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1. [bookmark: _Toc183689834]Introduction
In this report the student will be exploring the change in “Rate of reaction” by completing different experiments with different variables. This was done by exploring the effects concentration, temperature and surface area all have on rate of reaction. This can also be explained by looking at collision theory. 
Collision theory can be broken down by three key points: 
[image: ]Higher temperatures give particles more energy which makes them move quicker giving them more chances to collide. This can be seen below the lines showing the hot particles will move faster.[bookmark: _Toc183689840]Figure 1 - High temperature collision theory. [1]

[image: ]Higher concentration for this experiment means there are more particles of acid to the same volume of water, this means that more particles are closer which will result in the particles colliding more easily and more often. This can be seen below as the higher concentration has so many particles they will collide very easily.[bookmark: _Toc183689841]Figure 2 - Higher concentration collision theory. [1]


[image: Picture]Higher surface area can be caused by breaking up our reactant into small pieces, this will give the particles more area to collide with and meaning both parts will collide more often. The below image shows how a higher surface area increases the rate of reaction. [bookmark: _Toc183689842]Figure 3 - Higher surface area collision theory. [1]


For this experiment the student has been told that the aim is to “Determine the effect of the concentration, temperature and surface area on the rate of reaction”.  From this the student used the hypothesis that 
1. If the hydrochloric acid has a greater concentration, there will be a greater reaction rate than with a lower concentration.
2. If the concentration is at a higher temperature, there will be a greater reaction rate than if the temperature was cooler.
3. If there is more surface area is greater, there will be a greater reaction rate than if there was less surface area. 
It is expected that all these hypotheses are due to different factors being changed will give the chance that the reactants colliding is greater, this leading to a faster reaction and therefore a faster reaction rate. 
The independent and controlled variables will change in this experiment depending on which procedure is being conducted. For procedure one
· The independent is the concentration of HCl in each solution.
· The dependent is the amount of hydrogen produced and time taken for the Mg to fully react.
· The controlled variable is using the same volume of all three solutions, the solutions all being room temperature and the mass and surface area of Mg (the mass being 0.0895g).
For Procedure two 
· The independent is again the concentration of HCl in each solution but also the temperature of the solutions.
· The controlled variable is using the same volume of all three solutions, the mass and surface area of Mg (the mass being 0.0895g).
For procedure three the student only conducted one test which was to explore the effect that the surface area had on the rate of reaction so from this the student can infer that both the independent and controlled variables would be the same of procedure one as it would be the same test just Mg power instead of ribbons. 
Rate of reaction can be classified as three different orders being:
· Zero order reaction is constant and independent of any concentration reactants.
· First order reaction is the proportional to the concentration of a single reactant.
· Second order reaction is the product of a concentration of two reactants or has a rate proportional to a concentration of a squared single reactant. 
This is back up with reference [5].
When trying to work out the rate of reaction the student needed to use the below equation 
 [
[bookmark: _Toc183689858]Equation 1 - To workout rate of reaction
For example, this would be used as the following. 

[bookmark: _Toc183689859]Equation 2 - Demonstration equation

This is how all further workings will be done. 
[bookmark: _Toc183689835]Results
[image: ][image: ]For procedure one the resulting data shows the effect of change the concentration of HCL.[bookmark: _Toc183689843]Figure 4 - Graph made using experiment 1 resulting data.
[bookmark: _Toc183689844]Figure 5 - Experiment 1 resulting data.




