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1. [bookmark: _Toc197630368]Introduction

The aim of this experiment is to determine the effect of different: concentrations, temperatures and surface area on the rate of reaction. Rate of reaction is a key part of chemistry and the OME industry, and it measures how quickly the reactants turn into the products in a reaction. It is expressed as a change in the concentration of reactants or products with respect to time. Therefore, recognising what factors influence the rate of reaction is crucial for predicting and making a controlled chemical reaction. 
This experiment investigates the rate of reaction between Hydrochloric Acid (HCl) and Magnesium (Mg) by measuring the volume of Hydrogen (H2) given off. The three variables that will be tested are:
· HCl concentration
· Temperature
· Surface area of Mg
The rate of reaction will be equal in all cases to:

[bookmark: _Ref197602596][bookmark: _Toc197630381]Equation 1
Where rate is the rate of the reaction (cm3/s), ∆VH2 is the change in volume of the Hydrogen gas (cm3) and, ∆t is the time (s). This means that if this is plotted onto a graph that the gradient  = rate of reaction.
Experiment 1: the concentration of HCl will be varied while other factors remain constant to investigate what effect changes in concentration change the rate at which the hydrogen gas is produced. By increasing the concentration, the rate of reaction is expected to increase as there is more HCl to react. This is due to the greater concentration of HCl molecules increasing the frequency of collisions between reactant particles.
Experiment 2: the temperature of HCl will be changed while other factors remain constant to investigate what effect changes in temperature change the rate of reaction. By increasing the temperature, the rate of reaction is expected to increase. This is due to an increase in temperature providing the HCl with more energy and thus their kinetic energy. This should increase the frequency and energy of collisions between reactant particles.
Experiment 3: the surface area of the Magnesium will be varied while all other factors remain constant. By y increasing the surface area it is expected that the rate of reaction will increase. This is due to the Magnesium being a solid so the HCl can only ever react with its surface therefore by increasing the surface area more Magnesium is able to react at any one time.
In all the cases the Magnesium will be place in a test tube containing HCl that is connected to a Gas Syringe (accuracy ±0.5mL) to measure the volume of gas being emitted by the reaction. This will then be recorded at 10 second intervals until the reaction has stopped.
[bookmark: _Toc197630380][image: ]Figure 1: Diagram of the apparatus
















2. [bookmark: _Toc197630369]Results

2.1. [bookmark: _Toc197630370]Experiment 1: Effects of Concentration of HCl
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[bookmark: _Toc197630393]Table 2












[bookmark: _Toc197630394]Table 3











[bookmark: _Ref197610009][bookmark: _Toc197630395]Table 4
These are the results from Experiment exploring the effect of different concentrations of HCl on the reaction. They have been plotted in excel with excel calculating a polynomial curve that best fits the data. This can then be used to calculate the instantaneous rate of reaction by deriving the function of this polynomial expression as the rate of reaction is equal to the slope or gradient of the curve. This can be used to calculate the instantaneous rate of reaction at the start of the reaction when t=0 and t=1. We will take t=1 to be 30 seconds as that is the when the reaction of the 2M HCl with Magnesium has noticeable started to slow down due to a significant proportion of the Magnesium being used up and the reaction has begun to slow down as can be seen in Table 4.
	
	0.5 M HCl
	1 M HCl
	1.5 M HCl
	2 M HCl

	Instantaneous Rate of Reaction at t=0
	0.1273 cm3s-1
	0.4713 cm3s-1
	1.1847 cm3s-1
	1.97744 cm3s-1

	Instantaneous Rate of Reaction at t=1
	0.1213 cm3s-1
	0.4113 cm3s-1
	0.833 cm3s-1
	0.9844 cm3s-1

	Average Rate of Reaction between t=0 and t=1
	0.1243 cm3s-1
	0.4413 cm3s-1
	1.00885 cm3s-1
	1.4794 cm3s-1


[bookmark: _Toc197630396]Table 5

It can clearly be seen that by increasing the concentration the rate of reaction also increases. Also the fall in the rate of reaction between t0 and t1 was more significant with the higher concentration however, this is to be expected as more of the Magnesium has been used up and therefore there is less to react.


2.2. [bookmark: _Toc197630371]Experiment 2 Effect of Temperature on the speed of H2 Gas Evolution
[bookmark: _Toc197630397]Table 6
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[bookmark: _Toc197630399]Table 8

These are the results from Experiment exploring the effect of different temperatures of HCl on the reaction. They have been plotted in excel with excel calculating a polynomial curve that best fits the data. This can then be used to calculate the instantaneous rate of reaction by deriving the function of this polynomial expression as the rate of reaction is equal to the slope or gradient of the curve. This can be used to calculate the instantaneous rate of reaction at the start of the reaction when t=0 and t=1. We will take t=1 to be 30 seconds to remain consistent with Experiment 1.



