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[bookmark: _Toc167105737]Aim
The goal of this experiment is to determine the effect of temperature, concentration and surface area on the rate of reaction. 
[bookmark: _Toc167093192][bookmark: _Toc167105738]Hypotheses: 
Hypothesis 1 
If the temperature increases then the rate of the reaction will increase. This is because there will be more energy because of higher temperature 
Hypothesis 2 
If the concentration of the acid increases the rate of the reaction will increase, this is because the acid has a higher concentration of molecules that can displace Magnesium ions and so the reaction rate is faster. 
Hypothesis 3 
If the surface area of the metal increases the rate of the reaction will increase. This is because the more surface area exposed to the HCl solution, there is a larger area of Magnesium to be reacted with in a shorter time period. 
[bookmark: _Toc167093193][bookmark: _Toc167105739]Variables 
Independent 
· Temperature of reaction 
· Concentration of acid, 
· Size of Mg strip 
· Surface area of magnesium strip. 
Dependant 
· The amount of hydrogen gas produced (rate of reaction) 
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[bookmark: _Toc167105740]Theory
Rate = ΔV H/ΔT (cm3/s)	
Rate = K [A]m [B]n[C]o 
A,B,C represent molar concentration of reactants, K is the rate constant 
M,N,O are representative of the orders (0,1,2) which should be calculated from data or a graph. 
Orders, 
0 = concentration of reactant does not affect rate of reaction.  
1 = rate is directly proportional to concentration of a reactant
2 = concentration of one reactant is square the rate. 
There are several key things that affect the rate of a reaction:
1. the temperature,
2. the pressure,
3. the state and surface area of reactants
4. the concentration of each reactant 
5. if a catalyst is present.
 The rate of a reaction depends on the number of successful collisions between particles. A successful collision is when two particles collide and have enough energy to react together. 
An increase in temperature causes the particles to have more energy which causes the particles to move faster which increases the frequency of collisions and means a faster rate of reaction. Increased pressure causes more collisions per second as there is less space for the particles to move in. When there is more surface area the number of collisions increase as there are more particles which are able to come into contact with each other. This is the same reason an increase in concentration increases the rate, more particles so more collisions. Finally a catalyst lowers the activation energy of a reaction increasing the number of successful collisions, leading to a faster reaction that requires less energy. 
OME has particular relevance to rates of reaction. Explosives are classified into low explosive and high explosive depending on the rate of reaction. Low explosives deflagrate (burn rapidly) while high explosives detonate. When trying to find a more powerful high explosive, the rate of the reaction is very important, as a faster rate of reaction means more powerful explosive.
The explosive chain is based on the rate of a reaction. 
Think hand grenades, fuses. 
The rate of reaction can be used to significant effect in OME; hand grenades use a timed chemical fuse to ignite the main charge of the explosive. Titanium, manganese dioxide and polytetrafluoroethylene (PTFE) is a common chemical mix. It is not classified as a low explosive but is instead a combustible powder that has a known burn time, due to the known rate of reaction. This known rate of reaction allows it to be used as a fuse. 
Kinetics is the rate of change in a reaction. 
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Average rate = ΔV H/ΔT (Equation 1)
For 1 mole concentration of acid = 
(55-0/70-0)= 0.79 cm3/s
1.5 mole concentration of acid 
(84-0)/(70-0)= 1.2 cm3/s
2 mole concentration of acid 
(78-0)/(70-0) = 1.11 cm3/s
Instantaneous rate at t (20s)
For 1 mole concentration of acid = 
(30-0)/(20-0) = 1.5 cm3/s
1.5 mole concentration of acid 
(57-0)/(20-0) = 2.85 cm3/s
2 mole concentration of acid 
(53-0)/(20-0) = 2.65 cm3/s





 
Table 1 

Figure 1 
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Table 2 
Average rate at 23oC
(55-0)/(70-0)= 0.79 cm3/s
Average rate at 41OC 
(60-0)/(70-0)= 0.86 cm3/s
Average rate at 60OC 
(70-0)/(70-0)  = 1 cm3/s
Instantaneous rate at t(20s) 
At a temperature of 23 OC
(30-0)/(20-0)  = 1.5 cm3/s
At a temperature of 41 OC
(30-0)/(20-0) = 1.5 cm3/s
At a temperature of 60 OC
(40-0)/(20-0) = 2 cm3/s