Procedure one the student was testing the effect different concentrations would have on the rate of reaction, the three concentrations chosen were 1.0 M (Mole), 1.5 M and 2.0 M.   Looking at the first data point from tables one to three the student can see a trend that the higher the concentration of acid the quicker the hydrogen gas is being produced, from 1.0m HCL was 7 ml of hydrogen gas produced where 2.0M HCL produced 37 ml. From this the student can see that the hypothesis for this experiment was proven as the higher the acid concentration the quicker the rate of reaction. 
The student used procedure 1s data and equation one to work out the T0 the point with the greatest reaction, T1 the halfway point of the reaction and T2 is the end point where no more gas is generated.
	Gradient point 
	Hydrogen generation to molar concentration (cm3/s)

	
	1.0 M HCl 
	1.5 M HCl 
	2.0 M HCl 

	T0
	0.70
	2.3
	3.7

	T1
	0.88
	0.95
	1.28

	T2
	0.70
	0.56
	0.93


[bookmark: _Toc183689855]Table 1 - Gas generation to M HCl
[image: ]For procedure two the resulting data shows the effect of changing the temperature. [bookmark: _Toc183689845]Figure 6 - Experiment 2 resulting data

 
[image: ][bookmark: _Toc183689846]Figure 7 - Graph made using experiment 2 resulting data.

In procedure the student looked at the effects that temperature had on the rate of reaction. It was decided to use 3 different temperatures at 35, 45 and 55 degrees. Due to an error of not resetting the equipment the student missed the first data point on the 35 degrees experiment because of this the student compared the second data point on all three experiments. Even with the error the trend still shows that the increased temperature the rate of reaction was quicker, producing more hydrogen gas faster.
The student used procedure 2s data and equation one to work out the T0 the point with the greatest reaction, T1 the halfway point of the reaction and T2 is the end point where no more gas is generated.
	Gradient point 
	Hydrogen generation to temperature (cm3/s)

	
	35oc  
	45oc 
	55oc 

	T0
	0.8
	0.9
	1.3

	T1
	0.28
	0.39
	0.48

	T2
	0.17
	0.24
	0.30


[bookmark: _Toc183689856]Table 2 - Gas generation to temperature
Procedure three date shows the effect of changing the surface area.
[image: ][image: ][bookmark: _Toc183689847]Figure 8 Graph made using experiment 3 resulting data.

[bookmark: _Toc183689848]Figure 9 - Experiment 3 resulting data.


As only one experiment was conducted for surface area the student will use results from procedure one to compare the difference. Both tests had 1.0M HCL at 23.8 degrees with the magnesium being a solid strip and a power, looking at the first data point for both the solid strip produced 7ml of hydrogen gas after ten second whereas the power produced 15ml. 
The student used procedure 3s data and equation one to work out the T0 the point with the greatest reaction, T1 the halfway point of the reaction and T2 is the end point where no more gas is generated.
	Gradient point 
	Hydrogen generation (cm3/s)

