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Chapter 09 – Rates of reaction 
Reaction kinetics 
The rate of a reaction is a crucial aspect of understanding the mechanism of a chemical reaction. 

 

 
The rate of a reaction is determined through experiments, 

allowing us to measure the usage of reactants and the 

formation of products. 

Collision theory 

Collision theory explains the impact of concentration, 

temperature, surface area, and catalysts on reaction rates. It 

states that particles must collide in the correct orientation 

and with sufficient energy to react. Unsuccessful collisions 

occur when particles lack energy, while successful collisions 

occur when particles have enough energy. The activation 

energy is the minimum energy required for a successful collision. 
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According to the collision theory, a reaction will speed up if: 

■ The frequency of collisions increases 

■ The proportion of particles with energy greater than the activation energy increases. 

 

A catalyst is a substance that enhances reaction rate while maintaining chemical integrity by enabling an alternative 

mechanism with lower activation energy. 

The effect of concentration on rate of reaction 

Concentration in chemistry is measured in moles per decimetre cubed (moldm−3). More concentrated solutions have 

more solute particles, leading to faster reactions due to frequent collisions. Pressure also affects reactions involving 

gases, increasing the number of gas molecules in a volume and causing more collisions. 

 

The effect of temperature on rate of reaction 

The Boltzmann distribution is a graph that shows the distribution of energies at a given temperature. It shows that 

particles in a substance have varying amounts of energy, with some having a small amount and others having a large 

amount. As temperature increases, the average kinetic energy of particles increases, leading to more frequent 

collisions. However, experiments show that the rate of reaction cannot be entirely explained by more frequent 

collisions. The proportion of successful collisions increases significantly as temperature increases, affecting the 

molecular energies distribution. 

 

Therefore, increasing the temperature increases the rate of 

reaction because: 

 

■ The increased energy results in particles moving around more 

quickly, which increases the frequency of collisions 

■ The proportion of successful collisions (i.e. those that result in a 

reaction) increases because the proportion of particles exceeding 

the activation energy increases. This is the more important factor. 
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Catalyst  

A catalyst provides an alternative mechanism with lower activation energy, allowing a greater proportion of molecules 

in the reaction mixture to react. This results in a higher rate of effective collisions and catalysis, as shown in Figure 9.6, 

which does not affect the shape of the Boltzmann distribution. 

Homogeneous and heterogeneous catalysts 

A catalyst is a crucial component in catalysis, either homogeneous or heterogeneous. Homogeneous catalysts are 

present in the same phase as reactants, like water, while heterogeneous catalysts are present in different phases, like 

oxygen gas production. 

 

The reaction commonly used in the laboratory is the decomposition of hydrogen peroxide solution: 

 
This is a very slow reaction at room temperature. However, when a little of the insoluble solid manganese (IV) oxide 

powder, MnO2(s), is added, oxygen is given off quickly (Figure 9.11). 

 
Many heterogeneous catalysts are solids that catalyse gaseous reactants. The reactions take place on the surface of the 

solid catalyst.   

Enzymes 

In common with inorganic catalysts, enzymes. 

 
However, enzyme catalysis has some specific features: 

■ Enzymes are more efficient than inorganic catalysts; the reaction rate is often increased by a factor of 106 

to 1012 

■ Enzymes are very specific; they usually only catalyse one reaction 

■ As a consequence of this specificity, enzymes do not produce byproducts 

■ Enzymes work under very mild conditions; for example, 35°C, pH 7, atmospheric pressure 

■ The amount of enzyme present in a cell can be regulated according to need. 
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The specific substance that fits onto the surface of the enzyme molecule and is converted to product(s) is called a 

substrate. 

Chapter 10 – Periodicity 
Structure of the Periodic Table 

The Periodic Table, originally developed by Mendeleev, now explains the arrangement of chemical elements in atomic 

number order, not mass. The modern table has 18 groups, with patterns like sodium to argon appearing across 

periods, a concept known as periodicity. 

Periodicity of physical properties 
1. Periodic patterns of atomic radii 

Atomic radii, obtained from an element's single covalent 

radius, provide the best data for comparison across a period. 

Other measures like metallic and van der Waals' radii are also 

available. Table 10.1 provides values for Period 3. 
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Noble gases in Group 18, like argon in Period 3, do not form bonds, so their atomic radii are determined by their van 

der Waals' radius. This radius is higher than the single covalent radius of any element. The atomic radius decreases 

across periods due to an increase in protons and electrons, with the shielding effect remaining constant. This results in 

a greater attraction force on outer electrons, causing the atomic radius to decrease. 

2. Periodic patterns of ionic radii 

In Chapter 4, it is explained that metallic elements produce positively charged ions (cations) like Na+, while non-

metallic elements form negatively charged ions (anions). The pattern in ionic radii changes across Period 3, with 

cations being smaller and having less shielding of outer electrons. From Na+ to Si4+, ions decrease for similar reasons. 

