 6.1 Collision theory and rates of reaction(P272 to P285)

Understandings:
· Species react as a result of collisions of sufficient energy and proper orientation. 
· The rate of reaction is expressed as the change in concentration of a particular reactant/product per unit time. 
· Definition-Chemical Kinetics: The study and discussion of chemical reactions with respect to reaction rates
· Definition-Rate of Reaction: The change in concentration of reactants or products per unit time.
· [image: ]
· Δc, the change in concentration can be measured indirectly by monitoring a property which changes when reactants are converted to products. Examples include:
· pH (acid – base reactions)
· Conductivity (reactions with electrolytes)
· Mass/volume (reactions involving gases)
· Colour (reactions with transition metals or other colored compounds)
· To measure reaction rate, plot concentration vs time graph. The rate is determined from slope of gradient at point t on the graph.
· Rate of reaction can be measured in three ways
· Average rate
· Avg rate = Δc/Δt
· Instantaneous rate
· Slope of tangent at a point
· Initial rate
· Slope of tangent at point t0
· Concentration changes in a reaction can be followed indirectly by monitoring changes in mass, volume, and colour. 
· Change in volume of gas produced
·  a convenient method if one of the products is a gas
· Collecting the gas and measuring the change in volume at regular time intervals enables a graph to be plotted of volume against time.
· A gas syringe can be used for this purpose. It consists of a ground glass barrel and plunger, which moves outwards as the gas collects and is calibrated to record the volume directly. 
[image: ]
·  Change in mass
· Many reactions involve a change in mass, and it may be convenient to measure this directly
· If the reaction is giving off a gas, the corresponding decrease in mass can be measured by standing the reaction mixture directly on a balance. 
· unlikely to work well where the evolved gas is hydrogen, as it is too light to give signi cant changes in mass.
· Allows for continuous readings, so a graph can be plotted directly of mass against time.
·  Change in transmission of light: colorimetry/spectrophotometry
· Sometimes an indicator can be added to generate a coloured compound that can then be followed in the reaction.
·  A colorimeter or spectrophotometer works by passing light of a selected wavelength through the solution being studied and measures the intensity of the light transmitted by the reaction components[image: ]
· The method allows for continuous readings to be made, so a graph of absorbance against time can be plotted directly. 

· Activation energy (Ea) is the minimum energy that colliding molecules need in order to have successful collisions leading to a reaction. 
· Definition-Activation energy: The minimum energy required for a reaction to occur
· By decreasing Ea, a catalyst increases the rate of a chemical reaction, without itself being permanently chemically changed.
· A substance that increases the rate of a chemical reaction by lowering the activation energy and is not consumed in the reaction.
· This can be demonstrated using a potential energy profile[image: Potential Energy Profile]
Catalysts come in two types:
· Homogeneous:
· In the same physical state as the reactants
· Example- destruction of ozone, O3, by chlorine atoms. In the stratosphere, ozone absorbs over 95% of UV radiation from sun. It undergoes homolytic fission and converts UV radiation to heat. Chlorine atoms are produced in the reaction of a chlorofluorocarbon (CFC) with UV light.
· Heterogeneous:
· In a different state from the reactants
· Example - catalytic converter in exhaust system of car which converts harmful gaseous into water oxygen or carbon dioxide

Applications and skills: 
· Description of the kinetic theory in terms of the movement of particles whose average kinetic energy is proportional to temperature in Kelvin. 
· Analysis of graphical and numerical data from rate experiments. 

Guidance
· Calculation of reaction rates from tangents of graphs of concentration, volume, or mass vs time should be covered. 
· Students should be familiar with the interpretation of graphs of changes in concentration, volume, or mass against time. 
· Explanation of the effects of temperature, pressure/concentration, and particle size on rate of reaction. 
· [bookmark: _600c2gzhnxpu]Maxwell – Boltzmann energy distribution and temperature
· Shows the probability of finding particles with a specific kinetic energy
· Number of particles represented by area of green (in the picture) have enough energy to react
· For a catalyzed reaction, the activation energy decrease, and there are more particles which have enough energy to react
· As temperature increases, the mean velocity of particles increases and thus the distribution become flatter and wider
· [image: Maxwell - Boltzmann]
· Construction of Maxwell–Boltzmann energy distribution curves to account for the probability of successful collisions and factors affecting these, including the effect of a catalyst. 
· Factors that affect the rate of chemical reaction
1. Increasing temperature
· Gives particles more kinetic energy, faster rate of reaction
· Increasing temperature therefore means an increase in the average kinetic energy of the particles of a substance. [image: ]
[image: ]
· The area under the two curves is equal as this represents the total number of particles in the sample. But at the higher temperature, more of the particles have higher values for kinetic energy and the peak of the curve shifts to the right. 
·  as temperature increases, there is an increase in collision frequency due to the higher kinetic energy, but more importantly there is an increase in the frequency of collisions involving particles with the necessary activation energy to overcome the activation energy barrier.[image: ]
2. Addition of catalyst
· Definition-Catalyst： a substance that increases the rate of a chemical reaction without itself undergoing permanent chemical change. 
·  Most catalysts work by providing an alternate route for the reaction that has a lower activation energy.
· Reduces activation energy, faster rate of reaction
· [image: ]
3. Increasing concentration of reactants
· Increasing concentration means more collisions, faster rate of reaction
· When particles are closer together they have a greater chance of reacting
i. This is because as concentration increases, the frequency of collisions between reactant particles increases
4. Increasing surface area in solid phase（Particle size）
·  Breaking down solid into smaller pieces means larger overall SA, more collisions, faster rate of reaction-->allows more contact and a higher probability of collisions between the reactants
· Decreasing the particle size increases the rate of reaction. 
· Investigation of rates of reaction experimentally and evaluation of the results.
· Sketching and explanation of energy profiles with and without catalyst

· Summary[image: ]
·  The rate of a reaction depends on the frequency of collisions which occur between particles possessing both: 
· values of kinetic energy greater than the activation energy and appropriate collision geometry.
· Understanding this theory will help us to investigate and explain the factors that in hence the rate of reaction.
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