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1. [bookmark: _Toc186455274][bookmark: _Toc213700494][bookmark: _Toc186455125][bookmark: _Toc186455257]Abstract

1.1. This lab report captures the steps used in the iodine clock method and the results to determine rate law. Through interpreting results, hydrogen peroxide was found to have a half order of reaction. Potassium Iodide had a first order reaction. The results gathered suggest that there were a number of errors introduced through the method, equipment or user. 



2. [bookmark: _Toc213700495]Introduction

2.1. The purpose of this lab report is to detail how to determine the rate law for the formation of iodine using the clock method. This is done by measuring the formation of iodine in the reaction between hydrogen peroxide and iodide ions in a solution and using ascorbic acid as a reducing agent and starch as an indicator. 

[image: Recreating the Iodine Clock Reaction at Home with Vitamin C]
[bookmark: _Toc213700476]Figure 1 - Clock Method [1]

2.2. By varying the concentration of iodine or hydrogen peroxide at each trial, the rate of reaction can be determined by measuring the time it takes for the indicator to change colour, the higher the concentration the quicker the reaction. This can be taken further to determine which order of reaction, first or second and that can aid in determining rate law.

2.3. The hypothesis for this lab is “By increasing concentration of reactants, the rate of reaction will increase, and the rate law can be determined?” 

2.4. Throughout this experiment there are different variables that need to be considered. Dependant variable is what is being measured, which is the time taken for the blue starch-iodine colour to appear. Control variables are the volume of Vitamin C and starch and concentration of all chemicals using in this lab throughout. During each trial the independent variable will be the volume of Potassium Iodide and Hydrogen Peroxide.  

2.5. Kinetics is the rates of change in a system. The clock method works by measuring the time it takes for the blue starch indicator to appear as it means that the reagent is consumed. The iodine amount is fixed so the time taken for the blue to appear depends on how fast the iodine is being produced. 

2.6. First order reactions are where the rate of reaction is directly proportional to the concentration of a single reactant. Rate law expresses this as one reactant raised to the power of one. [2]

2.7. Second order reactions are is where the rate of reaction proportional to a reactants concentration squared or both reactants raised by a power of one. [3]

[image: A diagram of a reaction
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[bookmark: _Toc213700477]Figure 2 - Concentration against time order of reaction [4]
3. [bookmark: _Toc213700496]Background Theory
[bookmark: _Hlk211541143]
3.1. When mixed together in an acidic solution, hydrogen peroxide oxidises iodide ions to iodine: H₂O₂ + 2I⁻ + 2H⁺ → I₂ + 2H₂O

3.2. Then the Vitamin C already introduced instantly reduces iodine back to iodide: C₆H₈O₆ + I₂ → C₆H₆O₆ + 2I⁻ + 2H⁺

3.3. Vitamin C is important as it plays a key part in the reaction as there will be zero colour change as long as there is vitamin C in the solution but as it is consumed when reducing iodine to iodide, the iodide forms blue starch iodine complex, creating the blue colour. 
4. [bookmark: _Toc213700497]Apparatus & Reagents

4.1. Below is a list of the equipment, reagents and other 

· 0.20 M KI solution
· 0.10 M H₂O₂ solution
· 0.010 M Vitamin C solution
· 1 % starch indicator
· Distilled water
· 25 mL measuring cylinders
· Pipettes 
· Biuret 
· Beakers A and B
· Stopwatch
· Lab Coat
· Goggles
· Gloves


5. [bookmark: _Toc213700498]Experimental Overview

5.1. The main tasks are:

· Understand the principles for reaction rate and rate law
· Follow the steps to prepare and carry out the clock method
· Prepare the volumes and measurements
· Observe and collect results
· Determine values through calculations (1/t, Log(reactant) & Log(1/t))
· Identify first or second order reaction
· Determine rate law


5.2. The process to do this is by creating cup A: KI + starch + vitamin C + water and creating Cup B: H₂O₂. 

5.3. Then once the cups were mixed together, the timer would begin immediately, and the same number of swirls were done across the experiments. Each trial will be differed in volume of reactant as that is the dependant variable. See tables 1 and 2. 


[bookmark: _Toc213700480]Table 1 - Hydrogen Peroxide Different Volumes
	Trial
	H₂O₂ 0.10 M (mL)
	KI 0.20 M (mL)
	Vit C 0.010 M (mL)
	Starch 1% (mL)
	Water (mL)

	A1
	1.0
	2.5
	1.25
	1.0
	19.25

	A2
	2.0
	2.5
	1.25
	1.0
	18.25

	A3
	3.0
	2.5
	1.25
	1.0
	17.25

	A4
	4.0
	2.5
	1.25
	1.0
	16.25





[bookmark: _Toc213700481]Table 2 - Potassium Iodide Different Volumes
	Trial
	KI 0.20 M (mL)
	H₂O₂ 0.10 M (mL)
	Vit C 0.010 M (mL)
	Starch 1% (mL)
	Water (mL)

	B1
	1.0
	3.0
	1.25
	1.0
	18.75

	B2
	2.0
	3.0
	1.25
	1.0
	17.75

	B3
	3.0
	3.0
	1.25
	1.0
	16.75

	B4
	4.0
	3.0
	1.25
	1.0
	15.75



5.4. To determine reactant molarity, it must be understood what the mol of both reactants would be and how it would be diluted when in a 25ml solution. This would then change as the volume of reactant was increased at each trial. 


