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Section 5 - Rates of Reaction

1.      General

*
The speed at which chemical reactions occur is of great importance in industry and everyday life. We often want to know how to speed up or slow down a reaction.

Common examples:

· Chemical weathering of rocks: very slow, speeded up by higher temperatures, higher concentration of acid in water.

· Rusting: a slow process, speeded up by moisture, salt and warm climate.

· Metals with acids: speeded by higher temperature, powdering up metal, increasing concentration of acid.

· Explosions. Accidental explosions in mines and in flour mills may be caused by the presence of very fine particles of solids, which react rapidly with the air. Ingredients for fireworks have to be ground up carefully, before mixing,

2.
Rate of reaction


*
To compare rates of reaction on a sensible basis, we need to consider equal volumes of solution or gas. We do this by considering the concentration of a substance (how much is dissolved in one litre of solution).  If we consider the reaction between dilute hydrochloric acid and a large amount of marble chips, producing carbon dioxide:


       CaCO3(s)  +  2HCl(aq) 
(  CaCl2(aq)  +  H2O(l)  +  CO2(g)


*
As the reaction proceeds, the acid is used up, and more and more carbon dioxide is formed. We can plot the amounts of each on graphs:
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*
If we want to measure the rate of reaction after 5 minutes, we must draw a tangent to the curve, and measure the gradient. In this case the concentration of hydrochloric acid drops rapidly at first (steep gradient), and then more and more slowly. The carbon dioxide is being produced rapidly at first (steep gradient), and then more and more slowly. We can use either the reactant (substance reacting) or a product to measure the rate.

Rate  =                            1                         .
                 Time taken for an event to occur

3.
Factors which affect rates

The main factors which affect how fast a reaction goes are as follows:

· the concentration of the reactants (or pressure if they are gases)

· the temperature of the reaction mixture

· the surface area of any solid reactants, or solid catalyst

· the presence of a catalyst.

We shall consider each factor in turn, and try to explain why it should have an effect. The scientific model we use for this is called collision theory. Molecules and ions need to collide before they can react, and we consider how varying these factors can change the ways in which they collide. We shall illustrate this with the reaction between marble chips and hydrochloric acid, shown on the previous page. The acid gives hydrogen ions, H+(aq), and it is these which collide with the calcium carbonate in the solid chips.

(i) Concentration: this means the amount of acid dissolved in a given volume, and is normally measured in moles/litre (mol/dm3). The number of collisions between the marble and the hydrogen ions from the acid depends on the number of acid molecules in each cm3. 
If we double the concentration of acid, there will be twice as many hydrogen ions in a given volume, and so twice as many collisions with marble each second. 
Although every collision does not lead to reaction, doubling the total number of collisions should double the rate of reaction. 

Note that if we add a larger volume of acid of the same concentration, the rate will be the same at first, but reaction will carry on for longer, and more gas will be produced at the end. An experiment to show this might use one large chip of limestone, and the same volume of acid but of different concentrations. If we measure the time (t seconds) to produce (say) 

20 cm3 of gas, the rate will be 20 ÷ t cm3/s. A graph of rate against concentration of acid should be a straight line, going through the origin (line (a) in the diagram below). For gaseous reactants, the pressure is the most convenient measure of concentration.






(ii) Temperature: when we heat a reaction mixture up, the rate of reaction rises sharply (curve (b) above). 
For many reactions the rate will double if the temperature rises by 10oC, and then double again for the next 10o rise. 
At a higher temperature the particles will have an increased energy. They therefore move around more quickly, and undergo harder collisions, leading to a higher rate.
Most chemical reactions involve breaking bonds, and this requires energy. 
The minimum energy which molecules must gain before they can collide successfully is called the activation energy. 

If the temperature is increased, the number of particles with an energy greater than, or equal to the activation energy increases. Therefore the number of successful collisions increases and the rate increases.
When a reaction mixture is heated up, the molecules move around more rapidly, and far more of them have enough energy to react. There is also a small increase in the number of collisions. Both factors mean that there are more collisions which lead to reaction, so the rate increases sharply.
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(iii) Surface Area: if a reaction involves a solid, it can only occur when molecules strike the surface. Therefore if there is a larger surface area, there will be more collisions, and the rate will be faster. 
In general:  rate with large lumps  is less than   rate with small lumps   is less than   rate with powder.

*
If you are designing an experiment to show this, you must be careful to use the same mass of solid, the same temperature, and the same volume of acid. There should be an excess of solid, so most of it doesn’t get used up. The diagram below applies to a flask containing marble chips and acid on a balance: results like curve (c) might be obtained with large chips, and curve (d) with small chips.




(iv) Catalysts:  a catalyst is a substance which, when added in small amount, will speed up a chemical reaction, without itself being used up. 
Catalysts speed up reactions by providing an alternative route for the reaction that has a lower activation energy than the initial route.

There is no catalyst for the reaction between marble chips and hydrochloric acid. However, many other reactions are speeded up by catalysts. Different reactions need different catalysts, which must be found by trial-and-error.

Manganese(IV) oxide, MnO2, catalyses the decomposition of hydrogen peroxide into water and oxygen:
       2H2O2  
(  2H2O  +  O2

Hydrogen peroxide is dropped onto the solid catalyst at room temperature, in a flask fitted with a tap funnel and a delivery tube.

The test for oxygen is that when a glowing splint is plunged into the gas, the splint relights. One way of showing a substance is a catalyst is by using a weighed amount (e.g. of MnO2 in H2O2 decomposition), recovering it at the end of the experiment (here, by filtration), drying if necessary and weighing to show that none has been used up, as mass is unchanged.

Examples of catalysis:

• decomposition of hydrogen peroxide by manganese(IV) oxide


                 2H2O2  
(  2H2O  +  O2  [MnO2  as catalyst]


• catalytic converters in cars; these catalyse the reaction between the pollutants nitrogen oxide and carbon monoxide:   2NO  +  2CO    +  2CO2


• the Haber Process for manufacture of ammonia



N2  +  3H2  
[image: image2.wmf]  2NH3  [finely divided iron as catalyst]


•  the Contact Process for manufacture of sulphuric acid



2SO2  +  O2
[image: image3.wmf]  2SO3
*
A solid catalyst works by allowing reactants to bind temporarily to its surface. This can weaken their chemical bonds (providing an alternative route with lower activation energy), and/or bring them together so that they can react. Once reaction is complete the products leave the surface, which can act as catalyst for more reactants.
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