Figure 2 
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Table 3 
Average rate when 4 small pieces are added, 
(44-0)/(70-0) = 0.62 cm3/s
Average rate when 1 piece is dropped in 
(55-0/70-0)= 0.78 cm3/s
Instantaneous rate at t(20s) 
4 small pieces:
(19-0)/(20-0) = 0.95 cm3/s
1 large piece: 
(30-0)/(20-0) = 1.5 cm3/s


Figure 3 
	Result group (Rg) 
	Conditions of experiment 
	Mass of Mg strip (g) 
	Average rate cm3/s
	Instantaneous rate at 20s 

	Rg 1 
	1 mole of HCl, 1 piece of Mg
	0.079
	0.79 cm3/s
	1.5 cm3/s

	Rg 2
	1.5 mole of HCl, 1 piece of Mg
	0.096
	`1.2 cm3/s
	2.85 cm3/s

	Rg 3
	2 mole of HCl, 1 piece of Mg
	0.074
	1.11 cm3/s
	2.65 cm3/s

	Rg 4
	Temperature at 23 OC 1 mole of acid 
	0.079
	0.79 cm3/s
	1.5 cm3/s

	Rg 5
	Temperature at 41 OC 1 mole of acid
	0.084
	0.86 cm3/s
	1.5 cm3/s

	Rg 6
	Temperature at 60 OC  1 mole of acid
	0.085
	1 cm3/s
	2 cm3/s

	Rg 7
	1 mole of acid, 4 pieces of Mg 
	0.076
	0.62 cm3/s
	0.95 cm3/s


Table 4. 
Discussion 
The above graphs and tables detail all the data that was collected however, table 4 offers the best comparison across all the experiments that were carried out. 
Firstly, looking at the effects of concentration on rate of reaction, it is clear that the results of the experiment do not match the theory stated at the beginning of this report. A solution of 2 mol acid produced a lower average rate and instantaneous rate than the solution of 1.5mol acid. This is not what was predicted in the hypothesis or in the theory. This result can be explained when looking at the mass of Mg added to each experiment. Although the mass of each Mg Strip was supposed to be the same when weighing each strip we found significant variation between each strip. When comparing the mass of mg in result group 2 and result group 3 we can see that the mass of mg in result group 2 was 0.022g greater. A larger mass of Mg added means there is more mg to react and more surface area to react with, this not only leads to more material to react with in the same volume but a greater surface area to react on, this explains the anomalous result for concentration V rate. 
The results for change in temperature and the effect on rate follow the expected results. As the temperature increases so does the average rate of reaction.  From table 4 we can see that the average rate of reaction follows the expected results, but instantaneous rate of reaction does not. The instantaneous rate does not change when the temperature increases by 18OC. When looking at figure 2 it is seen that the initial rate 0-20s does not show the expected results and suggests that the reaction that occurred at 23 OC had a much higher initial rate than the reaction that occurred at 41 OC. This unexpected set of results could be explained by issues within the experiment both human error and in the design of the experiment. The mass of Mg added is very similar in all three experiments carried out around the effect of temperature and so suggests that there was human error. 
When comparing results group 7 to result group 1 the variable is the surface area of mg exposed to the same concentration of acid. Figure 3 demonstrates the issues with these results very well. 1 piece of Mg with a very similar mass to another piece of mg split into 4 pieces has a faster average rate and a faster instantaneous rate. According to theory referenced and stated above this is wrong. It is likely that these results occurred from human error during the experiments. 
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[bookmark: _Toc167105742]Issues with the experiment
Through the discussion human error has been mentioned several times. While this is not the only issue with the experiment, it is likely that human error had the greatest effect on results. 
First point of human error is putting the bung on top of the test tube, which needs to be done as quickly as possible and also be securely in place so no gas can escape. If there is a delay in the bung being put on or it is not secure enough, then the initial rate of the reaction will not be measured correctly and the entire data set will be wrong. The other common point of human error in this reaction is reading the results from the gas syringe. As the gas is collected in the gas syringe it moves along the tube with the markings of what volume is currently in the syringe. During the initial parts of the reaction the syringe moves very quickly so it can be difficult to accurately read the gas syringe this leads to incorrect data and an inaccurate data set. 
In terms of issues with the experiment itself, the constants should have been: 
· the mass of mg added
· the volume of HCl added 
· and depending on which experiment, temperature and concentration of the acid. 
 As can be clearly seen in my results some of the masses of Mg were very different and this definitely had an effect on the results in this report. 
The biggest issues within this experiment were through human error and could be avoided or minimised with practice and training however due to the nature of the lab session and the speed in which the experiments needed to be conducted it caused inaccuracies across different parts of the experiment. 
[bookmark: _Toc167093197][bookmark: _Toc167105743]Conclusion 
This conclusion will vary depending on what I draw my conclusion from. When taking my conclusion from the theory and what I expect would have happened if human error was omitted, all three of my hypotheses would be correct. However, if I take the conclusions from my found results then only hypothesis 1 is correct. One of the most obvious conclusions to be drawn from this experiment is that human error can have a significant impact on the results of an experiment and being able to explain the results that are obtained is equally as important as being able to obtain the results. 
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Equipment
· long test tube with arm 
· gas syringe 
· rubber bung and delivery tube to fit the test tube 
· two large beakers for the water bath and a reaction mixture 
· pipette and pipette filler
· two clamp stands 
· test tube holder 
· thermometer 
· ring stand 
· Bunsen burner 
· Clay triangle 
· Heat proof mat 
· Stop watch 
· Graph paper 
· Mass balance 
Chemicals 
· Magnesium ribbon cut into 4cm length and weighted 
· Magnesium turnings 
· Hydrochloric acid (2.0m and 1.0 moles) 
· Deionised water