(figure 10.5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Periodic patterns of melting points and electrical conductivity 

Physical properties like melting point and electrical conductivity show trends over time, with a significant increase in 

electrical conductivity across metals in Period 3. This trend is due to the bonding and structure of the elements, with a 

decrease in conductivity to silicon and non-metallicinsulators. The increase in melting point and electrical conductivity 

is due to the number of electrons each metal donates into the delocalised electron sea and the increasing charge on 

the metal ions in the metallic lattice. 

 
Aluminium's strong metallic bonding and large number of negatively charged delocalised electrons make it a better 

electrical conductor than sodium. Silicon, in Period 3, has the highest melting point due to its giant molecular 

structure. However, its electrical conductivity is lower than other metals. Non-metallic elements like sulfur, 

phosphorus, and chlorine exist as small molecules with weak van der Waals' forces, making them easy to break and 

melt. Phosphorus, sulfur, chlorine, and argon gas have low melting points at room temperature. 
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4 Periodic patterns of first ionization energies 

You have looked at the pattern in first ionisation energies for the first 

two periods on page 41. In Period 3 the pattern 

is the same as in Period 2. This is shown by the data in Table 10.6 and 

the graph in Figure 10.7. 

 

 

 

 

 

 

 

 

 

 

 

Periodicity of chemical properties 

We will now look at the chemistry of some of the elements of Period 3 and their compounds, focusing on the oxides 

and chlorides. 

Reactions of Period 3 elements with chlorine 

When sodium metal is heated then plunged into a gas jar of chlorine, there is a vigorous reaction, forming sodium 

chloride: 

 
Magnesium and aluminium also react vigorously with chlorine gas: 
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Silicon reacts slowly with chlorine, as it does with oxygen, giving silicon(IV) chloride: 

 
Phosphorus also reacts slowly with excess chlorine gas: 

 
Sulfur does form chlorides, such as SCl2 and S2Cl2, but you do not need to cover these for your examination. Argon does 

not form a chloride. 

Oxides of Period 3 elements 
Oxidation numbers of oxides 

Table 10.7 displays common oxide formulas of Period 3 elements. As we cross the period, the maximum oxidation 

number increases due to oxygen bonding, resulting in positive oxidation states. 

 

Magnesium oxide and magnesium hydroxide are commonly used in indigestion remedies (Figure 10.11). 

 

These basic compounds neutralise excess acid in the stomach, relieving the pain: 

 

 
Aluminium oxide does not react or dissolve in water, which is why an oxide layer can protect aluminium metal 

from corrosion. However, it does react and dissolve when added to acidic or alkaline solutions. 

 
Compounds that can act as both acids and bases, such as aluminium oxide, are called amphoteric. 

 

However, it will react with and dissolve in hot, concentrated alkali: 

 
Silicon dioxide acts as an acid when it reacts with sodium hydroxide, forming a salt (sodium silicate) plus water. It does 

not react with acids, so it is classed as an acidic oxide. 
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Summary of the acidic/basic nature of the Period 3 oxides 

Table 10.8 provides an overview of Period 3 oxides' acidic/basic nature. The oxides' behavior is explained by their 

structure and bonding. As the elements become more electronegative, electrons are attracted more strongly by 

positive nuclear charge. Oxygen's electronegativity is 3.5, indicating ionic bonding and electron transfer. 

 
Notice the high melting points of the giant ionic and giant covalent structures, leading to the use of: 

■ Magnesium oxide to line the inside of furnaces 

■ Aluminium oxide and silicon dioxide to make ceramics, with giant covalent structures designed to withstand high 

temperatures and provide electrical insulation. 

 

The oxide ions behave as bases by accepting H+ ions from water molecules: 

 
By contrast, the covalently bonded non-metal oxides of phosphorus and sulfur dissolve and react in water to form 

acidic solutions. The acid molecules formed donate H+ ions to water molecules, behaving as typical acids. 
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The insoluble oxides of aluminium and silicon exhibit acidic nature by reacting and dissolving in alkaline solutions, 

forming a soluble salt, while aluminium oxide exhibits ionic bonding, indicating its amphoteric nature due to its dual 

nature. 

Chlorides of Period 3 elements 
Oxidation numbers of the Period 3 elements in their chlorides 

Table 10.11 outlines the formulas of common chlorides of Period 3 elements, showing that oxidation numbers increase 

as we cross Period 3, reaching sulfur in Group 16. This is due to chlorine's higher electrongativity. 
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Revision questions 

 

 

 
(ii) Using the data for Experiment 1, calculate a value for the rate constant, k and state its units. 

 

2. (a) The initial rate of reaction between ester A and aqueous sodium hydroxide was measured in a series of 

experiments at a constant temperature. The data obtained are shown below. 

 
Use the data in the table to deduce the order of reaction with respect to A and the order of reaction with respect to 

NaOH. Hence calculate the initial rate of reaction in Experiment 4. 
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(i) Write a rate equation for the reaction under these new conditions. 

(ii) Calculate a value for the rate constant under these new conditions and state its units. 

(iii) Suggest why the order of reaction with respect to sodium hydroxide appears to be  zero under these new 

conditions. 

