Kinetics Questions 3 - Revision
1.
a.  Sketch the shape of the graph you would expect to obtain by plotting the
volume of carbon dioxide evolved against time when 1.0 g of a solid piece of calcium carbonate is reacted with 50.0 cm3 of 1.00 mol dm-3 hydrochloric acid at 20 °C and 1 atmosphere pressure.
b. What is the maximum volume of carbon dioxide that could be evolved? (Assume that 1 mol of any gas occupies 24 dm3 at this temperature and pressure.)
c. Using a different colour ink each time now sketch on the same graph the shape of the four new graphs you would expect to obtain if:
(i)  The 1.0 g of calcium carbonate was in powder form rather than a single piece.

(ii) 50.0 cm3 of 2.00 mol dm-3 hydrochloric acid was used instead of 50.0 cm3 of 1.00 mol dm-3 hydrochloric acid.
(iii) The piece of calcium carbonate had a mass of 5.0 g instead of 1.0 g. 

(iv) The temperature of the reaction was reduced from 20°C to 10°C.

2. The collision theory assumes that the rate of a reaction depends on
A   the rate at which reactant molecules collide with one another 

B   the proportion of reactant molecules that have enough energy to react once they have collided. 

Which, out of A and B, explains each of the following observations?

 
a    Reactions in solution go faster at higher concentration. 

b    Solids react faster with liquids or gases when their surface area is greater. 

c    Catalysts increase the rate of reactions. 

d    Increasing the temperature increases the rate of a reaction.

3. A mixture of hydrogen and oxygen doesn't react until it is ignited by a spark. Then it explodes. The mixture also explodes if you add some powdered platinum.
a    The energy of a spark is tiny, yet it is enough to ignite any quantity of hydrogen/oxygen mixture, large or small. Suggest an explanation for this.

 b    Explain why platinum makes the hydrogen/oxygen reaction occur at room temperature.

4. Use the collision theory to explain
a    Why coal burns faster when it is finely powdered than when it is in a lump. 

b   Why nitrogen and oxygen in the atmosphere do not normally react to form nitrogen oxides. 

c    Why reactions between two solids take place very slowly. 

d    Why flour dust in the air can ignite with explosive violence.

5. Catalytic converters in car exhausts are designed to remove pollutant gases such as CO and NOX. Yet the converters do not work effectively until the car engine has warmed up.
Suggest a reason for this, using ideas about collision theory.

6. The diagram below shows the energy distribution for collisions between Cl atoms and 03 molecules at temperature T1 K. Ea is the activation enthalpy for the reaction of Cl atoms and O3 molecules:
Cl   +   O3   (    ClO   +   O2
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a. Copy the diagram and shade the area of the graph representing the number of collisions with sufficient energy to lead to a reaction. 

b. On your graph, show the energy distribution for collisions between Cl atoms and O3 molecules when the temperature of the reactants is increased by 10 K to T2  K. Shade (using a different colour) the area under the graph representing the number of collisions with sufficient energy to lead to a reaction at T2 K.

1

2 a A 
b A 
c B 
d Mainly B, with A to a minor extent.

3 a This reaction has a high activation enthalpy that prevents it occurring at a significant rate at room temperature, but the reaction is exothermic, and once the spark has provided the energy needed to get it started, the reaction produces enough energy to sustain itself regardless of how much is present.

b The platinum catalyst lowers the activation enthalpy to such an extent that it is close to the thermal energy of molecules at room temperature.

4 a The surface area of the coal is much greater in the powder than in the lump. Many more collisions with oxygen molecules are possible and the speed of reaction will be much greater.

b Although the gas molecules are moving freely, the molecules have insufficient kinetic energy to overcome the activation enthalpy for reaction.

c The particles in the solids are in fixed positions in their respective lattices. The only movement will be due to low energy vibrations or rotations about these fixed positions. The number of collisions is very low indeed. There is also unlikely to be sufficient energy available to overcome the activation enthalpy for reaction.

d The fine flour dust allows maximum chances of collisions with oxygen molecules. A spark will cause instant ignition followed by a very rapid reaction amounting to an explosion.

5 Catalytic converters catalyse redox reactions involving CO, NOx and oxygen from the air. The catalyst lowers the activation enthalpies of these reactions, but the activation enthalpies are still high, and the reactions do not occur at a significant rate until the catalyst is hot.

6 a The area shaded is underneath the T1 curve and to the right of Ea.

b The area shaded a different colour is underneath the T2 curve and to the right of Ea, encompassing the firstcoloured area. The T2 curve has a lower and broader maximum than the T1 curve and the maximum value is shifted to the right. It tails off above the T1 curve.