[bookmark: _Toc167105746]Procedure
Effect of HCl concentration on the speed of H2 gas evolution 
· Prepare 3 20ml solutions of HCl with the follow concentrations, 2.0 moles, 1.5 moles and 1.0 moles. 
· To make the 1.5 and 1.0 moles solutions, measure appropriate volumes of 2.0moles HCl solution and DI water. 
· Pour the HCl solution with the lowest concentration into the test tube with arm 
· Weight strip of magnesium, and record it, 
· Add strip of magnesium ribbon to test tube and put bung on top. Then start the stop watch. 
· Record the volume of hydrogen gas given off every 10seconds, continue timing until no more gas is emitted. 
· Once the reaction is finished empty the waste solution into the waste beaker. 
· Measure the temperature of the solution 
· Repeat this with the other 2 solutions. 
Effect of temperature on the speed of H2 gas evolution
· Set up a water bath, pour water in and heat using Bunsen burner till temperature has increased to desired temperature. 
· Pipette 20ml of 2.0m stock solution into three test tubes. 
· Place the first test tube with 2.0m HCl in the water bath and wait until the temperature of the acid reaches the temperature of the water in the water bath. 
· Quickly transfer thew arm HCl into the tube with the arm. 
· Weight and record a magnesium strip. 
· Place the known piece of Mg into the test tube add the bung and start the stop watch. 
· Record every 10 seconds and continue until no more gas is given off. 
· Discard waste into waste beaker. 
· Repeat the experiment at a second higher temperature. 
Effect of the surface area of mg on speed of H2 gas evolution. 
· Use the pipette to transfer 20ml of 1m HCl at room temperature into the test tube with arm 
· Quickly add the mg turnings into the test tube put the bung back and start the stop watch. 
· Continue timing until no more gas is given off 
· After the reaction is complete discard the reaction mixture in the waste beaker. 
A graph to show the effect of surface area on rate
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A graph showing the effect of concentration on rate of reaction 

1.0 mol 	Volume(ml)	10	20	30	40	50	60	70	80	90	100	110	120	130	140	25	30	35	39	45	50	55	59	62	65	72	77	81	85	1.5 mol 	Volume(ml)	10	20	30	40	50	60	70	80	90	100	110	120	130	140	37	57	66	72	76	81	84	86	89	91	93	94	95	2.0 mol 	Volume(ml)	10	20	30	40	50	60	70	80	90	100	110	120	130	140	34	53	60	66	71	75	78	80	82	Time (s)
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A Graph to show the effect of Tempreature on rate 
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