	[bookmark: _Hlk197621166]
	23.9◦C HCl
	45.3◦C HCl
	61.8◦C HCl

	Instantaneous Rate of Reaction at t=0
	0.4713 cm3s-1
	1.0834 cm3s-1
	1.3572 cm3s-1

	Instantaneous Rate of Reaction at t=1
	0.4113 cm3s-1
	0.8314 cm3s-1
	0.9432 cm3s-1

	Average Rate of Reaction between t=0 and t=1
	0.4413 cm3s-1
	0.9574 cm3s-1
	1.1502 cm3s-1



The rate of reaction increases as temperature increases. In line with the results from experiment 1 the reactions that had a faster initial rate of reaction see a larger drop off in that rate due to the Magnesium being used up more quickly and thus there being less left to react with.


2.3. [bookmark: _Toc197630372]Effect of the Surface Area of Mg on speed of H2 gas Evolution
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[bookmark: _Toc197630401]Table 10


These are the results from Experiment exploring the effect of different surface areas of Mg on the reaction. They have been plotted in excel with excel calculating a polynomial curve that best fits the data. This can then be used to calculate the instantaneous rate of reaction by deriving the function of this polynomial expression as the rate of reaction is equal to the slope or gradient of the curve. This can be used to calculate the instantaneous rate of reaction at the start of the reaction when t=0 and t=1. We will take t=1 to be 30 seconds to remain consistent with Experiment 1 & 2.

	
	Mg Flake
	Mg Turnings

	Instantaneous Rate of Reaction at t=0
	0.7556 cm3s-1
	1.2902 cm3s-1

	Instantaneous Rate of Reaction at t=1
	0.6236 cm3s-1
	0.9602 cm3s-1

	Average Rate of Reaction between t=0 and t=1
	0.6896 cm3s-1
	1.1252 cm3s-1



The rate of reaction increases when the amount of available surface area to react with increases as can be seen clearly in the results. 


3. [bookmark: _Toc197630373]Discussion
All the experiments showed that changing the variable changes the rate of reaction with the concentration having an especially noticeable effect. It is likely with the concentration that there is a function that links the increase in concentration to the increase in the rate of reaction. However, the results here would need to be repeated multiple times and to establish such a correlation in addition, to seeking to improve the accuracy of them. 
One issue experienced was that there was only one individual completing the experiment 3 and part of experiment 2 due to time constraints. This meant that the individual was not as precise as the pair were previously due to the increase in workload and was not able to satisfactorily attain 4 results for Experiment 2 merely 3 results. 
Having an accurate understanding of the rate of reaction is of fundamental importance in the OME industry. An accurate understanding of the rate of reaction of an explosive is required to understand how it will react when ignited and how easily it will ignite. Due to the heat given off during an explosion it causes an increase in the rate of reaction therefore primary explosives (used in initiators such as lead azide) have a lower activation energy and consequently a higher rate of reaction than secondary explosives (used in the main charge normally e.g. RDX) [1]. Thus how an explosive is contained and how it is made (whether it is pellets or powdered) will have an effect upon the rate of reaction and thus the strength and brisance of the explosive [2]. 
The brisance of an explosive determines its shattering effect due to the pressure wave caused by its blast. Naturally this is important in military high explosives that are designed to destroy hardened emplacements or cause grater damage to factories and other industrial infrastructure as part of a strategic bombing campaign. The use of RDX composition B (60/40 RDX TNT mixture) bombs by the RAF in its strategic bombing campaign against NAZI Germany allowed its bombers to cause greater damage infrastructure as opposed to the USAAF which used amatol fillings [3]. While the Lancaster and other RAF bombers were able to carry larger bombs than the USAAF’s B17’s and B24’s it was the higher brisance that allowed for the conditions for events like Operation Gomorrah and Dresden to take place [4]. The ability to blast open walls and roofs that lower brisance bombs were unable to do to allow incendiaries to create the devastating firestorm something the USAAF were only able to recreate in the Pacific theatre where Japanese cities did not require such bombs due to their primarily wood construction [5]. 