6. [bookmark: _Toc213700499]Results

6.1. After carrying out the trials, these are the results along with calculated values for log(reactant) and log(1/t). 


[bookmark: _Toc213700482]Table 3 - Table of Results [Annex A]
	 
	Trial
	Reactant
	Clock time (seconds)
	1/t (s⁻¹)
	log[reactant]
	log[1/t]

	Hydrogen Peroxide
	A1
	0.0352
	102.7
	0.009737098
	-1.45345734
	-2.01157

	
	A2
	0.0704
	61.67
	0.01621534
	-1.15242734
	-1.790074

	
	A3
	0.1056
	51.75
	0.019323671
	-0.97633608
	-1.71391

	
	A4
	0.1408
	45.89
	0.02179124
	-0.85139735
	-1.661718

	Potassium Iodide
	B1
	0.008
	117.72
	0.008494733
	-2.09691001
	-2.07085

	
	B2
	0.016
	61.22
	0.016334531
	-1.79588002
	-1.786893

	
	B3
	0.024
	44.95
	0.022246941
	-1.61978876
	-1.65273

	
	B4
	0.032
	44.11
	0.022670596
	-1.49485002
	-1.644537



6.2. These results were taken and used to plot log(1/t) against log(reactant) and produced these graphs. 


[bookmark: _Toc213700478]Figure 3 - Hydrogen Peroxide Graph [Annex A]


[bookmark: _Toc213700479]Figure 4 - Potassium Iodide Graph [Annex A]
7. [bookmark: _Toc213700500]Discussion

7.1. In this section, the results will be discussed and any limitations with the experiment will be addressed. 

7.2. By calculating the slope, the order of reaction can be determined using the following formula: 




7.3. Thus, slope of log[1/t] vs log[H₂O₂] gives the order :

· Using A1 and A2:


· Using A3 and A4:









7.4. Also, slope of log[1/t] vs log[KI] gives the order :

· Using B1 and B2:



· Using B2 and B3:




7.5. The calculated slope for hydrogen peroxide is 0.585 suggesting that it is a half order reaction. The reason for this deviation could be due to human error. 

7.6. The calculated slope for potassium iodide is 0.85 which is extremely close to 1, this suggests that the reaction is best described as first order.

7.7. Looking back at figures 1 and 2 it can be seen using the trendline feature the slop replicating the straight-line equation (y=a+bx), (a) gives the order. As such it looks like the calculated value, and the graphical values are similar. 


7.8. However, the slope of each graph gives the reaction order with respect to the reactant but does not give rate constant. It must be calculated: 




1/t = 0.01621534s-1
H2O2 Molarity = 0.0704M
I- Molarity = 0.016M
m = 0.585
					n = 0.85



						



7.9. As seen, this experiment is not unaffected by other variables that could have influenced the rate of reaction. For example, the temperature of the environment can fluctuate which will provide more or less energy speeding up or slowing down the reaction. 

7.10. A massive factor is human error, as a human was involved in every step of the experiment from preparation of solutions, concentrations of reactants, and recording time. As this was done by eyeball and no precise equipment, errors can be introduced. 

7.11. A Limitation of this experiment is that is that it was only carried out once, as such without multiple results to determine the mean, the data will not be reliable as errors and extraneous variables can have a significant impact. Instead, repeating the experiment multiple times will reduce the effect or errors. This would be done next time.  

7.12. Another limitation is that this was a single-point measurement, meaning that the result is recorded when user measures the time taken to reach a predetermined concentration of a product which can vary depending on user, producing variation in results. By automating this with equipment, results will be more accurate and can allow for continuous data to be recorded throughout the reaction providing greater insight. 

7.13. Alternatives to this experiment could be spectrophotometry [5] and gas volume measurements, as this eliminates one of the limitations as they continuously monitor the reaction rather than relying on a single visual endpoint. 

8. [bookmark: _Toc186455138][bookmark: _Toc186455270][bookmark: _Toc213700501]Conclusion

8.1. Based on the results and discussion sections, hydrogen peroxide has been identified as half order reaction and potassium iodide as first order reaction. In addition, rate has been determined as:



8.2. Orders of reaction are inadequate to describe the complex reaction of explosives as decomposition is no single or simple reaction. It involves two or more reactions occurring at the same time. These reactions can also affect each other creating Feedback loops that can affect reaction rate. 

8.3. Measuring the rate of reaction within explosives is difficult due to the destructive nature. As such Instead of measuring changes in the mass or volume, the rate is determined by measuring the velocity of the detonation wave as it travels through the explosive material. Examples of this is using optical fibres to measure detonation velocity and thus finding reaction rate. Others are high speed photography and electrical probes. [6]
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Annex A - Excel Calculations and Graphs
[image: A screenshot of a graph
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Hydrogen Peroxide


-1.453457336521869	-1.1524273408578878	-0.97633608180220655	-0.85139734519390653	-2.0115704435972783	-1.7900739484263046	-1.7139103541289553	-1.6617180576946593	log[1/t]


log[reactant]



Potassium Iodide


-2.0969100130080562	-1.7958800173440752	-1.6197887582883939	-1.494850021680094	-2.0708502534275732	-1.7868933252613157	-1.6527296960692477	-1.6445370577784073	log[1/t]


log[reactant]
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