 

3. The rate of the reaction between substance A and substance B was studied in a series of experiments carried out at 

the same temperature. In each experiment the initial rate was measured using different concentrations of A and B. 

These results were used to deduce the order of reaction with respect to A and the order of reaction with respect to B. 

 

(a) What is meant by the term order of reaction with respect to A? 

 

(b) When the concentrations of A and B were both doubled, the initial rate increased by a factor of 4. Deduce the 

overall order of the reaction. 

 

c) In another experiment, the concentration of A was increased by a factor of three and the concentration of B was 

halved. This caused the initial rate to increase by a factor of nine.  

 

(i) Deduce the order of reaction with respect to A and the order with respect to B. 

(ii) Using your answers from part (c)(i), write a rate equation for the reaction and suggest suitable units for the rate 

constant. 

 

4. The rate equation for a reaction between substances A, B and C is of the form: 

 
The following data were obtained in a series of experiments at a constant temperature. 
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(a) Use the data in the table to deduce the order of reaction with respect to A and the order of reaction with respect to 

B. Hence deduce the order of reaction with respect to C. 

 

(b) Calculate the value of the rate constant, k, stating its units and also the value of the initial rate in experiment 4. 

 

(c) How does the value of k change when the temperature of the reaction is increased? 

 

5. (a) A large excess of zinc was added to 100cm3 of 0.2 M hydrochloric acid. After the reaction had ended, 240 cm3 of 

hydrogen had been formed. In three further experiments, extra substances were added to the original mixture as 

shown in the table below. Fill in the table to show the total volume of hydrogen formed in each experiment and the 

qualitative effect of these additions on the initial rate of reaction compared to the original experiment 

 
(b) The rate of reaction between compounds A and B was studied at a fixed temperature and some results obtained 

are shown in the table below. 

 
Use the data in the table to deduce the order of reaction with respect to compound A and the order of reaction with 

respect to compound B. Hence calculate the initial rate of reaction in experiment 4. 

 

(c) The rate equation for a reaction between substances C and D is: 
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(i) Calculate the value of the rate constant, k, at this temperature 

and deduce its units. 

(ii) On the axes below sketch a graph to show how the value of k 

varies as temperature is increased over a considerable range. 

 

6) Write balanced equations to show the reaction of water with: 

(i) sodium 

(ii) sodium oxide. 

 

7) Write equations for the reactions of phosphorus(V) oxide and 

sulphur dioxide with water. In each case predict the approximate pH 

of a 1M aqueous solution of the product. 

 

8) Apart from argon, the Period 3 elements all form oxides. 

(i) Write an equation to represent the reaction of aluminium with oxygen. 

(ii) The reaction in (b)(i) occurs very readily. Suggest why aluminium saucepans can be safely heated on a gas cooker. 

(iii) Complete the following table to show information about Period 3 oxides. 

 
(iv) Write an equation for the reaction of sodium oxide with water. 

(v) Write an equation for the reaction of sulphur dioxide with water. 

(vi) Samples of silicon dioxide and phosphorus(V) oxide are added to separate samples of pure water and each mixture 

is stirred. State the approximate pH value of each sample after the stirring. 

 

9) (a) Explain, with reference to the bonding in sodium oxide, why this compound reacts with water to form a solution 

with a pH of 14. 

 

(b) What general type of oxide forms acidic solutions in water? Give the formula of one such oxide. 

 

10) Describe the trend in pH of the solutions formed when the oxides of the Period 3 elements, sodium to sulphur, are 

added separately to water. Explain this trend by reference to the structure and bonding in the oxides and by writing 

equations for the reactions with water. 
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11) (a)The following data were obtained in a series of experiments on the rate of the reaction between compounds A 

and B at a constant temperature. 

 
(i) Deduce the order of reaction with respect to A. 

(ii) Deduce the order of reaction with respect to B. 

 

(b) The following data were obtained in a series of experiments on the rate of the reaction 

between NO and O2 at a constant temperature. 

 
The rate equation for this reaction is 

 
(i) Use the data from experiment 4 to calculate a value for the rate constant, k, at this temperature, and state its units. 

(ii) Calculate a value for the initial rate in experiment 5. 

 

12) (a) The initial rate of the reaction between substances P and Q was measured in a series of experiments and the 

following rate equation was deduced. 

 
(i) Complete the table of data below for the reaction between P and Q. 

 
(ii) Using the data from experiment 1, calculate a value for the rate constant, k, and deduce its units. 

(b) What change in the reaction conditions would cause the value of the rate constant to change? 
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12) (a) The following data were obtained in a series of experiments on the rate of the reaction between compounds A 

and B at a constant temperature. 

 
(i) Show how the data in the table can be used to deduce that the reaction is first order with respect to A. 

(ii) Deduce the order with respect to B. 

 

(b) The following data were obtained in a second series of experiments on the rate of the reaction between 

compounds C and D at a constant temperature. 

 
The rate equation for this reaction is 

 
(i) Use the data from Experiment 4 to calculate a value for the rate constant, k, at this temperature. State the units of k. 

(ii) Calculate the value of the initial rate in Experiment 5. 


