


1. Abstract

Time in the Laboratory was set aside to demonstrate how concentrations of substances affect the Rate of Reaction when mixed and to determine the Reaction’s Rate Law. This was done in varying solutions of Hydrogen Peroxide, Water, Ascorbic Acid and Starch. The experiments were conducted and effects observed, the results were then calculated and summarised graphically.
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1. Introduction

This experiment is an example of the “Iodine Clock” method, in this case; the Hydrogen Peroxide (H₂O₂) oxidises Iodide (I) into Iodine (I₂) and Water (H₂O), presented by the following equation: H₂O₂ + 2I + 2H → I₂ + 2H₂O. Also worthy of note is that when Vitamin C is reacted with Iodine, it is converted into Iodide (the reverse of the previous reaction): C₆H₈O₆ + I₂ → C₆H₆O₆ + 2I + 2H.

When these ingredients are combined, free Acid will react with Iodine and will not allow to spare I₂ atoms to react with the Starch. Only when all Acid is completely oxidised will there be free Iodide atoms to react with the Starch, turning the mixture Blue. Essentially, The Starch is included as an Indicator; as dissolved Iodide is completely colourless and it would therefore be impossible to tell if a reaction has taken place [1].

The implication of this effect is that the amount of Acid can be used to slow down the reaction; more Acid used means more to be oxidised and therefore the slower Iodide can be freed to react with the Starch. As soon the Starch changes colour, it can be assumed that all Acid has been “used”, this change can then be timed and this forms the basis of the “clock”. Consequently, this means that the Rate of Reaction is inverse to the colour change: faster colour change means less Time and vice versa. By changing the concentrations of the added ingredients, the differing speeds of reactions can be observed and the Rate Law obtained. 


1. Experiment Conditions

For this experiment, two “batches” of four experiments each were run; one batch changed the concentrations of Hydrogen Peroxide while the other modified the concentrations Iodide; Potassium Iodide (KI) in this case. All eight experiments were conducted in the same manner: a solution of KI at 0.2 Mol, Ascorbic Acid at 0.02 Mol, Starch and Distilled Water was measured into a conical flask while a 3% solution of H₂O₂ and Water was prepared in a separate flask. The H₂O₂ was poured into the KI Solution and the time taken for the Solution to turn Blue was recorded.

	Experiment
	Potassium Iodide (ml)
	Ascorbic Acid (ml)
	Starch (ml)
	Distilled Water
	H₂O₂ (ml)

	1.1
	3
	1.5
	1
	18.5
	1

	1.2
	3
	1.5
	1
	17.5
	2

	1.3
	3
	1.5
	1
	16.5
	3

	1.4
	3
	1.5
	1
	15.5
	4

	2.1
	1
	1.5
	1
	18.5
	3

	2.2
	2
	1.5
	1
	17.5
	3

	2.3
	3
	1.5
	1
	16.5
	3

	2.4
	4
	1.5
	1
	15.5
	3


Figure 1 – Quantities of Chemicals used

It was worth noting that the Tubes used to measure out the Water were not accurate enough to measure half millilitres so instead the Tubes were weighed on precision scales. As 1 gram of Water is equal to 1 millilitre, 18.5ml for example is equal to 18.5 grams. 

Based on the fact that concentrations of substances increase and levels of Water decrease as experiments continue, it is expected that higher concentrations result in faster reactions which manifests as a faster colour shift of the solution.  

1. Experiment Results

The Experiments were run and the time taken for the “blue shift” to occur was observed and recorded in Figure 2. It should be noted that for each experiment, the solution was left unstirred. It is likely that if it were there would be a more complete level of mixing and therefore, a faster reaction time. But for the sake of consistency between iterations, all experiments were unstirred.

	Experiment
	Time Taken (Clock Time)

	1.1
	2:53 (173s)

	1.2
	1:41 (101s)

	1.3
	1:29 (89s)

	1.4
	1:23 (83s)

	2.1
	2:31 (151s)

	2.2
	2:09 (129s)

	2.3
	1:19 (79s)

	2.4
	1:09 (69s)


Figure 2 – Experiment Results

As predicted, stronger concentration of KI and H₂O₂ resulted in faster reaction times for their relevant experiments as more atoms are present in the same area, leading to the “blue shift” occurring sooner. 