	T0
	1.50

	T1
	0.60

	T2
	0.34


[bookmark: _Toc183689857]Table 3  - Gas generation to surface area
[bookmark: _Toc183689836]Discussion
This test had a basic set up but was still open to errors. On the second procedures the student had noticed that half of the Mg ribbon was stuck to the side of the test tube, this then led the student to believe that the Mg was fully reacted as no reacting could be seen it was only when the reaction mixture was poured into the waste beaker which is when the last part of Mg was seen. This then led the student to suggest that when conducting the procedure 3 to use a funnel to pour the powdered Mg in as if it was a rough pour the Mg powder could have got stuck in the top half of the test tube above the solution level. 
Another error occurred through simple human error as stated on figure (), on the first test the student mis read the measurement equipment as they were looking at the wrong side of the syringe, this was corrected but would have nullified the resulting data as it could be seen as unreliable.
Rate of reaction is used in many different aspects of the OME industry key points being rocket propellants and fireworks. From reference [2] and [3] it can be stated that both fireworks, and rocket propellants work in a similar way, with both relying on the chemical reaction to rapidly produce hot gas to give them thrust.  From looking into rocket propellants, the student found an interest in the different types and is looking to do some further research starting with reference [4] which shows multiple different type of propellants.
[bookmark: _Toc183689837]Conclusion
The student believe that this was a successful experiment as they were able to prove all factors of their hypothesis, as any time the concentrations, temperature or surface area were increased the rate of reaction increased as well. This could be developed by an added caution for reducing errors for better resulting data.
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[bookmark: _Toc183689839]Appendices
List of equipment:
· Safety goggles. 
· Safety gloves 
· Lab coat 
· 6 test-tube and test tube holder.
· Pipette and pipette filler.
· Long test tube with arm
· Rubber bung and delivery tube to fit the test tube. 
· 2 large beakers for the water bath and reaction mixture waste 
· Gas syringe (do not allow to get wet or plunger will stick inside the barrel) 
· Thermometer 
· 2 clamp stands. 
· Ring stand / Bunsen burner.
· Graph paper. 
· Graduated cylinder.
· Stopwatch 
· Glass Funnel 
Chemicals used: 
· Magnesium ribbon cut into 4cm length and weighed. 
· Magnesium powder (same mass as ribbon).
· Hydrochloric acid (2.0M and 1.0 M).
· Distilled water (Dl)
Procedure 1 Effect of HCl concentration on the speed of H2 gas evolution:
1. Prepare three 20ml solutions of HCl with the following concentrations: 2.0M(stock), 1.5M and 1.0M. Use the pipette to measure the appropriate volumes of the 2.0M HCl solution and DL water.
2. Pour the HCl solution with the lowest concentration into the test tube with the arm.
3. When ready, add the 4 cm strip of magnesium ribbon to the test tube, quickly put the bung back, and start the stopwatch. 
4. Record the volume of hydrogen gas given off at suitable intervals (i.e. 10 seconds) keep going until no more gas is given off.
5. After the reaction is completed, pour away the reaction mixture in the waste beaker.
6. Measure the temperature of the 1.0M HCl.
7. Repeat the same steps for the two other concentrations of HCl.
8. Plot the graph (VH2 vs t) showing the change in the volume of H2 gas over time for each concentration of HCl. 
9. For each concentration determine the 1) average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations) and 2) Instantaneous rate of reaction at t=0.
Procedure 2 effect of temperature on the speed of H2 gas evolution:
1. Set up a water bath. Pour the water into the large beaker and heat it over the Bunsen burner till the temperature of the water increases by approximately 10 degC when compared to the initial temperature of 1M HCl measured in the previous procedure.
2. In a graduated cylinder measure 20ml of 1.0M stock solution into three test tubes.
3. Place the first test tube with 1.0M HCL in the water bath and wait until the temperature of the acid reaches the temperature of the water in the water bath.
4. Quickly transfer the warm HCl into the tube with the arm, put 4 cm piece of the magnesium ribbon, put the bung back and start the stopwatch.
5. Keep going until no more gas is given off. 
6. After the reaction is completed, pour away the reaction mixture in the waste beaker.
7. Repeat the same experiment for two more temperatures (ideally 10 decC apart) 
8. Plot the graph (VH2 vs t) showing the change in the volume of H2 gas over time for each temperature. 
9. For each concentration determine the 1) average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations) and 2) Instantaneous rate of reaction at t=0.
Procedure 3 effect of the surface area of mg on speed of H2 gas evolution:
1. Use the graduated cylinder to transfer 20ml of 1ml HCl at room temperature into the test tube with arm.
2. Quickly pour the Mg powder into the test tube using the glass funnel. Put the bung back and start the stopwatch.
3. Keep going until no more gas is given off. 
4. After the reaction is completed, pour away the reaction mixture into the waste beaker.
5. Plot the graph (VH2 vs t) showing the change in the volume of H2 gas over time for each temperature. 
6. For each concentration determine the 1) average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations) and 2) Instantaneous rate of reaction at t=0.
[image: ][image: ]
















[bookmark: _Toc183689849]Figure 11 - Lab results for procedure 1.

[bookmark: _Toc183689850]Figure 10 - Lab results for procedure 2.
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[image: ][bookmark: _Toc183689851]Figure 12 - Hand drawn graph for procedure 1.


[bookmark: _Toc183689852]Figure 13 - Lab results for procedure 3.














[image: ][image: ][bookmark: _Toc183689853]Figure 14 - Hand drawn graph for procedure 2
[bookmark: _Toc183689854]Figure 15 - Hand drawn graph for procedure 3
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