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[bookmark: _Toc214022810]Aim
To determine the rate law for the formation of iodine in the reaction between hydrogen peroxide and iodide ions in aqueous solution, using vitamin C (ascorbic acid) as a reducing agent and starch as an indicator.
[bookmark: _Toc214022811]Variables
Independent – concentration of H₂O₂ and I⁻
Dependant – time till blue colour appears 
Control – Volume of starch, vitamin C concentration, mixing procedure
[bookmark: _Toc214022812]Theory  
The rate of reaction is defined by how long it takes for the reactants to convert to products. (1)The rate of a reaction can be affected by multiple things, such as temperature, concentration and catalysis. A formula to help determine the rate of reaction is as follows [2]
[bookmark: _Toc214022459]Equation 1 = Rate
A reaction order shows how much that concentration affects the rate of reaction, the equation for this is shown below 
[bookmark: _Toc214022460]Equation 2 - Rate order
K = rate constant 
[A] and [B] = the concentration of reactants 
m and n = orders of reactants 
An order of a reaction shows how much the rate depends on concentration. The overall order of the reaction is m+n. If the reaction is 0 order, then the rate does not depend on concentration. If the reaction is 1st order, then the rate is directly proportional to the concentration. If the reaction is 2nd order, then the rate depends on the square of the reactant's concentration. [3]
[bookmark: _Toc214022813]Iodine clock 
The iodine clock experiment is a way to measure the rate of a reaction. The formula for this is shown below 
[bookmark: _Toc214022461]Equation 3 - Rate equation for reaction



When the hydrogen peroxide is added, it goes through the following reaction, which produces iodine 
H₂O₂ + 2I⁻ + 2H⁺ → I₂ + 2H₂O
However, this iodine instantly reacts with the victim c to produce iodide in the following reaction 
C₆H₈O₆ + I₂ → C₆H₆O₆ + 2I⁻ + 2H [4]
Once all the vitamin C has been used up, then the iodine is produced, which then reacts with the starch to make a blue-coloured solution. This marks the end of the reaction.

The following amounts were used in the reaction
[bookmark: _Toc214022544]Table 1 - Part one
	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



[bookmark: _Toc214022545]Table 2- Part 2
	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



In OME
In the OME industry, this is used to ensure that the chemical compounds react at the expected rate. Too low could cause a hang or misfire within a firing system. Too fast could be a safety hazard [5] 
[bookmark: _Toc214022814]Results, Observation and Discussion
Calculate the molarity of Hydrogen peroxide after dilution:
Molarity=mole/volume 
Moles before dilution and after dilution are equal
Mole=molarity x volume 
molarity x volume (before) = molarity x volume (after)
Molarity after = [molarity x volume (before)/volume (after)
Molarity before = 
Assuming 100g of solution, then 3% Hydrogen peroxide 3g
Moles = mass/molar mass
Molar mass = 1 + 1 + 16 + 16 = 34
Moles = 3/34 = 0.08823 
Molarity = moles/volume
Molarity = 0.08823/0.1mL
Molarity = 0.08823
Volume before is the volume of hydrogen peroxide added to the solution
Volume after is the overall solution shown in Tables 1 and 2
Using this information in tables 1 and 2, the concentration of reactants is shown below:
Calculate the molarity of Iodine after dilution:
Molarity=mole/volume 
Moles before dilution and after dilution are equal
Mole=molarity x volume 
molarity x volume (before) = molarity x volume (after)
Molarity after = [molarity x volume (before)/volume (after)
Molarity before = 0.2 (from tables 1 and 2)
Volume before is the volume of hydrogen peroxide added to the solution
Volume after is the overall solution shown in Tables 1 and 2
Using this information in tables 1 and 2, the concentration of reactants is shown below:


[bookmark: _Toc214022546]Table 3 - results
	Reaction
	Time (s)
	1/t
	log[1/t]0
	[H₂O₂]₀  (M)
	log[H₂O₂]0
	[I⁻]]₀  (M)
	log[I⁻]]0

