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Experiment Aim – To determine the rate law for the formation of iodine in reaction between hydrogen peroxide and iodide ions in aqueous solution, using vitamin C (Ascorbic acid) as a reducing agent and starch as an indicator. 
Iodine clock was discovered in 1886 [1]by Hans Heinrich Landolt and was the first clear demonstration of reaction kinetics. It is now commonly used in educational institutes. 
	A: KI 0.20 M (mL) [2]
	A: Vit C 0.010 M (mL) [3]
	A: Starch 1% (mL) [4]
	A: Water (mL) [5]
	B: H₂O₂ 3% (mL) [6]



Hydrogen peroxide and potassium iodide are the main reactants in the experiment; vitamin C is what creates the rapid colour change of the solution. Starch is the visual indicator which creates the blue colouration. H2O was the is volume adjuster.
Using 4 different concentration solutions the rate of reaction can be calculated from the time. Once all the reactants have been used the solutions turns a blue colour. 
Please find the method in the appendix. The variables being controlled in the experiment was the solution volume, the amount of mixing and the operator roles (operator 1 did all the visual checks for the colouration of the experiment). The variables being measured is the duration for the solution to change from clear to blue [7]. For each experiment the solution composition adapted as shown in the table below.

	Trial
	A: KI 0.20 M (mL)
	A: Vit C 0.010 M (mL)
	A: Starch 1% (mL)
	A: Water (mL)
	B: H₂O₂ 3% (mL)

	I.1
	3.0
	1.5
	1.0
	18.5
	1.0

	I.2
	3.0
	1.5
	1.0
	17.5
	2.0

	I.3
	3.0
	1.5
	1.0
	16.5
	3.0

	I.4
	3.0
	1.5
	1.0
	15.5
	4.0



	Trial
	A: KI 0.20 M (mL)
	A: Vit C 0.010 M (mL)
	A: Starch 1% (mL)
	A: Water (mL)
	B: H₂O₂ 3% (mL)

	II.1
	1.0
	1.5
	1.0
	18.5
	3.0

	II.2
	2.0
	1.5
	1.0
	17.5
	3.0

	II.3
	3.0
	1.5
	1.0
	16.5
	3.0

	II.4
	4.0
	1.5
	1.0
	15.5
	3.0
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Below are the tables from the 2 experiments on separate graphs. Experiment 1 has a scattered data set suggesting an error in the experiment data or mathematics completed. Whilst experiment 2 follows a trend showing a clearer relationship. 
 
The graph below shows the 2 experiements on 1 graph. This continues to show the potential error of the first experiment data.

In the table below it shows the equation of the line for each experiment as calculated by excel. Using this line M and N can be determined.	
	Blue Line
	exp 1
	y = 1.6047x + 1.1661
	M=1.604

	Orange Line
	exp 2
	y = 1.1059x + 0.5259
	N = 1.1059




Below is the table used to find K for each experiment. K is rate constant for the reaction which is calculated from K = (1/t) / ((H2O2)^M * (I)^N). 
	Trial
	1/t
	H2O2
	KI
	K
	Trial
	1/t
	H2O2
	KI
	K

	I1
	-2.222716
	-2.45243
	0.003614458
	262.11
	II1
	-2.33244
	0.002647
	-2.0969
	13390.7033

	I2
	-2.117271
	-2.1514
	0.003614458
	3250.413
	II2
	-2.15229
	0.002647
	-1.7959
	15893.71

	I3
	-1.944483
	-1.9753
	0.003614458
	372.7798
	II3
	-1.95424
	0.002647
	-1.6198
	17457.3739

	I4
	-1.875061
	-1.85037
	0.003614458
	413.98
	II4
	-1.79934
	0.002647
	-1.4949
	19468.50575
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The general rate law for the experiment was K(H2O2)^1.604(I)^1.1059 with an overall reaction order of 2.65. The first experiment data might be unreliable due to the data being scattered showing an error in the data. This discrepancy might be explainable by below.
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The iodine clock has inherent issues with the experiment for repeatable and reliable results. The Iodine clock is based on the solution turning a blue colour. However, it begins faintly and progressively gets darker. The point of result is up to the operator’s discretion. To minimise this effect in the conducted experiment for this paper the same operator was used for all results to reduce risk creating more variation. 
[bookmark: _Toc213416916]Specific issues to the experiment conducted
The experiment conducted for this paper has area of variation. The stopwatch is controlled by an operator and combined with the previous issue can lead to variation.
The same samples were used by multiple teams across 2 sessions which could lead to contamination. The experiment is also affected by the temperature conducted and it was not recorded over the duration of the test. Each sample was measured out via the operator which may lead to variations of measuring due to the meniscus. 
The operators were inexperienced with this experiment and waited for the solution to become a specific shade of blue which will of effect the results of the experiment as the point of measuring the time is supposed to be once the blue colouration begins.
Another improvement of the results would be for the more control over variables such as temperature,  
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As stated above the results were as skewed due the operators waiting for a deeper shade meant the true reaction time was recorded and excess I2. This means the results shown in this report are extended longer they the true reaction rate of the experiment. 
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Chemicals
· KI
· Vit C
· Starch
· Water
· H2O2
Equipment
· Flask
· Pipette
· Glass stirrer
· Stopwatch 
· Test tube
Methodology
Procedure: 
I. Order of the reaction in [H2O2]
1. In four conical flasks prepare solution A according to the table. Use one glass pipette to measure the required volumes of KI and Vit C solutions. Add ~1 mL of starch solution. 
2. With the second glass pipette measure the required volume of H2O2 (solution B) and transfer it in the test tube. 
3. Pour quickly solution B from the test tube to solution A in the conical flask, stir and start the timer as soon as the solutions are mixed.
4. Record the time until the first permanent blue colour appears.

II. Order of the reaction in [I-]
5. In four conical flasks prepare solution A according to the table. Use one glass pipette to measure the required volumes of KI and Vit C solutions. Add ~1 mL of starch solution. 
6. With the second glass pipette measure the required volume of H2O2 (solution B) and transfer it in the test tube. 
7. Pour quickly solution B from the test tube to solution A in conical flask, stir and start the timer as soon as the solutions are mixed.
8. Record the time until the first permanent blue colour appears.

The Excel spreadsheet used for all equations
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Experiment 1
Log ex1	-2.2227164711475833	-2.1172712956557644	-1.9444826721501687	-1.8750612633917001	-2.4524253858850975	-2.1513953902211163	-1.9753041311654349	-1.850365394557135	


Experiment 2
Series1	-2.3324384599156054	-2.1522883443830563	-1.9542425094393248	-1.7993405494535817	-2.0969000000000002	-1.7959000000000001	-1.6197999999999999	-1.4948999999999999	


Compare the experiements
Log ex1	-2.2227164711475833	-2.1172712956557644	-1.9444826721501687	-1.8750612633917001	-2.4524253858850975	-2.1513953902211163	-1.9753041311654349	-1.850365394557135	Log ex2	-2.3324384599156054	-2.1522883443830563	-1.9542425094393248	-1.7993405494535817	0	-2.0969000000000002	-1.7959000000000001	-1.6197999999999999	-1.4948999999999999	0	Log rate

Log (1/T)
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