4. [bookmark: _Toc197630374]Conclusion

The results of the experiments clearly substantiate the hypotheses made in the beginning of this report. The rate of reaction of a reaction can depend on many different factors and that this would require further investigation. To improve these experiments have the gas syringe replaced with a pressure vessel that is electronically recorded would be far superior. This would allow for results to be made by electronic measurement instantaneously and with greater regularity. This would helpfully remove the greatest weakness with these results in that the volumes were read by an individual off the syringe while it was still being filled making it difficult to judge how much was in it at the marked time. Also the syringe on occasion would get stuck and would require additional gas buildup to free itself again. 
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6. [bookmark: _Toc197630376]Appendix
6.1. [bookmark: _Toc197630377]Materials and 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 reaction mixture
· Pipette and pipette filler
· Two clamp stands
· Test tube holder
· Digital thermometer
· Ring stand, Bunsen Burner, Clay triangle
· Stopwatch

· Magnesium ribbon cut into 4cm length
· Magnesium powder (same mass as a ribbon)
· Hydrochloric Acid (2.0M and 1.0M)
· DI Water


6.2. [bookmark: _Toc197630378]Procedure

Experiment 1: Effect of HCl concentration on the Speed of H2 gas Evolution
· Prepare four 20.0mL solutions of HCl with the following concentrations: 2.0 M (stock), 1.5 M, 1.0M and, 0.5M. Use the pipette to measure the appropriate volumes of the 2.0 HCl and DI water.
· Pour the HCl solution with the lowest concentration into the test tube with arm.
· When ready, add a 4 cm strip of Magnesium ribbon to the test tube, quickly put the bung back, and start a stopwatch
· Record the volume of hydrogen gas given off at suitable intervals (e.g. 10 seconds) continue until the reaction is complete
· Discard the mixture into the waste beaker
· Measure the temperature of 1.0M HCl
· Repeat for the other three concentrations of HCl

Experiment 2: Effect of Temperature on the spread of H2 gas Evolution

· Set up a water bath. Pour water into a large beaker and heat over a Bunsen until the temperature of the water is circa 10◦C higher than that measured in Experiment 1
· Pipette 20mL of stock 1.0M HCl into 3 test tubes
· Place the first test tube into the water bath until it reaches thermal equilibrium
· Quickly transfer the HCl to the test tube with the arm before adding the magnesium ribbon, put the bung back and start the stopwatch
· Continue recording the H2 gas until the reaction is complete
· Discard the solution into the waste beaker
· Repeat the experiment for two more temperatures

Experiment 3: Effect of the surface area of Mg on speed of H2 gas Evolution

· Use the pipette to transfer 20mL of 1M HCl into the test tube with arm
· Add the Magnesium turnings to the tube replace the bung and start the stopwatch
· Continue timing and recording until the reaction is complete
· Discard the solution in the waste beaker



6.3. [bookmark: _Toc197630379]Lab notes and Calculations


[image: ][image: ]													
[image: ][image: ]


[image: ]

0.5 M HCl


0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	570	580	590	0	1	2	3	4	5	6	7	8.5	9.5	10	11.5	13.5	14.5	15	15	16	16	16	16	19	21	22	23	24	25	25.5	26	27	28	28	29	30	30	30.5	30.5	31	31.5	32	32	32	33	33	34	34	35	35	35	35	36.5	36.5	36.5	36.5	36.5	36.5	36.5	36.5	36.5	36.5	36.5	Time (s)


Volume H2 (mL)




1M HCl	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	0	6	11	15	19	22	27	30	33	35	38	40	43	45	47	49	51	52	53	54	55	55	56	Time (s)


V olume H2 (mL)




1.5 M HCl	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	21	35	45	55	57	58	60	62	64	65	67	68	70	Time (s)


V olume H2 (mL)



2 M HCl

2 M HCl+Sheet1!$K$3:$K$10	
0	10	20	30	40	50	60	70	0	30	45	50	55	60	64	67	Time (s)


Volume H2 (mL)



23.9◦C HCl

1M HCl	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	0	6	11	15	19	22	27	30	33	35	38	40	43	45	47	49	51	52	53	54	55	55	56	Time (s)


V olume H2 (mL)



45.3◦C HCl

45.3 C HCl	

0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	0	20	32	40	46	53	58	59	60	61	61	62	63	63	64	64.5	65	65	65.5	66	Time (s)


Volume H2 (mL)



61.8◦C HCl

61.8 HCl	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	0	23	34	44	49	54	57	58	59	60	61	61	62	62	63	





Mg Flake	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	10	16	24	30	35	39	43	46	50	52	55	57	59	61	62	63	64	65	65	65	68	Time (s)


Volume H2 (mL)




Mg Turnings	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	0	15	28	36	45	52	58	63	68	71	71	72	72	72	73	74	Time (s)


Volume H2 (mL)
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