1. Analysis of Results

In order to obtain the Rate Law for the conducted experiments, the following equation must be used for each iteration to find the Rate Constant:
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Figure 3 – Rate Constant

All of these figures are already known or can be calculated: t refers to the Clock Time, which has already been found in the experiments, n and m refers to the Molarity of H₂O₂ which can be found by dividing the Mass (m) by Molar Mass: 

For H₂O₂, H=1 and O=16, therefore H₂O₂ ((1x2)+(16x2)) equals a Molar Mass of 34 or 34g/mol. It is also known that the H₂O₂ solution contains 3g of H₂O₂ per 100ml of solution, which provides the overall Mass. Taking both figures into account, the Concentration of H₂O₂ can be found: 





The Molarity of KI is already known: 0.2. Substituting these figures into Figure 3, using Experiment 1.1 as an example and knowing there is 1 ml of H₂O₂ and 3ml of KI present, the Rate Constant can be found: 





These steps can then be repeated for all other experiments with adjusted Clock times, KI and H₂O₂, which will create the following set of results: 

	Experiment
	Rate Constant

	1.1
	0.0046

	1.2
	0.0032

	1.3
	0.0034

	1.4
	0.0029

	2.1
	0.0025

	2.2
	0.0026

	2.3
	0.0037

	2.4
	0.0042



These results can then be used in conjunction with a Logarithm Table to produce a set of results which can be used to produce graphs that will show the logarithm of the 1/Clock time and logarithm of the Reactant.  
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	When the Logarithm of 1/Clock Time is placed on the X Axis and Logarithm of the Reactant is placed along the Y axis, the resulting curve also reveal which Order the reaction takes place within.
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Figure 4 - H₂O₂ Order Graph
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Figure 5 – KI Order Graph

As these graphs operate on a Rate/Concentration basis and trend towards Positive as time passes, we can deduce that both of these reactions are First Order [2]  which will inform calculating the overall Rate Law. To do so, the Formula Rate=K([H₂O₂]m)([KI)n) must be rearranged, where m and n both represent the Order of Reaction and Molarity of both Reactants are substituted. To use experiment 1.1 an example:



This equation can then be repeated for each Rate Constant and an Average made to create a Rate Law that is as close to reality as possible:

[image: ]
Figure 6 – Rate Law

1. Conclusions

This exercise has served to illustrate a fundamental point of Chemistry in general and aligns with the prediction made in Para iii, it was observed that higher concentrations of substances do speed up reaction times, as the colour shift happened noticeably faster as quantities increased. However, this experiment was not without fault as observing the shift in colour was highly subjective: what may look blue to one individual may not look to another. This was exacerbated by poor lighting conditions within the work area which made task that more difficult. In future and in more professional environments, a more objective method may be used to measure rates of Reaction. 

Other environmental factors could also affect the experiments; warmer temperatures have the potential to accelerate the rate of reaction and thus a warm laboratory may yield faster results than a cold one. Use of Catalysts could also change the reaction, vastly speeding it up if a fast reaction is desirable. 

The Iodine Clock experiment is also a good example of Chemical Kinetics; which are essential for understanding of Explosives. At the point of Detonation, Reaction Time based on the concentration of ingredients is essential as it informs what explosives may be used where. For example, an Explosive with an extremely rapid reaction will produce a fast Detonation Wave, which is essential for optimising the effectiveness of Shaped Charges. 

It also affects Storage and Handling too, as the way ingredients interact with one another over time is the basis for Service Lives as old Explosives become increasingly sensitive over time [3], which in turn underpins Safety. Temperature as previously mentioned also accelerates this aging process as Explosives that are stored too hot also become overly sensitive and run the risk of Autocatalytic Detonation, which again informs Safety Activity as it places strict climatic controls on Explosive Storehouses. 
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image2.emf
Experiment ReactantClock Time1/Clock TimeLog (Reactant)Log(1/Clock Time)

H2O2

1.1 0.0046 173 0.0058 -2.34 -2.24

1.2 0.0032 101 0.0099 -2.49 -2

1.3 0.0034 89 0.0112 -2.47 -1.95

1.4 0.0029 83 0.012 -2.54 -1.92

KI

2.1 0.0025 151 0.0066 -2.6 -2.17

2.2 0.0026 129 0.0076 -2.59 -2.11

2.3 0.0037 79 0.0127 -2.43 -1.89

2.4 0.0042 69 0.0145 -2.38 -1.84
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image5.emf
Experiment  Reactant Clock Time 1/Clock Time Log (Reactant) Log(1/Clock Time) Rate OrderRate LawRate Average 

H2O2

1.1 0.0046 173 0.0058 -2.34 -2.24 1 0.00081

1.2 0.0032 101 0.0099 -2.49 -2 1 0.00057

1.3 0.0034 89 0.0112 -2.47 -1.95 1 0.00059

1.4 0.0029 83 0.012 -2.54 -1.92 1 0.00051

KI

2.1 0.0025 151 0.0066 -2.6 -2.17 1 0.00044

2.2 0.0026 129 0.0076 -2.59 -2.11 1 0.00046

2.3 0.0037 79 0.0127 -2.43 -1.89 1 0.00065

2.4 0.0042 69 0.0145 -2.38 -1.84 1 0.00074

0.00059