	I.1
	120.79
	0.008279
	-2.082031
	0.035292
	-1.45232373
	0.024
	-1.619788758

	I.2
	118.97
	0.008405
	-2.075437
	0.070584
	-1.15129373
	0.024
	-1.619788758

	I.3
	88.53
	0.011296
	-1.94709
	0.105876
	-0.97520247
	0.024
	-1.619788758

	I.4
	75.38
	0.013266
	-1.877256
	0.141168
	-0.85026374
	0.024
	-1.619788758

	II.1
	158.42
	0.006312
	-2.19981
	0.105876
	-0.97520247
	0.008
	-2.096910013

	II.2
	113.6
	0.008803
	-2.055378
	0.105876
	-0.97520247
	0.016
	-1.795880017

	II.3
	81.81
	0.012223
	-1.912806
	0.105876
	-0.97520247
	0.024
	-1.619788758

	II.4
	63.62
	0.015718
	-1.803594
	0.105876
	-0.97520247
	0.032
	-1.494850022



[bookmark: _Toc214022547]Table 4 - Rate Graph

[bookmark: _Toc214022815]From the graph, you can deduce the orders of the reactants (m and n) as these are the slope of the graph 
[bookmark: _Toc214022816]n = 0.6522
[bookmark: _Toc214022817]n=0.3431
[bookmark: _Toc214022818]Now that the orders are known, the value for the rate constant K can be calculated with the equation 
[bookmark: _Toc214022462]Equation 4 - Value of K

The values of K are shown below in table 5
Table 5 - K values
	Reaction
	1/t
	[H₂O₂]₀  (M)
	[I⁻]]₀  (M)
	K

	I.1
	0.008279
	0.035292
	0.024
	0.2969529

	I.2
	0.008405
	0.070584
	0.024
	0.2376827

	I.3
	0.011296
	0.105876
	0.024
	0.2779251

	I.4
	0.013266
	0.141168
	0.024
	0.2957301

	II.1
	0.006312
	0.105876
	0.008
	0.3179704

	II.2
	0.008803
	0.105876
	0.016
	0.2821542

	II.3
	0.012223
	0.105876
	0.024
	0.3007543

	II.4
	0.015718
	0.105876
	0.032
	0.3205823



The values for k slowly change for each reaction; this value should stay constant even when the concentration changes. This shows that there is an external factor that influences this experiment, such as temperature 
This experiment also relies on a manual timer and a visual colour change; this means that the individual's reaction time plays a big part in the result, and the colour change point could be seen as objective, as it would be almost impossible to get the exact point every time 
[bookmark: _Toc214022819]Conclusion 
This experiment gives you the reactants' order and values for k, however, the potential points of error in this experiment could decrease the credibility of the results. However, it could still offer a rough idea of what the individual may be looking at.
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[bookmark: _Toc214022821]Appendix – Method and Equipment
[bookmark: _Toc214022822]Equipment 
0.20 M KI solution
0.010–0.025 M Vitamin C (ascorbic acid) solution
1% starch indicator
3% H₂O₂ solution
Distilled water
[bookmark: _Toc214022823]50 mL conical flasks
[bookmark: _Toc214022824]Glass pipettes
[bookmark: _Toc214022825]small beaker
[bookmark: _Toc214022826]Test tube
[bookmark: _Toc214022827]Stopwatch
[bookmark: _Toc214022828]Method
Part 1: Vary H₂O₂ volume (1–4 mL) to determine order in [H₂O₂].
Part 2: Vary KI volume (1–4 mL) to determine order in [I⁻].
1. Prepare Solution A in conical flasks: KI, Vitamin C, starch, and water according to the table.
2. Prepare Solution B in a test tube: H₂O₂ (volume varies by trial).
3. Quickly pour Solution B into Solution A, stir, and start the stopwatch immediately.
4. Record the time until the first permanent blue colour appears (clock time).
5. Repeat for all trials:


rate graph 

[H₂O₂]₀  (M)	
-1.452323729445306	-1.1512937337813247	-0.97520247472564336	-0.85026373811734346	-2.0820309812670121	-2.0754374615856128	-1.9470904642196221	-1.8772561331135862	[I⁻]]₀  (M)	
-2.0969100130080562	-1.7958800173440752	-1.6197887582883939	-1.494850021680094	-2.1998100089538069	-2.055378331375	-1.9128063926612924	-1.8035936647713444	log[Reactants}0


log[1/t]0 







Page 4 of 12 
L6 -Advanced Chemistry of OME (ACDA6020)
image1.jpeg




image2.jpeg
Prifysgol Cymru
¥ Drindod Dew Sant
University of Wales

Trinity Saint David




