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Introduction
The rate of a reaction is a measurement of the speed at which a product in a reaction is produced. The speed a reaction progresses at is affected by a number of factors, be they physical, such as surface area or concentration, energetic, such as temperature, or catalytic, dependent in the presence of a catalyst or inhibitor. 
The rate of the reaction is governed by the step known as the rate-determining step. This is a mechanistic step in an overall reaction that occurs at the slowest rate compared to the other steps in the reaction. Hence only the species, whether reactants or intermediates, involved in the rate-determining step are present in the rate equation.
The rate equation of a given reaction is rate, v, = k[A]m[B]n, where [A] and [B] are the concentration of the reagents, m and n are the orders of reaction with respect to each reactant, with the overall reaction order given by m + n, and k, the rate constant. 
The rate constant, k, is an experimentally determined parameter. As the rate of a reaction is not constant, decreasing with time as the reactants are consumed, k is usually determined with relation to the initial rate of a reaction, or an average rate until a set endpoint. 
The following report covers experimental work to determine an average value for k for the rate of reaction for the oxidation of iodide to iodine by hydrogen peroxide. 
Energetic relevance
An alteration of this reaction in titrimetric form is used for the determination of hydrogen peroxide in forensic settings. This is used as hydrogen peroxide can be used in homemade explosive compositions .
 The determination of rates of reaction is an important step in the synthesis of energetics. This is because modern high energy materials can involve very complicated synthesises with very reactive compounds. Hence it is necessary to be able to determine how the rate of reaction can be controlled to maximise production whilst also reducing the risk of a runaway reaction destroying the product or worse, causing an explosion .
It is also important in the storage and lifetime assessment of explosive articles, as the reaction with moisture in the air or between components of the explosive fill can result in degradation of the energetic which can pose both a safety risk if a runaway reaction starts, resulting in a fire or unplanned detonation, or the misfire of an article as the explosive fill is no longer explosive. Hence stabilisers are added to mixtures as they can either inhibit the reactions that lead to decomposition, or “mop up” decomposition products by reacting with them to prevent them causing further degradation .
Determining rates of reactions is an important step in the development of propellant and pyrotechnic mixtures. This is because rather than the usual reaction rate profile of a high initial rate followed by an exponential decay in rate, a constant reaction is desired to provide either a steady signal in the case of pyrotechnics, or constant thrust in the case of propellants. This is achieved by the addition of burn-rate modifiers, inhibitors added to compositions to bring the rate profile into the desired shape, through the introduction of different reaction pathways that can affect the order and rate of the overall reaction. 

Experimental
The iodine clock reaction was conducted by reacting potassium iodide of differing concentrations, with hydrogen peroxide of differing concentrations. This reaction requires acidic conditions, so ascorbic acid was added. Starch is used as an indicator for the presence of iodine as it forms a very visible blue-black complex when iodine is present. For the reaction to occur at a slow enough rate for it to be timed, a reducing agent is required. This converts the formed iodine back to iodide, so that the blue-black colour does not appear until the reducing agent is entirely consumed. Ascorbic acid also performs the role of reducing agent.
For all 8 reactions, the reaction volume was kept at 25 ml, the amount of starch solution was kept at 1 ml, the amount of 0.01M ascorbic acid was kept at 1 ml and the amount of the fixed reagent was kept at 3ml.
Reactions 1-4 increased the concentration of hydrogen peroxide, using 1-4 ml of 3% solution, with the concentration of potassium iodide kept at 0.024 M. 
Reactions 5-8 increased the concentration of potassium iodide, using 1-4 ml of 0.20 M solution, with the concentration of hydrogen peroxide kept at 0.11M. 
Distilled water, the fixed reagent, ascorbic acid and starch were added to a conical flask. The reagent under investigation was then added, and at the same time a timer was started. The timer was run until a strong blue-black colour became visible.

Results and discussion
The tested concentrations and reaction times for each experiment are given in Table 1 for hydrogen peroxide, and table 2 for potassium iodide. 

Reaction number	[H2O2]0 / M	Reaction time / s
1	0.036	120.79
2	0.071	118.97
3	0.11	88.53
4	0.15	75.38

Table 1 - Reaction times for changing Hydrogen Peroxide Concentration

Reaction number	[KI]0 / M	Reaction time / s
5	0.008	158.42
6	0.016	113.60
7	0.024	81.82
8	0.032	63.62

Table 2 - Reaction times for changing potassium iodide concentrations

The order of reaction can be found graphically for each reactant, by plotting rate against concentration. Rate is given as the amount of product formed over time, as the formation of product was not measured the inverse of reaction time can be used, as this is proportional to rate. 


Figure 1 - Change in rate with variation of hydrogen peroxide concentration

Figure 2 - Change in rate with variation of potassium iodide concentration

As shown in fig. 1 and fig. 2 there is a linear relationship between rate and concentration, meaning that the reaction is first order for both potassium iodide and hydrogen peroxide, and this matches the literature . Hence the rate equation for this reaction is v = k[I-][H2O2].
Rearranging the derived rate equation, k can be found from k = (1/t)/[KI][H2O2], and then averaged across all experiments, see table 3. 



Experiment number	[H2O2]0 / M	[KI]0 / M	1/t / s-1	k / s-1mol-2dm6
1	0.024	0.036	0.0083	9.58
2	0.024	0.071	0.0084	4.93
3	0.024	0.11	0.011	4.27
4	0.024	0.15	0.013	3.69
5	0.008	0.11	0.0063	7.17
6	0.016	0.11	0.0088	5.00
7	0.024	0.11	0.012	4.62
8	0.032	0.11	0.016	4.47

Table 3 - Determination of rate constant for the reaction
Averaging the calculated rate constant values gives k = 5.47 s-1mol-2dm6. 
The calculated value of k fluctuates greatly for a number of reasons. Firstly, this is not a true rate constant as the inverse of time is used rather than the actual rate of the reaction. Secondly, the initial concentrations are being compared to the overall reaction time rather than the initial rate, this is especially problematic with regards to the hydrogen peroxide concentration, as this is effectively undergoing two reactions, as it is first reacting to produce iodine that is reduced by the ascorbic acid  back to iodide and then reacting again once all the ascorbic acid is consumed before the indicator changes colour. Finally, the two variables are not isolated from each other during the experiment, to be able to determine the effect of changing one reactants concentration, the other reactants should be in large excess so that the fixed reagent’s reaction remains near constant throughout the reaction. 
It is possible to determine the half lives of each reactant during the reaction. As the reaction is first order with respect to both reactants, the half life is given by t1/2 = ln2/k, however as the calculated k is not a true rate constant, this results in the nonsensical answer of 0.12 seconds. 

Conclusion
Through the iodine clock experiment, it was possible to determine the order of reaction for the oxidation of iodide by hydrogen peroxide as second order, as the reaction is first order with respect to both iodide and hydrogen peroxide. It was not possible to calculate a true value of k using the included experimental method. For a true k value, the experiment would need to be rerun with the ability to measure the concentration of the reactants or products throughout the run rather than performing separate experiments for different concentrations. This would allow for the graphical determination of the initial rate of reaction. The fixed reagent not being investigated in that run should be present in great excess, so its concentration is constant throughout the experiment. This would allow for the graphical determination of reaction order and k from the log-log graph of rate vs concentration. Once k had been determined in this way, it would be possible to use a similar experimental setup but varying temperature rather than concentration to calculate the activation energy of the reaction using the Arrhenius equation. 
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