−1.







[image: ]







4  Figure 1.4 shows how the rate of a reaction varies with temperature.







    a)  State the time taken for the reaction at a temperature of 43 °C.


    b)  State the temperature of the experiment for the reaction which took 50 s.


    c)  Obtain from the graph the values for the rate of reaction at 10 °C, 20 °C, 30 °C and 40 °C. What relationship between the temperatures and the rates can be observed?







[image: ]







5  Figure 1.5 shows how the rate of a reaction varies with concentration. The time taken for a colour change to appear was used to measure the rate of the reaction.







    a)  What concentration of reactant will cause the colour change in this reaction to take place after 50 s?


    b)  After what time will the colour change take place if the reagent concentration is 0.40 mol l−1?







[image: ]







6  Figure 1.6 shows how the rate of a reaction varies with temperature. The time taken for a colour change to appear was used to measure the rate of the reaction.







    a)  At what temperature will the colour change take place 200 s after the reagents are mixed?


    b)  At what time after the reagents are mixed will the colour change take place when the temperature of the solution is 48 °C?







[image: ]







7  Figure 1.7 shows how the rate of a reaction varies with the concentration of one of the reactants. The rate is expressed as the reciprocal of the time taken for a colour change to appear.







    a)  How long will the colour change take to appear if the reagent concentration is 0.0054 mol l−1?


    b)  At what concentration of reagent will the colour change take 40 s to appear?







[image: ]




[image: ]








2 Calculations from potential energy graphs



Potential energy diagrams are used in chemistry to illustrate the changes in energy that occur as reactants are converted into products. In this chapter, you will practise interpreting potential energy diagrams so that you can calculate both enthalpy changes and activation energies.


Enthalpy change


Burning methane gas is an everyday example of a chemical reaction that releases lots of energy.




[image: ]




The actual amount of energy released can be calculated by working out the difference in energy between the reactants and products. This difference is known as the enthalpy change and is given the symbol ∆H.




[image: ]




The potential energy diagram shown in Figure 2.2 could be used to represent the burning of methane.


This diagram shows that the products of the reaction have less energy than the reactants. Where has the energy gone? The difference in energy (the ∆H) will be released to the surroundings resulting in the surroundings rising in temperature. In the case of burning methane gas, the energy released heats up the surrounding air. This released energy can then be used to heat up a pan of water, for example.


Calculating the enthalpy change


If we know the average energies of the reactants and products, we can calculate the enthalpy change using the equation:


[image: ]


This is explained in the following worked examples.




[image: ]


Worked example 2.1




[image: ]




Calculate the enthalpy change for the burning of methane (CH4) as illustrated in the potential energy diagram shown in Figure 2.3.


Solution


The enthalpy change (∆H) is the difference in energy between the products and reactants.


In this case, ∆H = 10 − 30 = −20 kJ


[image: ]
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Worked example 2.2




[image: ]




Calculate the enthalpy change for the reaction illustrated in the potential energy diagram shown in Figure 2.4.


Solution


The enthalpy change (∆H) is the difference in energy between the products and reactants.


In this case, ∆H = 30 − 60 = −30 kJ


[image: ]
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Worked example 2.3




[image: ]




Calculate the enthalpy change for the reaction illustrated in the potential energy diagram shown in Figure 2.5.


Solution


The enthalpy change (∆H) is the difference in energy between the products and reactants.


In this case, ∆H = 100 − 20 = 80 kJ


[image: ]





Activation energy


Methane will only start to burn when ignited by a flame or spark. This is a consequence of the fact that the reaction has a high activation energy. This is defined as the minimum energy required for a successful reaction.


Activation energy is represented on potential energy diagrams as shown in Figure 2.6.




[image: ]




This graph shows three types of activation energy:





•  Ea1 is the activation energy for the forward reaction i.e. the reaction in which reactants are converted into products.



•  Ea2 is the activation energy for the forward reaction when using a catalyst. Catalysts work by lowering the activation energy.



•  Ea3 is the activation energy for the reverse reaction, i.e. the reaction in which products are converted back into reactants.
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